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1 . IHTHODUCTIDll.· 

Any organism is, in.:. a sense, the morph ological 

re sultant of the physiological processes of whi ch it is 

composed . Each of these processes i s interrelated with 

the other functions of the organism, and the complex of 

processes canno t be separated from the environment . 

The functioning of an individual i s determined by the, re­

l a tion of i ts constituent pro cesses to the factors of the 

environment . Organisms often adjust their rate functions 

to the local conditions . Someti mes they are abl e to 

acclimatize if conditions are changed slowly, but fr e­

quentl y limit s of tol erance have become gene tically fixed 

i n local races or strains, with or with out morph ological 

manife st2 tion. It is, t her efore, evident that taxonomists 

should not rely on morphological characters exclusivel y to 

distinguish t ax onomic ca tegori es . Although morph ological 

chara cter s are s till more useful than others , t h ey should be 

suppl emented to an ever i n creasing extent by physi ologi ca l , 

e cologi cal , eth ological and geogr aphical characters . 

This is not only ne ce s sary to permi t the applica t i on of the 

biological spe ci es concept , but the great broadening of the 

use of new kinds of taxonomi c char £:. cter increases the r eli abi ­

li ty of cla ssifi ca tion . 

It is be coming more and more evi d ent that the v ery 

cvrsory i dentifications whi ch hav e sati sfi ed freshwat er 

snai l e cologi sts hitherto are not simpl y a minor incon-
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venience but a serious source of error. Just as taxo-

nomists should acquaint themselves with the ecology of 

the spe ci es that they are dealing with, the ecologist 

cannot escape being, t o some extent, a taxonomist. 

Populations of a single species that occur in different 

habitats in the sarae r egion are often visibly different 

and these local vari ants may either be ecological races 

or nongenetic ecophenotypes . The latter are particularly 

common in plastic species such as the freshwater snails. 

It i s , therefore, obligatory that every possible character 

which could be used in discrimination should be investiga-, 

ted to furnish a sound basis for distinguishing the diffe­

rent ca tegories below the generic level. 

In the present study contributions are made towards 

establishing the taxonomic characters of Bulinus tropicus 

(Krauss) as regards the morphology, ecology and bioche~ 

composition . 
Cl~pec.+5 

Certain :fa-c:t-s of the morphology of this species 

have already been investigated by Stiglingh et al., (1962) •. 

There is great morphological similarity between members of 

the tropicus and truncatus groups . For exampl e, agreement 

has not yet been reached concerning the group to which 

Bulinus sericinus Jickeli should be relegated. Watson 

(1925) lists it as a synonym of B. truncatus (Audouin) 

while Mandahl- Barth (1956) places it in the tropicus group, 

though he too, formerly regarded it as a member of the 
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t r uncn tus group . Because of the similarity between 

men!.bers of t l'1e se t wo group s any difference which can be 

detected between B. t ropicus and B. trunca tus i s of importance . 

Alth ough t he Pl anorbid2.e a ppear not to exhi bi t 

~':orph ologi cally induced v ari c... ti ons as clearly a s in the 

CG.Se of t he Lyrrmaei cL.o (BcJ.ker , 1 928 ), they 2.re not 

unaffe cted by ecologica l chan ge . Ther efore , as o. secon-

dary par t of the proj e ct , nn attempt was made to establish 

t he extent to which certain c.bioti c and bi otic f a c tors 

may i nfluence t he snai l s . A full er understanding of the 

r an ge of e cologically induced variations should cont ribute 

to a more a ccu.rc~e delimitGtion of t he se polymorphic species . 

Be cause of it s extreme sensitivity chromato gr a phy 

has recently found 2 pl a ce among t he t e chni que s of chem. cal 

analysis employed in ~any fi el ds such as industry , phar ma cy , 

pathology, botany etc . The aid of t hi s techni que i s now 

b ei ng increasingl y sought al s o by zoologists . It has 

alrendy been empl oyed. i n various groups f rom the i nse cts 

to the vertebra tes , nnd in diverse fi elds i n cluding bioche­

mistry, physiology gentj_ c s and taxonomy . It i s therefore 

not su.rpri sing t he. t t he mc:tl ncologi st , with his not incon­

si derabl e problems hc:~s 2lso grasped a t this technique . 

In the present instance t her efore an analysis of the f r ee 

anrino a cid s in the haemolymph of ~ . tropi cus WG.s und ertaken . 

T110 rcsul ts could then be compar ed wi t h the results 

obtained through s_i. J:.1ilo.r analyses on other snails , and 
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any informa tion 9btained also has intrinsic value as 

anot her shred of informat~qn concer~µg the biochemistry 

of t he organi sm. 
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2. MATERIAL AND MErHODS 

Breeding 

For easy access to live material snails were maintained 

in the laboratory. The aquarium was a shallow wooden tray 

1m 83cm long 61cm broad and 10cm deep. The tray was lined 

with a polythene mat€rial, coarse sand spread on the bottom, 

and then filled with water . Because the tapwater is heavily 

chlorinated it was passed through a beaker containing an aera­

tor before being allowed to overflow into the ~quarium. Slow 

circulation of the water was effected by means of an outlet at 

the end opposite to the inlet. The outlet was so placed as 

to ensure that the water level was maintained at 5cm. Th~ 

snails were fed mainly on boiled lettuce but spinach was also 

readily taken. Occasionally a small amount of fish food · 

was scattered on the surface of the water, and in addition 

the snails also browsed on the periphyton which developed in 

the aquariuin. 

Morphology and histology 

Dissections were performed under a binocular stereo 

microscope while morphological detail, as also histology, were 

studied by making slides o The snails were narcotized in a 

1% wate~y solution of nembutal and then , following the proce­

dures of Fantin (1948), fixed in 5% formalin and embedded ac-

cording to Peterfi's celloidin-paraffin method . A series of 
512~5 . 

sna ils of v a r ious ~@rie~ l , 5, 3 r2,4.7, 7.2, 9.4, 10.7, 12 .0, 

13.4, 16.0mm were sectioned at 4 micra and stained with Mal-
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lory' s triple stain (Pantin, 1948). It was found 11-ecessary 

drastically ,t0. cut tne staining times to preve~t ov~rstaining, 

and t his applied to snails of al sizes. Instead of staining 

for 15 and 75 seconds in acid fuchsin and Mallory's stain, 

the slides were stained for only 1 and 45 seconds respective­

ly. 

It seems from the literature, that Mann's methyl blue-

eosin procedure (MBE) (Fantin, 1948) is but rarely used. 

the pres ent study the stain was used with good results. 

In 

This 

stain is recommended by B.antin (1948) for the vascular and 

nervous systems and for insect sections . In the present in­

stance the value of this stain for nervous tissue was appre­

ciated, but it was als o found to give very good results on 

striated muscle and to facilitate distinguishing between v,;irious; 

types of gland cell. 

For special hi s tochemical procedures sections were 9ut 

at 4 or 8 micra . In the determination of carbohydrate contai­

ning proteins the PAS-technique was applied. Formalin-fix~d 

material was used, a s suggested by Campion (1961), but the 

fixation was performed according to the method of Pan.tin ( 1948) ·• 

'rhe McManus variation of the PAS procedure was employed as it 

is recommended by Pearse (1960) as generally being the most 

useful. 

The presence of calcium, in the form of carbonates or 

phosphates was brought to light by treatment with an aqueous 

silver nitrat e s olution (von K6ssa's method, in Pearse, 1960) : 
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Garn.pion (1961) advises brief i mmers ion in the s ilver s olution 

to prevent darkening of the background but ·thi s was found to 

be in no way a hindranc e and , in s ome cases , proved useful in 

that certain von Kos Ga - negative glands stained brovmish and 

could thus be di s tingui shed from the surrounding t i ssues . 

F eeding tra ils 

The tracks l ef t by snails when feeding have long beeµ 

obs erved on the a l g inated g lass wall s of aquari a but in the 

present p roject an attempt was made to f ind s ome artificia l 

mat erial as a subs titut e for the algal growth . The advantages 

entailed in using such a medium are a homogeneous coating on 

the slide ~ and the f a ct that a numb er of s lide s may be prepared 

and then s tored till r equired . A gelatine solution was p oured 

over the s lides and then a llowed to dry. The s lides were s ub­

sequently p l aced on the bottom of smal l g l ass di shes containing 

suffici ent v,ater to cover a snai l, and snails were then p l a ced 

on the slides to feed . The gelatine surface proved too s lipp e-

ty; the snails toppled over or wer e pushed b a ckwards at each 

rasp ~ A boiled starch s oluti on (± l gm/200ml water ) p oured 

over the s lides was found to be admirable , especially a s the 

s lides ma y easily be stained with iodine before examining the 

t rac es . By this means the light areas of the ras p s are thro~m 

into sharp r eli ef against the dark backg round . The s lides were 

then plac ed i n an enlarger and direc t prints wer e thus obtainedo 
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The ~nails ~tudied w~r . all oQta~ed !~Qm habit~ts in 
or around Potchef s troom. In~iµally ?1 habitats were vi$.it~~ 

but thi s number was later reduced because some proved unsu.:Lt ~ble 

for f urther observations and also, sampling became too time 

consuming for a project not primari+Y ecological. In the latter 

half of 1963 r egular vi s its were paid to only five of the 

habitats . 

For three years collecting trips were undertaken at 

interva ls of roughly one month to form a general impression of 

the s easonal changes occurring both in the habitats and the 

snail populations. On these trips notes were made on the 

physical conditions in the habitat, the vegetat ion, the fauna, 

and samples of the snails, and s ometimes also the associated 

fauna, were taken. In this manner ove ... · two hundred sna i:}.. 

sampl es were collected. 

Various aspects of sampling are discussed critically 
\ 

by Olivier (1956) and Muirhead Thompson (1958) and the subject 

is thoroughly reviewed by Hairs ton et al (1958). A number of 

difficulties including s ome of those mentioned by the above 

mentioned authors, were encountered, the chief being the enor­

mous fluctuations in t he s ize of the habitat and populations. 

Cons equently the s ample s do not reflect the true density of 

t he popu lation and t his should be borne in mind when studying 

the hi s togr ams which merely r eveal the s ize range of t he 

populati on and gi v e some indication of its density. 
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The pra,ctice of measuring the snails in the field and 

then replacing them in the habitat was not followed as this 

would have been too laborious, especially during the first 

part of the s tudy when t h e number of habitats visited was 

great . The apparatus used in sampling was that de scribed 

by van Eeden (1960) and the snails were initially narcotize~ 

and fixed according to the methods recommended by the same 

author (1958): In the latter part of the inve s tigation the 

snails were merely dropped into 70% ethanol containing 5% gly-

cerol. Th e shells were measured under a binocular stereo 

microscope , u s ing a micrometer grid eyepiece . 

3 . EXTERNAL MORPHOLOGY 

Upon hatching the young snail is r,lready housed in a 

tiny shell which is about 0 . 8mm in length. From underneath this 

shell the head-~o~t projects but slightly, in contras t to the 

condi t ion in mature snails in which a relatively large part 

of the head-foot is normally exposed. The young snails differ 

from mature snails also in the proportions of the body. The 

head is relatively larger, the tentacles more squat and th~ 

visceral illass consists of a smaller number of whorls and these 

overlap each other to a gr eater extent than in fullgrown snails 

(see later ). 
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J . l THE HE.AD 

In the following chapters (u...~less otherwis e stated) 

all descriptions of the colours assumed by the tissue s refer to 

slides stained with Mallory ' s triple s tain . 

The most cons:g_icuous feature of the head is the pair of 

tentacles ~ These are anterodorsally s ituated a.~d increase 

greatly in relative length and s lenderness during development o 

The t entacles of B o tr:._opicus are in almost continual movement 

being slowly waved about in the water and thus testing a large 

part of the i mmediate surroundings of the snail o The function 

of these organs i s two-foldo The greater part of the t entacle 

is sensitive to me chanica l s timuli while laterally, the base 

of each tentacle i s modified as previously described ( Stig~~ 

lingh et al ., 1962 ) to receive chemica l stimuli o The epitheli a ~ 

cells clothing the tentacle are colurnnar and possess large 

centrally to b2,sally placed nuclei (fig . 1 ) • Scattered among 

these cells are the sensillaeo They protrude s lightly beyond 

the other c ells and are somewhat broader apically than basal ly . 

The nucleus of such a cell i s larger than tha t of the othe+ 

epithelial cells and i s roundish. It is poor in chromatin but 

contains a conspicuous nucleolus. These cells possess a thick 

orange r efractile border and b ear numerous long cilia . 

The proximal region of tbe t entac le differs from the 

distal in having s lightly taller cells , and in having f ewer 

sensillae a Such a d i s tribution of the sensillae i s in accor-

dance with the functions of the t entacle, as it i s the distal 
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end which is meat exposed to mechan~c~l stimuli and ~t .ehou~d 

theref"o;re, -be. riob,ly su~plied. with sensory cells. 

Among the ~~ithelial ce,li~ occasional ciear spaces a;r:-e 

visible. Initially these were t~en to r~vresent non-staining 

goblet cells but in PAS-stained material it is clear that some, 

perhaps all, the lighter areas are the distended ducts of s~b­

epithelial gland cells of the types M1 and F3 described later~ 

The unspecialised epithelial cells of the tentacles do 

not bear cilia and consequently the cilia of the sensillae ~ust 

be held responsible for creating the water current surrou.nd;ing 

the tentacles. The presence of this current is easily est~­

blished by observing the movements of small particles suspended 

in the water for they are caught up in the currents and are 

swept down the length of the tentacle to its base where the 

olfactory cells are concentrated. 

The cells lining this olfactory groove are columnar, 

have large centrally to basally placed nuclei, and the cyto­

plasm in the basal and apical parts of the cells stains diffe-

rently (fig. 2). This is due to the accumulation of secreto-

ry material in the apical parts of the cells. The secretion 

is mucus, intensely basophilic, and gives only a light PAS­

positive reaction. A cuticle is present in this region and it 

is probably the presence of this cuticle that imparts to the 

groove a velvety appearance . The cells bear cilia, though 

this i s not clear i n all sections .Scattered among these cells 

are sensillae . 
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Th0 tentacular epitheliUJD. is underl a in by a conspicuous 

basement membrane which, as found i.n the other basement mem:­

branes , stains blue and is therefore c omposed of collagen or 

some related substance . It was found that the basement mem­

branes of Anadara ~rapezia (Deshayes ) ex..~ibit a strong PAS­

positive reaction (Sullivan , 1961 ) but in~ ~ropicus thi s was 

not s o . I t was noted , however , that in many instances the 

basement membranes v7ere rich in calcium which was p r esent in 

finely granular form , as reveal ed by the von Kossa technique . 

The oliactory organ i s underlain by an aggregation of 

nerve cells which form a ganglion surrounding the groov e . 

There i s apparently no special name for this organ but the use 

of the term rhinophore for this structure in B. truncatus 

(.A.udouin) (Demian , 1960) seems to me an unfortunate choic e , 

as the term i s strongly associated with the olfactory organs 

of the Opisthobranchia. 

Trru1s verse sections show that t he tentacle has a cen­

tral blood space surrounded by smaller spac es (fig . 15 of 

Stiglingh et al ., 1962) of which there may be as many as e ight 

in older snails . The c entral cavity is s urrounded by long i -

tudinal muscle fibre s , c ormccti ve ti ssue and numerous stout , 

longitudinal nerve s . The blood spaces a ct as a haomoskeleton 

in these long structures which are other wise without support o 

Besides l ending rigidity t o the tentacles , it i s concluded that 

the spaces a ct antegoni stically to long itudinal muscle fibre s 

in effecting chru1ges in the length and p os ition of the tentacles 
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Increas e in the blood volume , accompanied by a relaxation of 

the longitudina l muscle s shoul d r esult in a l engthenipg of -the 

t entaa:le, while a decreas e in blood volumG accompanied by con­

traction of the longitudinal fibres would have the opposite 

effect . Differentia l contraction of the scattered perifer~l 

muscle fibres could be responsible for the bending movements. 

Median to, and at the bas e of the tentacles , the pair 

of eyes is vi s ible a s two black spots . They are not situated 

on the surfac e of the b ody but are embedded in the tissue through 

which t hey ar e clearly vi s ible . The tissue overlying the eyes 

is fr ee of granules and almos t devoid of pigment cells which 

would i nter fe r e wi th the incidenc e of light rays . 

The mouth of the snail i s not vi s ible from above be-

caus e it is overhung by t h e two oral lobes . These are two 

flaps which mee t in the mid+ine just dors al to the mouth . Their 

later a l border s ar e attached to the body wall in the region 

bet we en the head and foot. The flaps proj ect ant eroventrally, 

being long enough t o overhang the anterior margin of the fpot. 

During locomotion the lobes are lightly brushed over the sub­

s tratum and assi s t the t ent acles in k eeping the snail informed 
-

on its surroundings . They ar e capable of a fair amount of 

contraction and expans ion and , a s in the cas e of the tentacles, 

this i s brought about by the antagoni s tic effect of pressure 

in the blood spac es , and cont raction of the mu s cle fibres . 

The epithelia l c ells of the ora l lobes are t a ll, have 

l arge cent rally to basally plac ed nuclei and s ecret e a mucus 
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which is fairly strongly PAS- positive . Along their borders 

the lobes are v ery richly ciliated ( f i g . 3). This ciliation 

most p robabl y r epr esent s a d ens e aggr egation of sensillae in 

thi s area ~ Thi s i s deduc ed from the fact tha t the cilia a re 

much longer than normal . According to Boettger (1944 ) the ci­

lia of these c e lls differ , in the Bas ommatophora , from tho s e 

occurring on the r est of the body , in that they are usually 

static and c ome into moti on only when st i mulated . Thi s author 

i s a l s o of the opinion tha t the sensory c e lls a re apparent ly 

the rec eptors for both mechanical and chemic a l st i muli . A 

s i mi l a r condi t ion was found to obta in in the prosobranchs s ome 

of which have tentacles with an exc eedingly l arge numb er of 

i mmobile cilia (Fre t tor and Graham , 1962) which a r e conside~ed 

to be touc h- t as te r ec optors ( Burdon-Jones and Desai (in lit .) 

quot ed from Fretter and Graham , 1962) . 

The out er surfac e of eac h lobe i s clothed with a cuboidal 

ep i theli um p os s essing numerous sen s illao . The i nner surfa c e 

of each lobe s hows differenc es in the median and later a l por­

tions. The medi an. part of the lob e possesses a columna r epi the­

lum and the r e arc trac es of a delicate cuticle as a p rotection 

against chafing during the pro l onged movements of the lob es . 

As in tho t enta cu l ar groove , t he c ells s ecrete mucus , the 

api c os , and a l so tho cuticle being weakly PAS- p os itive and 

tho c e lls staining intensely with methyl b l ue . The u s u a l sen­

s illae d o not occ1.,1.r in this r egion bu t there seem to be sparse­

ly s c attered s ensi l l ae which b ear only a few c ilia and which 
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diff er from thos e of tne other type i n b eing shorter and straight 

More latera lly the cells of the inner surface of each oral 

lobe bec ome cuboidal , l eav i ng columnar cells only n ear the 

b order of the lobe . In this r egion the border sensillae no 

longer form a continuous sheet but li e s cattered among the 

columnar c e lls . Thi s i s to b e expected as it i s the median 

part of each lob e which is mos t exposed to s timulation . No 

clear indication of goblet cells was seen , and as in the ten­

t a c les , the clear spac es between cells r epresent the ducts of 

deeper l ying gland c ells (fig . 3) . The epithelium rests upon 

a clearl y vi s ible basement membrane and the c entral part of 

the lobes i s filled mainly with glandular c ell s , nerve c ells , 

muscle fibres and connective tis sue . 

Through the thin i~er epithelial surfa ce of the or~l 

lobes two sets of muscle fibre s may be seen . Superficiallf 

ther e are a f ew delicate strands running parallel to the bor­

der of the lobe while in the deep er layers many radial strands 

may be seen ext endi ng to the odge of the lob e . As the snail 

moves for ward a series of small local cont ractions may s om~­

t imes be s een in the oral lobe edge , suggesting that groups 

of radial fibres ar e sti mulated to cont r act s i multaneous ly. 

The gland c ells are similar to those found in the foot , 

differing only in the lighter purpli sh red c olour a s sumed 

after P_S-treatment (fig. 4) . Thi s slight discrepancy in 

colour is the only diffe r enc e d et ected c otween these oral 

lobe glands and the glands characteristic of the foot and 
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Fig. 4. Transverse section through oral lobe to 
show the two types of gland. 
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ther efor e both typ0s are designated as F1 • The body of the 

gland is large and, a l though irr egu.lar in form, is more or less 

round and c ommunicates with thLl exterior by a lgng duct. The 

nucleus is large and centrally placed and in sections stained 

with PAS it i s not clearly visible because of the heavily 

staining secretion . This mu.coid substance stains only very 

f aintly with Mallory'§ which is said to stain mucus blue 

(Pantin , 1948); the substance does not stain with MBE and tt 

therefore crumot be described as either basophilic or oxyphi­

lic . The von K6ssa test does not reveal the presenc e of cal-

ciurn in these cells. The MEE t echnique reveals the large , 

basophilic, granular nucleus clearly outlined. The prominent 

nucleolus is purple , indicating that it is amphophilic. The 

ducts of the glands are narrow and of uniform thickness. They 

show up di stinctly after PAS-treatment and are mostly to be 

seen passing s ingly to the ext erior, discharging almost e~­

clus ively on the inner surface of the lobe. In some cas es the 

glands are arranged in groups of varying degrees of compact­

ness but in spite of thi s arrangement the ducts either pas~ to 

the exterior singly or as a thick rop e , but no fusion of the 

ducts could be discerned . The many separat e op enings of these 

glands ensure a more uniform di s tribution of the secretion . 

The glands s t a in i ntensely aft er PAS-treatment, those 

in .the lower part of the lobe being lighte:r ( an int ense pink) 

than those higher up in the lobe which tend to be purple, though 

s ome pink glands still persist in the upper region. 
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.Another conspicuous feature of the lobes i s the nerve 

eel.ls whi ch arc arr anged rather loosely to form a ganglion 

a long the border of the lobG . Ass ociated with the ganglia p,re 

very stout nerves . S everal blood spaces also occur in this 

r egion , probably playing a ma j or role in tho continuous move-

ments of the lobes . Tho blood contains numerous amoebocytes 

(fig . 5) which , may a l s o be seen amongst the coILnective tissue 

c olls where they wander , performing their functions . 

The muscle fibres are slender and the r es t of the lobe 
I 

i s fill ed in by connective tissue conta ining pigment c e lls 0 

More posteriorly there are gland c ells which are found only 

a short distance below the epithe lium and are designated type 

M1 • These c e lls occur far less frequently than do the pre­

vious type and do not occur in loosely pscked groups but are 

separate from one another wh ile the body-of tho c e ll is club-

shaped . ThesG cells possess l arge nuclei which become dis-

placed towards the base of the cell as the amount of secretion 

increases and in mature cells hardly any cytoplasm is l ef t 

surrounding the nucleus so that , exc ept for the duct , thoy 

rather resemble g iant fat cells . These c e lls , in contrast to 

the F 1 type contain a substance staining blue with Mallory ' s 

(indicating mucus); yet they give a negative r eaction to 

me thyl blue which i s a l s o a mu~us stain. They are not rich 

in calcium , but in some of them·· traces of calcium a r o vi s ible . 

The glruids stain a pale p ink upon being treated with PAS . 



The F1 and Ml glands agree with the unicellular glands 

described by Si mroth and Hoffman (19?8) who ~ame them sole 

glands and mantle glands r espectively owing to their dominance 

in those r egions. These M1 glands open on t h e outer surfaqe 

of each lobe . 

When viewed from t he ventral surface of the body, the 

mouth may be s een on the anteroventral part of the head. 

It is a smalli sh longitudinal s lit which has at right angles 

to i t an anterior and a smaller posterior, slit. In certain 

snails a distinct yellowish border is visible along the mouth: 

Such yellowish, velvety areas are also visible along the iµter­

nal surf aces of the oral lobes and olfactory groove at the base 

of the t entacle . I feel that the velvety appearanc e and the 

yellowish colour are due to the cuticle and underlying ganglia 

respectively. 

Mottling 
e 

A feature of the geiyal surface of the head.foot is the 

occurrenc e of a fine whit e mott ling over most of this region. 

The mottling is caus e~ b y small white i~regta_'l a r flecks of some 

opaque substance. As pointed out to me by Prof. Lever of the 

Free Univer sity , .Ams t erdam , ther e are notable a~rcgations 

of these flecks jus t median, an d s lightly anterior to the eyes 

wher e t h ey form t wo conspicuous white patches. They are a lso 

densely packed ir.. the dorsal tentacular proc es s and app ear more 

numerous on the dorsal s i de of the tentacle than on the ventral 
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surface of that organ. 

The a.mount of flecks varies from snail to snail but 

there is usually a fair sprinkling over the general sur-

face of the headfoot. The flecks arc much reduced in num-

ber on the soJ.e of the foot, decrease in the nuchal region, 

and disappen.r at the junction of the headfoot and visceral 

mass . They are rare in the oral region, are absent from 

the immediate vicinity of the eye and from the tentacular 

groove. The flecks are not restricted to the headfoot and 

occur, though generally in reduced numbers, in the collar 

and also the gill. 

This white mottling has also been noted in other snails 

eg. the local L. natalensis Krauss in which the flecks are, 

however, much larger, and their distribution different . 

It i s interesting tha t in this speci eo too, two aggregations 

occur in the eye region, but in this instance just median to 

the eyes. No such white patches were observed in Physa mo­

sambiquensis Clessin. White mottling has also been reported 

to occur in B. tr~catus (Audouin) (Demian, 1960), the Pla-
Abdd-

norbidae generally ~Malek, 1952) and h.stagnalis __ appressa 

(Say) (Carriker, 1945). The last mentioned author, however, 

does not describe the external parts of the snail but mentions 

the mottling over the liver and all the other organs of the 

body. This mottling h e ascribes to the presence of calci-

forous concreticns in the connective tissue and states that 

these were also found in Helix by other workers. He is 
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probably referring to tho granules di s cuss ed below , which 

are not to be confused vri th the white flocks described in 

B. tropicus . 

Sul.ii van ( 1961 ) records whitish patches in i,o trapezia dnd 

states t hat the distribution of tho mottling coincides with 

t he occurrene of translucent granules fou.11.d in the connec-

ti vo ti ssu e . From the descri]P.Jtion it i s not clear whether 

it i s to be inf erred that the granul es c~use tho white mott­

ling or whether the distribution of granul es and mottling 

coin s ides , The mott ling i n B. tropic~ i s caused by opaque 

white flecks in the more superficia l layers of tho tissues , 

These flecks c onsist of irregular a ccu1o/1-at ions of a granular 

substanc G which i s mostly surrounded by a small spac e (fig . 6) . 

It was for a l ong time not realised that these are glands but 

I now fool convinced. that t h i s i s the case , for sometimes a 

naefow clear space , the duct of the gland , may be seen leading 

to the body surfac e . Nothing i s known c onc erni ng the nucleus 

of those glands and they do not havo tho well defined appear an-

c e of the other glands of the foot or mantle . That the 

c ontents of tho glands i s ca lciferous i s obvious from the 

f act that after being stained with Mallory ' s , they assume the 

same colour as the calcareous c oncretions found in tho tissues, 

and they r eact positively to the von K6ssa t es t . They pro-

bably cor.rospond to tho calcium g l ands described by Simroth 

(1928 ) but aro different in structure . 
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Visib1G through thG semi- t ranspar ent ti ssu es of the 

snail? and oc curri ng in the dGeper. layers 1 a re translucent 

granulGs which arG Gasily disti nguishablG in the living snail , 

and also in sGctions . These granules are mor e plentiful 

than the c alc i um glands ond seem to be especia lly numerous in 

young snails . They are clearly visible in the collar and 

in the connective tis sue surroundi ng the s tomach. They oc­

cur a l so in the gillo In sec ti ons they are seen to cons i s t 

of a number of concentric layers , somet imesJfnrmed a round a 

discrete core (fig . 7). Such calcareou s granules , either 

singl e or compound , and conoi s t ing of severa l conc entric 

l ayers ~ were also found in Helix pomat i a by Kisker (Simroth , 

1928) . In contrast to tho calcium glands t he translucent 

granules are refractile and therGfore shar ply outlined . In 

some c ases concentric rings may be seen around a s i ngle c or e 

while in others tho granul e L1ay be c omposed of sever a l small 

granules which a r c i nitially separate but later coalesc e to 

form a l arge irregular granule . In sec t i ons thG c a lcium 

glondo are a pale yellowish colour ond the trans lucent gr anu­

l es are often of tho sac1e huG. Son10t imes , howGver , the 

gr anul es stain diff er Gnt l y , those of the foot b eing yellowish 

while thosG in tho region of tho alimentary canal are blue , 

and in the ma..ntle egion greenish ; but g r anules of a c ertain 

colour are by no means restri cted to the r egions mentioned 

above . In c ertain sections stained with MBE s ome granule s 

a r e bluG and other s white , while yet other s are composed of 
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both those colou.rs 1 the core being blu,e an~ the surro~µig 

mat erial white. In spite of this groat range of colours, 

the granules seem to me to be composed of a calcareous sub­

stance and the various colours they may assume on a single 

slide are probably caused by the incorporation of various 

other substances in the granule. 

As in the case of A. glabratus (Say) (Pan, 1958) these 

granules stain light pink with PAS, showing that they are 

probably of the same composition in the two species. The 

positive reaction to the von K6ssa test indicates that they 

are either calcium carbonate or calcium phosphate compounds. 

The calciferous nature of these granules explains their oc­

curence in the connective tissue surrounding the alimentary 

canal , (whence the calcium is absorbed) and also in the 

collar where ca lcium i s nocded in the fabrication of the 

shell. 

The granules dissolved in glacial acetic acid, .with 

the evolution of gas, and this points to their being com­

posed of calcium carbonate. By contrast the calcium glands 

disappeared upon being exposed to glacial acetic acid but 

no gas liberation was observed during this process. They 

may therefore be calcium phosphate or some other substance 

which is either dissolved or made transparent by glacial 

acetic acid. 
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The transluc ent granules of B. tropi~~ are apparently 

not h omologous vri th the trans luc Em.t granules of A. trapezia 

a s they are very much larger and are not formed i n the man­

n er descri bed by Sullivan ( 1961) . Thi s author and Atkins 

(1936 , quot ed from Sullivan , 1961) who worked on Glycymeris 

_gl_ycymeris (D eshn1~) (Pelecypoda) found the di s tribution of 

the granules , and mottling , to coincide wi th those parts of 

the animal exposed to l i ght , and Sullivan ( 1961 ) suggests 

that they are formed in response to illumination . If· this 

is partl.y true , ( for there i s a gen er a l agre ement b e twe en 

mottling and area s exposed to lighy , the matter i s not so 

simple in B. tropicus . The formation of the granules i n 

response to light would not explai n the conspicuous locali sa­

tion of opaque patches at the bas e of th e t entacle , or in the 

dorsal t entacular proc ess . The formation of thos e granules 

as a light re sponse soems to b e precluded als o by the fact 

tha t they are form ed in the deeper l ayers , and are concentra­

ted in the connective tissue surrounding the alimentary cana+• 

The foot i s an elonga ted organ , bluntly rounded 

anteriorly and more poi n t ed pos teriorly , though not as shar p­

ly so a s in Pe ~~3=1I1bigy.ensis. Hi s tologically the structure 

consist s of a framework of int erlacing muscle fibres and 

connective ti ssu e among which many unic e llular glands and 

blood spac es occur. 
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The general aJ)P,;~arance of the sole is the same a.e 

that of the rest of the body sv.rtMe except for the fact that 

fewer white flecks are pl,'esent. This part of the foot has 

an epithelium of columnar cells with a strongly refractile, 

orange-staining border and well developed cilia which also, 

to some extent, take up the orange stain, The nuclei are 

large and do not stain deeply. Their position in the cell -se.U)'\s 

to be variable. The cells are lightly PAS-positive and stain 

intensely with MBE. They are strongly basophilic. The 

highest degre e of secretory activity occurs along the margins 

of the f ootsole, and also in a narrow band on the lat eral 

surfaces of the foot, just dorsal to tho sole.. In the epi the-, 

lium of the foot and other parts of the body eg. t entacular 

groove and oral lobes etc . there are orange staining glnbules 

of various sizes . Sullivan (1961) reported amoebocytes 

wandering in the epithelium of A. trapezia, but if these glo­

bules in B. tropicus are amoebocytes, they mtfot be laden with 

some substanc e which take up the orange stain, for the 

amo ebocytos normally stain lilac or light orang_e . Xn the glo­

bules no nucl e~s carr h e seen , but .this i s_ in any ca s e diffi­

cult to observ0 in t h e ,arno ebo~yte ~ of ~ . tropicus. Thos glo­

bules are thought to q_c l a r g G drops of s om.0 ·s (j cr..J tion ; c1. s 

th e s ame kind of g2.obul o i s obs eried a lso in the .u-terihe · li­

ning wh ich is described later . 

The epitheliUJll of the sides of the foct cons::sts of cells 

which are les s tall than thos e of the sol e , The cuticle 
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is les s well -d~veloped and the cells are not uniformly cilia~ 

t ed , only s cattered sensillae being present. The nuclei are 

conspicuous and, as in the epithelium of the sole , orange glo-

bules are to be seen in the c ells. The epithelium does not 

rest on a well developed basement membrane. 

In the anterior part of the foot which lies ventral to 

the snout, the epithelium is unciliated. The sides of the 

foot arc ciliated in the area from the anterior margin poste­

riad to the l ev el of the attachement of the oral lobes. Poste­

rior to that point only a v ery narrow strip of finely cilia­

ted c ells is found adjacent to the footsole. The more dorsal 

r egions of the foot are unciliated and posses s occasional sen­

sillae. Dorsally the cells are no longer columnar but be-

come cuboida l or fla ttened. 

The narrow strip of ciliated cells along the edge of 

the foot beaomes reduc ed more posteriorly till, in transverse 

sections at the level of the base of the t ent acles , only 

the sole of tho fo ot i s ciliated . 

The ant 0rior part of the foot i s fill ed mainly with 

gland c ells packed by connective t i ssue (fig. 8 and 9) . The 

glands in the anterior r egion of the foot ar e mainly of the 

type already de s cribed as occurring in the oral lobes, viz ., 

F1 • Occasional large club~shrped g l:u2d ljl, ~l' also occur, 

especially in the r egion posterior to the t entac l es . These 

are the larges t vnicellular glands occurring in the body. 
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They are r ather s t out glands with robust walls , and are filled 

with a. blue,-staining secretion . Application of the PAS- techni­

que revGals that thG substo.nce is lightly PAS- positive . This 

secretion somGti mes appears to be homogGneous and in other 

glands it i s~ lighter blue and is fine ly granular . I am 

i nclined to thi nk that thesG may be merely sec t ions cut through 

the central portion , and through the edge of the gland , re­

spectivel y . Thus the secti ons of g l andular secretion may 

vary from 4 mi cra to a fracti on of a micron . The nucleus 

is basa lly situated and is v ery large . Thi s nucleus is 

coarse ly gr anular i n appear [.Lnc e , rich in chromatin and 

stains purple exc ept for the c onspicuous nucleolus which s tains 

orange . 

Glands hav.ing the form of F1 and MJ ar e found a l so a long 

thG sides and upper surface of thG foot but in these situations 

they are many times smaller than the typos de s cribGd above . 

The sma.11 M1 glands are in other re ::::pects i dentical to those 

of the sole 1 but the small retort- shaped g l ands differ from 

the F1 in threG r espects ; other than s i ze (fig . 8). PAS­

treatment shows that thos e small glands stain a deep pur p l e 

while the F1 stain a r eddish- purple . The nucleus of the 

small gl[.Lnds i s basally s ituated and that of the F1 glands 

c entrally . The small glands also givG a s light reac tion to 

the calcium test . These three dif ferenc es seem to warr ant 

thG little glmids being designated. F2 • ThesG F2 glands are 

also encountered anong the other g l ands of tho sole where 
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they~~ pre~ent in grea t numbers. 

Two additional types of gland are distinguished in 

the foot. More posteriorly a difference becomes apparent 

between the dorsal and ventral foot glands. The v entral 

glands are of the F1 type while the dorsal glands(F3)are lar­

ger than the F1 , les s closely packed together and stain more 

deeply with Mallory's and MBE. The lattt r staini:O.g'm@thod 

clearly shows up the larger and more deeply-staining nucleus: 

In contrast to the F1 glands they are clearly calciumecontai­

ning. 

The other type of gland encountered in the foot was ini­

tially overlooked because it resembles, in form, the clubshap~d 
' 

M1 glands and the secretion is globular. In PAS-treated matee 

rial thes e glands are a startling purplish red,being so dark 

as to appear almost black. When the other elements on the 

slide ar e suitably stained, these glands ar e always over- .• 

stained and. are thus easi ly distinguished from the M1 glands 

which stain a pal e pink. These intensely staining glands 

are terme d M2 and occur a lso on the sole, though in f ar smal-

l er nUI.71.bcrs than the M1 type 9 They also occur on the sides 

of the foot, r educed in size , except in a band just above 

the sol0, in which pos ition they arc of normal s ize and attdin 

their great es t fr equency (fig. 10). 

Crofte ( 1929) ,quoted by Frettcr and Graha.m-r ( 1962) ,found 

the mucous secretions of Haliotis to be dissimilar in quality, 

and distinguishes between a tacky and a s lippery mucus. 
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This invite~ $peculation as to the possibility of these­

cretions of glandij ot the F1 and M1 tY})e differing in texture. 

If such a disparit~ exists, the F1 glands possibly serve to 

lubricate the sole while the M1 glands se~rete a more viscid 

substance for adhesion. For several reasons the secretion 

of a viscous slime is attributed to the M1 glands rather than 

the F1 . Because 1h tropicus is an active snail it is sup­

posed that the main function of the foot glands will be 

lubrication and not adhesion, and the F1 glands by far 

outnumber vhe M1 glands in the foot. Also, it is the F1 
type of gland which occurs in the buccal mass and oral lobes 

where one may suppose the function to be lubrication. Further­

more, -th e greater part of the glands in the collar are of 

the M
1 

type and it is normally these glands whj_ch are rc­

spon□i-ble (in Pulm.onata ) for the fo:r:m.ation of the epiphragm : 

In snails retract ed de eply into the shell, it is 

apparent that t he rounded , inner part of the collar is great­

ly distended with blood and it is this swollen part of the 

animal which is exposed to the air. Between the swollen 

edges of the collar only a narrow strip of the foot is visi­

ble and it may be that in a snail still further retracted 

into tho shell, the foot may be completely covered. The 

exposed surface of tho collar is well-equipped to ·provide 

a copi ous mucous cloak for itself, and in ins tances of ex­

posure of par t of t he f oot, the s ole glands could probably 

p1.;,rform t his f uncti ono 
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I n t h e l oose c o1mGGti v e ti ssue whi ch h as a matri x stai ­

ning :J ight 1.J l ue there arG many amoebocytes but Leydi g ' s ( see 

l ater ) cGll s ar e r ar e l y enc ou11tor ed . From the ant erior to 

posteri or : part of the foot the _ F1 and~ F
2

. t ypes 'of_ gl and c el l 

are progr esci vo l y r educ ed in an ant ero- p os t erior directi on 

l,;11 t i l , a t the l ov ol of the f emal e ap erture , ther e i s only a 

r e l ati vely t hin l ay er of F1 gland c e l ls above t ho sol e of 

t h e f oot , end spar sely s ca tter ed F
2 

gl ands i n t h e c entra l 

part ( f i g . 10) . The c onne ct ivu t i ssu u in thi s r egi on i s 

ver y loose , and amoebocytes , r efr ac tile gr anul es , Leydi gs c el ls s 

s t e l lat o c ells and pigment c ells occur . The M1 g l and c ells 

ar e large i n thi s noro posteri or part of t he f oot . Tho f oot 

re t a i ns t hi s structure more poster i orly t ill nt t he l evel of 

t h e c erebral ganglia , wher e t he F1 gl and c e l l s are s t i ll 

f urther r educed i n nurrber , t he connec t i ve tissue still l ooser , 

and di sttn ctly f i brous , and the Fl!3 gl and c e l l s of the c en­

t r a l region have pr a c t i call y di sappear ed (fig . 11 ) . The M1 

type of g l and still pe:r,sist s , and ther e ar e numerous Leydi gs 

c ells and small b lood spac eso At t he l ev e l of the p eda l 

ganglia the F1 type of gland coll di sappear almos t c omp l e­

t el y above t ho sol e , and t h e M1 t yp e i s a l so di mi n i s hed in 

number e P osterior to the pedal ganglia t he structure of 

the foo t renai ns more or l oss as descr i bed ab ov e . The M1 

g l crids occur along t ho whoo l engt h of t he s olo , a l s o on 

the upper surface of t ho foot of t he posterior r egion , and 

occasi onal F2 type gland c ells a l s o occur o The upper sur-
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face of the foot has an unciliated cuboidal epithelium with 

eensillae. The epithelial cell~ -0f the sole seem to remain 

the same in th8 posterior~ 2s ~n the anterior region of the 

foot, except for the fact that the length of the cilia 

diminishes antero-posteriorly. In the posterior part of the 

foot the muscles are well developed, especially dorsally 

where longitudinal strands predominate, 

3.3 MANTLE AND ASSOCIATED STRUCTURES 

Lining the aperture of the shell and slightly over­

lapping its margin is a thickened mantle edge, tennea the 

collar. This is fused to the body at the junction of neck 

and visceral mass. The dorsally situated chamber between 

the mantle and visceral mass is termed the mantle cavity, and 

the space between the collar and the neck has been termed 

hypopeplar cavity. 

At the left hand side of the animal in the sharp angle of 

the shell aperture, the pseudobranch, anal lobe, pneumostome 

and pulmonary siphon are situated. The pneumostome leads 

into the mantle cavity in which the kidney, heart and mantle 

ridges may be seen. The structure and mutual relation of 

these parts have been described in a previous paper (Stiglingh 

et al,,1962) and only those asp~cts neglected in the previous 

paper, will here be touched upon. 

3. 3 1 The Collar (fig.12) 

That part of the mantle forming the roof of the mRntle 
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cavity is relatively thin but distall y it thickens to form the 

collar which is smoothly rounded on the surface not in contact 

with the shell . In the following account the term outer 

surface of the collar and mantle 9 will be used to denote the 

sur face in contact with the shell; an d inner surface of the 

collar and mantle will be u sed to denote the surface not in 

contact with the shell . In B. truncatus the edge of the 

collar clo se ly fo llows the edge of the shell aperture and 

n eve r exte n ds beyond the inner or outer lips of the pe ristome 

(Demian 1960) . In B. tropicus the extreme edge of the collar 

i s attenuated and sli ghtly re f l e cte d over the l abrum (fig . 12) . 

Ad j acent to the collar edge and l y ing on the outer surfa ce, 

i s an elevated r i dge 9 the pallial band ( " bandelette palleale 11 

of t he Frenc h aut hors) . The s impler term mantle ri dge i s 

avoided to prevent confusion wi th the ridges occurring inside 

the mantle cavity. The term pallia l lobe will be used to 

denote the reflected edge of the collar . That part of the 

mantle border which i s i n contact wi t h the parietal " edge " 

of the aperture i s flat as there i s no edge over which it 

c a n ½e reflected. The pallial lobe and band a re discernable 

but are not as well developed as at the o~posi te s i de of the 

apertur e . The elements occurr ing in the colume llar region 

of the mantle are 9 likewi se, less fu l ly de veloped . This i s 

to be expected as shell growth around the u mbi licus proce eds 

at a tempo many times s l ower than that of shell growth at 
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the labrum. 

The inner surface of the pallial lobe has an epithelium 

of low columnar cells with large centrally to basally placed 

nuclei having clearly visible nucleoli. The cytoplasm does 

nut stain as deeply as that of the general collar surface. 

In some cases there is a faint blue edge to the cells, sugges-

ting that a delicate cuticle is present. These cells are 

in an exposed position and it is therefore not surprising to 

find sensillae scattered among the normal epithelial cells. 

The epithelium of the outer surface of the pallial lobe is 

composed of larger cells which stain more lightly than do 

those of the inner surface. The cells are also broader and 

possess large muclei which are rounder t~an those of the 

inner surface . The cells are also more uniform in appearance 

and are not crammed together or distorted as those of the 

inner surface of the lobe aften are. 

The narrow space between the inner and outer epithelia is 

more compactly filled than the rest of the collar and con­

tains pigment cells, amoebocytes, some small blood spaces and 

a diversity of gland cells. There are also conspicuous 

muscle fibres present for the retraction of the pallial lobe. 

Besides a small numbe r of F1 , M1 , and also even M2 glands 

three other types of subepithelial gland, apparently restric-

ted t o t he collar, occur. In the pallial lobe itself are 
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numerous small, roundi sh g land cells (M
5
), filled with a 

hyaline substance which i s not stained by any of the techniques 

employed . In the cytoplasm l arge secretory spherule s may be 

seen filling the bo dy of the cell , At the base of the pallial 

lobe, just below the outer epithelium, is a compact cluster 

of gl and cells , M6 , having lightly- staining nuclei and a 

hyali ne , h i ghly vacuolated cyto pl asm , The gland5 discharge 

into the groove between the base of the pallia l lobe and the 

pallial band (see f i g . 12 ) . The third t ype of gland occuring 

in the pallial lo be , differs from a ll other types of gland 

in t he snail . The form of the body i s long and tortuous 

and the secreti on stains red with Mallory ' s . These red glands 

(M
7
), discharge onto the outer surface of the pallial lobe . 

On the outer surface of the mantle, a nd s ituated at the 

base of the pallial lo be, the pallia l band i s found . This 

consists of very tall unciliated epi thelial cells with large, 

lightly-staining oval nucle i which a r e s i t u ated somew~at below 

the mid dle of the cell. The nucle i possess orange- staining 

nucleoli which are fairly conspicuous . The cytoplasm at the 

base of such a cell differs from that at the apex . Basally 

the colour of the cells i s a brownis,h-pink while apica lly 

the cytoplasm stai ns a light blue, indicat ing the pre s en ce of 

mucus. Th is mucus is very faintly p i nk aft er PAS trea tment . 

In the apical region the cytopl asm i s highly vacuolated and 

the contents of these vacuoles does not sta in sothat t he 



nature of these spherules is unknown. In the more proximal 

region of the pallial band the cells contain a small amount 

of calcium, but this has not been noted in the distal cells. 

Distullyy mid sometimes prox:idnally~slight1y . Gu•v~ck: 

calls are transitional between the tall cells of the pallial 

band and the cells of the pallial lob e and the general mantle 

~ur!ac o, respectively, especially in the former situation. 

The cells of the general mantle surface are cuboidal cells 

which scarcely stain at all, and contain large round nuclei. 

These cells, and those of the thin epithelium investing the 

visceral mass, are the only epithelial cells, in B.tropicus, 

to contain pigment granules. These are normally carried only 

by the subepithelial chromatophores, though a few, black 

granules are also usually present in Leydig's cells. In 

A.trapezia the pigmenta tion of the foot and mantle is also 

caused by granules located in the epithelial cells (Sullivan, 

1961) . The formation of these granules is said to be the 

result of light falling on those parts of the animal, a 

reaction which also takes place in other Pelecypoda (List 

1899, quoted by Sullivan, 1961). In B.tropicus the pigmen­

tation is not caused by i llumination as the two most heavily 

pigmented areas, the mantle and the apex of the visceral mass, 

are not~moro exposdd ' to·111umination t han other parts of the 

snail ~ and are, indeed, less exposed than the headfoot . The 

theory of pi gment formation in response to illumination would 
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also not account for the dense aggregation of melanophores on 

the surface of the preputiumf and certain specific areas in 

the haemocoelic walls. If the pigment patches of B.tropicus 

have any connection with light, it is possible that, as 

s~iggested by a certain author, they have a protective function. 

In this connection it is significant that they overlie the 

accessory sex glands and organs while the dense apical patch 

adumbrates the hermaphrodite gland. 

The mantle epithelium of the hypopeplar cavity is com­

posed of low columnar cells which become cuboidal towards the 

region in which the mantle is attached to the body wall. 

The collar is ciliated in parts and near the body wall the 

cilia of the sensillae are very long, being in some cases 

more than t wice the height of the cell. The central part of 

the collar is spongy in appearance. A great many glands 

open onto the inner surface of the collar and the substance 

of the collar is composed of the bodies of these glands, pig­

ment cells, Leydig's cells, other connective tissue and muscle 

fibres. 

Conspicuous in the collar region are the large M1 glands. 

These consitute a large part of the subepithelial glands and 

careful observation reveals variations in their contents. 
Q 

Besides the ap~rently homogeneous and granular contents, there 

are also certain gland cells which resemble the M1 type in 
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most d e t a tls, 1u~ ~ontain ' a secretioD·which tends to be 

lilac. In t !ds sacreticn are numbers of red and yellow 

particles wh:±.ch a.re spin ll.e-shaped and seem to be crystals 

of some sort . It is pcssible that these gland cells are, 

in reality, ~nly a epe..cific ~r~"'tory phase of the M1 type 

of gland bu~ 1 aa they 1,iffer so markedly from the normal M1 

glands , the; · are prov: .aionally designated M 
3

• 

The irr1er surfaca of the collar receives the secretion 

of the M1 a :1d M2 gla: 1ds as well as a fe w of the M3 type. 

Besides these gland, there are s pecial glands which are re-

stricted tc the collar. The outline of these glands M4 is 

almost i mpossible ·io discern but may be guaged by the presence 

of the s ecreto r y cropl e ts which stain well. The glands are 

considerably smaller than the 1½_ , M2 types and are slender 

clubs whi ch are ·.n many case s displaced by the pressure of 

the surrounding glands. The cy toplasm does not stain at all 

and a ppears corrpletely hyaline but the globules which also 

appear hyaline, and almost fill the cell, stain intensely 

~ellow with Mt.~lory's and shocking pink with MBE, showing 

that they are strongly oxyphilic (fig. 13). These glands 

seem to occu;~ most frequently in that region of the collar 

overhanging the pneumostome and do not extend as far as the 

collar edge • The nature of these glands is not known with 

certa inty , but t hey possibly contain a protein secretion. 

Simroth (1928) states t hat protein glands occur in the 



37 

pulmonates; and a§ the protein gland ia said to occur in the 

mantle and to be strongly oxy~hilic, these little glands, 

being the only oxyphilic mantle glands may be protein glands. 

In this connection the various carbohydrated-p~otein glands 

(PAS-positive) must also be borne in mind. 

The spongy appearance of the collar is due to discharged 

gland cells, the numerous blood spaces, the loose connective 

tissue (which includes many amoebocytes) and in certain areas, 

the presence of Leydig's cells which are a characteristic 

feature of the mantle. Superficial muscle fibres run paral­

lel to the epithelia of both mantle and collar, and on the 

left side of the animal is a sheaf of muscle fibres which 

run more of less parallel to the lateral edge of the mantle 

cavity and find their insertion in the collar above the 

pneumostome. These muscles might play an important part in 

respiration for in snails dropped into alcohol, these muscles 

are often found in a contracted state, causing the collar 

to be drawn back from, and so exposing the pneum.&>tame. 

3.3 2 Mantle and shell formation 

The manner in which the shell is formed is not properly 

understoo d and as the histology of the mantle edge gives no 

clear indication of the parts played by the various struc­

tures (Fret ter and Graham , 1962) we are forced to fall back 

on suppositions and consequently opinions on shell formati on 



A 

15 

. . . 

PIG 
18 

SHELL. 17 

M 

SITL OF CALCIUM FORMATION. 

SITE OF PERIOSTRACUM FORMATION (OLDER WORKERS) . 

SITE OF PERIOSTRACUM FORMATION (RECENT WORKERS) • 

GAC LlC 

20 

,__ 
002mm 

22 CON 

KW 0 ·01mm 

FIG. 15. MANTLE EDGE PALLIAL LOBES OF DIOOORA APERTURA 
(AFTER FRETTER AND GRAHAM , 1962) . 

FIG. 16 . TYPICAL DROP-SECRETION FROM FLOOR OF MANTLE CA-
VITY. 

FIG. 17 . SECTION THROUGH INTERMEDIATE MANTLE RIDGE AND 
LATERAL RECTAL RIDGE. 

FIG . 18 . IJ::YDIG •S CELL. 

FIG. 20. LONGITUDINAL SECTION THROUGH OSPHRADIUM TO SHOW 
LIGHTLY STAINING PROXIMAL, AND PAS- POSITIVE DIS-
TAL, CELLS. 

FIG . 21. SECTION THROUGH SACCULAR PART OF KIDNEY. 

FIG . 22 . SECTION THROUGH PROXIMAL REGION OF TUBULAR PART 
OF KIDNEY. 

FIG. 23. SECTION THROUGH DISTAL REGION OF TUiiULAR PAJlT 
OF KIDNEY. 

f-----< 
001mm 

23 

GR 

r-----1 

0 ·01mm 



38 

differ widely. 

All worke rs, however, ~eem to hold the general surface of 

the mantle at least partly responsible for the secretion of 

the calcareous layer and it aeems that this is the case also 

In certain areas the apices of the mantle 

cells have been noticed to be uneven and small colourless 

flakes have been observed above these cells, Sometimes 

patches of these epithelial cells also contain much calcium 

and in both these instances the appearance of the cells is 

taken to indicate that the cells are in an active calcium­

secreting phase (fig. 14). 

The rest of the shell formation is undertaken by the 

edge of the mantle and for a be tter unde~standing of the pro­

cess it i s pro f itable t o compare the mantle edge in &:tropicus 

with that of certain other molluscs. 

In most Pelecypoda and some Gastropoda, eg. the Zeugo­

branchia, the mantle edge has three lobes termed the outer, 

midd l e and inner pallial lobes (fig. 15) though in most 

Gastropoda the outer l obe i s xeduc ed (Fretter and Graham 196f). 

It is, perhaps, possible that the mantle lobes of ~tropicus 

are not at all homologous with the mantle lobes of Zeuga-

branchia. So great is tne _similarity be twe en thes e fo rms, 

however, tha t it i s more probable tha t such a correspondence 

does exist. 
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In t he event of such an homology, the pa l l i al band of 

B.tropicus corresponds with the outer palli a l lobe of the 

Zeugobranchia . In B. tropicus, as i n Siphonaria sp (Fretter 
as sec:-n i? Ec..k.M·dt's 

a~d Gr~ham, 1952) and Vitri na pellucida i{ a ttthor )t~ cka r d t , 
-t,1~1A'C'"€., I I'"\ 
q_U-O ted by Simroth and Hoffman, 1928 ) the r eduction of the 

outer palli a l lobe has been carried so far that it has be­

come vesti gial and is represented merely by a band of tall 

epithelia l cells . The "pallial lobe " of B. tropicus is 

homologous with the mi ddle pal lia l lobe, and t he fleshy part 

of the collar with the inner palli al lobe of the Zeugobranchi a . 

Fretter and Graham ( 1 962 ) , reviewing t he l iterature 7 

write as follows on the possible method of formation of the 

gastropod Shell: 

The periostra cum i s secreted in the groove between the outer 

and middle pallial lobes . Older workers held the lateral 

surface of the median lobe to be the seat of thi s secretion , 

but o f l ate opinion has veered to favour the median surface 

of the ou ter lobe as the site o f periostracum formation . 

Calcium is thought to be deposited by the l a teral surface of 

the outer lo be , i n conjuction with the general mantle surface . 

The conchiolin of the shell is thought to be secreted by 

gland s discharging into the groove between the outer and 

m:Lddle pallial lobe ( T'~· 15}. 

In p.tropic~~ the general mantle surface is responsible 
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for at least some of the calcium secretion and the proximal 

region of the pallial band is markedly calcium-rich, while 

the more distal region, adjoining the pallial lobe, is not. 

The calcium secretion in B.tropicus thus seems to agree 

with the conditions generally obtaining in the gastropods. 

The correspondence between the formation of the other 

shell constituents in the forms under discussion, is rather 

hazy. Tnfm. inn~x_surfacc of1 tha outer lobe of B. trop.ic.us 

secretes a ca lcium-poor substance which stains light blue 

with Mallory's and therefore is, or contains, mucus. This 

secrete is PAS-positive indicating a carbohydrate-protein 

complex . In other gastropods this is said to be the site 

of periostracum formation. 

With regard to the secretion of conhiolin, it is proba­

ble, from their situation, that the hyaline glands M5 , in 

the pallial lobe as well as the group of vacuolated, hyaline 

glands M6 , at the base of the pallial lobe, perform this 

function . In oysters the conchiolin-secreting glands con-

tain a protein and polysaccharide substance (Bevelander and 

Benzer, 1948, quoted by Fretter and Graham, 1962), but un­

fortunately the chemical nature of the secretions of gland 

types M5 and M6 in B.tropicus is unknown, owing to their 

having no aff inity f or the stains employed. 

The most teas ing question in this connection is the 
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function of the to~tuo~s red gland$ M7 • From their position, 

on the lateral surface of the pallial lobe, th~ red glands 

would appear to be part of the conchiolin glands complex, . 

but there are other facts suggesting that this gland may 

p:ay a role in periostracum formation. Firstly, in sections 

stained with Mallory's the red colour may indicate "chitin", 

and secondly, although the openings of the ducts are some­

times situated at the bottom of the groove between the outer 

and middle lobe, they are usually to be found on the outer 

surface of the middle lobe. It is important to bear in 

mind that during life the middle pallial lobe in B.tropicus 

is slightly reflected over the edge of the shell apperture, 

and comes to lie against the outer periostracum. 

3.3 3 Remainder of mantle, anJ floor of the mantle 
cavity 

The cells lining the mantle cavit~ vary from cuboidal 

to columnar. The columnar cells are found at their highest 

development in the anterior and left hand side of the mantle 

cavity, while the right hand side of the cavity is clothed 

with the cuboidal epithelium. The cells almost all show 

signs of secretory acti~ity, this property being more highly 

developed in the columnar than in the cuboidal cells. The 

apice s of the columnar cells stain~ orange with Malloryts 7 

as do the epithe:ial cells of the sole of the foot. The 

appe -arance of ·the~~ ecretory apithelium of the mantle cavity 
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i s h i ghl y char acteri sti c and blo b s of s e cre tion may be se e n 

being d i schar ged f r om the c ells. Thi s g i ves to t he epi the ­

l i um the same appea r anc e as t ha t of t he u pper po s t e rior pa r t 

of the fo o t of Pl anorbari us c orneu s , Linnaeus a s f ,i gur ed by He r f s 

'.( r ep r oduced i n ..Boe ttge r,, .1944)., Many spherules may be seen 

above the ep i the lium of t h i s r egion ( f i g . 1 6) a n d t he d r op-

l ets may be bl ue , purple , o r ange or a c ombi na tion of these 

colours . 

v i s i ble . 

The nuc l ei a r e ova l , light - s t a i ning a n d clea rly 

Scatte r ed among these c e lls a r e sensillae which 

are a littl e bi gger than the othe r c e lls , have a l a r ge dis­

t i nct nucleus, and c i lia whi ch may be muc h l on ger than the 

c ell he i ght . La r ge goble t cell s, t he c ont e n ts of which do 

n o t stain , a r e a l so found amo n g the no r ma l epithe lia l c e lls . 

The epithe lium i s underla i n by a very dis tin ct basemen t 

membrane . of consi dera ble thickness, a n d u n der t h i s , s ca tte r ed 

t hroughout the extent of the mant le cavi ty, a r e tiny uni­

cellular glands . They a re intensely PAS- po si t i ve , appar ent­

l y the onl y glands of t he mant le c avity t o have t h i s p r operty. 

3. 3 4 Leydig ' s cP.lls 

A very conspi cuous feature of the mantl e i s t he lar ge 

number of Leydig ' s cells occurring i n thi s region . They 

s eem to extend throughout the mantle , occu r r ing i n the c o l lar , 

i n the roof of the mantl8 cavi ty wh ere they a r e dense l y 

packed a.1d may be seen e v en i n the basal port ions of t he 



kidney lamellae. They occur a l so in the ridges of the mantle 

cavi ty , especially the lateral rectal ridge (see l ater) (fig. 

17). The cells (fig . 18) are large and though irregular 

in form,they do not exhi bit long pseudopodia. The cytoplasm 

i s hyaline, and not stained by any of the methods used . 

The nucleus i s clearly visible in the cell, and varies in form 

from round to slightly oval . It i s lilac in colour and 

coarsely granular in appearanc e . Against the lilac of the 

nucleus the large, round, orange nucleolus form s a striking 

contrast . The nucleus i s generally somewhat obscured by 

a n aggrega tion of lilac or p inki sh particle s which are 

irregular in shape , and vary in number and degree of compact-

ness. Numbers of bla ck granules are also to be seen in 

some of the cells, and though in c ertain cases some of the . 

granules may belong to the cytoplasm of melanophores, . the 

Leydig ' s cells, themseJ.ves also conta in some granules . 

The functions of these cells h a ve been thought to be 

glyco genstorage, phagocyto s,~1l. o/<=1nd excretion (Cuenot 1 892 , 

quoted by Sullivan, 1961) , the storage of food substances 

and calc:i_um (Bo e ttger, 1 944), while Sullivan (l961) i s a lso 

of the opinion that the cells are possibly in some way con­

nected with excretion. 

A s mall amount of l ightly PAS-positive materia l was 

d emonstra ted in some of the cells but, from t he sections, 

it do es not appear to be a very important function. On 



several occasions sacs containing a little PAS-positive 

material were found . It might be that these sacs are a part 

of sectioned Leydig cells. From their intimate connection 

with the mantle cavity and kidney it is thought possible that 

these cells may also play a part in the excretory processes 

of the snail. 

In !_:trapezia Sullivan (1961) found a large number of 

granule cells in the kidney region and thought it possible 

that these granule cells were concerned with storage and ex-

cretion. 

species. 

No Leydig's cells were found in any part of this 

It is thus interesting that in £L:tropicus, many 

Leydig cells occur, especially in the mantle and thus also 

in the kidney regionj where, as has been mentioned, they may 

even invade the basal parts of the kidney lamellae. N~ 

granule cells were found to occur in this species. In see-
m~ 

tions of Burnupia, (kindly lent byjHamilton-Attwell of this 

Department) granule cells are conspicuous in the mantle region. 

They bear some resemblanc e to the Leydig cells of B,tropicus 

but are smaller and contain fairly large, light brownish 

granules. Only on rare occasions were clear cells observed. 

In these three species mentioned it therefore seems permitted 

to speculate that the same functions are performed by the 

granule cells or Leydig cells, either one type or the other 

occurring in any one species. 
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Cuenot (1892, quoted by Sulli van, 1961) states that 

aquatic pulmonates possess two types of Leydig cell, one 

concerned with g l y cogen storage and the other having phago­

cytic and excretory functions . As glycogen storage could not 

be clearlydemonstrated in B.tropicus and no other differences 

in Leydig ' s cells were obvious, no distincti on could be made. 

It seems desirable to repeat the PAS- technique on B. tropicus 

and also to experiment with other staining methods to deter­

mine whether there are in reality two types of this cell. 

Two othe r types of vesicular cell are distinguished in 

in B. troy i cus . They occur in the buccal mass and reproduc-

tive system and will be described under those headings. 

3. 3 5 Mantle ridges 

The position and form of the mantle ridges in B.trop~cus 

have been described (StigJingh et al, 1962) using the ter­

minology suggested by Schut te and Van Eeden (1959). In 

~~ir~picus both the intermediate mantle ridge and the lateral 

rectal ridge are well- developed , as in B.truncatus (Demian 

1960) . As in the lastmentioned spec i es , the ventral part 

of the lateral rectal ridge in B- ~~~picus i s mu ch more pro­

nounced, and usually i nclined slightly to the l eft of the 

intermediate mantle ridge . In certain sections the i nter-

mediate mantle ridge may be seen inclined slj_ghtly to the 

animal' s right . The position of these two ridges relative 
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to each other varies, the lateral rectal ridge may also touch 

its apex, or even lie to the right of the intermediate mantle 

ridge. 

As can been seen in fig. 17, the orests of the ridges 

are well rounded. The sides of the ridges are clothed with 

a cuboidal epithelium which is of a secretory type. There 

is considerable difference in the secretory ability of the 

two sides of the intermediate mantle ridge, the lateral 

surface of the ridge apparently having this property better 

developed than the median surface. In the lateral ·recta l rid~e 

the condition is just the reverse, there is a very marked 

difference, in the anterior part of the ridge, the median 

surface of the ridge showing a high degr~e of secretory acti­

vity, while this is not to be detected on the lateral surface. 

The secretion is fairly rich in calcium and stains a very 

light pink upon being treated with PAS. Scattered among 

the normal epithelial cells are sensillae and the crest of 

each ridge is crowned by tall columnar cells bearing cilia 

almost as long as the cells are high (fig. 17). The nuclei 

are situated below the middle of the cells and are large 

and round to oval in form. The body of the intermediate 

mantle ridge contains only li~tle connective tissue -

amoebocytes, pigment cells and a few leydig's cells. The 

space between the two epithelia is taken up mainly by nume­

rous large blood sinuses. The body of the lateral rectal 
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ridge is mu ch more compact and is almost entire l y f i lled with 

Leydi g ' s cells, consolidated by the necessary connecti ve 

tissue elements . The s i gni f i cance of thi s dense aggregation 

of Leydig ' s cells in this r egion i s unknown , bu t i t i s possi­

bl e that they, as i n the case of other vesi cular c ells, (see 

below) f unction as support i ng cells. 

Recentl y Harry (1964), in the course of h i s studies 

on the phy~ogeny of the Basommatophora, a l so investigated 

the occurence of ridges i n the pulmonary cavi ty of several 

of these forms . He empl oys the t erm pul monar y l ame l la to 

denote the intermediate mantle r i dge and t he la t eral recta l 

r i dge which he regards as a s i ngl e structu re becau se, al­

t hough l ocated on the roof, and on the floor of t he mant l e 

cavi ty r espec tive l y, the t wo r i dges become continuous i n 

t h e posterior regi on of the pulmonary chamber . 

Such a cont i nui ty has l ong been no t ed in va rious snails , 

and was observed, more recently , i n B. tropicus ( Stiglingh 

e t al, 1 962 ) , B.truncat~~ (Demian, 1960 ), Chilina f luc t u osa 

(Harry, 1 964 ) and B. (P)africanus (Kraus ) (Van Aa r dt unpubli~ 

shed thesis) . The Lastmentioned author , quoting Schut te 

an d Van Eeden (1 959 ) states that such a junction of t he 

ihtermed i ate mantl e r i dge and l a t e r al r ectal r i dge doe s not 

t ake pl ace i n .£.:J?_feifferi (Krauss ) . Ac tuall y , Schut te and 

Van Eeden (1 959 ) do not expr ess t hemselves at all on thi s 

po i nt, and my di ssecti on of B. pfeifferi showed t ha t t he t wo 
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ridges do, in fact, merge posteriorly. 

Harry (1964) puts forward the sug gestion that in th~se 

Planorbidae and Bulinidae in which the intermediate mantle 

rid ge (dorsal part of the pulmonary lamella) is conspicuous 

in the region of the pneumostome, the ridge becomes conti­

nuous with the latera l ' r e c t r 1 ridge 0 

The simplicity of the term " pulmonary lamella"as opposed 

to the cumbersome intermediate mantle ridge and lateral rectal 

ridge , i s appreciated but not yet adopted as the term may 

not suffice in all instances. However, I find the author ' s 

use of the t e rm dorsa l lamella objectionable, in -the same 

way tha t I find the use of the terms anterior renal, and 

posterior rena l ridge by Schutte van Van Eeden (1959 ) , to 

be so . Such abbreviated usage (omitting the insertion of 

the words "pa rt of") ma y mislea d the reader to believe the 

auth or i s refe rring t o t wo structure s ins t ead of one. 

Awareness of this mi ght h a ve prevente d the l a stmentioned 

authors fro m misinterpreting Bo ettgers ' (l944 ) description of 
L 

the ma ntle c a vity lame l J 8. e j_n PJanc rba rius corneus (;elin-

naeus). They t ook the anteri o r dorsa l fold (renal ridge ) 

and posterior dorsal fol d (intermedia te mantle ridge) to be 

anterior and po s terior parts of the dorsal fold and stated 

tha t Boettger (1944) do 8s not mention t:ne intermediate mantle 

ridge wh i ch h e in f a ct describe d and figured. 
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The extent to which the median reotal ridge is developed 

in the Basommatophora is not clear. ~h~trre and van Eeden, 

(1959) applied this term to the continuation of the lateral 

edge of the s iphon in B. pfeifferi, though Harry (1964) consi­

ders the small structure unworthy of a special designation. 

Also Watson (1925,quoted by Connolly, 1925) does not refer to 

the median rectal ridge in lb pfeifferi, though he Qescribed 

the other ridges occurring in the cavity. In B. tropicus the 

latera l edge of the s i phon is prolonged for a short di s tance 

a long t he rectum and though t his was figured (Stiglingh et al., 

1962), thi s puny s tructure was not specially named. Histologi~ 

cally t hi s ridge i s found. to differ from the int ermediate 

mantle ridge and lateral rectal ridge. Although the pro-

longat ion of t he siphon also has columnar epthelial cells 

along its crest thes e in no way approach the highly developed 

epithelial cells along the crests of the two other ridges. 

A median =ectal ridge has been r eported in P.globosa 

(Watson, ~925, qu9ted by Connolly, 1925) and 1:..: africanQ 

(van Aardt, unpublished these). Wat s on (1925) regards the 

absence of t he median rectal ridge and renal ridge in the 

more typical species of I s idora (- Bulinus) eg. I, forskali 

(Ehrenber~,___L contorta (Michaud), .l.: t ropica (Krauss) and 

I. l amellata ( Smith), a s t h e main criterionfor di s tinguishing 

the subgenu s Bulinus f r om t he subgenus Phys opsis. Although 

Wa tson ( 1925 ) di s tinguishes the median recta l ridge in ~. 

~ l obosa he comments t hat though the renal and median rectal 
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ridges ca.rrespond to the ~~9 ridge~ ~CC\U9~ing in the same 

;E. globos n-. ··. 

In Australorbis glabrat us (Say) ~ ·.,;,e mantle" ridges· have 

been ·d~3ca:-ibod,(Pan,l958}, no mentio~ being mad0 or a median 

rectal ridge. From the figures 6, and 7, (Pan, 1958) it 

seems that there are indeed two ridges present on the rectum, 

so that in this form, all four ridges may be present. In 

both figures the intermediate mantle ridge and lat eral rectal 

ridge are in such close proximity that they could apparently 

touch each other, and in figure 6 this is seen to be true 

also in the case of the other two ridges. 
tn 

The ridges occurring i the mantle cavity of .:the ·. SlWi .l -E., 
corneus have been de s cr ibed by Simroth and Hoffman (1928) 

and Boettger (1944) (who is, however, dpparently only quoting 

Simroth and Hoffman (1928)) . Figures of the mantle cavity 

in this form are to be found in Simroth (1928), one by the 

author himself and the other after Pelseneer. In 1:._. corneus 

there is a well developed renal ridge and median rectal ridge, 

both extending far towards the posterior part of thamuri.tle 

cavity, and both being cons i derably more robus t than the 

inter media t e mantle ridge and lateral recta l ridge. Whether 

the r ena l ridge and the median rectal ridge are posteriorly 

con t j_nu ous is not known . If thi s be s o, then the term pul-

monar y lamella wculd be insuff icient as , in cer t ain f orms two 

pulmonary lamellae may exist. It i s t hus desirable that 
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someone study the pulmonary c avity lamellae in P . corneus and 

related forms and, if necessary , devi se a suitable terminolo­

g y which is applicable to all these forms . 

The function of these ridge s mus t be related to their 

arrangement in the mantle cavity , but what the precise rela­

tion of these ridges is , is not yet a settled question . 

There i s disagreement as to whether or not these ridges , 

divide the mantle cavity into two compartments . According t o 

Demian (1960), Boettger (1944) state s that the ridges ca.."'Ulot 

comp l etely divide the mantle c avity into two chambers . 

However, Boettger ( 1944) and Simroth and Hoffman (1928) (whom 

Boettger is probably quoting ) state that in P . corneus the 

renal ridge and median rectal ridge are large and so placed 

that their crests are contiguous , thus dividing the mantle 

cavi ty into a spacious anterior ( right ) chamber and a narrow 

po s terior (left) chambera In this narrow cavity the smaller 

intermediate mantle ridge and lateral r ectal ridge project 

freely . From thi s it may be inferred that the renal ridge 

and median rectal ridge lie opposite eac h other , at least in 

the anterior part of the mruLtle cavity o Als o in P . globosa 

these two ridge s are sai d to oppose each other ( Wats on , 1925) . 

It i s thus p os s ible tha t, in forms having four mantle c avity 

ridge s , the renal ridge and median rectal ridge may constitute 

a partition in the mantle c avity . 

In the other forms mentioned above , and in several others 

mentioned by Harry (1964), it is the intermediate mantle ridge 
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and lateral rectal ridge which c.pp.sti tute thE: partition. k.L•-• 

though these two ridges are situ~ted opposite each other in 

~. truncatus Demi9.Il (1960 ) states that the ridges cannot ser­

ve to partition the mantle cavity, and declares that this was 

found to be the cas e also by Rao (1923) and Boettger (1944), 

the latter apparently being misunders tood by Demian (1960), 

because 1 when r eferring to the renal ridge and median rectal 

ridge, he specifically uses the word "abteilen" (p.321). 

Harry (1964) is a lso of the opinion that the ridges "consti­

tute a real 1 if ineffective, partitionli (p.370), and obser­

vations-on live ].h tropicus have brought me to the same conclu­

sion. 

These folds are not rigid structures, but are labile, 

so that although the l a teral rectal ridge normally lies sligh­

ly to the left of the intermediate mantle ridge, as in b_ 

tiuncatus (Demian., 1960), it sometimes lies directly oppo­

site , or slightly to the right of the intermediate mantle 

ridge. This means that when the ridges are in an elevated 

position and the floor of the mant l e cavity is raised, the two 

ridges can be app osed, thus dividing the mantle cavity into 

two unequal portions . Such variable positions of the ridges 

relative to each other may be seen both in serial sections , 

and by careful observations of live specimens held in such 

a way as to expose the :pneumos tome during respiration. 

Concer:ning the fv.nctions that these ridges may perform. 

there has als o b een mu ch conjec ture . Rao (1923 1 quoted by 
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Demian~ 196.0), Boettger (1944), Hubend~ck (1955), and D~ian 

( 1960) all suggest that they aid in resl?.iration . That ihis 

is t.:.;.e pi:-·:i.IDA.ry f·:,;mo.t i on in ,!3~ !~_gpicus. seems to me unlikely• 

The aclditi o:n'.:tl r espiratory surfac e afforded by the s e ridges 

i D s o l i t tle as to make the eff ect up on the respira tory rate 

w.~glig a b l e ~ Be s i de s the rat h er small size of the ridges, 

es.p ec i a lly in the p os t er ior p art of t h e mantle cavity, t h ere 

is , as i n mos t ( a ll? ) the speci es pos s essing these ridges , 

a lrea dy c,, p s Gudobran ch :pres ent a s r espira toi"y organ. In in-

stai1ce s \11r:1er e a r idg e is modifi ed in a complic a ted manners 

a s i 1.,_ B. J2 .. f ~ifferi 7 i t i s possible t hat it may aid in r espi-

rat i o:t: c 

Re c entl y it h a s b een s ugg es t ed tha t the function of 

t h es e r i dges i i::l t o :p:t.·010.ote t h e c i r cu l a tion of t he wat er in 

the mant l 8 cavity (Harry~ 1964 ). Th aJ.:; one of the funct i ons 

o:f th2 ri c1g es ;s the creation of a current i s obvious from the 

long cilia along t h e c1°e r:3 t of eac h r i dg e . Th e advantage to 

~o tro~ic~ s of a c·u.rrent of wat er in the mantle cavity is 

debatab1e for the mantl e cavi ty is normally employed in aerial 

r e spi rati on. The cop ious secre tion of slime in certain areas 

of the mant l e c avity, ano. t h e ohee t of mucus which is q_ui te fre­

q_uently t o be se en overl3ring t he cilia of the intermediate 

mantle ri dge and l eft' haii.d charr.b e r of t h e mnntle cavity sugg ostE 

t hat in Bo tro·picus one o:f t h e main functions is the creation 

of a current to :r:,revent stagnation and accumulation of the 

mucus secreted in the mantle cavity. Although there is no 
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direct proof , the direction of the cilia give the impression 

that the mucus i s being moved in the di rection (fig o 19 ) of 

the l ef t hand chamber , the floor of which i s espec i ally we ll 

ciliated and shows intense secretary activi ty. The continuous 

movement of a mucous sheet in the mantle cavity would serve 

to prevent fouli ng of the chamber o The danger of s ilt ing up 

i s often mentionGd in connection with marine forms , and though 

not as great in feshwater fo rms , the i,,vater i s on occ asions laden 

with varying amount s of s ilt and organic particles which mi ght 

accumulate in the mantle cavity s It may be supposed that 

the mucus s heet i s drawn over the ridge s into the narrow l eft 

hand chamber from where the superf luous IDQcus may be extruded 

from tho cavity , but such a supp os ition wants experi mental 

confirma tione 

I t also seems to me , that in ~~ tro»icus a further 

pos~ible function of tho ridges i s the retention of the bubbl e 

in the mmi-t;le cavity a '.!.'his is deduced partly from watching 

l i ve_l3~ !:f_oJ2.J.:...~ and also from a comparison with L,, natalensi s 

and ;!?hysa mos~biquensi s o The crux of the matter seems to be 

the position of the anur=: . I n all three forms the anus lies 

lateral to the s iphon, in such a position that closure of the 

pneumos tome does not , in any vvay , interfere with tho expulsion 

of the faeces . I n both l_Jo £atalensis and Physa mosambiguensis 

the siphon extends the l eLgth of the pneumostome s o that the 

anus aloo lies lat eral to the p:neu.mostome . I n B. tropicus 

however , the position i s different • . The s iphon extends across 
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only half of the pneum.ostome, and the anus is situated more 

or less half-way along the v~ntral margin of the pneumostome: 

Closure of the median half of the pneum.ostome thus presents 

no difficulties, but the lateral half of aperture has no 

siphon and might provide a conduit through which air could 

escape while the snail crawls over inclined surfaces or hangs 

inverted from the underside of leaves or other objects. The 

s trategic placing of the intermediate mantle ridge and l a teral 

rectal ri dge render possible a sealing off of the large chambe:r 

on the right s ide of the animal from the narrow chamber on 

the l eft, s o that the large chamber is in communication with 

the surrounding water only through the plieum.ostome which is 

guarded by the siphon . 

Ret ention of the air bubble in the mantle cavity of 

B. troEicus is thus probably brought about by the_s~phon and 

l ateral rectal ridge . When the snail is in such a position 

that the pneumostome may be clearly seen, and the aperture 

is wide open , the lateral rectal ridge is visible as a con­

spicuous vertical crest extending into the mantle cavity and 

lying b eneath the intermediate mantle ridge. The ciliated 

8dge of each ridge is visible as a lighter streak . To the 

right of the rectal ridge the s iphon lies reflected into, and 

pre s s ed ont o the floor of , the mantle cavity. To r etain the 

air in t h e mantl e cavity it is apparently not n Gcessary to 

c los e the pneumostoffie~ Normally t he air bubble may be seen 

lying near t h s pos terior part of the pulmonary chamber. When 
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the ani~al, in crawling activ~ly about, changes its position 

from the horizontal, the bubble may be seen to be displaced 

to another part of the chamber, but I have never observed the 

escape of such a bubble from an undisturbed snail. Even in 

narcotized snails the bubble is retained in the lung. Nor­

mally this retention could be ensured by the elevation of the 

pulmonary siphon into a more vertical position, but it also 

seems as though the pneumostome is sometimes temporarily oc­

cluded by the lateral rectal ridge which lies more or less 

diagonally across the pneumostome, to .which i t may 2ct as a 
an 

b~rrier ~hen in( el evated position." 

From the description of the mantle cavity in~ truncatus 

. (Demian, 1960) it is clear that though certain differences 

occur, the structu.re closely resembles that of~ T.ropicus. 

Some of the observed differences may, possibly, be attributed 

to sub.,.jectivity on the part of the observers. Others may be 

caused by tho specific r espiratory conditions under which 

the snails were observed, for it is lrnown that baso.mmatophoran 

species exhibit great plasticity in their respiratory beha­

viour, in adaptation to varying condit i ons·(Hunter, 1953). 

Demian (1960) declares that the mantle cavity of B. 

truncatus is never filled with water. He submerged the snails 

in a dilute solution of methylene blue and found that only 

the ri dges in the cavi ty stained blue. From this he deduced 

that, though the ridges are kept moist by a current, probably 

created by their cilia , the r es t of the mantle cavity was 
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never filled with watere I sugges t that the mucin in the 

secretory c ells may havo beon stained by the methylene blue 

which did not "takG " on t h e re s t of' the opi thlium. In B. tro-

J2icus the mantl e c avity i s by no means a ir-filled , a bubble 

of air , about a quartGr of the s ize of tho cavity u sually 

being found in the right hand compartment of the pulmonary 

chamber . Air was never observed in the narrow left hand 

chamber, and from the differ enc e in the degree of v as cu lari­

zation of the roof of these two chambers , this is to be expec-

ted . Harry (1964) suggests that tho parti t ioning of the 

mantle c avity may bo tho beginning of a divi s i on into a right 

hand cavity containing more air than water , and a l eft hand 

wat er filled cavity . No suggostion i s made as to the p os s i -

b l e significance of such a divi s ion . 

Another difforonco between B . triJ.ncatus and B ., tropicus 

i s that in tho former the s iphon is rolled up and pressed 

against the upper lip of the pneumostom0 , thus bringing about 

a tight closure of the aporturo whi l e tho ani mal i s under 

water (Demian? 1960). In L. nat a lens is and Pe mosambiquensis 
Hl 

such a closure of the pne umostome was also observed. by me '/ b oth 

c oses the siphon bul gGd c onvexly ove r the pneumostome a nd 

the free edge of the s i phon l a y against the dorsal edge of 

the pneumostomal aperture . The pneu.mostome of B. tropicus was 

however , seen to be open under water , though the s ize of the 

opening v a ried6 
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The amount of air in the mantle cavity depends on con-
'.!.. 

ditions in the habitat and also, on the condition of the sna.i~ 

The size of the snail i s another factor which influences the 

respiratory behaviour, it having been established that small 

pulmonate snails oome to the surface for air less often that -

the adults (Hunter, 1953). In fact Boettger (1944) states 

that young Bas ommatophora have no air in the mantle cavity, 

the rest of the body surface sufficing to comply with the 

animals respiratory demands. In larger snails the mass of 

the organism is relatively so much greater that it be~omes 

necessary to take air into the mantle cav"i.ty. In winter, 

however, even large snails have a water-.filled mantle cavity, 

(Bo ettger, 1944).o 

It w.as frequently observed in the laboratory that snails 

which are apparently suffering f rom l a ck of oxygen, may be 

recognised by their appearance. In such snails the greatly 

distended pseudobranch is extended well out from underneath 

the shell~ and the shell itself is not borne in its normal 

horizontal position, but i s s lightly uptilted on tho left 

s ide, so that the whole pneumostomal area is more clearly to 

be seen. 

The complicated and varying structure of the mantle 

cavity of the -Planorbidae shows that this is an important 

region of the snail and Morton (1960) is certainly at fault 
is _ 

in stating that the pulmonary cavityJdisused in this family, 
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The structural and behavioural variat i ons encountered must 

be s een as an imn.orta:nt factor in t heir general adaptability, 

enabling them to survive r espiratory hardships, and inhabit 

a wide vari ety of habita t s . 

The Siphon 

The substance of the s iphon consi s ts of a variety 

of elemen-ts ~The most out s t andt ng of t hes e is muscul e.r • tissne. 

Ther e i s an intricate sys tem of mus cle fibr es arranged to 

a l l ow gr eat lability dur ing r espiration. Among thes e fibres 

t he r es t of tho cl ements are pack ed.~uni.erous glands ar e found, 

and t h ese ar c of a t l east two types. Th9 form of these gla.nd.S 

i s t he s ame, cons i s ting of a smallish rounded body. On e 

k i nd of gl a..11d pos ses ses a hyaline cytoplasm which s ometime s 

s t a i ns a ver y 1i ght gr oe11i sh c olour, in which l ar ge colourl es$ 
Sflb 
~ erul es may be di s c er n edf a lmos t fil l i ng the c el l body . Tho 

other t ype of gl and p osses ses spherules which s t ain pu_ryle . 

The colourless type of gla,.~d may b e the s ame as those found 

in t he paJ.lia l lobe , but the s econd t yp e of gland is unique 

in the snail~ Th e purp l e gl ands s t ain intensely with MEE, 

showing t hat t he spherules ar e basophilic, but b eyond that, 

thei r chemic a l n o.t u.r e i s unknown. Also pre s ent in the s iphon 

are numer ous amoebocytes , pi gmen t cells , and , t owar ds tho base 

of t ho s i phon , Lcydi g i s colls . I n some sn ails t rans luc en t gr a­

nu l es ar o f ound i n gr eat numb er s i n thi s r egion , and may a l so 

b G obscr v8d i n the living sn ai lo 
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The presence of thi s organ in Bo tropicus has a l­

ready been r eport ed (S tiglingh et al.? 1962) and a sketch 

made of a longitudinal section through th C:: organ . In that 

pap er , however , practically nothing was said conc erning the 

structure or function, and it seems appropri a te now to do s o . 

The organ is elongated and hollow and i t i s embedded in 

tho tissue connecting tho body and tho base of the collar . 

At its b lind end the cc,vity i s surrounded by a mass of ganglio-

nic cells cons tituting the osphradial ganglion . The ganglionic 

cells arG large and contain vGry l arge nuclei which almost 

fill the body of tho celle These nuclei stain darkly and pos-

sess many clos e ly packed chromatin gr anules which are rather 

coarse in texturG e In PAS- s tained material some of the 

gang}.ionic c ell s may be seen to have nuclei which are clear 

and cont:=i.,~~:r:. scatter ed a,ggregations of granules . I t i s not 

lmovm whether or not these c e lls are normal o On occas ions a 
w~re. 

number of intensely basophili c granulest ~,r~ tc b::; seen in the 

nucleus . No:cmally a conspicuous orange nucl eolus is to be 

seen though thi s structure i.s indistinct in PAS-stained materi aJ. 

These nerve cells are i n com.muni c 2.tion with the l eft parietal 

7 . gang_.ion, so that the innervation i s in reality by the parietal 

ganglion , an important f act in the cons ider ation of tho homo­

logy of thj_s organ with tl!.e olfac tory organs of .,other moll uses o 
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The lumen of th~ osphradilUil communicates with the 

ambient water by means of a small aperture which lies just 

median to the pneumostome. The epithelial celJ,s surrounding 

the osphradial aperture are tall epithelial cells which bear 

long cilia. The nuclei are oval in form, situated n ear 

the base of the cell and do not s tain well with Mallory's. 

Near the apices of the cells the cytoplasm stains blue and 

a large number of vacuoles of vari ous sizes is visible. The 

apical parts of the cells stain orange with Mallory's, and 

this colour is taken up a lso by the cilia. The secretion of 

these cells i s PAS-positive, staining a light pink, and con­

tains a l ar ge amount of ca lcium. A f ew rather squat goblet 

cells occur on the perif ery of this circlet of t all cells, and 

a few goblet cells which are more slender than the fir s t type 

occur nearer to the aperture . They are not outstanding and 

their secretion is not stained by any of the techniques em­

ployed . 

Just pos terior to the osphradial aperture the lumen 

is lined by tall cell s which also bear well developed cilia 

and seem to be restricted to thi s part of the body. The cells 

are goblet cells and contain aarkly\ staining granular nuclei 

which ar e cons idGrably larger than those of the other osphradia l 

cells . Those goblat cells c ontain numbers of rather small 

socrat ory drop l ots 1,,vhich are PAS-negative, and 9 when stained 

with M:BE, a doep blue , artd therefore strongly basophilic (fig: 

20). In t he post erior part of the osphra dium the c ells 

consist of columnar gl andul ar c ells beari ng short cilia. 



E2 

Round, lightl~ stain~ng but granular nuclei are present at 

the bas e of the cell and the cytoplasm resembles that of the 

cells surrounding the osphradial aperture . The cytoplasm stains 

blue and is highly vacuolated, so that a frothy appearance is 

given to the cells. The apices of the cells do not stain as 

deep an orange as those surrounding the aperture , the secre­

tion being more yellow. It is also PAS- positive so that it 

is probably i dentical with or, clos ely akin to, that of the 

anterior cells: 

Oliacti on in the Gastropoda 

The functi on of the osphradium in B. tropicus is olfacr~ 

t ion but it is thought probable that this is a secondary 

function in the gas tropods, the primary function having been 

the det ecti on of silt (Yonge, 1960 (in litt . ) quoted by 

Kohn, 1960). There arG certain molluscs which make use of 

their eyes in obtaining t heir food, but this is unusual . Of 

all the Mo llus ca i t i s on ly t he cepha lopods , pelagic het ero­

pods an d the Strombida e (Morton, 1960) which have well developed 

eyes used in the det ection of their food; the other memb ers 

of t he phylum must r ely mainly on the sense of smell, (Cooke, 

1913) ~ As i ndicated. by Kohn , (1960) , relianc e on the olfacto-

ry sense is important no t only in c onnection with f eeding, but 

a l s o in avoiding cnomi G[; a.11. d f inc1i ne mat es . 
~uo-bl b)r Kohn 19E:,1) 

Co:pelruid ( 1918,f wo.s t he first to prove the olfactory 

function of tho osphraa_iu.m in a prosobranch an d three l ater 
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papers have s i nce confirmed this function, two ofjthe papers 

dealing w.i th pr osobro.nchs and ono vYi th a pulmonate ~ This 

literature and that on chemorecoption i n gastropods in general 

i s v ery ably reviewed by Kolm (196l )a 

Before di s cuss i ng the osphradi um of B, tropicus it is 

interesting b:ri of ly to digress 9 &"'1.d cons i der the condi t ion of 

the osphradium and other olfactory orgens of the gas tropods 

in general o It i s a t once clear that these organs arc not 

homologous throughout the class , or even nec essarily in one 

order , eg ~ in the l andliving and aQuatic pulmonatos . In an 

att empt to form a..n i mpr ession of the s ituation in thi s class , 

not only tho morphology , but a l s o the int i mately connec t ed 

situation and function of t hose organs will be discus s ed for 

ench of tl12 throe ord.e::rs . 

In Octopus vu.lgo,rus t ho chemica1 sense seems spread 

over the whole body (Scheer , 1948 ) but in mo s t of the other 

Mo l lusca -1:he chemic a l sense is loc a lised in c ertain areas of 

t he body, a nUt"IJ.bor of organs acting as the seat of th2 olfac-

tory sense . I n the prosobranchs tho siphon 1 epi podi a l and 

pallial tentacles , and the Gntorior and posterior portions of 

the foot have been suspected of h2ving, and in some cases have 

be en proved to have , o.n oli'actory function ( Yonge , 194 7 ; 

Kohn , 1961) . The spec i a l chemorec eptor i s , however , the 

osphradium which occurs j_nside the mant l e cavity . Generally 

speaki ng the form varies from simp l e ridges in the Archaeogastro,·, 

poda , and most Mesogastropoda 9 to a complex bipectinate struc-• 
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ture in the Neogastropoda (Kohn, 1961). The innervation of 

thi s organ is by a n erve arising from the parietal ganglion. 

The osphrad ium is always placed inside the mantle cavity, 

clos e to the ctenidia where it remains even in forms which 

have los t their ctenidia, as in Pa t ella (Borradaile et al., 

1959). Bec ause they are associated with the gi+ls they 

are liberally bathed by the surrounding water . According to 

Yonge, (1947) they are always in the direct line of the current 

or currents produc ed by the gills. Kohn (1961) on the other 

hand, states that the osphradium res embles mammalian olfac­

tory organs in that (according to Prosser et ai'~, 1950) a 

great deal of the s ensitive area is not exposed to the main 

current but to eddy currents. The significance of eddy 

currents passing over re spiratory epithelium of Mammalia 

is easy to comprehend , one of the advan.tages being the preven­

tion of dos iccation of the delicate membrane. The significanc e 

of such eddy current s in the cas e of an aquatic form remains, 

to me, unclear. 

For many years there has been speculation as to the 

real function of the osphradium. It is generally held to 

~e an olfactory organ but there aro als o some workers who re­

gard it as a mechanor ec eptor, while yet others are of the 

opinion tha t i t may p erform both of t hese functions. Theos­

phradi um is extr eme ly l ar ge in c arnivores (Morton, 1960) and 

that i t acts as an olfact ory organ in t h e detection of prey 

has been :proved for a number of carnivorous gastropods eg. 
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Bullia (Brovvn and Noble, 1960) and Nassarius (Copeland, 1918): 

It i s easy t o see the importance of such an organ to preda­

tors and carrion f eeders. The water i s continually tested 

for the presence of food and according to Kohn (1961) the in­

halent siphon, which i s swung from s ide to side , is used for 

the accurate localization of the prey or carrion. 

Hulbert and Yonge(l937) wer e of the opinion that the 

osphradium could be used as an olfactory organ only by car­

nivorous gastropods and not by browsing herbivores such as 

Littorina or Pterocera, which however, both possess large 

osphradia (Yonge , 1947). Their work on a number of gastropodp 

brought them to the conclusion that the osphradium should be 

thought of rather as a tactile organ conc erned with estimating 

the amount of sediment in the wat er. This conclusion is 

based on the observation that there i s usually a correlation 

between the s ize of the osphradium and the amount of sediment 

The potent ial value of such a sediment tester 

in prev enting the clogging of the delicate lamellae of the 

ctenidiu.m i s obvi0USe This n eat divi s ion of osphradial 

function into olfaction in the carnifores, and sediment tes­

ting in the h erbivores i s v ory pleasing but, unfortunately, 

an oversimplification. 

It has since been proved that the osphradium i s indeed 

used by certain herbivores f or the detection of food eg. the 

prosobranch Littorina (van Dongen , 1956 quo ted by Kohn, 1961) 

and the lJUlmonate AustralC?_rbiS (Michelson, 1960). Littorina 
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cidedly preferring certain algae above others • .Another fin­

ding which is incons i stent with the carnivore/olfactory organ , 

herbivore/sediment- tester theory , i s the fact that the pelagi c 

heteropods pos s ess an osphradium. In the s e forms there is not 

the remotest danger of the mantle c avity becoming silted up. 

As the eyes are well developed and u s ed in the capture of 

prey , the necessity of a chemoreceptor seems dubious . Mor­

ton ' s (1960) assertion tha t the osphradium of these forms is 

vestigia l , seems the only explanation of its occurrence . 

In the opisthobranchs th~ osphradium and rh~nophores a ct 

as chemoreceptors . 0 sphradia are always present in the Tecti­

branchia (Yonge , 194 7) , while in the N1..i.di branchia the olf ac ­

tory organs are rhinophore s . The term rhinophore has been 

employed for various organs in the Mollusca . It is used by 

Pelseneer , 1906) to denote structures occurring on tenta cle­

like processes or , in t he c ephul op9d s, for the ciliated p i t 

above the eyes , while Parker and Haswell (1940) a l s o use the 

term i n connection with the cephalopods , but apply it to the 

process occurring on the aboral side of the eye . According 

to J ahn and Wulff, ( 1950) the cilil:ted p apillae founa 

on the c ephalic tentac l es of many landsnails (should road 

opisthobranchs) a r e kno1tm as rhinophores e - The t e rm 

is now generally unders tood to indicate the cephalic pro­

cesses of opisthobranchs . The rhinophores are innerva ted by 
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the cerebr al ganglia (Pelseneer, 1906), but no direct refe­

rence to the innervation of the tectibranch osphradium has 

been discovered. 

The relatively large rhinophores are well situated to 

act as olfactory organs as they are in an exposed position, 

continually ba thed by the surrounding water, and they are 

anteriorly situated where they would soonest encounter a change 

in the environment. In the pulmonte_s the opshradium is lac-

king in adult Stylommatophora (Yonge, 1947) and the olfactory 
BQsorn rnat ophoro 

organs are tentacular, while in thefthey- ur e 9sphrudia·, ·:, 

though in the_latter·group both types may o~cur simultaneously. 

T~ntacular olf actory organs are of twc types; patches or 

cilia t ed cells along the tentacle as found in Stylommatophora 

or an olfactory organ at the bas e of the tentacle as in Ba-

sommatophora (Simroth, 1928). In Simroth (1928) there is 

some discussion as to the ~uestion of possible homology of 

tentacular olfactory org8<!1s in the Pulmonata. It is asserted~ 
Srnrot h 

1
\q.J__i J 

Sarasin (quoted byJ~ that the 1nvaginat ion a t the base p! 

thu' tentacl e ·in the BasoIIllilo. tophora s ..:.. rves ·.n olf:....ctory function 

and is homologous with the patches of chemosensory cells in 

the tentacles of the Stylommatophora. Both are innervated by 

the cerebral ganglia, so on these grounds nothing could be 

said against the theory. 

The mantle may have sensory ridges in the Stylommat ~phora, 
or n. pit ca lled the osph:radium (organ of Laca ze-Duthiers) in 
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t he Basommatophora . Sarasin ( in Simroth , 192.8) working on a cer-
s 

tain Helix sp . ca.me to the conclusi on that in thd.t ~tylommat opho-

Pelseneer (1906) found 

in embryonic Helix aspersa osphradi al ridges as in adult Test~ 

cella and this brought him to the conclusion that all Stylomma, 

tophora initi ally have the 11 14nlage " of an osphradium but that , 
K.i,; 1~ .. t~o. I J 

later in the ontogeny it is lost . Qceord:n5 +o Thiele (ci,uotc.d bt t: 
the homology of the osphradial ridges of Testacella with the 

osphradium of Basommaphora is improbable . The tentacles and 

the organ at the base of the tentacle are both i nnervated by 

the cerebral ganglion . 

Although the basommatophoran osphradium seems to be 

tucked away under the collar it is in fact , in the path of 

the s trongest current of water passing over the animal , namel y 

the current which passes posteriad along the l eft side of 

the animal , presumably d:rawn mainly by the cilia of the body 

wall and pseudobranch. This current is easily demonstrated 

by placing drops of carmine suspen sion over the anterior regi on 

of the snail . The sensory organ in the tentacu l ar groove 

is also admirably placed . It is in a protected position 

yet , as a result of the currents created by the tentacu l ar 

ci l ia , which beat towards the base of the t entacle , the organ 

is provided with a continuous stream of water . B. tropicus 

usually bears the tentacles extended in the direction of loc o­

motion , and pointing slightly outward . At intervals the 
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tentacles are lowered to touch the substratum and small par­

ticles may be seen moving towQr d the t entacular groove . In 

this mar1ner both the l ayer of wo,ter i n intimate contact with 

the subs tratum , as well as the volume of .water surrounding the 

ani mal , are t es ted chemically. At the so.me time the ten­

tacles rec eive mecheni c a l sti mul a tion fwm the subs tratum or 

surrounding objects , thus performing a t wo- fold function . 

Pieron (1908 ) found tha t in certain Lymnaea speci es the 

anterior part of the foot was the main s ite of contact che­

moreception, and it may be that c ontact ch emoreception plays 

nn i mp ort[:1Ilt part in other pulmona tes as we l l . Michels on (1960) 

has proved that in Aus tralorbis the osphradium i s a chemore­

ceptor 0-nd it may be assumed tha t thi s is its function through­

out the Basommat ophora o So far known the shape of the organ 

in this group i s a cup- shaped or s light ly elongated hollow , 

Why the sensory epithelium should be "hidden " in a pi t is not 

known, yet this is the cas e a l s o in other forms eg . t he cilia­

t ed pit of the dibranch cephalop ods and the olfactory sacs of 

fisP'Cs ., 

From thi s very bri ef survey it becomes apparent that 

the olfactory organs are very variable i n the gas trop ods . 

Since the time of Spengel (1881) ther e has been a tri ckle 

of experiments ru1d ob s ervation on the chemic a l sens e and 

organs but , apart from the literature r eview by Kolln, (1961 ) 

no attempt to form ru1 integrated picture of olfaction in the 

class . 
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The first point which see:nis to want clarification is 

which of the range of olfactory organs or sediment testers 

are homologous, and what names should be employed to denote 

them. In doing this the innervation must, naturally be taken 

into account. The osplu~adia of prosobranchs are innervated 

by the parietal ganglia and though no reference to the situa­

tion in t ectibranchs has been found, one may guess that the 

innervation is als o by the parietal ganglion. In the nudibranchs 

the rhinophores are innervated by the cerebral ganglia while 

in the pulmonates the t entacula.r organs are innervated by the 

cerebra l ganglia e.nd the osphradia by the parietal ganglia . 

Although it is thus clear that certain of these olfactory 

organs are not homologous with others, the fact that the 

osphradi a of both pros obranchs and pulmor.1.ates are innervated 

by the parietal ganglion cannot without further ado, be taken 

to imply that they are homologous. ilthough this ma.y be the 

case, the difference in form end situation suggest rather, 

that they are merely analogous. 

Thv oS}l~adium. of the Mollusca, is thus a protean organ 

of· uhcet-ta in !unction, ~which is, in--many ca~es ai;ii,i .. w~i~b·1 

is loet or retained by certain forms in a rather inexplicable 

manner. For exo.m.ple, the bottom-dwelling NautjJus, {Tetra­

branchia) which has a relatively feebl0 respiratory current, 

and mi ght thus be expected to los e its osphradia, has retained 

t h em, while the Dibranchia , which have a strong respiratory 

current which flushes the mantle cavity, have lost them 
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(Yonge, 1947). The fu,nctions of the osphrad:i.u.m see~, on the 

whole, to be rather closely correlat~d with the mode of 

life. Thus in the prosobrancha where the organ is intra­

pallial and has been proved to have an olf'actory function, 

it is not. completely .. excluded that the· organ m::i.y function also 

as a sediment tester. This would be a decided asset to an 

aJJ:n.ost exclusively marine order in which many members are ex­

posed to the danger of silting up of the mantle cavity or 

ctenidia. The osphradium of the Tectibranchia is thought 

to resemble that of the prosobranchs, their close relatives~ 

In the terrestrial pulmonates the osphradium is lacking, but 

in the aquatic Basommatophora this organ is once more to be 

found (as a completely "new" structure?). The osphradium is 

situated, now outside the mantle cavity, a functional neces­

sity as, even when the mantle cavity is not completely air­

filled, the siphon may occlude the pneumostome, rendering 

impossible the testing of water by an intrapallial organ. On 

the basis of their habitat and mode of life, it seems as 

though olfaction is the function of the osphradium in this 

group. 

3.3 8 The Kidney 

The kidney is elongat~d and curved so as to be 

roughly U-shaped. The two extremities lie more or less para­

llel to one anoth0r, diagonally across the body whorl, while 
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the c entral part lies more or l ess parallel to the pos t erior 

border of the mantle cavity . The uret er i s reflected a short 

di stanc e along the l ater a l b order of the l eft limb of the 

ki dney . 

The saccular part of t he k idney lies to the right of the 

pericardium which it pe.rtly enfolds . Hi stologica l ly this part 

of the kidney diff er s f r om the rest of the organ , in contrast 

to the ki dney of B. boi ssyi in whi ch the saccular and tubular 

part s of the kidney are hi stologically s i milar (Abde l - Malek , 

1955 ). In Bo tropicus the saccular region i s lined by a l ayer 

of tissue which cons i sts of a network of stellate cell s and 

amoebocytes whi ch are apparently embedded in a matrix whi ch 

stai ns light blue (f i g . 21) . The tra...nsit i on from saccular 

to tubular part of the ki dney i s gradual, stella t e c ells i ni­

tially occurring among the c ells typi ca l of the tubular 

r egion , and then , more di stally , di sappearing . 

In t he trochids (Prosobranchia ) that part of the k idney 

lying· agc:dn st the peri card j_um and partly enfoldi ng the ventri-:­

c le, is ca lled the nephri di a l gland . Diverticula f rom the 

lumen of the k i dney push i nto a cushion of connective ti ssue , 

b lo od spaces and mus c le fibres and in this r egion amoebocytes 

abound (Fretter end Graham , 1962 ) . There Qre thus c ertain 

s i milarities b e t ween the proxi mal regi on of the kidney i n 

B o tropic~ and the trochi ds , viz . tho p os i tion , partly en­

fo l ding the pericardi um of the ventricul ar region of the 

heart , and the component connective t i ssue and blood spac es 
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abounding in a.m~~bocy-1.Qs. In B. t~opicus, however there is no 

trace of glandulal'- ~iss~e. ?retter. (1953) found that in the 

monotocardian Calyptraea chin;!iensis these wandering cells seem 

to be concerned with the uptake of ions from the blood 1 so 

preserving the ion-balance. It is not impossible that they 

have the same functions in!.:_ tropicus although they do not 

have contain granules and inclusions. Because it is a fresh­

water animal the problems of osmoregu.lation are more acute 

than thos e of marine forms, and what is more, the osmotic 

pressure fluctuate s during drying up of the habita t, or during 

the r ainy season . 

The rest of the kidney is lined by an epithelium which 

changes towards the kidney aperture. In the previous paper 

(Stiglingh et al., 1962) it was erroneously stated that the 

kidney l amella e are n ev er solid, for, in fact, more of them 

are s olid than have sparse connective ti s sue . The latter con~ 

dition may be artifici ally brought about by bad narcotization 

resulting in damming up of blood in the kidney. 

Proximally the cells of the kidney are large, and have 

a granular, reddish-orange cytoplasm basally (fig. 22). In­

side thi s or jus t above it, round nuclei may be seen. The 

nuclei take up the blue dye , staining but lightly, and they 

possess a yellowish nucleolus. The apical part of the cells 

is clecr r probably a vacuole,becaus e in young snails in which 

the membrane i s dalicnte it is of t en ruptured during sectio­

ning . In this c lear space irregular spherules , the urinary 
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concretions, occur. These spherules may be seen under low 

power an~ if the ~idney is damaged during dissection, they 

may be seen pouring out of the damaged part in great numbers. 

These granules sometimes stain yellowish or reddish but may 

remain colourless. The concretions are set free into the 

l~men of the kidney. Distally the cells are yellow-staining 

and the cytoplasm is no longer granular but fibrillar in 

appearance (fig. 23). The nucleus is s ituated in the middle 

of the cell and is irregular in shape, Concretions do not oocu.+ 

in this region. The kidney is usually visible through the 

shell and mantle of t he living snail and the proximal and 

distal parts are easily di s tinguished, the former being much 

more conspicuous a s a r esult of the yellow concretions which 

ar e visible under low p ower . 

In the proximal po.rt of the ureter the cells-res emble .. 

those jus t described , but distally the cells become much 

smaller, later r esembling a columnar epithelium and the nuciei 

are also basally placed. They are smaller than in the pre­

vious section and are also irregular in shape. The cells 

stain a purpli sh shade and there is an orange border and 

scattered ciliated cells and goblet cells occur. A few white 

gland c ells also op en into the lumen of the ureter. The last 

part of the ureter is lined by an epithelium which is very well 

ciliated. These cilia are apparently responsible for driving 

the urine to the exterior. 
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4 . THE ALIMENTARY SYSTEM 

The appearance and situation of the mouth have been 

described above . The mouth opens into the buccal mass 

from where the alimentary system is continued posteriorly 

as the oesophagus . This runs on t he right side of the 

ani mal , passes t hrough t he oesophageal iter {see later) 

to enter the anterior part of the stoma ch . This i s a 

large mus cular organ lying ventral l y i n the viscer a l mass , 

slightly on the ri ght s ide of t he animal . The alioentary 

canal i s continued fr om the posterior part of the stomach , 

and in t h is r egion it r ec e.ivesJ;ttle hepa.ticJ'dnct · from➔·'the 

di gestive gl a n d which occupi es a l most all of t he vi s ceral 

mass posterior t o the stomach . The intestine which l eaves 

the posterior part of the stomach passes to the l eft of 

t hat or gan and closel y encircles it in a more or l ess 

hori zonta l plane rumiing on the l eft, the anterior and 

then the ri ght side of the stoma ch . rr1en the circle is 

compl ete the canal makes a loop in t he pern:il timate whorl , 

thus fo r wing a f i gure 8 i n c on junction wi th t he first 

part of t he intes tine . From tho centre of the 8 the 

intestine is continued fo r ward on the left side of the 

a nimal, bel ow the floor of tho mantl e cavity , to open 

vi a the anus s i tuated on a n a n a l lob e a t t he base of the 

psoudobranch . 
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4.1 The Jerws 

Al though the struq.t,ure of ~h~ fJ"perior 

and lateral jaws is basically the same, the former 

is much more robust and heavily sclerotised than 

the lateral jaws. The superior jaw seems to 

be formed from its two extremities and possibly 

also from its dorsal margin. At the two ends 

of the superior jaw the epithelial cells st2.in 

a purplish colour and are so greatly elongated that 

they appear a s loosely packed, fibrous material. 

The cytoplasm is granular and light, oval muclei 

are to be seen a short distance above the basement 

membrane. The purplish region is succeeded by a 

region composed of yellowish brown rods embedded 

in a blue matrix (fig. 24). When these rods are 

so s e ctioned tha t they are seen end-on, they are 

irregular and geometrical in form, densely cemented 

toge ther by the blue matrix. The central portion 

of each rod se ems pitted, so that it is possible 

that these "rods" are in reality fibrillar in 

structure. In the lateral jaws the 

structure is more clearly to be seen and it is evi­

dent that the jaws are only a specialised portion 

of the cuticle which lines the buccal ·c avity and part 

of the inner surface of the oral lobes. Lying as 

they do, at the entrance to the mouth, the lateral 

jaws separate the external epithelium of the head 
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from the internal egithelium of the buco~l cavity. 

epithelium is raised rather steeply above the epithelium. 

while the inner edge of the jaw is smoothly continuous 

with the lining of the buccal cavity and is formed by a 

gradual thickening of the cuticle. The descending 

limbs of the lateral jaws become less and less well 

developed until, at the level of the ventral transverse 

slit of the mouth, they merge into the cuticle of this re-

gion . The lateral jaws are not thought to play a signi-

ficant role in the f eeding process• their main function being 

to protect the lateral lips which are in contact with the 

r adula during the protrusion of the odontophorc. 

4.2 THE BUCCAL MASS 

The buccal mass is specialized for rasping and 

consists of tho r adula, supporting structures and a large 

number of small muscles arranged in an intricate manner for 

the manipulation of t hese parts. The component struc-

tures of the bm,cel mass will be described, but little will 

b e said on their gener al arrangem0nt which is well known 

and essenti ally similar to t hat of bstagnalis as de scribed 

by Hubcndick (1 957). The r eader is al so r ef erred to tho 

admirabl e detailJd a cco~1....11.t by Carriker (1945 ). 
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4 . 21 ThG r ndu.18. 

For a description of the radu.l a , the read er i s 

referr ed to tho former s tudy on B. tropicus ( Stigl ingh e t 

al . , 1 96 2 ) • 

4 . 22 The Odontophor al Cartilage 

The odontophoral cartilage is an elongated and 

turgid structure consi sting of a central pnrt projecting 

antcrior.ly beyond the two f l eshy l ateral part s . Tho 

structure i s fold ed al ong its longitudinal axis so that 

t horo i s a deep dorsal groov o . Th e anterior part of the 

carti l o.go becomos dorsally roflcctod upon itself during 

f eeding and it is tho degree of folding i n these t wo 

planes tlwt determines the shapG assumed by tho car til u.ge . 

Tho follo wing nin e figures rep.resent the dor sal (fi gs . 

25 - 27) , 1 2.ter nl ( f i gs . 28 - 30 ) and v en tral (figs , 31 -

33) aspects of tho odontophor2l cartil&go in an ex t ended , 

slightly r eflec t ed and refl ect~d position, r espectively . 

At the l evel of tho anterior border s of t he l ateral 

pc:.rt s , tho central pc.rt of the r e du.l a bulges ventr ally , 

forming a gentl e pro tubo.rnnco . Tho el evation of this 

protuber.:incc vari es ·.:i th t lrn shape of the: cartilo.gG and 

it is over this protubersnce t ha t t he morphological tip 

of tho r adu.J.. 2, is draped . Tho l a t er al pillars proje ct 

l a to.rally on oi ther sidG of tho protuberance c.nd servo 

for the attcchment of the muscl es of thu buccal mass . 
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As in &,: trunca_~\ ~p~~~n, J.96,Q) 1<p.~ po~ ~;l;'C).V~t~al part 

of the cartilage has a deep notch but the anteri~r notch, 

found in lhtruncatus, is absent. When the tip ot the 

cartilage is slightly reflected it appears to form a notch 

but in the extended condition, or when the cartilage is 

well folded back, it is seen that the anterior border of 

the central part is straight. 

The substance of the odontophore is composed of a 

mixture of muscle fibres and vesicular connective tissue 

cells. The tissue of the two lateral pillars is less 

compac t than that of the central region and is also com-

posed of much larger ve sicular cells. These large cells 

are the elements which lend turgidity to the odontophore 

and because they are turgid and compressed together, 

they often appear polygonal in form. (fig. 9~) as is the 

case in cert ain plant cells. The outline of the cell 

is distinct but the contents consist mostly of a colour­

less fluid in which a small cloud, or clouds, of granular 

cytoplasm may be seen. The nucleus is round, lightly 

staining and possesses a nucleolus which is not always 

distinct. Sometimes several small granules may be observed 

in the nucleus . Varying amounts of pigment granules, 

not forming a ggregations 9 occur in the cells, but are 

rather rare in l ar ge cells. Calcium occurs only in 

small amounts in the odontophoral tissue and is present, 
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not in the celi~ them~~lves, but the intercellular substance 

where it i .. ? pre._,~q~ t · R,_ tne f~+Jll ~{ fine granules. In 

certain of these cells clumIS·of PAS-positive granules 

are found, suggesting t hat these cells store a carbohydrate 

or carbohydrate-protein substance, probably glycogen. 

In the central part , and along the edges of the 

odontophore the cells which are smaller,tena to be more 

rounded than the large cells and appear to be filled with a 

highly ·staining cytoplasm. Granules occur, generally 

in a gr~ater numbers than in the l arge cells •• 

In B. tropicus two, main types of "vesicular" 

cell are distinguished 1 the vesi cular cells described 
above, and Leydig's cells. The latter are termed "Bla-

senzellen" or ve sicular cells by some German authors but 

it is obvious from the distribution and form of the 

"Bla senzellen" (see Simroth, 1928) that they are homologous 

,tith Leydig's cells rather than the supporting vesicular 

cells of the odontophore and anterodorsal part of the buc­

cal mass . 

In both L.stagnalis appressa (Say) (Carriker and Bilstad, 

1946), and A.glabratus (Say) (Pan 1958) vesicular cells 

are distinguished but in both cases it is the vesicular 

supporting cells which are described , and no reference is 

made to Leydig's cells. These vesicular cells are , on 

auth ori t y of Bae cker (1 932), also termed "Bla senzellen" by 

Pan (1 958 ) . 

There sre certain sinri l ariti e s between thesQ cells and 

i n both t ypes a consider abl e amount of vari a tion may occur 



but it is t h ought t hat in B. tropi cus these should b e re -

gard ed as t wo distinct type s of coll. The similariti e s 

a r e the l a r ge s ize , i rregul a r form and the hyaline a ppon-

r anco of theso cells . Tho differ ences betwe en tho two 

are t hat, a l though the Leydi g 1 s cell s may s ome times be 

compre ssed i nto a polygonal shape , the cells arc , i n the 

ma jori ty of cases , quite i rro gulG.r in outline . In the 

cy topl asm of l a r ge cells of both t ypos t her e i s a ma rked 

di fferen ce , Leydi g 1 s cells containing a r ather donse cloud 

of i rre 6JUJ.ar pinki sh stai n ing matter a round t he n u cl eus , 

and some times throughout the cytopl asm of the c ell . 

vTI~en pi gment gr anul os a re present t hey a r e gen erally in 

clumps , ns though t hey may be deri v ed f .::om pi gment coll s . 

The cytopl asm of vesicula r cells i s v er y delica t e , and 

finely granular, never as donso ns i n Leydig ' s c ell s , and 

pi gmen t granules ~re scat t ered s ingly over tho c ell . 

Tho third , and a mos t conspi cuous difference be t ween the 

t wo types i s tho structure of the n u cl eus . In Leydig ' s 

c ell s thi s i s conspicuous, oval , coarsely granula r and a 

l a r ge distinct , orango- s t a i n in[. nucl eolus i s present ; 

while in tho vesicula r cell s t ho nucl eus i s small er, round, 

l i ghtly sta ining and tho nucleol us i s not a l way s easy to 

disc ern. A furthe r type of vesi cula r c ell, a l so functio­

ning as a supporting coll , occurs i n the gonitnl system a nd 

w:i.11 bo doscri bed under tha t hoading . 
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In p r eserved ma t eri a l t he anterior t i p of the ca r t ilage 

i s generally mu ch li ghter i n c olour than the r e st of tho 

carti l a g e a n d h as a vrh i t ish sheen . Tho c onne ctiv e ti ssue 

cells &r e compa c t a n d smal l , nnd a r e not ve si cular a s the 

other s , but appa r ently f illed wi t h a l i ghtl y stai ning cy t o-

pl asm. I t i s assumed t h a t t his i s a n early s t a ge in the 

d evelopment of t h e vesicul&r c ell s . 

Extern a l l y t he t r ansverse f i bre s of the cartilage a r e 

v i sibl e . The y a r e espe ci a l l y pr ominent in the l a t e r a l pil­

l ars of the s t r ucture e n d a l so i n the poster i or h a l f of the 

v en t r a l surfa c e . Also present i s a n e t wor k of fibr es 

which r un a t ri ght a n gl es betwe en tho anteri or a n d p o s t e -

rior surfa ces of t he od on toph or a l cartilage . Contra c t ion 

of those fib.r e s i s p artl y responsi b l e f or the ch a n ges of sha r­

pe 1h i ch t ho ca r ti l a ge und er g oe s during f eeding . 

When the r a dul a i s protr ud ed t he odontophora l cartila ge i s 

i n a n ex t en d ed po siti on ( f i g . 25 ) a n d t h e a n teri or t i p 

l owe r ed b eyond t ho h orizontal. The t wo h a l v es of the 

ca r t i l a ge a r c f ol d ed d or snd s o tha t t hey li e f a i r l y clo se 

to o&ch oth er and , vrhen. v i ewed fr om t he anter ior end , t ho 

t i p of t ho cartilage ma y b e s een t o form a V . Wh en the 

medi a n t r a n svors f i b re s contr2 c t , as 2.l s o the antero- v en ­

tra l f i b r es of the anter i or part of the cartilage , t he car ­

tila ge become s f l a t t e r a n d t iia t part of the ca r til o.ge 

l y i ng 2,n t eri or t o the later a l pill ar s b e c ome s r e f l e c t ed 

a go.i nst the dorsal surface of tho pilla r s . ( Fi g . 27) . 
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lhis resi.ut~ in the tUiterior end of the cartilage becoming 

broad and blunt ~nd ~l.U'ing this ,~riod the car tilage is 

returned ~Q th?- vc,. · .. :. ~8tl sta~t · n~ l)Q~t tiQn . 

The odontophoral cartilage may be eonsidered the "backbone" 

of the buccal mass for vri thout its support, functioning 

of that organ would be impossible. It is the cartilage 

which is directly responsible for the protrusion of the 

r 2dula , and which thus enables the feeding proce s s to 

take pla ce . 

The r adula is not in life a flat structure, but is 

folded on itself and fits dorsally over the cartilage so 

that it loosely envelopes the antGrior and posterior sur-

faces of the cartilage. The posterior part of the radula 

is, in its turn, fold ed posteriorly to encircle a second 

supporting structure, tho collostylo. 

4.23 Collostyle 

This is a rodshaped structure which lies pos­

terior to the odontophoral cartilage , extending from the 

postoro-ventral part of the buccal mass to the collostylar 

hood, which is, when tho odontophore is in a resting posi­

tion, loca ted at the most dorsal point of the odontophore. 

Al though the collostyl e is rod shaped, the cl orsal part has 

a posterior groove so that in this r egion it is also roughly 

U--shapod in cross section. , though not as markedly so as the 

odontophoral car til::.go . The posterior hollow is partly 
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filled by muscle fibres and vesicuiar cell s of the same 

t ypo as t hose o c curr ing in tho dense r egions of t he 

odontophoral cc..rtilago . The supra l a teral r a dular tensors 

of tho ho od (see below) a rc a ttach ed t o t ho collo s tyle, 

a n d ventral to that p oint tho posterior hollow of the 

collostyle b e comes oolitera t od by v osicui a r cells . 

Those cell s differ from those of t h e odontophore in b e ing of a 

much Lore s olid app earance . Tho c ell contents s t a in light-

ly purpl e v.fi th Mall ory' s and the cells are cemented togeth'er 

by n bluo sub s t a nc e . As in the ca se of t he odontophoral 

cartilage , the c ollostylo i s enshoat ho d by a l a yer of the 

same conne ctive .substo.nco . 

4 . 24 Tho Buccc.l Muscles 

The r ndula a nd supporting structures , con­

sti tuting tho odontoph orc , nr o manipulated by a l a rgo num­

ber of t i ny muscles c onstituting the bulk of tho buccal 

mass . This organ i ncroE.tses sli ghtly in width a nd grea tly 

in hei ght tow2.rd s its pos t erior margin whor e it t e rminate s 

abr uptly in a n obli que s1.-u~fa c o, s o t hat when vi ewed from 

the side, the buoc&l mass is roughly tri angula r in sha pe . 

Antor od orsally , on t ho bucca l mass whore t ho orga n come s 

into conta ct with t he body ·rall , i s c. cushion of v esicu­

l a r cells , l1or o call e d the bucco.l shi eld . 

Tho iiluscl o s differ s lightly in a nwnbor of re s p e cts 

from t h ose of Lymnaoa ~alis appress2 , a s described by 

CarrikGr (1 945), but t ho s imilarity i s so clo se that I 



have not figured t~c buccal ma.~s. The names and numbers 

employed by that ailth.or, to dij:Q.Qt~. these muscles will be 
' ' 

adhered to in order to facilitate comparison of the buccal 

mass in the two species. 

Externally the most conpi9uous musclus are those which 

serve to move the buccal mass as a whole, and therefore 

conne ct the buccal mass to the body wall and jaw. 

1. Dorsolater al protractors . Origin: These are two 

flat, thin bands which have their origin as s everal strands 

arising f rom the antero-later al part of the body wall. The 

strands ar o well spaced at the origin and pass b etween, and 

are conne cted to, the strands forming the ori gins of the 

preventral protra ctors. Insertion: They ar e a tta ched 

to the buccal mass dorso-lator ally, juat posterior to 

the posterior mar gin of the anterior jugalis, but a f ew 

fibr e s are visible stretching posteriorly b eyond this 

point, on either side of the salivary glands . 

2 . Prev0ntral pro t r 2ctors. Origin: the anterior 

ventral body wall behind the mouth. Insertion: entorior 

to the buccal valve .This mus-cle consists of' numerous fi­

bres which converge a t the i nsertion. 

Postvcntr al protr~ctors. Ori gin: the ventro-

l a t er al body wa l l a short di s t anc e b ehind the mouth , and also 

i n the med.i aTJ. f ibre s of the l e.tor al mus cl e band s in the 

body w.:111 . Ins orti on : I'ostero-ventrally on the buccal ma ss 

on .Ji t hcr side of t h 1J odontophoral valve . The s e mu s cle s 
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are also two thin bands. 

4. Origiµ; The dorsolateral 

body wall on a 2evcl with, and slightly median to, the 

eyes. Tho origin is somotimes at the level of the large 

membrane in the cephalic hacmococl, and sometimes just 

b elow it. This rather high origin make s it probable that 

the muscl e serve s not only as a retractor but also as a 

l ovator . Insertion: thi s is double, one of tho strands 

having its ins er ti on a t the edge of tho buc cal shi cld, 

ab out one third of th-3 distance from t ho front; and the othc;:r 

adj a cent to the dorsomandibular dila tor in the tissue 

j ust lateral, and slightly ventral, to the mandibl e . 

5. Buccal retractors. Origin: the columollar muscle 

where the floor of tho mantle cavity b e comes appl ied to 

tho col umollar mus cle . Insertion: oxtGrnally and v entro-

l aterally just po s t erior to the anterior jugalis. The 

buccal retra ctors pass asymme tric2.lly among the ganglia of 

the central nervous sy s tem. (see also 6.2). 

6. Proventr-al l ov ntor s . Origin: t ho dor sol ateral 

body wall at a point meclinn and an terior to the t entacles. 

Inserti on: tho anterior voritrolator al part of th0 buccal 

mo.ss . 

Postvcntrnl l ove.tors. 

pravontral l evators. (G) . 

Ori gin: the same a s the 

I n s erti on: on either side of 

the lmccal &rtcry b e t ·wvon the odontophoral and buccal val-

v cs . The s e !ll.usclcs f,:c e two :fla t bands. 
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8 . Suboral dil2 tor s . Origin : v entr al body wall poste-

r i or to the oral nperture . Inserti on : t he anterior v entral 

wall of t ho buccal mass a short di s t ance behind the mouth . 

Those a r c a numbvr of fin e b ands which depr ess the anter ior 

wr-11 of the buccal ccvi ty . 

9. Dor somadibula r dilators . Ori gin: the dor sal part 

of the snout c., short di stance &bovc the mandi b l e . Inser -

tion: dorsal mandi bl e . The muscl es aro not a tta ched 

dire ctly t o the Eiandibl e but to the ti ssue i m:r.c.odi et tcly 

ovcrlyin[__ the mnndiblc . Those arc a l a r go nUJ1.1ber of fine 

bc.nds which ol ovato tho mandibl e and dra w i t postor i nd . 

10. St1.s::;icnsor of tho r e.du.l e. snc. Ori gi n: tho dorsal 

surfc ce of tho buccal pouch . Insertion: over tho ventra l 

end of tho r adul a shcQth. This i s & thin nnd rel a tively 

short band of fibres lying bon oath th0 posterior j ugali s (1 3 ). 

11 . LalJial r c trc ctors. Origi n: t he body wall i n tho 

vicinity of the oral a,or ture . Inser tion: the lips . 

In the midvcntrc.l positi on t hcr o arc onl y a f cH small f ibres 

but the fibres connected to the l ateral lips ar o ,voll 

dcvel opocl o.nd func t ion in drawing the lips outv,ard to 

opcm the mouth . 

1 2 . Labi al sphincter . The se ar c fine cir cul ar f i bres 

1 o ca tcd ,vi t hin t ho body wc.11 . 

whi ch t hoy servo to close . 

They .:;n ci rcl o tho mou t h 

13 0 Anteri or jugali s . Ori gin: tho ori gin of thi s 

illuscl o i s no t cl ear c:,s it i s t l1in at i ts anterior end whore 

it ovDr-li cs tho buc c.:11 sphincter and i t i s partly ob s cur ed 
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by tho buccal s11i~ld. Tho muscle extends as far ns the 

mnndible which ~Y be taken as its prigin, but it is also 

attached to the underlying muscles of the anterior part of 

the buccal mass. Insertion: This is conspicuous and may 

be seon externally and ventrolaterally on the odontophoraJ. 

cartilage. This muscle is the most conspicuous of the 

superficial muscles of the buccal mass and it is very 

roughly triangular in shape, the apex being the origin, 

anteri orly, and tho two corners ut the base of the triangle 

boint the insertions of the muscle. Contra ction of the 

mus cle thus results in protra ction 5 and also olovation of 

the odontophoral cartilage, bringing it into a more vertical 

position. 

14. Posterior jugalis. Origin: the dorsal mandibl e , 

Insertion : over the ventral end of the radula sac and ven­

trolatoral surface of the buccal mass. This muscle con­

sists of a number of sparse and rather thick fibres which 

pass pos teriorly to form a delicate sheet which envelopes 

most of the buccal mass and finds its insertion over the 

v entral end of t he r adula sac , and ventrola t eral surface of 

t he buccal ma ss. Contraction of this muscl e protracts t he 

roar end of the buccal mass resul t ing in the organ becoming 

shorter and o, ssU.Luing a more bulbous form. In the shoe t, 

muscl o f ibres arc b~tt cr dov olopod in soma ar eas than in 

others, t b.i s being mos t clcnrly s 0on a t tho posterior sur­

fac e of t he) bu.cc2.l ID8.ss, whore t he fi bres pass l ater al to 

t he salivar y gl ands and then cross over the r adula shea th. 
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This crossing of the fibres is not mentioned by the other 

f;\~thors and yet ~s Wf grea~ importance i~ a;i organ with 
' I 

this type of supporting system. Such a crossing of fi-

bres or muscle bands occurs not only in the buccal mass 

but also, to a consider able extent in the body wall and the 

foot. 

15. Buccal sphincter. This is a thick muscular ring 

visible through tho anterior jugularis. It li es just 

posterior to the mouth and encircles that part of the buccal 

mass whi ch a cts a s a passage between tho mouth and the 

bulbous part of the buccal cuvity into which the odontophore 

fit s . Contra ction of tho muscle results in a narrowing and 

lengthening of the passage . The buccal sphincter lies 

sandwiched between tho anterior and postorior jugalis ~ 

16. Mandibular approximator. This i s a U-shaped muscle, 

tho ends of whi ch are a ttached to thG extremiti es of tho 

mandible . '11hj.s is a vwll developed muscl e lying anterior 

to the buccal sphinctor, and a c t ing antagonistically to tho 

dorsomandibular dila tors (9) ; con traction r esul ts in the 

lowering of the mandibl e and closing of tho mouth. 

17. Dor sal odontophoral f l exor. Origin: the extr emi-

ti cs of tho dorsal mandibl e and tho antoro-dorsal part of 

the buccnl mass. Inser tion: al ong tho dorsal third of tho 

l 2teral pillars of the: odontophornl cartilage . The muscle 

l j_cs m1d er the 2-nt~;rior part of tho pos t erior jug_nlis nnd 

buccs l sphincter and partly adjacont to tho buc cal epi the-

liu_m. Contraction of thi s mu s cle r esul ts in o. protra ction 
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of the cartila ge and a l so a lowering of the 2.ntorior part of 

t he structure so tha t i t lies in a moro horizont al position . 

18 . Ventral odontoph oral protra ctor . Ori gin: tho l a -

tor2.l m2.ndiblcs c.nd possibly, the v entral lip . Insertion: 

l a t er a l ly towards the b a s e of tho l a teral pi l lars of tho 

odontophoral cartil~go , s nd extending dorsally as f ar as the 

dorsa l odontophoral fl exors . In Lymnaca t hi s muscl e is a 

singl e shee t which i s t hicker a t t he sid e s t han in t he 

ventra l par t but in B.tropicus only l a t eral b ands ar c cl early 

s oon so t hat 2. p2ir of mus cles may b e present . 

1 9 . Infrav ontral odontophoral protra ctor s . Ori gin: 

i mmodic.tol y behi nd tho oral a porturc . Ins ertion : tho von­

tr2l base of tho CQrtil&ge . They ar c a pair of fl &t bands 

l ying in tho vontro.l surfa ce of the buccal mass and l a t e ­

r ally they ebut t agc,ins t tho anter i or jugalis . 

20 . Suprnmcdi an r adulur tensor s . Ori gin: tho v on tral 

po sterior cxtroJJi ty cf tho cnrtil2.go . 1rhoso mu s cles form 

t vvo conspicuous knobs a t tho p os t eri or v entral end of tho 

bu c cal m2.s s . I nsertion: c.."'.. t thu dorsal ond of the radula 

sa c . These ar c tr.'o di s tinct C:\nd Hell dcv olopod mus cles which , 

dire ctly c.ft cr thei r origi~, curve into t ho bu ccal mass 

whor e they li e b c t vmon tho car ti l 2.gc and t ho anterior sur­

f a ce of t he; r c.dul a sac . At t heir inscrti on t hey c.r o , in 

B. tropicus, broc,d e.,nd thin 8.nd lie conti guously, so tha t 

t hey may be fused . 



91 

21. S"\l;pralateral radula tensors. Origin: the outer 

vontrol~~~ral oxtr.~m:i.ties of tho q~+tilage. T~e i~sertion 

is threefold. (1). Some of tho fibres are attached to the 

middlo of the posterolateral surface of the r ndula sac. (2). 

Tho second insertion is a t a point more or less whore the 

radula emerges from its sheath. This muscle has an origin 

apart from the rest of tho fibres which are united to form 

tho bulky mass of the muscle. Its origin is posterior 

to that of the rest of the muscle, and it stretches from tho 

posterovcntral part of tho cartilage, running dorsally over 

the shoulder of the l a t eral pillar of the cartila ge, to be­

come attached to tho subradular epi tholium. Al t hough this 

little muscle is distinct from the r est of tho supralateral 

r adula tensor it performs tho same function and does not 

seem to merit u special name. (3). The ventral surface 

of the buccal cavity epithelium anterior, lateral and just 

posterior to, the dorsal part of the cartilage. These form 

the t wo l arge muscle ma sses whi ch constitute the postero­

l a toral part of the buccal mass. They ar e by f ur the 

largest muscles of the buccal mass and ar e easily seen through 

the thin posterior jugnl is: 

22. Inframedian r adular tensors. Origin: t he anterior 

face of tho base of tho cartilage . Each of these muscles 

seems to be ono wid e bGnd which l a ter splits, one part 

becoming a tta chei to tho und er side of tho subrndular 

epi thelium. along the border of the r aduln . The other 

narrower part be comes att a ched to the subradulnr epithelium 



at the trclllsvcrse fold of tne radula,just anterior to the 

insertion of muscle no. 2 of the ~µpralateral radula ten-

sors, so thut tho two act antagonistically. The latter 

muscle exerts a backward pull on the r adula , while _the in-

framudian radula tensors exert: 
r adula . 

a forward pull on the 

23. Infralateral c~rtilage tensor. This is an arciform 
muscle similar to the mandibular approximator, and similarly 
situated, but posterior, and adjacent to, the buccal 
sphincter. The ends of the muscle arc inserted on the la-
toral edges of the cartilage and contra ction causes a flatte­
ning, and thoroforo a broadening of the cartila ge . 

24. Intracartila go tensors. (sec description of the odon­
tophoral cartilage). 
25. Lateral suspensors of the raduJ.a sac. Origin: the 
posterovcntral extremities of the cartilage median to the 
origin of tho supramedian radular tensors (20). Insertion: 
the ventral base of tho radu.la s a c. T:10 muscles are fine 
and short and horizontally placed. 
26. Inferior 'suspensor of tho r 8-dular sac. Origin: the 
posterovontral extremiti es of the cartilage just anterior to 
tho origin of the supramodian radula tensors (20). Inser­
tion: the distal base of tho radula snc. 
27. Superior suspensor of the r adula sac. Origin: the 
dor sal surface of the buccal pouch. Insertion: tho distal 

end of the r adula sac. These thruo muscles (25 - 27), arc 
fine and soom to form a sheath. They arc not sturdy and 
their function seems to bo the stabilizing and binding or the 
r adula sheath and the ad joining cartilage. 
28. Tensor of the hood. Origin: midway on the posterior 
surface of tho r adula sec on a l evel with the insertion of the 
supral a t er al r acula tensors (21,No.l). Insertion: the under 
surfa ce of tho collostylar hood. This is a small X- sha:ped 
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musclo , a l so of stabilizing f unction . 

In considering tho f ui1ctioning of tho buccal mQss ono cnnno t 

i gnore tho importc.nco of tho as s ocia t od gl ands which servo 

both t o lubricsto c.nd probably to consolidat e the fo9d ; and 

to s ot into motion tho processes of digestion . The glands 

her o rol cvnn t a r c tho buccal gl ands omboddod amongst t ho 

muscl es , and t he s2.livc.r y gl c~nds , which t hough not situated 

in tho buccal m2ss , pour into i t their s e cretion . 

4- . 25 Bue ca l Gl c,nd 

Thi s differs from Pan ' s (1 958 ) description 

of tho buccc.l gl and of A. gl abrntus, both i n tho di stri bution 

of tho gland cells and in t ho manner of se cre tion . 

In A. glebrc.tus th0 gl o.nd is si tuntod ma i nly on tho dors8.l 

wall of t he bucc2.l m2ss but ex t ends al so to the ventrul wall, 

but in B. tropicus tho gl 2nd i s composed of many cel l s of 

thu typo fo-cmd in tho oral l obes nnd those cells occur 

either sin gl ~ or go. thorcd into small clusters , but mainl y 

cl umped togothur to form two l ar go i sl ands vvhich a r c dorso-

l ateral ly situated . (fi g . 35) . Those i s l c.nds occur in tho 

c,ntorior narrow po.r t of t ho buccal ms.ss b ot vwcn tho mouth 

and the r G.dulc. , o,nd o,ro embedded in th0 muscles whi ch probo.­

bl y holp, by their contracti ons , to force tho s e cretion out 

of tho gl nnd cell s into the buccal Cc~vi ty . 

cells 2.r o f olmcJ_ &lso ov:__:r the ro of of the buccal cc.vi ty and , 

as in Aot:;lcbratus, i n the proximal region of tho oesophagus . 

Those gl and s 2.r o fi ll ed vvith PAS- po sitive materi a l which . 

stains n d eep purplish pink , and in sections s, t a cer t ain 
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level, arc soon to be the samo colour as the glands of the 

oral lobe, both types being lighter in colour than the 

anterior foot glands which are of the same type, but stain 

a darker hue. 

Tho mos t important difference between the buccnl glands of 

~tro:picus and those occurring in A.lilabratu.s, lies in the 

manner whereby the secretion is extruded. The buccal 
b¼ Pan (1q58) t 0 be.-

glands of ~ ~labrntus ure reported} t\1 the J v-,: 
ductle ss , the secr etion being forced into tho buccal cavity 

by contractions of the muscles of the buccal mass. This 

seems to be an unusual . arrangement, especially for 

a glnnd of tho alimentary canal. In E.tropicus the ducts 

of the gland s arc cle~rly visible, especially in PAS-stained 

se ctions. 

4.26. §ali vary Glands 

The se arc tubular glnnds consisting of a 

single layer of very l argo gland cells. Tho cpi thelium 

rests upon a fine, but distinct, basement membrane and the 

whol e structure sooms to be bounded externally by sparse 

longitudinal mus cle fibre s and connective tissue including 

pigment cells . The: cells lining t he tube arc ciliated 

and aro all secretory i n function 1 though naturally not 

sim~ltaneously in the same phase . 

di s tinguish ~1 d. (fi g. 36). 

Three typos of cell arc 

The most conspicuous typo of c ,::dl , c.ftor MBE stG.ining , is 
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nl s o tho l ar ge st. r~ shar p contrast to tho rest of t ho cells 

whiqh arc i~ ghtQ~ i~ colour, those cells arc reddish purple 

and t hey contain c.onspicuous nuclei which st21.in a dooper 

pv~pl o, and s uora , on the wholo 1 l arger than tho nucl ei of 

tho otlwr cell s . I t nppoars t ha t the nuclei ar e ini t i ally 

contrnlly pl e ccd,but cs tho se cre tion ga thers n ear tho 

npcx of th~ coll, t hat r ~gion be comes bulbous Qnd tho nucleus 

di splc~cod towc.r d s t h e coll bnso . Also the se creti on of 

t h o so cells s t c.ins ~Ju.rplish with M::SE , i ndic2. ting t h .::~t it i s 

nmph ophi li c 9 but whero ~s the cytopl asm is fi nely gro.nulnr, 

tho s e cretion is h omogene ous. All thnt i s known furth er 

of thi s secre tion i s thc t it i s calcium rich , (fig. 37) 

end PAS- n oga.ti vo . Those cell s differ from t hose 1L· sta gnali s 

in having, Qt t his s t a ge , t he l ~rgc chromntin rich nucleu s 

which i G f i gured , by Carriker nnd Bilsto.d (1 946), f or tho 

typo of coll conto.ining tho :.::.lvoolc.r cytopla sm. Further, 

it differs in t ho si tuc. t i on of thos e enormous nucl ei Hhich 

c.rc £'.l wcys noo.r t he cen t r e of tho coll, jus t b elow tho 

homogen eous s ucrotor y mus s . 

Tho s e cond t ype of cel l occurs f c.r l oss fr equently 

t hem t ho fir ct. Thi s t ypo of coll i s clubshapcd end 

narrovr , (fi g 36), t h o se cre tion s.t cins v ery feintly blue 

with Mc.llor y ' s , c.nd c.n in t Gn sG purplish pink vii t h \ 17:.S . 

Th o third type of cell i s npic&lly l ~r go ~nd possesse s 

coc..r sol y r e t i cu.L ~'-r t o -=:;l v col c.r cy to:pl a sm. In those cell s 

-th o nu cl eu s i s much small :Jr -t::ic.11 i n -tho f irs t type of coll, 
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Fig. 38. T/s trough bucc~l mass to sh, 
denticle etchings in cut·c1e. 



end is c.lwc.ys be.sally plnced . 

t wo vc. ioties ere disti ngui shed . 

In t~i s third typo of coll, 

The most c om..monly occur-

ring typo is yellO\lish in colour o.ftor M::SE stc.ining , whi l e 

the other typo , whi ch is bc..scl ly nnrrow 7 con tc.i ns n c oar sel y 

2l voolc.r b c.sophili c cytoplc.sm. In those cell s the nucl eus 

too, is stninod bl1w though th--: nucl e olus romc,i ns reddi sh , 

c-.nd thi s blue nucleus is tc.kon to indicc. to thc, t tho cell s o.ro 

dogonorz-_ to. 

4.27 Buccc..l Cc.vi ty 

This cl1c,mbcr is l c.rgoly filled by th0 odonto-

phoro ,vhich is si tuc, t od in i ts posterior r ugi on . The 

l e. t orc.l wc,11 s of tllo buc cc.l co.vi ty , c.n tori or to tho odon to­

phoro , c.re mvollon o.nd consti t uto t wo cushi ons vrhi ell cc..n bo 

epposod so thc.t the od.ontophoro i s snugly surrounded . Those 

cushions consist of t ho sc.me type of vosi cul.::.r c el ls ns those 

found in tho odoYitophoro '"',nd collostylo . Tho posterior 

extrem..i t i cs o:f tho so c1rnhi ons c.ro continu.0d ::-,s d orsolc. t ernl 

ri dges which later merge· irito the dorso.l :".teral r i dges of the 

oosophngus. 

'rho uc.,ll s of tho buccc.l cc.yj_ ty c r o clothed by o. to..11 

colwrm2.,r epithelium i n nhich no gobl e t c e l ls were di s c er ned . 

In t his c.osor:co of gobl ot cel l s th-..: bucC i..'-l opi thol i um of 

both ~!~lcbrc.tus (P~n , 1958) end B . tropicus di ffer f r om 

t 1c..t of th0 prosobrc..nchs, in whi ch most of tho glands opening 

i nto tho bucc~l cc.vity ~re goblet culls . (Frottcr nnd 

Grc.hc.m, 1962) . 



B.P. . 

Fig: . 39 •. T/s through head region showing 
situation of buc cal pouch. 
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The buccal ~thclium of Jktropicus exhibits secretory 

a ctivity., The PAS t e chnique reveals that tho npicnl 

r egi ons of these cells contain a lightly PAS-positive 

substcnce. The cells nre protected by a cuticle except 

in tho postorola tcrel r egions where tho cells become cuboi­

d.al or flattened.- It is noteworthy thnt this cuticle re­

mains blue upon staining.As it merges into tho modified 

11 cuticle 11 forl!!ing tho j nws , it t ake s on o..n orange-brown 

colour 1 r.nd in tho cuticle of the external su~fnce of the org~-

nism is a~bright orange.It differs also in appearing opaque 

bluo whereas tho orc.nge cuticle ar,pcars r cfra ctilo . 

Cuticulur protection is nccosscry in those nr cas exposed to 

th2 nbrcsivo ncti on of tho donticles during protrnction, 

end ospo ciwlly during retra ction , of tho r nduln. 

Tho cuticl e i s thus strongly developed in those nrocs most 

expo sod to nbrcsi on . Be cc.us •J the crest (tip) of tho 

r aduln is elevat ed during tho ro t r8ction stroke , the roof 

of tho bucccl pa.ssc..gc is al so exposed to the tips of 

tho stura.y donticlos of tho l a t er al tooth, and_ this region 

of the bu ccal c~vity hns consequently tho be s t protection, 

tho nntori or part of the dorsGl food groove being lined 

for n considcr c.ble distcnco by an unusuully thick cuticle. 

Tho surf8 co of tho cut icle hns fine longitudinal groove s 

otchcd into i t b y tho d,:mticlcs of tho t ooth , (fi g . 38). 

Si :rnil c.'..r gro ove s rcr c o..lso evident in tho cuticle of lateral 

parts of tho buccal cnv·i ty which come into contact wi th tho 

r c..dulc . . 
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When tho cuticle is sectioned in a pl ano paralle~ 

to its surface ~he structure is s oon to c9ns~st in a large 
f ' 

numb er of short rods whi ch aro geometrical in cross sectiQn. 

Each rod i s tho product of n single epithelial cell, and the 

geometrical sha pe is the result of the close pacting of the 

cells forming the .jaw . 

Tho oesophagus opens dorsally into tho po s terior 

part of tho bucc~l mass nnd tho buccnl cuvity is continued 

postcrovontrad for n shor t distance b eyond this point. 

Lying v ontral to tho oesophagus, against tho dorsal surface 

of tho buccal mess, is a fl a t posteri orly dire cted pouch 

which i s a cont inua tion of tho buccal cavity. (fig. ) 9). 

This pou ch seems to b e unnnmed though it is figured by 

Carriker (1945) 2nd Morton (1 960) end other authors. 

Thi s pouch will be r eferred to, in £.tropicus, _a s tho buccal 

pouch . It has dclicntc walls which consist al most entirely 

of columnar opitholial cells which -posse ss a cuticle 

which s tains blue vd t h Mallory's, and is PAS-positive. 

The nuclei ~re roundish and s t ain lightly and possess 

clo~rly vi sible nucleoli. These opithelinl calls a rc 

cn shcathed by o. f ew muscle fibres. Gland cells which arc 

part of the bucco.l 6l cnd occur on both the dorsul and 

ventrcl surfc cos of the pouch, those ventral to it opening 

into tho buccc1l cc.vi t y while those dorso.l to it open into 

the pouch itself. 

Tho buccal pouch of ~.tropicus npp~ar s to differ 
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from tho pharyngeal evc.gin o. ti on of B . mo oi onsis which 

ox t onds postorind into tho buccc.l mass ( Oborholzor , 

unpubli shod thesis ) . 

A dors~l pouch occurs c.l so i n tho Pyr nra:i dollidao (Frottor 

and Gr::thnm , 1949 ) nnd c.n ov2.ginc..tion of tho dorso.l wall 

of tho phnrynx is found in t ho Goniodoridao . Tho so 

pouches c.ro both functi ono.l in tho spo cic.li sod f eeding 

methods , ( sucking ) of those o.nimnls o.nd b oar no r el n tion 

to tho bucco.l pouch of B.tropicus . 

In this for ra i t i s thouGht to b e merel y o. mo cho.nical 

device per mitting tho crest of tho r nduln t o be lowered 

into o. hori zontal positi on . In disse cti ons t ho oxtont of 

tho buccc.l pouch i s s een t o vary groctl y , somoti mos boing 

l c.rgo c.nd c. t other times n c.rrovr , do ponding on the muscular 

st2.to of tho nnimnls. Tho crest of tho r c.dulc c.nd the 

bucco.l pouch wc.ll s mcy bo compE'.r;Jd to o. dro.vrbridgc c.nd 

i ts ropes . When t}10 cc.rtilc.go i s i n o. hori zontal position 

t h() posterior w:::i.11 of tho lmcco.l pouch i s dr2.v1m forward a nd 

tho wo.ll s bocorno tc.ut , c.nd t ho pouch sr:mll o.nd n arrow . 

When the cc..rtiL::-.go is olovc.tcd to o. vorticnl position tho E'l 2.cl 

of tho vvc..lls is tc..ko:i up i n c. posterior folding of tho 

opitholiurr. , which so forms the buccc.l pouch . 

4.3 OE SO? HAGUS 

This consists of t i,-,o parts for which 

Cc.rrikor ' s (1 945) t erms proosophn~AS and postoosopho.gus 
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will be used. The proesophagu~ is tho narrower of the 

two and it extends from the buccnl mass as far ns the 

ganglionic ring. Thu procsophagus is usually slightly 

flattened in cross section, and internally it has a num-

ber of longitudinal folds. In ~.tropicus there arc usual­

ly 5 l crge folds ; two dorsolatcral o.nd ono ventral and 

two vontrolatcrnl, (fig. 40), but n numb er of tiny inter­

mediate ridges 8.lso occur. The degree of development of 

tho ridges vnri es so that there may be throe well developed 

dorsal ridges. Tho epithelium of this region is so tall 

that tho ridge s <J.ro composed almost entirely of epithelial 

cells. Thero is, however, a small core of loose connective 

tissue containing pigment cells and muscle fibres . 

The fibres arc arranged in an inner longitudinal and on 

outor circular layer and tho musculature is better developed 

th~n thct of the intostinum. As in !.glabra tuo (Pan, 1958) 

tho epitheli nl cells arc suppo~tcd by u well developed 

besom.an t membrane. The cells are of variable height, arc 

well cilia-tod Gnd contain roundish basally placed nuclei. 

A lightly steining cuticle is prosent and in somo sections q. 

f aint bJ. ,:. ck lino i s vi sibl e no2r tho apex of tho cell , and this 

pro1Jo..bl 3r r opresonts the b c~ sc_l gr c.nules of the cili a . 

Tho cytoplasm of th,Jso cells i s se cre tory, numerous globules 

which sto.in orm1go with l\/Inllory ' s ar o s een lying in spacious 

va cuole::,. •rh() s ~'.i2.le s t e..i:-:i indica t es t Lo. t tho o.picos of the 

cell s ar0 fillod ~dt~ 8. mucous se cretion. This secretion 
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is lightly PAS-positive, end was foW1.d to be rich in calcium. 

As in !.glabratus (Pan, 1958) goblet cells (in tho 

usual s ense of tho word) arc not found among the epithelial 

cells. 

the 

Mucous glands, of tho same type as those constitunin~ 

buccnl gland, arc attached to tho external surface 

of the oesophagus in the region of the bucc~l mass, but 

occur throughou t tho length of t ho oesophagus in tho con­

nective tissue of tho grooves. Pen (1958) refers to those 

cell s as goblet cells, o. t erm whi ch seems to mo rather 

ins.ppropria to. 

The cells arc not of uniform height and th0ro ar c 

patches of low, unciliatcd cell s in thu oesophagus . 

Those cells llli.~Y represent a certain phase of tho secretory 

Bae d::or (1 932, in Car r iker, 194-6 ) ob served a simi­

lar ponomonon occurring in the ciliated cells of tho ~ut 

of the Stylommntophoru. 

There i s little hi s tologic~l di f f erence between the cells 

of t ho pro- and postoesopha gus. The l atter orginatos at 

tho point whore the nlimonto.ry canal passes through tho 

nerve ring . At that point it usuo.lly becomes wider and the 

walls thirmor . Tho longitudinal fo l ds b e come much l ess 

pron0Ul1.ccd , ·chough oxturnally about 8 black longitudinal 

lines aro still to be s0011 . I~ some cnses tho lumen was 

found to bo al moc t smo oth, prob ~bly vu1on tho oesophagus was 

i n o. gr oa.tly di rJ tondod condition. In the posterior 

part of tho postocsophagus the inter nal ridges arc again 
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pronounced but n ov or 2 s woll d ov ol opod n s t h o s o in tho 

proo sophc.gus . 

Tho c ell s of this r e gi on o.ro lowor t hen in tho proo s opha gus , 

t ho cytoplc, sm i s more h omogon oous cmd tho c.pi co s of t ho cells 

t ond t o bo roundod. I n t h o p osterior part of tho oesophagus 

clo2.r s pa. cos nr o soon which mC1.y bo non- s t nining go blo t 

c cll s 1 but it is o.l s o p ossible thnt t hose a ro mcroly tho 

emp t y d i s t ond od duct s of t ho s ubopi t hclia l I>AS- po s i ·ti vo 

gl nnds . Tho so oft en 8.ppo.::1r t o b o PAS- p osi ti v o gobl e t 

coll s but i n t ho pr o c oding or follo wing secti on, t ho body 

of t ho gl and may be di scornod. Cc.rrikor an d Bilsta d 

(1 946 ) 2l so mention t hn t tho ducts of tho bucca l gl c.n d s may 

b o c or,10 di stondod . They found thi s onlnr gcmont to occur 

just bcn oc.t h tho di stc.l ond of t h e c or.1., but in ~ . t r opicus 

t ho sv10J.l on p or tion i s of n much groo. t cr s izo c..nd gon or a lly 

oxtonds t hroughout tho lungt h of t h e c ello 

4. 4 STOMACH 

Tho stoL1n ch i s a l argo round ed orgcm with thi cl<: 

muscu.l c.r wc:11 s 2-nd , o..s i n other pl 2nor bid s , c onsist s of t wo 

l ntor2l h a l ves , t ho gi zzo.rd pnds , c onno ctod d orsnlly and 

vontro.lly b y t ho gizz2rd ten don s . In B . t ropicus t h o se 

s tru c tures c.r o no t ns di s tinct n s t hoy scorn t o b e in 

~ . truncc. t u._~ (Demi an, 1 960) • No h e.rd cuticulc.r lining to 

t ho pnds i s visi ble 1 c.11 t hat is c.ppnr cnt i s a t ou gh silvery 

dorsc:.l c.nd v on tre,l zone j o.1Lning t ho tvm l e. tcr 2l hc:l v o s of the 

gizz2,rd , 
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The stomach epithelium is no no way remcrkablo . Y t rests 

upon n thick basement membrane and consists of tall, columnar 

cells which bear stiff, moderately long cilia. Tho cells 

arc, as usual, secretory, staining lightly PAS-positive, 

while vncuolcs arc sometimes to be soon. On the whole, tho 

cytoplasm nppco.rs to be granular and there is a thick PAS­

positive cuticle which serves to protect tho cells from tho 

abrasive effect of tho sand which is ingested by the snail. 

Tho nuclei arc round to oval, possess a distinct nucleolus 

and are situated towards the base of the coll. The subop­

ithclial gland cells possess fine ducts which may be seen 

passing to tho lumen of tho stomach, and tho bodies of tho 

glo,nds themselves arc small and inte---nsely P.fuS-positive. 

Tho muscular walls of tho gizzard arc compo sed of 8 or 9 

layer s of fibres which arc arranged at right angles or 

obliquely to one anothor . It is interesting to note among 

tho cells of tho stomuoh vro.11 giant cells (fig. 41) whi ch 

arc irregular in shape nnd contain relatively huge nuclei, 

thus bearing n suporficiQl resemblance to ganglionic cells. 

Tho nuclei arc rather poor in chromatin which is gathered in~o 

loose aggregations. Tho nucleolus is disccrnablo but ill­

defined nnd scams to consist of a similar but denser, cggro­

gation of chromatin granules. Tho cytoplasm of these cells 

sooms t o contain tiny vc cuolos. Such cells wore also found 

in tho gastric tissue of !.glabratus (Pan, 1958) and , cs in 
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that snail, these cells sometimes eontain a small amount of 

PAS-positive material. No suggestion is made by Pan (1958) 

a s t o t he function of these cells but he r egards them us being 

conne ctive ti ssue clements. Carriker end Bilstad (1946) 

on t ho other hand, r egard them a s gi ant nerve cells, and 

on tho basi s of t heir nuclear s tructure, I incline to the 

l a tter vi ew. These giant cell s have also b oon observed in 

other parts of the b ody of ~.troEicus , cg. in the spar se 

conne ctive ti ssue b e tween tho stoma ch and the liver, 

t hr oughout the l ength ·of t he alimentar y canal, ~nd al so in 

t ho mantle, (fi g . 42). I n · tho latter situa tion it is 

difficult t o be certain about t heir occurro11cc a s t hey may 

be conf u sed ¥dth developing gl and cell s (M1 ) which have 

enormous nucl ei. 

Tho pyl oric r egi on of tho s to:rm:t ch is uimilar to tho cnterior 

r egi on . 

At tho di s t al end of tho pylorus t ho alimentary canal is in 

comm~.ni c~ti on wi t h t wo structuross the ca ecum and t he digcs-

tivc gl and. Tho mu tual r el ati on s of t hose part s yir o b es t 

understood by referring to fi gure 43 . 

4 . 5 CAECillJi 
II. 

Tho ca ecum is o. cylindricP.l , 3.n elonga t ed sac . 
which ha s two 12.rgo in:-i;ornr~l rid.gos si tu.o. t cd o:p:t)o si to ofl ch 

othur d ividing the lumen into :h 10 unequnl spaces , tb.e 

smnll incurront c.nd l c.r gor oxcurrcn t chc.nncl s ( f i g . Ll-4 ). 
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The ca e cum wall is composed of o. s ingl e l ayer of epithelial 

cell s resting upon c well devel ope d basement membrane and 

onshc2..thed by m1,:scl o fibr es end s :p:lr s o connective tissue . 

The incurront channel i s lined by c ol umnar epithelial c ells 

whil e t he ox c1.ffr.on t chC..lli"'1.cl, t h ough lined b;y the s c,mc typo 

of cell, differs in t hn t cell s lining l c.. st men ti onod rogi on 

n:ro more thnn t vd. cc o. s tall 2.s t h o se lining the incurront 

cha nnc1. The cytopl c,sm of tho oxc1ITr cnt chc nn.cl shows 

signs of much s e cre tory c, ctivity , cmd l a r ge se cre t ory drops 

cc.n b e socn in the 11.unon of the cae cum l ying above tho 

epi theli a l c el l s . The cili c of t h e cae cum arc sti ff e nd shor t. 

giving t he i mpression of siu.rdiness . The nucleus in the 

cell s of t he t wo chc.nnel s i s ovc..J., li ghtl y staining and 

situated a nyvrher e i n the c oll from above the nriddlc to the 

bnse . Occa si on a l gobl e t cell s s eem t o be p r e sent in this re-

gi.on"' Cl'.
1he nu c leolus is. pr.ominent o 

'l'h o c ell s of t he cae cc,l ridges r e sembl e those so far 

d escribed but 2.r a extremely olong2ted (fi g .4- 5 ) . 

Th-:; cytoplasm c oni:; 0- ins s o mcn;y secret ory drop l e ts that the 

c ell some times nppo nrs t o conta i n a ro TT of v c cuolcs . 

Two type s of coll,§ e r e d i s tinguish ed in tho ridge s , 

The mc. j ori ty of tho c ell s i s of' the hi ghly vacuolo. t ed type 

and the nuclei nr e el ongn t od end situa t ed n ear tho centre of 

the c oll. The other typ e of cel l is .:::. nc.rrow gobl e t cell 

v1hi ch hes c r o1..m d n ucJ cu s s i tu~1 tcd near tho b ase of the c ell. 
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The: latter cells arc PAS-poaitivo. Ncit~~+ of those coll 

types gives a pos~tivc reaction to thq calcium test. 

4.6 DIGESTIVE GLAND 

The digestive gland consists of a great 

many more or less similar lobules. The gland io connee-

ted to the alimentary canal by means of the hepatic 

duct s . The s e ducts have smooth, thin walls except in 

the r egion adjoining the hepatic vestibule. This por-

t i on of the duct, as in ~.stagnalis appressa (Carriker 

and Bilstad, 1946) and A.glabratus (Pan, 1958) is corru-
4,b 

gated (fig. ~) and, in this, differs from B.mooiensis 

(Oberholzer, unpublished thesis). 

Histologi~~lly this gl and agrees closely with the 

description of Pan (1958) and Carriker 3nd Bilstad (1946) 

for the livers of A.glabratus and ~.stagpalis aEpressa 

respe ctively. 

There i s general agreeuent among authors that the digestive 

gland of the Pulmonata , is composed of two main types of 

cell viz, the digestive cells, which are present in various 

phases, and the lime cells . As is the case in both 

L.sta gnalis c1nd A. gl abratus, mucous cells are also present 

in t he liver of B. tropi cus. 

The di gestive cel ls ar e the illos t comm.only occurring, (fig. 
4-, 
~ ), in f Ect t hey constitute the greater part of the gland. 

They may be regarded. as l e,r ge, modified columnar epithelial 

cell s . 



In the description of the digestive gland of Burnupia 

(Oberholzer, unpublished thesis), no mention is made of 

the presence of cilia, but in B.tropicus these cells bear 

short cilia. The cytoplasm is full of vacuoles and in-

clusions of various forms so that the cells have a highly 

heterogeneous appearance. The nucleus is situated towards 

the base of the cell, is oval,rather poor in chromatin and 

possesses a distinct nucleolus. The cytoplasm in the 

basal region of the cell is grossly alveolar and stains 

orange, while t hat of the swollen apical part of the cell 

stains bl ue, indicating the pre s ence of mucus. This region 

of t he cell stains a v er y li ght pink upon being treated 

with PAS . 

The se cre tory activity of the s e cells is evid~nt f r om the 

numerous large globule s which may be deen pa ssing from the 

cells to t he lumina of the tubules. From the appearance 

of the slides , it s eems as t hough patche s of cells often 

tGnd to be in the same phase simultaneously. Groups of 

cells are of ten observed to b e either in t he secretory 

phase (when t he l umen b e comes rich in s e cretory globules) 

or i n t he i;di gesti ve 11 pha s e ( when t he cell s contai n many 

inclusionE: c,nd f a e cal va cuol es) A The middle region of the 

cell i s t aken up b y va cuoles 2nd inclusions which are 

various shades of l i gh t yellowi sh-green and blue-green. 

Ma s ses of ma t eri al having the se colours are also reported 

as occur ring in Burnupia mooiensis (Oberholzer, unpublished). 
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From the work of certa i n author s quo ted by hi m he designates 

t he yell owgr een bodies enterochlorophyll . I fi nd this 

designation 1.mac ceptable 2 s it seems unlikely t hat chloro­

phyll would occur in tha t form in an intracellular posi -

tion . Furthermore such v a cuoles are al so formed i n the 

ovotestis, and the finely particulate matter i s therefore 

thought to be debri s . This i nterpretation i s al so in 

agreement with the work of Carriker and Bils tad (1 946) who 

designate such vacuoles as faecal vacuoles, and the com­

pact masses (\generally blue- gre en i n B. tropicus ), excretory 

bodi es o As was found in L.stagnali s appressa (Carriker 

and Bilstad ~ 1946 ) these vacuoles ar e to be seen in the 
4& 

contents of t he i ntestine (fi g . ~) possibl y through a 

slough:Lng off of the distal ( fae cal va :!Uol e containing) 

portion of the di gestive cell s . 

A puzzling point in connection w:Lth the liver i s the f a ct 

that in ;!3-_ .tropicus the only PAS- positive materi a l s een in 

the l iver was that of the mucous cell s , yet the cli gestive 

cells are supposed to f-;tor e glycogen ( several authors in-
~oteA b'.\ 

eluding Hurst, 192i j .:t;i Carriker and Bilstnd , 194-6). 

The di gestive gl and of ~ ._tropi cus differ s LJ.arkedly from. 

t hat of J3urnu:pi a mooien:Ji_~ as described by Oberholzer 

(unpublished ), i n possessing lime cell s . The lime cells 

of B_ ._tro:p:i.cus_ show gcne:rc:l agreement v.d. th t h ose descri bed 

by Pan (1958) nnd Carriker and Bi l stad (1 946) except that 

t~1e l arge , bodies dosc.r·:i.bed by Carriker and Bil stad (1 946) 
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do hot occur . These iime c~lls do not give a positive 

~e.action ~o the calciu,m test, although several authors 

(quoted ~~ Carriker and Bilstad, 1946) have found that 

they are r e sponsible for storing calcium. This raises 

the question of the tru8 function of these cells . 

It is perhaps possible that the cells ~re not 

at all i mportant in calcium metab olism. The other al-

ternative is that the cells are important but that they 

contain calcium which i s chemically bound to some other 

sub s t ance which prevents the von K6ssa reaction from taking 

place . I f theso cells indeed play a role in calcium 

metabolism a further qwrntion i s posed, viz. how does 

Burnupia manage vvi thout them? 

The m1)_cous cells of t he li v or ar e sparsely sca ttered 

and SlilL~l l cr than the ot her type s of cell found in t hi s organ. 

They a gree with the descri pti on of the liver mucous cells 

of B. mo oi ensi s (Ob er hol zer unpublished) . 1rhey are 

fl a sk-shaped cell s having a f airly broad ba se and a nucl eus 

modera t ely rich in chromatin granules . The neck of the 

gland is narrow and the whole is striking in PAS- stained 

s e ctions but le ss obvious whan s t ained by other techniques, 

and could. easily b e overl ooked . They are, :nevertheless, 

also to b e seen i n s e cti ons s tained with Mall ory ' s and in 

such slide s a ssume a li gh t blue coloux. The mucoid 

secre t i on of these cel ls is i n the f or m of l a rge globules. 
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INTESTINE 
4q 

The Prointestine (fig. !9) 

This consists of a single layer of epithelial 

cells surround0d by circular and longitudina1 muscle 

fibres and an external layer of pi gm.en t cells. The epithe-

lial cells ar e fairly slender and possess a well developed 

cuticle. They bear short, sturdy cilia and the nucleus 

is situated between the middle and the base of the cell. 

The cytopla sm is granular and in the apical part of the cell 

secretory spheruJ.es may be seen. The second type of cell 

is a large goblet cell with a rounded body and fairly nar-

row neck r egi on. These cells stain a very light blue and 

are filled with a globular secretion. The nucleus stains 

purple and possesses an orange s taining nucleolus which is 

clearly visible. It is thought that three types of cell 

occur thbugh details of the structure of the third type 

are wanting. On the whole the epithelial cello stain v ery 

lightly pink with PAS, but rarely small accumulations of 

intensely PAS-positive material may be seen near the lumen 

of the intestinum and in certain slides it can be seen 

tha t t his is derived from cells with rounded bodies and 

long narrow ducts. The nucl ei of these cells are round, 

basally situated nnd fairly rich in chromatin. Such cells 

become vi sible ~f t er applying the von Kossa t e chni que. 
50 

(Fi g . 4:0). The cell s then appear j et black, showing that 

they nre ver y rich i n culciwn. Throughout the epi t helium 
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v a cuoles and inclusions may be seen and there i s a high 

degree of se cretory a ctivity . 
'51 

The Mi dintestine (fi g . #) 

The mus cu1ar l ay er is poorly developed in this 

part of the i n t estine . As in the for mer r egion three types 

of cell ar e distingui shabl e . The most out s t anding of 

the s e ar e the v ery large cells which Carriker 2n d Bilst~d (1946) 

c o.11 bas a l cells,,after Howells (1942) 1 quoted by i:B. Cnrriker 

and Bilstad~ 0-946) who describ ed such cell s i n Aplysia . 

These are l ar ge , s qua t cell s . They ar e i niti ally mound-

shaped and do not ext erut as f nr a s the l umen of the intes­

tine 1 but t hey l a t er grovr t o such a si ze tha t t hey do ex-

tend t ho.. t f c.r . The cytoplasm i s a l v eolar, stains blue 

~dth PAS and t her e i s o., huge , chroma tin r ich nucleus . 

I n PAS- s t ained s e ctions the nucleol us is i ndi sti nct , but 

i n M::SE sections , the chroma tin granules of the nucleus are 

clec.rly r esolved and t here is a l arge homogeneous nucl eolus . 

Wh en these cell s a r e matur e they communi ca t e with the l umen 

by a r a ther n e.rrow n e ck , so t ha t the cell i s f l ask sha ped . 

Thi s is be s t seen i n Me,llory-stc.ined s e ctions . I n the s e , 

ther e i s present in t he n e ck r e gi on an c. ccu.mulntion of 

sm2.lli sh , de ep oran ge se cretory dropl e ts . The s e cond 

type of cell i s a v ery comp r es s ec\l i ghtly sta i ning cell which 

ha s a nucl eus situa t ed hi gh in the cell b ody . The s e nuclei 

ar e chromatin po or and ther e is a di s tinc t nucleolus . 

The t hi r d t ype of cell occurring i n this r egion is a PAS­

positive club sha ped cell i n which the globular se cretion 
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obscures the nucleus. 

developed. 

The Postintestinum (:fig. 4 2·) 

The mus cula ture of this region is also weakly 

The cells lining the postintestinum are tall 

columnar cells containing granular calls with swollen 

apices. The nuclei are found to be lightly sta ining nnd 

contain distinct nucleoli. Th~ second type of cell is 

rather slender, being clubshaped,and stains a very light 

blue. A third type of cell in this region is PAS-positive, 

and is a stout goblet shaped cell in which nuclear detail 

is ma sked by the dark colour assumed by the cell after stai­

ning. 

The Rectum 

In the rectum two regions are distinguished. 

In the more proximal of these the lumen of the rectum 

resembles t hat of the r est of the intestine. There is a 

well developed basement membrane and in certain of the 

sections the cells of this region are very irregular, 

being compressed and di s torted and having a very uneven height. 

The nuclei too, show signs of compression and are irregular 

in form. This is perhaps to be attrihuted to the state of 

contra ction of the r ectu2n. The secre tion of these cells 

i s gl obular and t he .:.pi ce s of the cells are distended. 

A spE',rso and deJ.i ca t e cili a ti on s oems to occur in this 

r egi on bu t no tra ce of a cuticl e could be found. 
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PAS-positive goblet cells also occur in this region. 

The second part of the rectwn is thrown into a 

number of longitudinal folds as in the oesophagus. 

About 7 or 8 l arge folds occur in this region, and lying 

between these, are a number of smaller folds. The cells 

are columnar with large round to oval nuclei which stain 

but lightly. Scattered chroma tin granules occur in these 

nuclei. The api cal cytoplasm of the cells is dense, and 

a cuticle is to be found in this region. No cilia were 

observed. The contents of the cells does not give any 
/ 

reaction to the von Kossa test, but the margin of the cells 

in contact with the lumen, is shown to be rich in calcium. 

It is not known whether this calcium is loca ted in the 

cuticle or no t , but more probably it is in the mucus s ecreted 

by the cells. 

5. FURTHER NOTES ON THE REPRODUCTIVE SYSTEM OF B.TROPICUS 

The gross morphology and certain aspects of the 

histology of this system have previously been described 

(Stiglingh et al ., 1962). Therefore in this study, I 

have concentrated mainly on the lining of the genital tract. 

5.1 Hermaphrodite gland and its duct 

The gland is situo.tedat the apex of the visceral 

mas s and. i s overlain by the epithelial shoe t investing the 

whol e of the viscer al mass , (fig. 53). The cells of this 

l ayer 2re cuboidal and resemble thoso constituting the 
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external surface of the mantle . The t h in b a sement membrane 

r es t s upon a d elic~te l ayer of mus cle f ibres . Between 

t hese fibre s and the fibrous l ayer end inves ting the ncini of 

t he hermaphrodite gl and , i s c onne ctive ti ssu e which a cts 

ns a pa cking for tho gl a nd as a vn1ole . This connective 

tissue c onsi s ts of Leydig ' s c ell s , vesicular c ells, fibro ­

b l asts , pi gment cells , c.nd among these a re r efractil e 

granules , a n d a lso b lood spaces rich in nmoebocytes . 

Some of the vesicular c ells of thi s region contain ca lcium 

concretions a nd it seems thnt t hese gr ow to for m the l a rge 

r efracti l e granules . Cer tain Leydi g 1 s cell s conta in PAS­

positive mnteri a l localized at one point agains t the c ell 

wall as in the c ollar. A f eatur e of the Leydig ' s c ell s of 

thi s regi on , i s tha t they a r c heavily cha r ged vath granules 

nnd a lso substD.nces which are lightly 1,AS- positi ve; the 

l atter characteristic differ entiating them from the Leydig ' s 

cells occurring in other parts of the body . From thi s may 

b e inferred that they probabl y hnve n nutri tive function . 

Pan (1 95 8) found that in A . .B1:_abratus the fema l e e l ement s 

oc curred in t he apex of the c.cinus while the mnl e e l ements 

were to be found along the side walls . Thi s is not true of 

B . tropicus in which it may be s t a t ed tha t t he younger stages 

of g:.:unetogenesis both mo.l e cmd f emal e , a re to be found 

a l ong the s i de wall s , and the mor e ma ture , n t the apex . 

Bundles of maturing sperm nr e frequently to be seen a tta ched 

to Sertoli cells , c.ppo.rently r es tin g on the follicl e walls 
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of ova. These may be either young ova along the side 

walls, or maturing apical ova. 

Each ovum is surrounded by a follicular membrane which is 

relatively thick. The follicular membrane may be conti­

guous with the ovum, but is generally separated from the 

latter by a narrow follicular cavity. I do not know 

whether this is to some extent the result of shrinkage 

during processing of the slide, or whether the spa ce is a 

.true follicular cavity. In some sections the follicular 

membrane appears to be a double structure. 

The double nature of this membrane is most clearly s een in 

follicl e s which have ruptured during sectioning, but it is 

also apparent in some normal follicles. Both layers of 

the membrane may contain nurse cells. Large nurse cells 

are fre quently to be seen lying against the apex of the 

acinus, and these cells are in intima te connection with the 

ovum. The nurse cells as such, are not visible in B. tropi-

~, only their nuclei whi ch are relatively much larger 

than t h ose occurring in B. mooiensis (Oberholzer unpublished 

thesish and are not polymorphic as in that species, 

In~. tropicus the nuclei are more or less oval. 

Where they oc cur in the follicular membrane between ovum 

and ncinus lumen, they are generally slightly flatt ened 

on one surface ; f itting snugly against the ovum. 

A l arge orango nucl eolus i s present and some time s t wo of 

those s oom to oc cur in a singl e nucleus. In most instances 
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these arc seen to belong to overl~ppin~ cells. In the 

cytoplasm forming the follicular membra~~. rounded massee 

of a greenish substance, enclosed in a vacuolet have been 

encountered (fig. 53). Occasionally they are situated. 

in the membrane where it overlies an ovum, but more often 

these bodies are to be found in the cytoplasm lining the 

apex of an acinus . Freq~ently they occur in ruptured 

follicles from whi ch the ova have been liberated, and 

thorof ore seem t o be debris whi ch is being extruded. 

This supposition is strengthened by the fact that the 

colour, greenish or blue-groen, of t ho se masses, agree s 

very well with tha t of the "fae cal va cuole s" (debris) 

found in the di gestive cells of the liver. 

The 0VUL1 itself i s roughly round to oval in shape, but 

slightly flattened where it abutts against the acinus wall . 

The outer membrane , vitelline membrane , is visible only 

as a refractile line surrounding the cytoplasm. Below 

this thin membrane the cytoplasm of the ovum is f airly 

clear and stains bluish, while the rest of the cytoplasm 

is brownish and dense . The colour and texture of the ova 

changes during development. Initially the cytoplasm is 

coarsely granular and stains a purplish colour but during 

development it be comes extremely coarse and he t erogeneous 

and contains many small vacuoles. This coarsening of the 

t exture i s due to the a cc~UIJ.ula ti on of nutritive materials 

in the cyt oplasm, and some of thi s :mat e.ri al is PAS-positive . 
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The nucl eus of the ovum i s large and roundi sh or sli ghtly 

oval . In some cases the m2.r gin is irregula r and undula­

ting but t his s 0oms to me to b e nn abnormality resulting 

from chemica l treatment , nnd the norm~l nucleus is smoothly 

round ed. Tho nucl eus is coar s ely granula r and sta ins a 

v ery li ght purple . The nucl e olus is a l a rge orange 

spherul e , d ense a nd homogeneous . In s e ctions sta ined vdth 

MJ3E it is only the s p erm hea ds and the nucleolus of tho ovum 

which stni n intensely, both b eing a mphophilic . 

In a previous pa per ( Stiglingh et 21 . 1962) the 

occurrence of doub l e nucleoli in the ovum was r eported . 

Nucl e oli of t h i s typo hav e b een r e cord ed in e, numb er of 

other pulmona t e speci es , ( Simroth , 1928 Raven , 1948 , 

Pnn , 1958 , v a n Anrdt and Ob er h olzer unpublishe d theses ). 

In t he pre sent study n embuta l ins t ead o:;:· r.1onthol was used in 

n arcotiza tion and doubl e nucl e oli wer e r a r ely encountered . 

Even \:vhen the nucl e olus he s c.n e qua tori, 1 indentnt ion ,. 

t h is i s r e l a tively sli ght , a n d t her e is no differenti ation 

of colour in the two p o.rts ; the nucleolus remaim.ng oro.nge . 

Further more , tho pr e s enc e of double nucleoli s e ems 

to bo correlated with the use of va n K6ssa a nd PAS­

t e chni ~uos, so t ha t p os s ibly such nucleoli a r e n chemically 

induced phenomenon . Th e findings of Ki sk ur (1 924) on the 

eff e ct of coca ine on the cell nucle u s f"Lffthcr seem to make 

t hi s p oint worth investi gating . 

In PAS- s t a ined slides d oubl e nucl e oli were found , 

one per t sta ining blue , o.n d t he l ~r g e r port i on remaining 
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unstained (fig. 54). In su.ch nuclei vac;na!Qlea o~curred, 

sometimes one large vacuole, an~ at other t.im~s, a number of 

smaller vacuoles being found in one half of a nucleolus. 

Ob erholzer (unpublished thesis) also figures such nucleoli as 

occurring in B.mooiensis. 

In the nuclear plasm irregular masses of a substance 

staining in the same manner as the cytoplasm of a mature 

ovum, are found. These masses are usually smallish and 

compact, often located near the periphery of the cell. 

In no instance was more than one nucleolus found in any 

ovum of B. t ropi cus . 

The lining to the common atrium (fi g . 55) shows considera-

ble variation . In certain sections the cells are columnar 

and in others they are of a squa t, cuboidal form. 

In all cases cilia ~r e present on some of the cells; in 

the squat type of cell they are longer than the cell, and 

in the colwnnar type, rela tively shorter . The ciliated 

cell J possess a cuticle which is well developed, and they 

probably correspond to the mushro om-shaped cells described 

by V3nLardt nnd Oberholzer (unpubli shed theses) as occur­

ring in the a trium of P.africana and B. mooiensis respec-

tively. The ciliated cell s of B. tropicus do not seem 

to differ from those occurrine in other r egi ons of the body 

where scatter ed cili a ted cell s occur, eg . the tentacles 

or sides of tho foot. The nuclei of the atri al cells ar e 

oval, s.nd f airly li ght, tho se of t he ciliat8d cells being 
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lighter than those of the unciliatod cell~ . The cytoplasm 

of these cells stains but lightly nnd in the apices, except 

in the cilia t ed cell s , there is an a ccumulation of lightly 

PAS-positive material. 

5 .2 FElYIALE SYSTEM 

Oviduct (fig. 56) 

The cells lining the proxima l part of the 

oviduct are rather l arge , and a r e filled ~ath a n a lveolar 

cytopla sm. The nuclei are roundish, si tua t ed near the base 

of the cell a nd possess a f a ir amount of chromn tin and a 

conspicuous nucleolus. Some of these cells give a PAS­

positive reaction whi l e others r emain negative . It is 

thought tha t the latter type of cell is merely a l a t er 

pha se of the for mer. In the cell s thought to b e in the 

younger ph2. se , tho cytopla s m stains (li ght) blue wherG./8.s in 

the latter, it is whi te , or greyi sh and contains scattered 

yellow-sta ining ma t eri a l . The nucl ei of the younger c ells 

are r oundish and lie fur ther from the b a se of the cell while 

t h ose of the older cell s li e nearer t he cell base and nppear 

to b e irregula r as a r esult of se cre tory globules which 

surrolmd them. Scat t ered among these a re certain v ery 

slender cell s which are notnble for having nuclei whi ch 

may occur so high up in the coll b ody that they are situated 

n ear the apex. This type of cell occurs throughout the 

f ema l e system and i s merely a supporting c ell. A v ery 
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spnrco l"!i lin.tion o oomR to ncr.nr in t hi c roei0n . 

Di s t clly ther e is en increase in thG number of squa t , 

li ghter cell s whi ch ar c t ypical of the muciparous gland . 

Thero is a r ol n t i voly Hell de,veloped mus cula r coat of .. circular­

ly £:·.:cr:mged mus cl e fib res . 

Uterus '(fi g . 57) 

1rhc histology of tho sac sur:r;ounding the distal 

pc:.rt of t he oviduc t is simpl e . The l ining is composed of tall 

opi t hcli 2.l colls , slenclur ancl high...ly v2. cuola t ed in ap:poR--

r e.nee . Tho cili2 unJ tho npicos of tho cells stain a dark 

brickish col our . This property i s o. f eature char a cteristi c 

of thG cell s of the r eproduct ive system genernlly , in contrast 

➔ ;o external · c i lia . cgr those of the tentacles , body wt1ll and 

s ole of the foot. The external c ilia appear much lighter and 

stE:.in or ange . The cytopl a sm of the cells is blue and 

or2ngo . Ov~l , li ghtly-s t ai ning nucl ei with distinct nucleol i 

ar e to b o s een lying botvTGcn tho middle and base of the 

cell s . 

Th~ mucipcrous gl and is composed of l ar ge cell s which b ear 

soma r e s ombl 2nco t o those found i n the oviduct . The cilia­

t ion of tho cell s in tho r.1uci.pc~rou s gland i s dense , staini ng 

a dark bricki sh colour. Th.J cytopl asTI is grossly c,lvoolar 

nnd t he cells di f f er slightly f rom those of the oviduct in 

that t he r eticulum betvvoon the globule s of tho muciparous 

gl c.nd s tc.ins V,n'y sli ghtly r ed . Alnongst t h e s e cells slender 



suatentacular cells are als o to be ~ound . 

Many of the cells occurring in the dorsal uterine wall 

are muciparous gland cells . Besides these , several other 

kinds of gland cell are distinguished . Very striking amongst 

these are certain cells which are basally slender and e.pica1Y. 

greatly dis t ended, Thes e ~ells are filled with red or yel~ 

low globules of a brilliant hue and they constitute the 

nidamen~al gland . A second type of cell is a ciliated 

one in which the base is broad and the apex narrow so that 

the cell in sh~pe resembles an inverted trumpet . The cells 

broaden apically as the cell secretion ac cumulates in t b.i$ 

region. The nucleus of t.hese cells is not·icably larg-e;r:'. 

than that of the usual a lveolar cell of the uterine wall , 

:=-ind it i s situat ed in the l ower hr.1.lf of t he ~3- ..;;..! _., 

A:-. .. ot her ki nd of cell which stains blue and is theref'ore 

al~,o a t;y-pe cf mucus cell, i s basally narrow and apically 

Si.ollen, The latter par t i s di s t ended with a homogeneous 

blue 3ecret ion ( ~sin t he spP. rm duct) . 

The alveolar cells are ,s c_;\-1at in form,, but may be small 

or large in size , and t he :rn,cleus is situated towards the 

base of the cell . 

utsrus is sli ght , 

Ciliation in the dorsal wall of the 

The ventra l uterine wall is compos ed 

mainly of columnar ,vacuolated cells with oval nuc lei situa­

re c1.. t owards t he base of t he c ell . The apex of s uch cells 

contains secretory material which stains lightly PAS positive. 

Also found in t he v en t r a l uterus wall are cells which do not 
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stain, and ·:re npicnlly dis tenn e d~ i,.;i t h the cytoplnsm in tl\at 

region being -.. 1 v eola re, Trumpet shaped cells which stain 

bluish are a lso found •in this region. , 

The dorsal a.n.d v Gn-'~rallit wo.11s of the uterus do~. not differ 

qualitatively, :.~light cytnJ.0Gi 1.:: al differences be.twe,~n the 

dorsal and ven '.;raJ. ..:,ells are the generally smaller s.ize and 

grea·cer dens ity of tho cytc,plasm of the ventral. cells. I~ 

the lc.rge2'.' e.. o:rs:;i,J. c ell~~ the eyt oplasm tends to be more 

alveolar i :..1d:i.e,2:c::..11g J:'Y.'t'~awer c ec:r-etor;y activity of the dor-

sal ut ~rus wnl.J., It also seGills as though the nuclei of 

the ventra l cells are situated be lo_w the mi~dle of the ce~l, 
. ' . -- . \ 

while in the d orsaJ.. e,alls the nuclei a-!'.'e basally placed •. 

If it is tru.e that t hE. dorsal wall of the uterus exhibits 

gr eater .·sec:reto:ry ·a c t i v ity than the ventral wall, then this 

mi.ght be an 0.xpla:..1.atiun fo:::- the phenomenon of dif'fering nu.­

clear v ositinn; for, as Eenti oned previously, gathering 

secretion in the apic a l part of a cell tends to force the 

nucleus n ea:r·er the cell b F.tse . 

Sperm,:theca 

The lining of the spermatheca is simple and 

consists of uncil:_i_ ~ted colum..."lar cells in which the np ices re-

main light . Over t he a:pices of the cells a thin pale blue 

layer is to b e s.eeno T~:i.:.s does not appear to. be a cuticle 

and is probably the secretion produced by the cells, because 

the sperm con tained in the spermatheca, is consolidated by 
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a subs tance which is also ligh t blue. The nuclei differ 

ouly ver y sl·i_g.Q.-:;J.y from tho f;e d 1c-Acri bed by Pan ( 1958) who 

states tha t in ."'\~c.1a£r,:,.tus -:,:ie nuclei are round_ and basal 

whereas in B tro:p_i c_;ss they are ro1mdi.sh and centralo 

Th e v aF,iJ~al c e lls are :; olumnar and have round 

to ova l nucl··.:' . • '.I'he ap:;_:;9s of the c 9lls are PAS-positive, 

The :f8male ope:;..•tur 'j j_ ;c:; su r r o·..m.C:.od by unicellular s ubepi the­

liuJ. glo.nc.1.s (.~:;,.g . :,8) 1.•ihi c\, at ::Pirs t s ight appear t o be goblet 

c ells but a:r- e i n :t' a c c of tb. J Saffie kind as the preputial gJ l'..Ilds 

It i s po i:rn i b l e tha-t these small glands around the aperture 

facili tat G copu-:..at_i.on by secret:i.ni· a s ube:;tance which serves 

to gui u.e the ma::.o crgac.!. 4;o the f emale aperture . 

'.1 1 1J' F ., - r1 P'] •-• 'llc~ (f-'-::r rg) ~ -~- ..... :;t; __ --2 , ·~.L • \ •' ·0 $ .,,, 

The 8.lbmnen g J8;n.d i s composed of cell s which 

a1"e well cha r a c.ter:;_se,=t by the word 11~.2,ssive ". ~hese cells 

are q:t,1-i te uo.m:i.s takabJe f o:c· ·:;h8 ser:re-f:; ion accur.rtJ_lates in glo­

buJ.es of vari01;_s 0 .1. z o s E:Vl'i -',11888 globul es c c:1l esce to from 

very large secre tory glohu.:..cs c The secretion stains intense;y 

with both Nfo.llory s a...n.d P .AG; a startling orange and pink re-

sp 0.ctively . ~Tudg.:..ng ty the negative reaction to the von Kea-
e r,. t Gs t t hey ;:;'E- Oill 1:0 be p oor in c a lcium. Both the nucleus 

o.nd the n.1c l8oh1.s a r e :".'C l e,t i vely enormous . The nucleus is 

:r·ound, basally ::,)lacecl and vnry rich in chromatin. This de-



scription ~allies well with t hat of Pan (1958 ) f0r tho albumen 

l ·1 f . 1 b tu g._anc. o .::0;• ~{ a r a -~ · 

The sperm cluc ·t consi ts of an epithelium of rather 

lar3 e c ells :res+. ir...g or.. a bE,,seme~t membrane s urrounded 

by spars8 muscle fibre s and a small amount of connective 

t:i ssue . Tb 8 8?8::"n'. duct io yet anoth8r organ lined by cells 

wl:.ich are qv.ite character istic f or that region. The cells 

present an u-::iusual aJ:poaran~2 ~i_n t::1at t he nuclei may occm·· 

Mywhere -::rum ·t:~'le apex to -~]'.l e b8.S<~ . Two types of cell are 

d.i s tin guj_shPd . Th2re g,re t aJ.J. s l ender cells b earing shor·t 

dense cilia v;hich s-,;ain :Lnt ens8ly n The nuc+ei of such cells 

are ovate; sta:ix.L >ightly a.'Tld arc t o be seen near t he apex of 

ths c8 l l . 

The se':!re tc,ry c e lJr. a::--e la2:'ge a11.d ~ ossess a coarsely 

gr2.nular c3r~op1a8:!J1 4 Nea.1'.' the apex of such a cell the large 

secrret ory ma,?s ma;r u9 seen, '.!:!,.is stains blue wi tb Mallory's 

a.nd :· s PAS positive. Th ere are a r emarkable number of large 

or ange- sta ining s e tJ retor;y- drop.lets (probably protein) i.n the 

apical pa.-rt of the cell s.nd so i-'c 2,ppears that these cells 

are c apable of produc:i.ng t\'VO t;yp e s of secre t ion . The nu.cleus 

of such a s8cretory cell :i .s large , basally situated and mode­

r at0 ly rich ir: ch_:;.~,J.rr.2,tin . 
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Prosta te (fig . 61) 

T~1e c ells of the p r os-'c c:d;e gle.nd likewise , a re 

large squat : e lls containing large accU1I1ulations of secretory 

material . Tl.:.e cytoplasm i s hi ghly vacuo la.ted nnd the l o.rge 

secretory material i s f'i .:1:; ly g:r.:-anular and stains various 

sha des of blue o Smne·::;imes small amounts of re..fractu.e, orange 

.~l0bul os ,,•c.:;,, · c.:, ·· __ 1_ t.h6 spccn -::.uct . Thes e · globules ID '. y be sur­

r ·.:n .. :i:i.1.d.ed ·oy a vacu.oJ.8 a.1:d t~c gJ obul e may st~· i.t1 b ich r om: . .-.ti­

cally , a pe::•ipheral blue z c,ne en cir c J.ing a centra l orange 

area . l :n P A~.! -s ~ain c-) cl sections the base of the cell is light 

coloured, the mida.l e regio:n. i s intensely PAS-positive and 

t he apical port.i.on only we :· kly pos itive , 

Further stai:n.tne; t echni q_u es reveal other interesting 

f eat1J..:t'8S o-:: these cells ~ WIBE s t:3.j_n ing demonstratGs the pre­

sence , i n~},_,; 1,1idd.le region of the c ell , of nu~bers of small, 

· refractile a""idq/bil droplets (fig. 61). Sane of the cells 

bear cilia 2nd the se; are thought to r ep:i:esent the younger 

s tages of the socrotory c ell s . The cytoplasm of the ciliated 

c ells i s a lveolar and stains a purp lish colour, that of cells 

t houe;ht to b e mature ·.vhile in ce+ls which have dis­

charged their secretion, the c3rtop l asm i s r eticular and the 

nucleu s enl argea • .Among these laxge secretory cells suppor­

ting cells occur. 

The w·,n K6ssa t e8bnig_ue proves that there i s yet another 

type of cell pres ent in the prostat e , a cylindrical cell 



Fig.62. Section through prostate gland .to show 
calcium-rich cells. 
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which is very rich in calcium, £ie; . i::;2:· Unfortunately t~.e 

c ell s tructure is obs cured by the calciun. ""t? othat no det~:dls 

of cell s tructure are available . 

As an evapLn::tion of t he sperm duct, tho prostate. yf 

-~~ tr~e_?u~ c.los0ly resembJ02: that duct.Oytologic 2.llY. th~ pro­

s .,at3 of L. ~tE_!,gnalJ.. s ~_re~§: .. b 0ars n o resemblanc 0 ta the 

sperm duc t bDcause :i.:::i t}1at ffpea i es t h e prostate i s derived 

from a vaa. e:c'f ei·c:na ( sperrn. duct) c onsi sting of c.olumnar cells 

(Holm , 1946). The g l ands ol t!lese t wo sna.i.ls resemble each 

other on.J.y :,r.:--..::::t:·o sc cp:i:)rilly, in each being o cmposed of a tran-

slv.cent and opaque 1::G.~02. ~ 

The -.rafl def·er ens of !h. t :i:.£.::e icus resembles that 
. ad · 

of ,!!._.;iat alfil'l_§__f-S .. ·u?rP--';ur:.us u_npublished th'esis )/ B. j ousseau.-

~ ( Wr ight , 19~? ) :,,.: ~ :t.c::.ving· ·t;he epi t}1elium enshcathed only 

by a l ayer o:f c::i 1~c iJ. :i.a:cJ.y a r ranged muscle fibres while tho 

v as deferens c,::': B. m~,oie!is:i.s i s :ceported, (Oberhol'zer unpublished 
~ - . 

the s i s ) / to be more cOR:t) l:i.c at ed , hav ing a layer of longi-

t u dinal f i br-;s int er·p ola ted 1.)etween the epithelium and the 

circulal' f ibres . The epithelial .... lining consists of cuboi-

clal ci liat ed C8lls with round nuclei . These cells do not 

react wi th either the von Kossa or PAS tests . 

The epiphall-u.s j_ s linPd proximally by cuboidal, and dis tally 

by columnar c e J.ls wr.,ich Lav 8 b asally situated light, ova l 

nucle i . There is an accUJ.nulation of calcium material at 
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the basement membr ane as is commonly found throughout the 

tissues of the snail , and calcium granules are a lso sparsely 

scattered throughout the cell~ . 

In a_,..previ ous paper ( Stiglingh et al . , 1962) the presence 

o:'.:" 8pec~.e l c ells surrounding t he distal end of the epiphallus 

was i.'loted . The natur9 of t h ose cells was not clear , but 

f r om their macroscopi8 ap::;iea:r e.nce it was suggested that thi,s 

t issue was of a glandular r..at1u·e . Careful study of th~se 

ce:i.1s has convinc eci me that t hey are vesicular cellso ~Jaes§ 

ves icular cells diff o:r from. othGr ves i cular supporting cells 

in being very ~ich in c~l~iu~ ( f i g . 64) . Demian (1960) men­

tions crys t a lline c.:alcn:reous concr eti ons ::.n the connective 

tiHsv.e of beth d:L ,ri s i ., ns of the ultra-penis and f igures those 

SUJ'.'ro1.mding the ep j.pl.:allus . He makes no mention of their 

oc currenc 2 j_n Yes:::..L'i"' ·1.a:".' cs1ls : or their poss i blG function in 

thi s posi t i on ., Y.11-:J.8~ Jn.e c o·,1A i.de:rs the functional aspects 

of the male copulatory organ , it i s eas y t o appreciate t he 

i mportanc e of epiphallic suppor ting cells, When the penis 

i s partia+lY evert ec du.ring the initia l stages of copulation, 

the penis shenth is s1i_rrounded by the preputium in such a 

way that the stout muscular l ayer at the distal end of the 

penis sheath i s at the foremost point of t he everting organ. 

When full ever s i on has taken place the epipl1allus and penis 

are in a position analogc,.s to that just described, and in 

this instance it i s the vcs icula.r cells surrounding the cistal 

end of the epiph~llus which l end _turgidity to the male organ. 



Fig.64 .. Transverse section 
surrounding penis 

through penis sheath 
and epiphallus. 
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l' <snts __ apcl_ po1d·s sheath 

To th0 pr evious d0scription of the penis and penis 

sheath it i s necessary to aqd but little, and these organs 

ThG tall apical cells of the papillae 

exhibit a high ~0gr0c of secretory act i vity (fig. 64) and 

thus the cytopl3,s rn. and the con·cr-olling nucleus differ :f:r;-cip. 

the surroundin.g cells ~ The secretion of these cells i s 

distinctly, though not i ntensely, PAS positive , · and is strong­

ly bas ophilic, when sto.inec1 ·with MBEo Both these stains 

demonstrat e that the nuclei of these apical cells stain muoh 

more darkly than the l owsr col--.:unnar c ells . It should be 

mentioned t hat the cells which were in the previous paper 

( 1962 ) named v o.c-::toJ.a tec: ~~~11s ~ after Larambergue ( 1939) are 

n ow a l s o c ons :i.dereci to b<? vesj_cul ar a::e lls . The- lULHlll .c:.. the dis­

t al t ip of the ponls 0 -.;,' }3a t :;".'52F. ieus is triradiate, as is that 

of B. j_ouss eall.m.ei , Wri g~1 + •'. l <;5F; ) c 

P:r:eputi~ (fig . 65) 

T~:1 E: J.inj_n g of the preputium is composed of 

lightish , coJ:u.rnnar cel:.!..G -::- i· ::rndium height . Many of the 

c ells are ciliated, t ho r::il:i. a being about 1/3 of the height of 

tho cc11: The ciliat:Lo2.1 is re.stric ted t o the proximal re­

gion of t he prcputiu;n. an,i ·cha pilasters appear to be more 

heavily ciliated than the thin regions of the preputium. 

I t is the tip of tho evcrt ed preputium (proximal part) 

which must "find" the female aperture . In this connection 
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it is perhaps significant that it is precisely this proximal 

region -whi.c?J. is ciliated and it is hGr G suggested that at 

J.east some of those cilia are sensillae , a phenomenon which 

is encountered in other parts of the snail, and also in 

vn.rious other invertebrate groups . Distally the cells 

-:::::e mu.ch shorter and instead of thG cilia there is a tr_j_n 

blue cutic1e~ 'Ih8 nucloi of tho preputial cells are light , 

ova l and are bast:t.ll:-t s i t ,latod . 

Certain r egi on s 0~ the preputi um are we l l supplied with 

g1anci cells . Glanc. cells havo been r9corded in tho pr .JpU.tium 

of several mo l l U'cJCS , ~ --C~u.ifri_~~s ( van Aar dt , unpubli s hed 

thesis ) , B. truncntus (Demian, 1960), L. natalensis (Pr0to--- --- - _.. ... -----
rius, unpublishod thesis) and authors quoted by him , as oc­

curri-;:; _:s also in _Ph.ysidae and _L. stagnoJ;;J .. _§__,£P.J2.ressa , !1.1...l 

the e·-; authors sta·ce that tho muc ous cell s occur in the epthe­

liU!ll 0::.,1 this was als ,J stated to be the condition obtaining 

in the prcputivm of .:!? • ~tr~_Jc~ (Stiglingh, et al., 1962 ). 

Special staining methods by which the gland cells stain 

Jarkly (fig . 65) reveo.l ·•~hat the cells are subepi thelial 

as described b:r Wright ( 1957 ) and Pan ( 1958) . Pan ( 1958) 

goes s o far as to e.ay ther0 are no mucous cells present 

in the epithelial l ayer arLd this seems to be true also fo 

13..!.._.tropicus . These g1o.:n.d cells are PAS positive and 

very rich in c3lciumo 



PIG. 66. INTERMJ::!JJ ATE ffij~1,,, 1., £ FROM THE BUCC.iL MASS . 

PIG. 6?. GRAJilJLAR MUSCLE PRO!": THE VillTffICU: . 

PIG. 68. DIAGRA.'1 OP TH£ ASn:nETRICAL PASSAGE OP ... :.,;E :i·· :::cAL 
RETRACTORS AMONGST T:tE GA!1GLI J. OP ,!. r:cO?I ';l~ 
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6. FURTHER NOTES ON TIIB MUSGUL.IB SYSTNvl 

6 .. l COM:l?ARISON OF VARIOUS TYPES OF MOLl USCAN MUSCLE 

At this point something should be said on the nature of 

t h e mu s cular tissue comp osjng the buccal mass . For a- better 

appreciation of its qualiti As iho three different types of 

mus cle found in P-! -t~oEic~~ will be described. All ·the 

muscle fibres of t he f oot t entacles etc . thus far described 

have been of t h e smo oth typ e , aud they constitute all t}10 

muscular ti ssu e of tho animu.l eY-ce:pt that of the buccal mass 

and tho heart. 

Smo oth M1J_Acle 

Thi s tis su e mci.y consist of single fibres loosely 

inter woven to form a mo sh , a s in the foot, or n mass of 

fibres compnc t:Ly gr ou:recl :i.nto buncles to form discrete 

Tuuscles such c,s t he col umel l2.r mu.sclc or penis retra ctors . 

The fibres of these muscle s are long, thinner than the other 

typos of muscle fibre, and ho,vo a round or irregular appcw.-

r anee in cross section . Pen (1958) mentions tha t the 

muscle fibr e s of A.f:2- Gbr ntus , and espe cially the smooth 

muscle fibr es , occnEJi.ono.lJ.y take up stains o.f ter the manner 

of coll~gon-like substnJ ce . This affinity for basic stains 

such ns nniltnc bll1e vr2.s found to be the rulc in ~ - tJ'.'oPicus 

1 :.1 'dh.ich the fibr e s gGnoro.lly have a lilnc or bluc.d:ci~1 colour 

nnd a.r e only occasionc..lly reddish . 



Each fibre is conp osod of a nmnber of fibrils whi ch aro 

e~sily di occrnod , as wns 21s0 found in A. glabra tus 

(Po..n, 1958). In this respect the fibres resemble the 

chromn tophore muscles of cephalopod~ but differ from the 

smooth adductor f~bros of pelocypo~s ns described by 

Prosser 8t al . (1 950 ). Th0 fibri l s themselves stain pale 

:i.ilo. c or bluo anc1. ar e closo::;__y pnckod so that tho fibre 

usually hQS c homogeneous appoaro.nce in cross se ction . 

Sometimes tho fibr.i.l3 o.p_pec;.r less densely po.eked in the 

centre of t lu:: fibJ:>e . 

blue earcolcl!illla . 

Each fj_tro is invested in a clear 

The huclci socm to be Eoatly elongnt l...!d in form n.nd al­

thot1gh they ho.vo a s.1-i ghtly granular appearance they r -emain 

unstained . A yolJ. c"' 1V nucleolus i s cl enrly visible . 

It sometimes haJ.)pens tha t the colu,mollnr muscle or the 

ru.::mt lo mo..y tc.ko on .:t reddish tinge but this occurs rather 

seldom.. Sc8.ttercd nmong tho smooth fibres ere occnsionc.l 

:n-c.rr-oWer :fibres iA'hich are c.lso i ·nvestod in n clear blue 

shoo.th . They occur spo.l'sely in the foot c..nd in modero.tc 

nm;1bcrs in the mc.nt l c . The fibr es stnin ornnge and ar e 

r ef:r o.ctile nnd theiT fu...'1.ct:i.. on i s unk...'1.own . Becnusc of 

thc.ir sizu end. colo1AT rec~,: tion they ~:,re not thought to be 

colln.f3onou.s i n !W.turc ; c.lthou.gh no fibrils nro o..pparent 

in t ho undnmc.ged f::i.br es , th0 broken ends of fibres sometimes 

hnvc c. frc.ycQ uppenrc.nce ~nd they are ~hus thought to be a 

speci[',l type of mus cl e fibre . In c.ny case the a.ppo.rent 
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absonco of fibrils in undo.m.D.gcd fibres docs not preclude 

t ho possibility of thoir being muscle fibres boco.use, a c­

cording to l )rossor ct o..l. , (1 950), certo.in of the smooth 

m.usclGs of Pelc cypodc. h c;vo not y e t been found to consist 

of fibrils . 

Intcrmodj_ o.tc IViu s cle 

Except for the bucccl r c trc..ctors, the muscles of 

the buec:'.'..l mas s ~'..r e composed. of c. distinctly different ·type 

of fibre . Tho fibr es 8.r o r'. lso long c,nd in som.G case s V~,t)Y, 

lll1J.Ch t h ickor t hen tho smooth fibres . They c..re o.ngular in 

cross se ction , probnbly c..s n r esult of lnrgi3 fibres bein& 

60r,1'.;)r essod int o buadles . Undor low power the buccnl m~s ij 

muscles hnve ~ di sti nctly r eddish nppournnce when compured 

w:i.th the ndjo.ccnt f oot muscles , nnd this is c:>.us0d by the 

orc~:.1ge- to r ed di sh •-·sta ining oub s to.nee farming the gra.nuln.r 

c6r ~ oi ea ch fibre . The core i s surrounded, closely or 

JooseJ.y , by c.. mod er nt0ly thick sheuth of fibrils which 

sometime s stein in thG sc.me mcmncr [',, S the smooth fibres 

o.nd ~-r e somc tim.Gs purpl e . The fibrils constituting the 

fibrill nr she c.. th nr c closely pn ck0d . The nucl e j_ of tho 

fibr es resemble those of tho smooth muscle fibr es , but s e em 

more 0vo.,l. Ea ch fibr e is surrounded by c blue s~rcolcrnmn 

,~ihich is in thi s co.se no t well developed . Thus these 

fibros too, differ in their st~ining properties from t h ose of 
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A.glnbru tus in whic.t1 the poriforE'.l f:ibrils are s 2.id to st.ui:n 

intensely 2. cidoP,hilic ::.'..nd tho 0,.:11:trnl gr c..nulnr porti_on, 

los s o.. cidophilic (Pan, 1 958) . Th o fibr e s also differ from 

?nn's (1 958 ) descripti on of t h o z o of A.&lubrntus in en 

importGnt o.spcct, vi z . thoy c.ro stri 2 tod (fig~ 66}. 

This i s soon to be st navnnto.ge i n t'IBE preparations • 

Schear (1 94-8) mentions t h -:::. t i.n c fo-w in.stnnc-es 

stri O.: t od Elu scle occurs i n mollus cs end, n s cxo.mpl ~.s he 

cites tho cephnl opod m.:::.ntle o..nd part of the ndduct.:or 

muscle of pelo cypods . In tho gc. stro:pods stricted muscles 

hnve b oon r eported to occui~ i n conjunction vdth ~lJ).Ooth 

fibres, in l nncl pulrnonctos (Bo..ecke.r,: 1932) c.nd in A.glubrd-; 

tus (Mo..rcuzzi, 1950). Unf ortuno.tely I could not consult 

thi s l o.st menti oned pupor nnd I o.m uncorto..in o.s to whether the 

s t rintod f i bres dosc:ribecl. by hi m were s oen o.lso in the 

bu ccnl mc.ss . Acco.;.~di ng to }'c.n (1 958) Mnrcuzzi did, 

however, observe s tri o. t ed cetr dinc mus cle . Pnn (1958) 

L<C,int8.ins t lK'. t ho was l.llf',b l o to find fibres with stri::. tione 

siillilc.r to t 110s0 occurr ing in higher cmimals, o..nd goos on 

to s t c te t hc.. t the t9'Cnul0s of t ho centml pnrt of tho fibra-

mo..y b o co!no arrc..n gcd 11 so cs to show a.n irregulc..r, cross­

stri ['.. tion-like o..ppectr o.nce" Cf .250), c.nd suggests thnt 

t he se a r o t h0 stric:.tions seen by Mo.rcuzzi (1950) . 

I t i s t r ue t hc.:t; i n B . t ropicus, in fibres obliq_uely s e ctioned, 

c. p s oudostrin tion : s np:p2.r ont but this is ea sily recognisnblc, 

for t ho stric.tions nr8 f .'.lint o..nd f ar 2.po.rt and occur towards 

t ho cu t end of the f i b r e . It is also true thctt the striations 



o.ro ofte n diffic1Jl t t o discern but in certain 4 JlliCL'OD- sec-:­

ti ons the striations o.r0 distinct o.nd prominRnt. 

In thi f:: cho.r a cter they differ from P.t·ossor e t al:'s (1950) 

description of s tria ted molluscan muscle , which is said 

to possess only f 2int strintions . 

The t tho stri c.. ti ons nr e co.,usec". 1Jy a grouping of the gra­

nules is disproved by th8 f n c -L tho. t in longi tudinal.ly 

sectionod fibres strintions ..:.re n ot visible in t he cen tra.i 

pc.rt of t he fibre , b '.J.t nr e dis-~inct i~1 t he fibrillar 

sheath surrounding tho core . The striations ~re narrow 

und closel y se t when comJGred with tho s o found in tho muscle 

of othor nnimc.ls . Arthropods hcvo closely stria ted 

musclos nnd in scvcr nl inse cts it ha s p Qcn fo@d thnt 

gonero.11y , the more 4.ui ckly the muscl e cc,n contra.ct , 

tho clo ser the 8tri ntions s o t hc. t the f light musc~es have 

stri n tions 2 m~ upnrt . It i s t herefore notewor thy thc.. t 

2.,l t hough tho sna:Ll m~s cles c.re obviously much slower thnn 

those of i nse cts , tho stri c. tions e r e more closely set , 

b eing 0.6 - 0 . 9 mu in l en gth c.nd only 1.2 , upart. 

The snr c:omcres 2r c smc.11, b eing roughly 1.8 - 2.1 ml).. long. 

It is intere sting to note thn t of all the buccnl muscles 

it is c.ppnr Gntly only the buccc..l r e tra ctors thnt do not 

belong to this group. Und er low povmr the buccc.l r otrc.c-

tors appear b,~~~~~ · in clear contrast to the other, reddish 

mus cle s, nnd hi gh power oxo..min c. tion confirms th:J. t they c.re 

not of t he intormodi nte type, but c.re composed of smooth 

fibres . This is interesting beccuse it suggests thn t the 
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bucc£'.l rctrc.. ctoro h c.v c no,:; m.1l y their .r:i.nrphologi ca.l, b"J.t 

c.lso t J.1.t;Jir ontog8ne tic origin L ,. t ho Q{)lumollnr muscle. 

Al though this type of muscl8 j __ c:_, hightly chnra.cteristic of 

t he buccnl mns~ , it is not re s tricted to it. Fibres on 

whic'1 no stric.tions could b e seen , but which, nevertheless, 

h::,c. r.~ v ~-:,:. ·:/ s:rnn.1 1 orange ccre wore found neo.r the b a se of 

th8 tP::i °L:f'- cl e 8.nd it is po s ~1io:·, o thnt th~\Y oc~ur o.J.so in 

ot lw .r' po.rts of t he ,...::10.i l , 

Grnnul~r MU!3C~~ (Fi g . 67) 

Fibres of thi s k i n d c..:..·c rcstrj_c t ed to the _heart. 

In t:i:10 ve:".ltr:i,cle they ere go.,thar cd i n to small bundles which 

c.r0 enmeshed: tn fo1•r,:1_ a. J.oosG ne t wor k c.mong which other ee11s 

occur . Unclur l e,,: pcv.ro.r two r,)gi ons c..ro cli s tingui sha.blG 

on ~ bQsi s of ~olour . Tho perj_ f er o.l fibres nre prcd. w-

n c..ntly orc..n6o i !l c o::.. our -J.i1.d the irJJl ,;r lc.yers bea.r s ome resem-

blance t o tho muscl es of the bucco.l mD.ss. Close exnminc.-

tion revoc.J.s thn t t hG simi l c.rity is not only supcrficic.l. 

Tho fibres i:,l s o consist of n ccntrc.l grc.nul.c:.r core 

which sto..ins ornngo :::nd j _ s Fmrr oul'1ded by n purplish lnyer 

c.nd tho wholG i s j_nvestod in e blue sercolemmo. . 

The nucleus also r esembles that found in the two other nru.scle 

types . 

Th3 diffcrcnco between tho centrc..l cordiuc fibres 

nnd tho bucce:.l mo.ss fi ":)res acoms to be quc..li tr:. ti,vo r 2. ther 

thf'..n quunti to..ti.ve . In cross se ction thG fibres present 

the s f'-me irrcgu.1 2.r O..p},ec.r ancc but di f f er in the r o.. tio of 
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the a.mount of gro.nulo..r substc.nco to tho ,::nii~rounding purple 

shoe. th. In the bucco.l ma.ss the shcc..th is gencrc.lly thick 

o..nd there is n relatively SII1'.).ll core while in the central 

cQrdiuc fibres there is n large central core end n relative-

ly thin shoe. th. The cppearnnce of tho fibres is highly 

v o.rir..blc ~ so thG t some cn:rdi o, c fibr e s resemble bucc2.l mnsa 

fibres c.nd vice versa . In c.g.roemcnt with Pn.!1:..s (1958) 

observu tions on A.gJ.a.b:cnt1:1-~ , I can find no trace of strio.­

t ion s in these fib~ os , but on the other he.rid, I differ 

from him i n thc.t I co:i.1sidcr the purple shoo.th to be com-

posed of fibril s . Thes~ r-.::.~ -.: 1::.ot vory cleo.r and are be-~t 
1 ~--

seen in rupturod f ibres. 

The condi t ion of ~he porifero.l :fibres ngz,ces more 

closely with tho des cription of Pan (1958) in tho.t thG 

gr onular core ~s s1,u~~ ound ed by n thin snrcolcmmu nnd there 

is no tr i.:ce of C; sh oe.th, This a ccounts for the colour 

difference i n th0 two 1.·ogi ons . 

The signific~nco of t h o occ~trronce of striated ~nd smooth 

mus cle i s genor-'.:~lly und erstood even -~hough, Qccording to 

Prosser ot c~l. (1 950 ), t:no r co.son why strio..ted muscle is 

the f a ster i s not yet cloc:.:cly cxplcdnod. It is hore sug-

gosted thu t the distinction to be me.de in molluscs is 

b e twl:Gll gr::.'..nulcr and smo oth muscle. The former type has 

b oon fov.nd by sovoro,l ~uth ors in mnny molluscs (Pnn, 1958) 

c.'..nd from th0 li t ero, tu.re it is cl cur that smooth fi bros nro 
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common . These two morphologi cRl types seeming ly correspond 

to t he clonic and tonic physiological types. If this 

suppo ssi tion is correct it explains why in~ tropicus it is 

the cBrd iac and (buccal muscle) which work continually which 

are o f ·che granular ( clonic ) type, and the intermittently 

wo ~king foo t and t entacle mu s cle s etc . =r:h:i_:;h 2:re of the 

smooth (tonic) type . Howe ver, as pointed out by Prosser 

et al . , (1950) more data are needed before the precise rela­

tion be twe en musc l e his tolo gy and function can be established. 

·6 . 2 The asymmetrical pas sage of the buccal retractors 

through the circumoesphageal ring 

Torsion has been most thoroughly studied in the dextral 

prosobranchs and though some work has be en done on the 0pis­

thobranchi~t a the subject of torsion in the pulmonates is 

usually evad e d in standard works on Mollusca . 

In B. tropicus the ne wly hatched snail has already under-

gone torsion within the egg and, as in the case in the rest 

of the pulmonates, evidence, in the form of chiastoneury, 

tor the occurence of torsion is not clearly to be found 

(Morton, 19 60). 

During a dissection of B. tropicus it was no~iced that 

the buccal r e tractors pass asymmetrically amongst the ganglia 

of the circumo esophage a l ring (fig . 68). In an attempt to 

find out why thi s should be so, various other pulmonates were 



dissected to es tablish the re l ation of buccal retractors to 

the circumoe s ophageal ganglia . 

F J ::· the s ake of clarity the compact ganglion:j.c mass will ' 

be descr ibed as though still consisting of two 

distinct elerr,.011t s a.s :i_n tht: n. 1re primitive con­

di t:i_,-1:~. r: s . certain Pro so br anc ·h:~ata . '.i: l.o.s se e~u-,i::1ents are the 

ganglionic ring (cerebral, pleural and pedal ganglia) and 

the visceral l oop (parietal and visceral ganglia) . 

retractors pas s t hrougl1 ~0he gangl ionic ring but whereas the 

right buccal retractor, as a lso the oesophagus, passes dorsal 

to the visceral loop, the left buccal retractor passe~ vent~al 

to t he loop. 

In Achat_ina_ t he condition is not comparable to that 

obtaining in ~ - t r op:i.cv.. s owing to the fact that the re ... 

tradtor muscles consist in a bToad ventral sheath and broad 

lateral bands ~•hich do not, hcwe ver, pass through the nerve 

ring . Of the Ba sommatophora, specimens belonging to ·the · 
(' 

Lymnaeidae, P'hysidae anti the "Plano-:rb:Ldae were 1;1issected'. 
' ,. 

sl 

Regarding the posi·boJ) in ~naea sta.snalis Carr~~~r 

(1945) mentions only that both retractors pass to .. t:p.e rie;h:t 

of the oesophagus and considers this a consequence of the 

po s ition of the sal ivary glands , In Lymnaea natalensis 

the relation, of the buccal retractors to the ganglia are 

precisely a mir:.or image of that found in_B.tropicus, the 
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retractors 
A 

• passing through the circumoesop.tl.Gtgeal ring ,the :right "bueca.1 

r e tractor passing ventral t o tiie visceral loop, while the 

left bucca l r e tractor passes dorsal to the same. 

In all the other s .._,ecimens dissected viz. Physa mosam-

big_uerrnis_, ·_ , Physopsis _(african~?) and Bio~phalaria 

pfei f f'e_!.:.:_i_ , the a rrangeme:i:1t of the structa :r.e s VJ8ti found to be 

the same as in B.tropicus. 

This wa s figured, but not mentioned by Schutte (1962) 

for ~.pfeifferi• Demian ' s (1960 ) description of buccal re­

tractors in B. truncatus is unclear, both being said to pass 

above the pedal ganglion but as the right buccal retractor 

is stated to pass freely with the oesophagus through the 

nerve ring, it is assumed that the condition is identical to 

that obt aining in ~.tropicus . 

The diffe rence between Lymnaea and the other specimens 

dissected is that, while the former is dextral, the other 

forms are sinistral and this fact sheds a ray of light on 

the question of the direction in which torsion takes place. 

The standard description of torsion is of the process 

as it occurs in a dextral form, and in such forms torsion 

occurs in an anticlockwise direction (when viewed from above). 

No s pecific statement has been encountered stating that 

torsion takes place in a clockwise direction in sinistral 

forms and, in at least one instance it is stated (Fretter 
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and Gr aham , 1962 ) that torsion tHk8s pla(; P uurin6 the develop­

mental stages of a ll gastropods and t hat the t wisting is in­

variably i n an anti- clockwi se direction, when viewed from 

above . That the a rrangment of the buccal retractors in 

dextral fo l'.'ms is the mi rror i mage of that found in si.nstral 

form, seems e~:pL .. cabls only by assuming that torsion takes 

place in an anti-clockwise a nd clockwise direction in the 

t wo respective grouvs . 

The othe r thought that arises from a co nsideration of 

the asymmetric &l arrangement of the buccal retractors , is 

the teasing question of how torsion is able to affect this 

region of the snail at all . Because the actual t wiaing 

of t he vi s c eral m3ss occurs in the neck region, and the 

ganglia of B. troE:._CE~ a re consolidated into a ring, the 

ganglionic area s hould; in theory, be unaffected by the pro­

cess. A poss i ble ex~lanation of the condition in B.tropicus 

is that the ganglia are i n fact not compa ctly arranged at 

the moment of torsion . 

If the "Anlagen" for the ganglia of the visceral loop 

a r e situated in a moye posterio r part of the snail, and 

late r shift to t he adult position , the a rrangement may be ex­

plained in the fo llowi ng manner: - It is necessary to assume 

an initia l asymmetry of the ne rvous s y s t em , so that the 

parietal ganglia arenot on the same level . In dextral forms 

i t i s the r ight parie tal gf anglia which be c omes the 
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'
1 su1r1.int;~~tinal" and :1,. t is the~i"'-'roe more dorsti.l l y ·plac~g 

t h a n the left pari e t a2, _gdqgliir,;,~.. ;:~ ~iuistral forme th~ 

conj :;_ ~ion is -~>e T.e v 9r ee . •·:t , «l.°t this ~tege, the bucc61' 

r etr a ctors e,:r. i.JE. :,:-;;rr11,:ut:: t r ica:_l.y -'.:hey w:L ll be si tuatecl ventral 

-'"0 cne , anc uG!'sal to t :'le ..; -c,b.a.r- , parie t a l ganglion i n the 

s nc.il, l~r 1·a:~_ gc~:rsr :;; of t h e g-;;."1.ig::~ia in the ir final compaQ t 

form wi l l r esQit in the ~:c cal re~ractors being trappe d by 

the c onne 1:t:Lvc8 o:f ·';~."!-'':? vi s c!e r a l l oop and t he relation of the 

various eleme1:i t s w::.ll rc:"mc:1in cci:'lstant. 
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An investigation was carried out on some of th~ ~~ologi­

cal factoTs affecting snails in, and around Potchefstroom. 

The town is s ituated in the TrBnsvaal ,,province of the Republic 

of South Africa. It i s located at latitude 26°44~s and longi-

tude 27°05'E and lies among shallow plains constituting the 

High Veld r egion of the great inland plateau . The altitude 

(4436 ' or 1352:rn.) above sea l evel i s partly responsible for 

the considerable f luctuatj_on in tem:i_Jerature experienced during 

the course of the yea:t· o The rainfall is closely correlated 

vvi th the seas ons , the::'8 bein"S a sharp l y defined summer rain­

fall season , and genera lly a very dry winter . 

GEOI.OGICAL FEATURES 

The ge ological f ormati ons in the area repres ented on the 

accompanying map (f'i g ., 09 ) cons i s t of the following rock 

groups . Alluvj_um 0 •::r:·1u s a long t he Loopsprui t and the Mooi 

River . Vii th rag9,rd. to -!;he la-t t er ~ alluvium i s , however, 

conspicuous ly absent froJll th e. Potchefstroom Lake and further 

upstream . 

Th e alluvium i s f la...~ked on both s i des by rather undu­

l a ting plains in which di abas e occasionally crops out . 

Above these ·plains a:re found the various sedimentary and 

volcruiic members of the Pretoria Series which represents 

the Transvaal System in thi s area . These rocks form the 

high ground to the west; and north- east of Potchefs t::room. 

From the s ite of the ~~tchef s troom Lake further upstream 
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along the banks of the Mooi River and to the vvcst ther eof , 

the rocks c onsist of dolomi te in wh:L e;h occur numerous veins 

of chert. 

These geolog.--Lcal strata g i ve ri s e to the fol l owj_ng soil 

tY,_oes: 

1~ The alluvl-cc1 a1cng ::;:he 2·::-_vo.r.n gives rise to a) heavy 

upon drying; f:i.ne :'...oaw.y clays which are mainly 

utilized in tL <} e:v.:ii1:!1. ::-_ :_v'2 :;_ ry,:i.f'./J.tion S,:)hemes around Potchef -

st;ro om . 

2. The soils ,s·h ich deve l o-p on the di abas e c ons ist of a mix-

t ure of seden to.ry soi.ls and c olluvi a l drift . The sedentary 

soils are typ.Lcal 1.-eJ. clayfJ wh~n well drained , but become darker 

T}1e co1luvi al s oils which occur 

t~v:pi c ally along lil:e '~:"p "r s J.0_p0s of pedimen ts , are r ather s imi-

lar to tho s e wh_;_c ~,. ' .. 
ll.,; ,~-: .LC J:) . er. tte mi s c e llaneous sediment ary 

and volcanic rocks which compi-.i.se the Pre toria ser ies . 

3 ~ The s oils which occur i..1J;io:n the Pretori a seri e s may be d.e­

s cri b ed in gener al tr; ·_•.'.'rr:', as c:cnsistingof shallow l i thosols and 

fersialli t i c soils. J~he :latter are ass oc iat ed with mass 

wasti::ig [md aeoli an. dri.:ft f~•r..mi the a r enaceous rocks of the 

Transvaal System, 

4 o The area in whi.c.~, -t;he ·!J ·Jl·)mi te Series crops out i s covered 

by fersialli tic soils a..7.ci li.tho;Jols . The fers i allitic s oils 

are ass ociated with a2cJ~2.r... c1c.i.f t whil2 the li thosols comprise 
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the sedentary soiis of the Dolomi te Series . 

The geological and climatologica l features sofar mentioned 

are largely responsible for the type of vegetatic C! curring 

in thi s region,.viz. a pure gras:sv:atd of the Cymbopogon- Themeda 
I 

type. A glance at the count ryside shows tha t considerable 

intrusion of thorn trees (tc~c j_a karroo) has taken place, part-

ly as a result of overstocking~ This pure grasveld ~~ sur-

rounded on t hre e s i des by Ban~enveld which is a pseudo-grass ­

veld, and tree s from this area have a l s o encroached on the 

pure grasveld of the Potchefstroora region . 

8. DESCRIPTION OF SOME SNAIL HABITATS 

In this region !3..!. t:ro-picu~ were fo'Und existing in a number 

of different t ypes of habi tc1:t .The _snails. _found occurred in the 

Mooi River, Lo opspru.i t and many other smaller s treams, ~m d( in 

poo1 s of both a temporary and a permanent na ture. Certain of 

these habitats supported well-established colonies of B. tro­

picus and for thi s reason will be described in more detail . 

Furthermore, they serve to illustrate the various types of habi­

t a t well-suited to ~ t,: o~jcu~ in this area; and they possess 

some features of special interest eg . temporariness , sp ecific 

floral elements etc. which renders them wort,hy of de scription. 

Rabi t a t 1 (fig. 70 ) 

The stream in which thi s habitat occu:r.s · is nam d Wasgoed­

sprui t. It derives its water partly from the Hunt' s Poort 

(Picnic Poortjie) Dam and , after flowing through the town, 



TABLE 1. , List of associated .flora. 

Habita t 1 

Rumex l anceo latus 
Polygonum salic ifolium 
Veronica anagalli s - aquati ca 
Berula thunbergii 
Scirpus i nclina tus 
Typha australis 
Cyperus longus tenuiflorus 
Asparagus sp . 
Mariscu s congestus 
Spirogyr a 
Ranunculus pubescens 
Oenothera rosea 
Senecio 

Habitat 6 

Gomphrena celosioides 
Scirpus paludico l a 
grass 
Lagarosiphon 
Filamentous a l gae 

Habita t 8a 

Thorn tree s Acacia karr oo 
Liliace~Asparagus 
Aloe trans vaalensis 
Zinnia 
Lagarosiphon 
Opunt i a 
Kalanchoe 
Marsili a 
Spirogyra 
grass 



TABLE 1 ( Contd) 

Veronica anagallis- aquatica 
Carex glomerabilis (= Carcx vulpina) 
Rumex lanceolatus (= R. ecklonianus) 
Polygonum l apathifolium (white) var. glabrum 
Poli gonum salicifolium (red) 
Denekia capensis 
Scirpus muricinux 
Eleocharis palustris 
Ranunculus pubescens 
Marsili a 
Scirpus inclinatus (= S . corymbosus) 

Habitat llb 

Poplars 
Paspalum distichum 
Cyperus longus tem1.ui f 1orus 
Scirpus pe.ludicola 
Cyperus marginatus 
Carex glomerabilis 

Habi ta t 21b - .. 

Marsili a macrocar pa (?) fruits wanting 
Crassula natans 
Cypen~s longus var . tennuiflorus 
Sc irpus inclinatus (= S.co r ymbosus) 
Scirpus paludicola 
Potamgometon pusillus 
Paspalum distichum 
Leersia hexand::i:a 
Lemna 
diatoms 
Spirogyra 
Cladophoraceae (Cladophora?) 
Chara 
Cyperus f as tigiatus 
Cyanophyceae 



Habitat 21c 

Spirogyr a 
L emna 6.12.63 
Berula thunbergii 

TABLE 1 ( Contd) 

Cyperus longus tennuiflorus 
Cyperus fastigiatus 
Marsilia 



Table 2o 

Fauna present in the described habitats 

Habitat J.. 

Decapoda; Potamon 
Odonata : Zygoptera nymphs 
Hemiptera: Micronecta 
Coleoptera: Dytiscidae 

mostly Laccophilus 
Amphibi a: Rana tadpoles 

Habitat 6. 

Branchiopoda 

Copepoda: 
Hemiptera: 
Coleoptera 
B. forskali 
:Sos 

Ano str a~a - Streptocephalus 
Conchostraca - Caenestheriella 

Cala noida - Paradiaptomus greeni 
Micronecta 

Dyti scidae 

Equus caballus 

Habitat 8a 

Mollusca 
Mammali a: 

Nematoda 

L.natalensis 
Bos 

Annelida: Oligochaeta - Tubificidae, L imnodri lus, Branchiura 
f!OWe rbyi 
Hirudinea. 

Branchiopoda: Cladocera - Simocephalus . 
Collembola 
Ephemeroptera: Baetidae - Austrocloeon virgiliae 
Hemiptera: Sphaerodema, Tropocorixa, Micronecta dimidiata 
Coleoptera: Gyrinidae, Dytiscidae - Laccophilus 
Diptera: Chi.ronomidae, - Tanytarsini, Chironomus 

Culicidae 
Ce:catopogonidae 

Mo llusca : L . natalensis, Anis~s, Gyraulus 
Aves : (see table ) 
i\famma l _ia : Bos 



Habitat 21b 

Nematoda 
Annelida 

Crustacea 

Table 2. (Contd.) 

Oli go chaeta - Nais, Chaetogaster, Pristina, 
Tubi f icidae, Branchiura sowerbyi 
Hirundinea 

Cladocera : 

Copepoda: 
Ostracoda 

Coelenterata Hydra 
Simocephalus vetula, Si mocephalus 
Chydorus 
Scapholeberis, Ceriodaphnia, 

Cyclopoida 

Odonata: Pseudagrion, Elat toneura, Trithemis, Anax, 
Lestes, Orthetum, Crocothemis 

sp . ' 

Ephemeroptera: Baetidae - Caenis sp., Austrocloeon virgiliae 
Hemiptera: Anisops, Tropocorixa 
Coleoptera Helmidae, Hydrophil idae - Bero sus sp , Dytiscidae­

l a rvae, Laccophilus s everal spp. including · 
lineatus , He lmidae 

Diptera: Muscidaepulicida~, Chironomidae - Rheotanytarsus 
Mollusca Lymnaea natalensis, Physa mosambiquensis Anisus. 

Pisces: 
Gyraulus , Succ i nea 

Tilapia 
Bufo tadole Amphibia 

Mammalia Equus caballus, donkeys, Bos , Ovis 

Habitat 21c 

Protozoa 
Annelida 

Vorticella 
Oligochaeta 
Hirundinea -

Tubificidae 

Branchiopoda: Cladocera - Simocephalus, Chydorus, 
Scapholeberis 

Ephemeroptera: Austrocloeon virgiliae 
Hemiptera: Micronecta 
Diptera: Muscidae , Chironomidae , Culicidae 
Mollusca Physa 
Mammal i a Equus caballus , Equus asinus, Bos, Ovis 
Copepoda: Cyc lops 



ultimately becomes confluent with the Mooi River . Habitat 1 

l ~y immediately upstream of a small bridge . On the downstream 

side of thi s bridge t he spruit i s tortuous and the bed densely 

overgrovm wi t r.1. rushes and. other aquatic plants which cause a 

damming up of ;mter nbo7e the bridge to form a pool 9 . 5 by 

lL'll o The 1vo;t. r-=: ::-· in this poo l was clear, g enerally a"l:Jout 76t::.m 

de e:i_J and in the cent r e of the p ool it was stirred by a slight 

current . The bottom of this pool, as indeed tha t of most of 

the h abitnts studi ed , was of v ery fine black clay . These hea-

vy a lluvial cl~ys have n g ood waterholding capacity , It has 

been reported that ~~;ymr~a caill audi ( van Someren , 1946) and 

the South lurican bilt1arzias is v ectors pref er h abitats in which 

the substr atum i s not too soft ( de Meillon et al . , 1958) . 

Several colon i es c.f B. t r0_l)i e:vs thrive in h abitats having ex­

c s edingly soft c l a y h0tt oms . However, it is probable that this 

f a ctor i s . .of . less imJJ ortanc e to B . tropicu~ .which is chi efly 

to be found crm"I .Ll.,;.16 on the pla'1.t s and other objects in the 

habi tat , than to the bottom--f eecling Physopsis species . Gordon 

et e.1. ( 193.4.J m1:-ntion that f.~ globosa spend most of their time 

in the mn.C:.., 

Someb.mGs mas ses of f:i.lamentous algae are present and a 

luxuriant agal growth 00cU!'s a~so on the stones , the plant stems 

and on the bridge supports . I\llargir.al v egetation is well repre­

sented ( table 1 ) and on the northern bank thorn trees ( Acacia) 

"katb os " (As.E.:-'U'afil:l:_3 ) a1J.J other plants e..re f ound . :..1~.1.e s helter 

afforded by t hi s Vl::gctatio:n., as als o the high banks, about 91cm 





higher than the water .lcveJ_, .rono ii ha.vtJ been of considerable sig­

nificanc8 in reducing the evap oration rate in this habitat . 

Snails were generally an importnnt component of the fauna (table 

2 ) . They attained la.rge size and were s ometimes present i n 

great numbers . They were t o be found grazing on the rich algal 

fields or floating upside d0~~1 at the surface of the water . 

Habitat 6 

This temporaty pool depended ent irely upon rain for its 

water supply. The habitat consisted of a series of shallow 

pi ts dug b;-,r diamond :prospectors. .After very good rains the 

separate pools s ometimes became conf l uent to form a small dam 

(fig . 71 ) but this occurred only once during the years 1961 

1963 . The pool wc..s often fm..Jnd to be completely dry (fig . 72 ) 
' or to be only a small puddle .(fi g . 73 :L BJ;lc aus e of varia tions in 

t he size of this pool it is difficult to give representative 

values for the si?.e lli'l.d d.e:pth but after very good rains the 

water 3ttnined a depth of about 38 cm • • 

23 cm in the deepest part a.~d 5cm 

Normally it was 13 t o 

or less , marginally . 

When t he pool had retained w2-ter for a considerable time it 

became ecologically stable 011d the water was• clear . Normally 

however, the pool did not have time t o develop a balanced ecosys­

tem before i t was again overtaken by drought and the water was 

therefore usually turbid . The turbi dity may be ~scribed partly 

to the disturbanc e caused by animals using the pool as a watering 

place, but in certain other p ools which were regularly visited, 

the turbidity was n either so maTked n or of such common occurrence, 



a small pool . 
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a:Jd. in t <l" 
t-- nstance t h e t yp e of s ubs tra turo. ~u s t be i ncluded a s 
• 

bl.) 

a faetor ~ i ng the tv.rbi d:ity . Tb,.-€) pool , si t-ua t ed on a s hale 

outl:;.. er hL~• a b ottom of f ine , r.ed clay which i s t ypical o£ the 

s 2u.8n.~ -L,.ry s oi :i_ d.eve loping on the diabase . Mixed with chi $ red 

cJ.1:.y 1 s :::i. sm&1.11 amou o:t of shale . Thi s type of bottom h as a 

corrn::_:i :., .".'.'a t.2.;:1 fu oi- r-0 r "✓at c.>1 ·-i.10 lding r.; apaci ty th~ the heavy b l a ck , 

c:r <i ~ ~·in8 J OG,;..O..Y ')12.:vs, "both a :.luv-::.al in origin, and the quic­

ker seepagt, ::,!' ·..vat':; r O:.l t of' ·i:;ho p ool must play an i mportant part 

i..1rn::ir J.gs-t; thG f ac t ors r P-sp o:;,1s i ble for the temporary nature of the 

Ar.1c ·che:r p ocl , h a 'bi tat 13 , which o_cqurre.d _ in the s came 

are '.:~ ane1. haQ t:hc sa~:10 t;y'Ji e cf s u b s tra t wn, was als o characterizedi 

OJ a high degree of 1,urbidi t y . 

When th~ po o1 was i n a s table co_nd.i tion it supported an 

c1b1;nd2,.nc e of LI:;ga3::o ~i.R.~:on anrl other ag_ua tic plants . N" orma lly 

h owever onl y a f 3~~aggling p lar..t s , mos tly sedges , were to -b e 

f om:..d a long the ·r.n.a.l'.'g i , '¢ of t h e p ool ( table 1 ) • The p-oo l was 

j_10t s urround E: G. by sh~~u.~:- s or t J:'::es .n d the ground was cover ed 

bJ r at.r.er s c anty g:ra ss and v a .... i ... :us sma ll herbs sotha t ther e wa s 

no vegeta t ion wh i ch c ou l d ac t as a windbr e ak . The ext en t of 

t h e d <;pr essions . wa.-3 sc, 1.a rge thEd; t he banks .could no t reduce 

+,he f crc 8 o~ the win d b}o vving over the p ool and the n earest cot­

'tages and t :r e e s were Ao f'EJ,r. :c2:i.1.roved (fig . 73 ) tha t they may be 

disreg arded as :r; ossiblc wir..dbl'.'eaks for the :pool whict. was t h ere-

z.1.so B. f orska li wa s i' •:1 ;nd i n ·-- .. -:..-.•-

t his pool . The :.::...ssoc:i_ate;;d ta'Jna i s inter es t i ng i n that i t 
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includes species characteri stic of temporP.ry llabi tats eg oStrep-

_i_c uoha:t~" , .C.a e:".les th ~~ riolla ana_es p \_;' ci -:1.J.ly ·go..rc.d~t~ ;.~ntl.~/ 
e,11 of which occurred in such numbers ai'ter refilling of the 

habitat that the wat er was sometime s thick with Crustacea . 

Habitat 8a ( -fi' ,'Y' 7 4 ) 
\. · · \,-:,C' • 

Tl1is was a p c ol sit"l,.a t ed n ea:c the base of the wall of the 

::-!\ m t' s Poort Dw . and i +, s8ems -t;hat the main source of water for 

the h a bi -tat wo. -::. ·r.b8 lPaks i.n BL a sbestos pip e c onveying water 

·:~11~ ?1.>r_, :::-_ wi:18 :t' ::nmd to be dried up on only one 

occc£8i on h ef o:.c8 tLG p .:.-~0 line 1i,c~' i r ,3J:::.ovcd and af-t er this the 

habitat became almos t pcrmenently dry. The pool was a shallow 

d E:.pressi on roughly 23 - 46m and wh en full it was connected -~o 

other sha llow , more eph emeral, pools beyond it . In depth the 

pool wa s only about J.8,;m ai; i ts deepes t part . The pool lies 

.J.:.'J . a ~hert b c 11ci an,\ tl': ·:o sutstrat·,w1 i s clayey and extremaly soft. 

As in h ab i tats 6 m:,,~. 1 3 a;.1.d ir: contras t to the those h a:Ji tat s 

:i.n tl"1E- hea vy b L :1.-:J.:.: ' :;.ay s ~ ::he 1wrt.:J!' h a.c3. c. s trong tendency to be 

~~ ·30.d.i sl1 a nd tw:-bi. d , and t ~:ii s W:J.B aggravated by the animc;.lR which 

wrndcr ed through the po8l cro1Jp ing the plant s and using t:!.1.e 

cacl a s a watering pl~J8c Tbxiving v-egetation occured in 

,,..., _, ~..,..-1 ,r1.J al-!""' ""'IC,.,,/ ..;-,,.-'!',--, J. ' 
( .., .a.,. ',A- r;.i,._1 U A,._ \.I .I J...,4 ~ ..,t' \..' ....t.. \.. I.JC: ,,) "t _ \,. ;. j,: The :--,q_1.1at ic p l an-ts l'Onsisted 

wa.s sur·ro 1.,,1:Lde c. :-::y nu.rr.lGr ous t r_:)rn tr.ees ( Ag,~i,aJ p:r·:i.ckly pears 

( OE,mtia,; 11 Ka.tbos 11 (Aspara QJ_s) ond other plants ,among which 

was a sm2.ll Zinnia . 

cl2 ·r conditions ,· e o that , c:l t hougb. th '3 habitat was prot ected f rom 
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strong wind by the vegetation as well as the high walls of the 

"poort" and dam , the depression in which the pool lay was hot 

and rather arrid . The mos t c onspicuous feature of the fauna 

was the dense p opulation of t adpoles but the snails, which here 

grew to consider able s ize, were sometimes exceedingly nume­

rous (table 2 ). 

Habitat~ 

This was a locus on t1.1e inlet side of Loxton Dam ( fig 75 ) 

which i s fed ry the I,oopsprui t. Bordering on the drun its elf 

is a large marshy 2.rea about G5m broad which was oovered by· -

only a few inches of' wctcro Although this const:Ltutes part 

of the dam , the habitat must be considered temporary as the 

shallow water, 8 - 15 cm deep, was greatly affected by fluc­

tuations in the amount of water held by the dam, and large areas 

of t he mar sh wer e periodically laid dry . The bottom is 

alluvial, a ver~r fin e clark clay having a go od waterholding ca­

pacity , and thE: water of the darn itself, even wh0re not stirred 

up by cattle, was slightly turbid . In the marshy area , however 

it, was clear owing to the binding effect of the carpe't of 

gras s and other plants (table 1) of this zone . In the autumn 

when the grass diGd down the algae made their appearance on the 

surface of the dying plants or .:floated free in the water . Cha­

r ac tGri.stic of t1'1.e habita t was t he presence of a larg~ number of 

aquatic and semi- aquatic birds , especially in the marshy area 

which serv.Jd as n nesting grm.ma_. The effect of +J-:-.cse birds 

on the snail population was not es t ablished but they may be of 
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Fig.77. Habitat 2lb .. 
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considero.ble importance by acting as ho s t s to flukes t ransm.1 t-­

te a. b;y the snails, and/or utilizing the snails as food. • 

Habitat llb t -P i" r::r 76 '\ 
\ ..L, e,. . 

'l'.r:i.:i. s was 5. small te;:nporary po ol lying adjacent to, e.nd 

ied by, an irr:-:.gatlon :furrow. D-t.·.ring . the summer irrigation 

+,ook p l ace oiic e -po:r.· Vveek anc.t ·ti1.e poc l then received watern 

~
1he watar waR nonuc,11y onJ.y abo,1.t 23cm deep and the bottom 

com_poaed o:: bl c,,~.K a lluv J. 9,l 1Jlay coverBd by a dense growth of 
• 

On severa l occasiqns 

Gr ass was almo8t tb. ·J cnJ.7 V8g eto..tion occurri_ng in the pool 

though somo sodges ruid taller g:n.HJs es gr ew a:cound it ( t a ble 1 ) • 

The pool was shelte~~~ unly on on e s ide by a small grove of 

pop l a r s through which the irrigati on furrow flows . 

Habitat 2J b 

This wc.s a :pe:r,nc..n.cn·~ pooj :f6d by water trickling from the 

Mooi Rj_ver tnr0ug}1. o, marshy· area, -c o the pool which was situated 

of so:::··c 'b.Lack alluvial :; 11::x. 

The bot~om consi8ts 

::i::n spite of the nature of the 

be-, ;; tom the water wc,,s f a:; rly \;_ 88.I' , probably because in the 

::.i1:1:c,gi.nal zone f1·eq,:u.e11t.Gcl b;:,,- ca-ctle and horses , gr s and Marsi-

l:1..J.\ se:cved to bind the su1:l st:ratum . In the c entre of the pool 

a s a whole smelt f 01l:i. 1:1.ncl i :h0re was o ten a film of oil f loa--

ti:ng upon the suriace . 1n sp~te of these fact s , the habita t 



Fig.78. Habit t 21c, with Lemna-pool i£ bac ground. 

Fig.79. Habitat 21 
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supported well-established· colonies of B. trcpicus, L. natalen-

s is Krauss and P1!lsa mosambi~sis Cless in . The flora diffe-

red from that occuring in the habitats described a bove (table 

1 ) ann. thi s coulc1.. partly b e att:ributed to the depth of the 

., poo_,_. Along ·1:;he :JJ.o..ri;:Lns g::·ass and MQ::rsi]:.l§. grew, while in 

The t rue 
' 

aqu.e.tic vegetation ocr:u1".:' , rl_ ::m ly in -~he c.eeper parts of the • 
' 

r.,o o:;. , and con s i o ~Gd mo s tly cf } o'tamo·~et<2!! and Crassula which 

s ometimes forme ri ai:1 al_rn•)t.,·c s olid :rn,.3.ss in the water . Filamentous 

algae sometimes formed. a dennti:: 2n.t in the water . The associated 

fauna i s listed j:r -cable 2 • 

Rabi te:t 21c ( fig.._, 78 7q ', 
•• " ' ~ .' ,J 

This we.,s a te:rrrp 0:r·i""."y pool which was, nevertheless, fairly 

stable . It was f ouna. to bs c!.:r·y on only 2 /21 visits .. The 

habitat was si tuc:.i-ed near t o s but on the opposi te s ide of the 

road from,habita·c; 2l"b . ~'.:.J. k e the p revious pool , it was fed by 

the Mo0~. Ri.ver but could. r e8eive wc1t er from tv,o points. J -l; was 

s0:rri.etimes ::"' ed direc t ly from tne :river by a short streat1,. After 

good :rainD, however, the pool be ca.rne confluent with an adjacent 

pool which received w2d;r.>::.- , via a culvert, from .the ma:r-shy area 

8urroundin g habitat 21b. ~crroally h abita t 21c seemed to be 

hwlated ancl. its constan.::;y- ~oulrl be ascribed to its s i tuation 

near tbe I.'l.00:1. River i:r.. an a~za containing a d am~ various small 

pooll:l and a l ow-lying sw2.Illpy area s othat the environment was 

damp . It is further net to be 8xcluded that the water table 

in this region may be high . In certain areas in the town it-



152 

self the t able rises to within 122cm bolow ground surface . 

The pool was about 10.5m wide and elongate and irregular in 

shape. It was about 45 cm deep in the middle and the bottom 

consisted of black alluvia l clay. This was carpeted by grass 

s othat the water r emained fairly clear throughout the period 

of observation in spite of much criss-crossing by cattle, 

horses and donkeys which vi s i ted the pool to d~ink water and 

to crop the l ush grass . I t also o.ccasionally had a considerable 

amount of LelllQ.Q_ floating on it s sur t 1ce eg . in August 1962 

the pool was found to be much sma1ler than usu2,l and only a 

s ingle shell was founQ . At thi s time the adjoining pool (visi­

ble in the bnckground of fig . 78) was covered with Lemna. In 

September the po ol was still smaller , had a thick growth of 

filamentous a l gae and the water was black and evil-smelling . 

At that time no sn e.ils , only three shells were found. Also 

in November the poo: was small, no snails were recovered and 

a thick covering of L8~ was pr esent . I conclude that condi­

tions in such a senile habitat (s ee under flora) are inimical to 

a snail colony. 

DISCUSSION OF ECOLOGICAL FACTORS 

In order to avoid spending t oo much time on a subordinate 

part of the project it was decided to focus attention only on 

those features which were suspected of being specially interes­

ting with regard to t heir effect upon the snails rr.o:::-::;:ihology and 

or mode .of life. 
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THE ~MOUNT OF WATER IN SO~E OF THE HAB ITATS STUDIED 

1961 J F i,I i\ M J J A S O N D 1962 J F M A M J J A S O N D 1963 J F M A M J J A S O N D 
---------------- -----------------------------------------------------------------------------------------------------------------

6 

11 b 

21c 

g 

21 b 

Sa 

KEY 

X X 0 0 0 

XB 

X X X X 

X X X X 

X X X 

0 - empty 

x - a s~a ll amount of water 

X - full to fairly fu l l 

XB . - water brown in colo ur. 

0 X X X 0 

XB X 0 0 X 

X X X X X 

X X X X X 

X X X X 

0 0 X 0 X 0 0 0 0 0 0 X X 

X8 0 XB 0 0 0 0 0 0 XB 0 0 0 

X X 0 X X X X X X 0 X X 

X X X X X X X V X X X X X (\ 

X X X 0 X 
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9~ De s iccation and t h e f actors controlling thi s condition 

In t hi s country many of the sma ll or shallow water b odies 

are much reduc ed in volume or dry up each year because a con­

sider able p ar t of t h e Re:pub1ic h a s n relatively low rainfa ll 

and the r a in i s confined l a r g ely t o certain seasons . Many snail 

s peci es have , in -rh e couJ:'se cf time, b e come adapted to such 

condition s and. e ven when mus t cf t h e snails die, a few specimens 

survive and a.re L'.b le -co r ecol(\i.':1.2- s e such ha.bi tats in spite of 

the r ecurrent, nf •:,r e; ed i n terrv.p t i on of the snail~ normal ac,­

tivi ti es . 

I n h abita t s which are shallow, a s a re many of the pans, 

i s olated pools or marshes and vleis in the interior, drying out 

of the h ~bita t which i 8 filled during the rainy seas on 1 is 

u~ual during the dry wint er months, or even the greater part 

o f the tear . Su.~h r;..11 i s ola t ed, r a indc:p endent pool w::;s h ,:'..b i ,:J -r, 6 

#hich was someti mes dr y for mos t of the yea r -( table 3 ) • AJ,.s o 

a large part of t h e marsh;r 2,i~ aa surroun ding the inle t .of :Wxtozi 

Dam. (habita t 9) dri ed up becaus e a slight vari.o.tion il'). i;}l.e level 

of the dam lend to the drying up of a coneiderable part of the 

v ery sho.llow mars h. I -G i s , howev er, not only these types of 

h abita t which arc s u b j ect to drought, but even tho s e which are 

dep en dent on ,: c11s tont r i v ar s , eg . h abita t 21c. -~ s w j .i l b e 

s een in the discussion of the life cycle of B. _tropirn, the 

1'-.r y ·j1,g u p of t he h abi tat h as a profound effect on the population 

'- ,.;;.:."-.; e s . It a l so seems t c h e t 11c m.3.in f e.ctor :;_--e spons:U:i 2.e for 

di ~.t er2nces in -thE: growth of :popula tions in .,_ 9,i.rly r..:io s ely 
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situated habitats . 

Ev&n in instances in whj ch the water -volume is merely 

reduced there are m....'llly changes in the ecological complex. 

Tl"ds must of neces s ity affect the osmoregulation of the snails 

al though it h a s b tJen claimoii ( vVHO 7 195 6 ) thnt the tote.l a.mount 

of salts :;;rr i::se:"."1.+. :i ri of J ocr3 i mp or-i:;ance than the ratios of the 

vari o.;;.8 oc.l.tF3 " 

The se".:.c :i.t.-. -_i _;_ t:1· ._,f tb. E:· BP. s ou.1a"ti o-n'h.o:rr-i. to changes in the 

fHJ. l:i.ni ty is st1·88 se;<"l by s e·,.rf:;:r. cJ., authors including Pilsbry and 

Bequaert (1927), F0~,,t 2,._, (19)d; 1 Boe ttger (1944) and Watson (1956),, 

The effect of sali:aj_i;y 011 Jh ~l'Ot?"'..J!'J,S was not determined in the 

present study, bn t · n -J eVide:ic:e siwh as death resulting from 

higher salinity (.~~1-i:..ig b ot weat:h.:.:lr· , as reported by Porter ( 1938), 

was observed . :B'xolil "lih:i.:3 I :::'e8l justified to conclude that 

fl . trgpicus i s o.ble t o ,,,-1 ths ta.nd a high degree of salinity , as 

witnessed by th '? f a~-t th2.t , in nnbitat 21b, a conductivity of 

more than 800 micr ::i:r..:.."l J S \)':c::tnslo ') })ers. comm . ) was on occasions 

recurded . This is in agr eement wit:!'.1 the salinity tolerance 

!3...t ~ontoruus , a speci es whi ch has been found to occur in pools 

rec;is+, 8,:-~.:ng 2200, and <:>ven 5177 , ohms per cc . (Marill et al . , 

1949) • 

Of tr...e .:::f1.lts :present in a snail habitat , caJ.cium is one of 

the most important, influencing both the habitat and the snail's 

metabolism. By precipitating the suspended clay particles it 

serves to clarify tho vrater. In this district the 1;q,lcium con­

tent of the v,atGr is h;_gh , in t h o region of 300ppm . (Prins loo, 
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pers . comm . ) and the clarity of the water s , ev en in some of 

those habitats which have soft bottoms and are eJCt;ensively used 

as watering places , could possibly be partly ascribed to the 

effec t of the ca lcium. 

The calcium also has a direct effect on the metabolism 

of the snail, notably in the role it plays i n the fabrication 

of the shell . Ca lcium daficiency is cl~imed to result in the 

forma tion of thin, fragile shells (Boettger, 1944 and Abdel­

Malek , 1956 ). Delicate shells were found in certain of my ha­

bitats, especially in habitat 2 and 9 , but it is highly unlike­

ly that t his feature is the r esult of lack of c~_~c:i,.um for the 

calcium content of loca l waters is very high and must be 

further increased by evaporation in these habitats . Besides , 

it has b een found (WHO, 1956 , and I)eschi ens , 1956 ) that some 

snail species survive successfully for long periods in waters 

containing l ess than 10 ppm calcium ( WHO , 1956) because the 

snails utilize calcium ingested with the food , or even eaten 

directly . The cause of the formation of the thin shells in 

certain of the local habitats , was n ot establi sliecr. 

In addition to the f act that the salt concentration will 

increase in a drying pool there are also other effects such as 

the shallower wate~ resulting in more extreme temp~ratures , and 

the accentuation of the effects of pollution ~s described in ha­

bitat 21c . I t has been stated ( WHO, 1956 ) t hat bilharzia 

vectors stranded by a receding water level make little or no 

attempt to regain_ the .water even though they would appear physi-

cally capable of doing this. This may be true also in the case 
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of Jh ~ropicus but t h o ereat n u.~her of snails found in p ~Ql 6 

just p :::-ior to its drying u.p c0m:plet ely, s u gg ests tha t thi s wa,ij 

no t j u s t the :re i=r,1.l t of a de c :i. ... ease i n water volume but t l:~!it 

the sna L :..s ·L: e:'.'.1ci. -to c ongree-o.·i;,, :i..n. the deeper 'Hater, pos sibly 

i n Tes11ons9 to som,3 s·i~j J111JJ.11s r,-..:i.c l.i. as the exe; essive hea ting of 

ths shallow perif era ~ water . In m(A.c;h the s ame manner, b-nt 

c.uri11g c0 l G. wea:r;hi;J: ~ in-Le2:-tida:.L mdri ne molluscs are of t en 

i: 'Jlmc. i.::1 more :::'avoura.h le s:i.-i:iuationB lowe:c dovm the shore (Cris p, 

1964 ) . 1h i s ;_ s though ·i; to lrn , ir.i. ::.11 p:ro ba bi li ty , an a ctive 

mig1 ... ati on as a :cosul t of a J.ow temper a t u.re stirm.1lus (Janssen, 

1960 C( !.l. O·c 1-:/l. 11:;r '. J~:•isp, 1.) 61J :.i, 
In i nst iY). 1.! e s ,:,:::' c:0mpl 13t l'..J -~:i.'ying u p of a body of water 1 

... ch.e ::m.2.ils a.r e ±'ac eu ·r.~ "'..;h t h (~ f~ .n.a2. obstacle for they mus t be 

abl e to \Yl thztfan.:: , .• .w.co,au:::-e of Li.'39 i ~cat j_on in order to ~urv-ive: 

A numbG-r 0f the br-3.bi ·cats sthdi ed~ clried U'.P in the course 

of the th:f'e G y 'ea,r s J.u.:rthg \vh:::. d1 t he j_nvestigati on was carried 

l n t atle ~ 1 t .i.F, vf ~.n t.f.:!:c0-st to not8 t hat though t h•e rains 

or;c\,~r d.u~ihg th '3 suUl!:t·er ( :1 ~G be:;.ow; di ... y.irtg u p o f the h abita t 

me.y , 11....""1.d o:.:· C::, e:r1, ci.i·1 -.!L'.'c1.~I1!.s-ta:-11Jes ~ -o~:,.mr also durihg the summer 

Unfn:~t1L11a·:rni..y ·n-o ·c..ate, c on cerhihg these even ts can 

he gi \'r'ch for ~?.bitnt 9 21:s t l-P coi lecti-on ~ites vari ed cons ide­

r ably, owing to the fli.J . . t .1ati ohs o f the wa ter leve l in t h o marshy 

d ea , 

o·bser vati ons :::m -;:;b~ ur-..J°Llght 1·e::iistnnce of l ocal B , tropicus 

wer e Tu.a'.le at D87eral of -tl'1e hab:i. tatFJ , but chiAfly at p ool 6 
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because , of a ll th~ habita t s studied , t his was the }1abi tat 

mos t often sub ject to drought. During the course 0f three 

ye; c:1.r o :i..umerc:.: :..; 7io :;_ ~s were p tJ.i d t o t r.d.s habi tat,and on only 

9/2 j 00c asi cn s t ho ;.,ool c0nt a-i.1icj l wator, an6. on four of these 

i J..; Nas only a few squo.re metre s in nize , or virtually no more 

thar a pudd 1 e o The n a ·~ure of the population in such a small, 

:i;,,r,~)l ae ems to depencl on w:h.e ·;;her the pool is reduced in size, 

owi ng to evap ol'ation, or whether it is a pool being refilled 

u:fi:;Gr a drought. '.I·r.i s is best illustrated by an e~ample taken 

from habitat 2le a In th1:n.ua:cy 1963 the p ool had dried -up but 

;i.n Febru.o.r;-r i·i:; c i)nta ~ .. !J.c'C. o. smell arru unt of water , tll,e grass was 

beginning t o g: ow again , and a fair number o.f adult snails had 

emerged after o. period of o.n11ydrob:;_osis . !n September 196} 

the pool was als o smn,11 , t]1i s time as a result of drying upt 

and there ware masses of 'the fi lamentous algae which are common 

under such c irc11ms'Lar,;,-~E;s , 1\ t that time both small and large 

snails were yrs sent i:1. fa.:i..r numl, 13rs. During the following 

mon th the p::>oJ. c.:i.:icd u:p (!O.\fl.pJ.eteJ.y • ut by November i t again 

held a sma.1 1 i.1mcnnt of watP-1~ ',thi0h was clear. F:;, lamfmtous algae 

were c1:nsen t '.:l.nc1 cn1y a :few s ri.:1,il3 wer·e found, most of them 

being largo . 

>~gardi:o.g the znai.l p0:pulation it thus se ems as though 

there mi5.b:~ b8 a redv.ctj_on. in the number of sma.11 snails du.ring 

a drought~ :1.1'.lr • .:..11serv £1.ti ons on habitat 6 seem. to confirJ.l~ this . 

In Dec ember 1961 , after a d.rought of at least four months , small 

o.nd. l arge snails vrnrc found 9 and this was also the case in 1962 
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after a drought of at least thre G moni.ihe. H nwmrer 11 iJ:l iNo-v.em-

ber 1963 a.f t er a prolong ed dr ought of a t least s~x mon th$ ~ly 

a number of l arge B. t r oTiicus were r ecovered, suggesting t,};l,qt 

small s n ails arc unBb le t o wi ths tand a prolong ed dro-11€nt. T~~ 

opini on i s L'.. l s o h e ld b~r D0schi en s ( 1956) and is in a{$reem.ent 

with the gE:ne:i:'c,l e c ologi cal prcce:::i;:, t tha t older stages ot o:rga­

n ismB arP. u sually more ~ 68ista..nt ~o adv erse conditi ons than 

are the younger s tages o 

I t is signi fi cant that af ·t;er each r ef:iJ.:iinij o:f h~bitat 6 

egg mass es, scjue t imes p:-.:-cscnii j_n gr eat nwnb~rs, Wel'e :fQun<i.~ 

Frequent 0-vipo r::: 1.·t ::. or.. .:1..fi:iGr n d:-rought i s n prim~ tactpr in the 

r 2.pid r e es·c::i.b l ish:ncnt cf a ~nai::i.. c olony. ( See 0,J..s o under o-vir 

:p os ition). 

The drough.t s axpe~j_onc:ed in hab j.tc.t 6 are s ev~re vwing to 

i t s i s ola.t ic,r.. :from othe::- wa.t ·3rs , end consequent dep endence on 

'lhis c,on d :~ i-; j_cw. i s : n0 doubt , aggr avated by the pool's 

u.nshel ter8d s j .-:;·1.A.c,; ci01 Nhil.!.b. _i l J.0ws t h e winds, :9rev nl ent a t the 

end of t h e d ,::--;y -,rr.i.ntei · months J 1,;o s we ep A.cross T.he. h rtbi t o.t: 

desir,cnt inE-; it s t ill :r'..ll'th er , Besides the f a ct tha t th0re wa s 

a dea:r-i:h. of s1;·.::::•rounciing v eget..1ti on the:re wa s genera l l y o.l s o 

l i t t l G or 110 aquati c ·;,,-26·e~; :::,tj_on ,. t he p ool bavi ng apparently 

dTied UJ_) ~'.gr:-.iE bcf o~·e t:n.8 iluro. ho.d progress ed. b e:-rond the prima-

ry seres ,. Th2 signif J cnI18 8 of t hi s must b t: ri ewecl ag ainst the 

f c.ct t h a t 9 a l th,Tc:gh l~me rgf!nt .w.c,.:rgina l riJ an t s t o some exten t 

increase the r a ~uP. ut evapnrc::.tior.t and s o aid in dryi.ng the habi­

tat , t rue aq_uo.--l;i.C; v egetatj_ ou enriche s the bottom with humus 
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Yrrdoh inr.r.eaaAs the w~ter holding capacity of the pool (Boy-

cott, 1936). The plant mas s also acts as a protective blan-

ket , keeping the mud moist after the water has evaporated . 

Furthermore, the vegetal bla..nket also affords excellent shel­

ter for the snails and it acts as a thermal barrier, protec-

ting t hem from extremes of t emperature . During the ve-y;y 

cold Europe.an winter of 1962/l963 the apparent insulating 

effect of a layer of s eaweed. on molluscs was reported (Crisp , 

1964). 

From the above description the severity of the droughts 

experienced by the organisms in this habitat will be apprecia­

ted, and simultaneously, the drought resistance of Jh tropicus 

which is able to form a fluctuating , but tenacious colony in 

this generally inhospitable habitat . 

The capacity for tlrought survival is well developed in many 

other Basommatophor a. It has been found that under labora-

tory conditions certain bilhar zial snails survived periods of 

disiccation of 3~11 m:ths (WHO, 1956), whi le Shousha (1949), 

Boettger ( 1944 ), and Watson (1956, quoting Barlow et al., 1945-

1954) a ll report on BR.s ommA.touhor:::i. surviving for twelve months. 

Survival for an even _ :.ager period is reported by Annecke and 

Peacock ( 195 1) who claim ·co have raised colonies of B. tropi­

cus from snails collected in pans which had been dry for 18 

months . This ca:paci ty o:C many Basommatophora to exist 

out of water for long periods is perhaps , according to Boy-
a 

cott ( 1936) ,/reflection of their ancestry . A certain degree 
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of i s olat:i.on from th,e drying air may be obtai:i:ioa oi-ther oy 

:inaking use of t he su·bs tratum or by closin\'5 the aper ture .of t,he 

shel1 with some stru.ctv.re formed by the snail. 

E_Eot~ti on_j/1.:1.'ou,gh . b_l9cking the , ohe;u, aperture 

Structu.r os form ed by the sna:i.l 8ild used to seal the sheJ..l 

In roeo-

·,.n:·e.noh@ op 8:;.--,Jr,J .n, SGr ve thi s pU:.1:';?CSe . Thus~ and I.e.;qisteu 

t wo f::;_nes4- wa-'c er fol"IDS , are well abl e to tolerate desiccation 

(J?ilsb:.r.•y ancl Bequaer·:;; 1927). .A.s far as is knoVltl;\, a:t1 ope~ou .... 

Ju:m. :Ls found s.mong the Pu.linonata only in the ~ine ~ep:us 

.AID--Phi,'bola (M0rt011, 1960). T.h i s means that i'resh-w~te~ pii}.-

m.onat es must ::cel-y- on some ot her means t o avoid fatal desicca-

The fo rmation of eRiphragms by planorbids has be en reported 

.Among \vhom ..nay be mentioned Simroth Wld 

G:i:·i mpe ( 1918 ), :i3a:r16w ( 1935 ) , Boed;tger ( 1'944), Annecke and. Pea­

cock ( 1951) ., Wo;3ley· ( 1954) and Ba::.·bos a and Olivier ( 1958) . 

l...ccurJing to the l astmentioned authors A. _glabratus does not 

fo f.'rr. a t~r:-1,1.e c:piphragm thou gh tbin 1 membranous films ar.e s ome­

times 7.' OIB.1.d in the are:rt'!.ll'e of individuals of thi s species aestj 

vatin5 in the field ( 0li-vj_er wid Earbosat 19'58) .• 

The a.esc::".'i:ptions u:f th-?. ·r,asommatophoran epiphrag.m va:ry 

and this is only to be expected as it seems l}ro'bable t hat, 

b osides p ossible species differences, the natu r e of the epi:phra.e 

:rhSl.y vary with the conditions under which it is fo.cJ.hed. It may 

even vary in .a s i ngle individual where successive epiphra.gms 
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are secreted during deep retl:ac tion into the 0hell , e .. g., 

according to Boettger (1944)the cpiphragms in any one snail 

may vary f r om cha l ky- t o raemb:.:-2.!l.o,..-ls. It may b ~ c oncluded 

that the structure of the b asommato:phoran epi:phrEJ.g:m i $ gen.era.1-

ly no t a s robust '.:l.S tha t occu..i:-ring in uh~ 8tylammatophora . 

In .13...1. t."£9T-: ~ S. and l 'i'iys_?n~i.~ it i s sa:Ld t o be composed 

.la:r·ge:.i..y 9f :n:-iu.d ( Armeck e and Peacock , 1951). Jn a few, approxi­

mat6 ly 10 , speci.rr..e;rl8 of the Joc a l B. tr,2J2ipus examined, no 

tra ce of ru1 epiphragm could be found~ Xhe shell aperture 

of these sp ec j_mens we,□ , h owe7er, caked with mud and it is 

possitJ.e ·chat a d.E:: licat e mem"o.:.- o.ns c ould have b~en b~oken du-

:ring r emoval , <: the m.\1d . I:i scrne of the sn~ls the mud clog .... 

ging the aperture was in fac t found to be greyish on the inside 

nf the plug but it wa s n ot p Jssible to decide whether the gr ey 

material r epr esented. the remains of an epiphragm or whethe:r 

i t \ 'laf-• mereJ.y mould. 

F£0w suce, E-.; s sfu~~.l.y ~e~r:- tain snai l s are able to cope with 

drough·::; conditions, without t:h.e aid. of an epiphragm i s shown 

by A~ ~~sl:i~ of which 3/10 survived 129 days at 31% rela-

t-i V8 hurd.d.i ty ( Oli v:i.. er and Barbosa , 1958). It is noteworthy 

that -t:hese authors found ae s tivation at low relative humidi­

t:i. 8fl ~; c b e a ccompanied by d.e ep retrr ction into the upper whorls 

of the sh ell. 

Although retra ction occurs also i n b tropicus, as also 

in the Egyptian vectors (Barlow, 1935), and proba:·, 7 in all 

ar01ydrobiotic snails , the r etracti on would seem to be a more 
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effective weapon against desiccation in planoirl enails (small 

aperture and s lowly i ncreasing whorls) than in spiral shell 

eg . Lymnaea , which has a large aperture and r apidly increasing 

whorls , sothat retraction of the massive headfoot into the 

smaller upper whorls iB mechanically impossible . One might , 

on these grounds , cons ider the formation of an epiphragm to 

be less important in planoid forms than in spiral forms but 

there are two cases w!1i ch seem to r efute thi s supposition . 

I could find only a s ingle example of a lymnaeid , L. palu~­

tris , forming epi:phragm (Mozley , 1932 quoted by .DeWitt , 1955); 

and Anisus which , besides bei~g planoid , has a relatively small 

aperture, forms a chalky epiphragm (Boettger, 1944 ). 

The whole question of epiphragm formation requires further 

study as little a t tention has been paid to the behaviour of 

different species and , as f ar as is known , no attention has 

been paid to epiphragm format ion under differing conditions. 

Moreover , sub j ectivity in the description of epiphragms makes 

any compari son of the various epiphragms difficult if not im­

possible . 

Protection through the substratum 

Snai l s may a l s o use the substratum or objects in the habi-

tat to block t he shell aperture . Thus h tropicus whi ch 

crawled out of the water and remained attached to the sides 

of the aquarium or fell onto the l aboratory bench, were gene-

rally found to be sealed to the surfaces by mucus . This mucus 

could be effective in sealing off t he surrounding air from 
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the shell c avity, and alc o in effecting adhesion ·to t ::ic stones, 

plants etc . to which the snails may ad.here in a d~y habitat . 

The tackiness of this mucus was evident in the cas e of snails 

which r::rawled out of the water in the aqaurium and became at-

tached t o t:h f..: g l uss wa11s of the tank., Even when the snails 

crawle c, E ,> t-.:.. ---~h "'.;.i1 ::i. t 0ni;y- ~)o.:r+; '.):4' the aperture was still in 

cc.~1 tavt w::_ tL ·(;h~ gj_ass , tb.o n_ri_1cut> dribbling c1ovm f rom ths a:per-

tur8 \"2S o ~ffi~:cnt to ef:•:' ect adhesi on . Boettger (1944 ) 

stat9s that the boc\y ls seal0c1 off from the surrounding air 

by t he snails p:ressi1lg tr..: ,, rJwJ.J =:f ormecl_ and still soft aperture 

edge against the sabstratum ili mu0h t he oame manner as d8 s0ribed 

r.y Rob erts (1950) . 

J!•rom the o-~::- e~·v a tions of A1u1e cke and P eacock \. 1951) and 

my ovm obe-s r'tations d·~•::i.ng thi s s tudy, I fee l convinceJ ·c~1.at 

_J2!,._t£.2."f2.ic1!-.~ ~· c lj_es m-1.·i_lil y 1J..po:-1 in::.rial in the mud to survive 

:pe:;: :i_oa.8 of dr:-)u5~t . •J·uinjorn~ di ffer as to ~J. OW this l.iu.r:i.al is 

co:::!l e au·0hurs .=itat ~ that the s ri.ails burrow actively 

i...nto the m"'.ld ; oth8r-s tha·~ the:,r a re accidentally buried during 

locomotion ove:c a soft subr)tratum , or fall into cracks i n the 

dry-i.ng muc . The WHO ~ 1956 :, a re of the opinion that the snails 

::.:.::i.:; '..J·:J-:y t L•"':,ns elyer:J i n th2 l!lL~d -,~o esc ape thG adverse effects 

of a flooo .• t·ut seem to c,Jnsider the buria]. during a drou.ght 

t o be a c cident~~ . It seems to me to be possible that a number 

of the snai l s might al:JO ·be buried accidentally in silt washed 

dovm duri ng a flood, and s everal authors describe Utliberate 

buria.l during a cr,y __ Jght o 
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Indications v£ T.he digeing behaviour in E. tropicus were 

first obtained in habitat 21b whi ch was usually fairly deep~ 

On one occasion, however, mos t of the water had evaporat ed 

l eaving only a s oggy mass of aquatic plants on the surface of 

the mud . 
. ;;,:, . -~ '. ··~:-

Spec i iflEm~~ of p)w·sa: · mosambig_uensis' J:o,mnaea natalen-

sis and :B . ~EEEJ._~~~ WE::?='e s"'.:iill a2.j_ve and present in fair rf1,:r.m-

bers . L • ..£.~!§~~nsis occurred m0s~ly on top of , or amongst 

the plants but H. tropi~~ ' significantly under the plant mass 

in the upper l ayers of the semi-liquid substratum . Some o:f 

the 1h troQicu~ were brought to the laborator~ whereupon .they 

tried to bury themselves in the s and at the bottom of the aqu~-

rium. The sandlayer was too shallow to allow thi s and after 

about five days most of the snails were crawling actively about 

and one egg mass had. ½een depos tited. Confirmatim of the 

digging behavi our o:f the loc a l ]k tro:-e_i9.}lll was obtained by dig­

ging in habi tc:ts llb anc1 6 when they were completely dry . 

I n -yie l atter c laiil shrimps (Ca~stheriella) and snails were 

found in the mud·, the snaL u3 at depths of as much as 8cm: , 

leaving no do ubt that these animal s had buried themselves . 

Fu.r~l;.her proof of the digging behaviour of E_. ~ropicus du­

ring a drought i s furnished by the admirable photographs sent 

by iVfr . s. S .. du Ples s-is (-Ji" the Divi s,ion of N:.ture Con.J -:rv0tion 

of th --: Transvr::.~ .l:, ·cJ F :.·oi." G.:1s 0r v .11 .E2d0n \'lhO _ has l.:indly a llo-. 
w ~CL me t.) publ.i.sh -'jhi11 , T:1.e::5 e; potograp.ha (figs . 8'0 81) dep ict . 
the surfac e of mu(~ :i.nt Tvh:i.Gh th-:, snails hav e burrowed , and 

aJ,s6 ~a profile of the mu.d -:;0 snow a snail at the bottom of its 
-

burrow . .All t i,e s e 0tservc.'- t;::_on.s the r Lfore s e1.c;;m to indicate 
' 
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that though accidental burial (depending on the -type of habi­

tat) may play a small part in preserving some of the snails, 

the active self- burial must be of far .greater importance . 

Digging behaviour is, however , not exclusively associated 

with droughts but may be the response to other adverse condi­

tions such as floods, as mentioned above, or unfavourable ex-

tremes , (either too high or too low), of temperature . Wat-

son (1956) reports that ~ truncatus burrows into the mud as 

a result of the low temperature of the water during the winter, 

and such behe..viour was also noted in Lymnaea truncatula (Ro-

bert s , 1950 quoted from M~>'3ley , 1948) . In May at the onset of 

the cold weather loca lly , specimens of~ tropicus were also 

observed to dig themselves into the mud at the bottom ·of the 

aquarium. The water in the aquarium was rather foul at the 

time and it was initially thought that this was the cause of 

the burrowing . It was noticed however, that snails placed 

in water which they find in some way distasteful usually became 

negatively geotuctic and left the water . Teesdale (1962) has 

a record of P. nasutus in Kenya crawling out of a dam a few 

days before it dried up and he cites other authors reporting 

the same behaviour in P . globosa , Van Someren (1946) also 

found that .lm.@,aeo caille..udi will leave the water when con-- . 
ditions are unsuitable and will not return to it , rather dying 

of drought . I therefore concluded that the positive geotaxis 

exhibited by the B , trapicus in the present investigation was 

a response to the low temperature . 
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In the sc.me 1M:.y snails s111~anded in the shallow puddles left 
I 

in irrigation canals burrow temporarily into the cooler mud 

when tho wo.ter becomes very hot ( Watson, 1956) • This 

seems to bo characteristic only of the l nrger snails wher~a,e, 

egg clutches and very young snalls are killed. Buttner (1958) 

also I'8po:r-ts s>n]_low bu:::'5.c,l il'.l the mud when the heat ·;'.) ecames 

CXCGSG iVCo 

Digging l:: el12.YioUY ::nay thus, amongst others, be triggered 

off either by the drying up of tb.e h2.bit~t or a.n unfc.vouro.ble 

drop ( or ris e) in ter:r.:pero.tu:..·e. Potchefstroom lies in the 

summer rainfall nren end it is tlnls p ossible that either the 

low night temperature at the onset of winter, or the diminishing 
I 

water , mo.y act ac a stimulus to dig into the substratum. 

Drought rosiGtnnce ~s ~ot just C:1.11 isolated physiological 

attribute of t he .3:o.::--j_l '3 , but as in the case of the desert ro.t, 

which e.xhi bits e, ·b c~ff1.rti1-'ul combination of physiologicnl nnd 

ethologic2.l o.dc-.ptnt:: on, t he r..do.pti ve bGhaviour of the snails 

i s just as vitnl as , und i1~tj_mnto ly connetJted with , the phy-

siological ndo.ptntion . Thi s hardiness must hnve great sur-

vival VRlue for orgo..nisms i n hot arrid climo.tes and it is there­

fore not surprising tho.t this is a genetically controlled 

character. Olivier (1956) states that there is evidence of 

great variation occurring in the--dro.ugnt · r esistance of various 

goographico.l strains . Olivier (1956) and Barbosa and Olivier 

(1958) o.nd Olivier and Barbo sa (1958) have shown that strains 

fro:::n dry regions are more resistant to desiccation than those 
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f rom moister r egions . 

DISCUSSION OF TERMI NOLOGY 

The ter ms aestiva t ion and h i bernation ar e commonly us ed 

i n the li ter a ture wh en r ef er ence is made to fr eshwater snails 

undergo i ng a peri od of desi.cc nti on . It seems to me t hat in 

thes e i n s tanc es tbe t er m anhydrobios i s i s t o b e pr ef erred . 

In the firs t place t h i s elimin ates the prob l em of d eciding 

whether to clo.fls ify snails i:i.l such a c ondition during spring , 

as aestiva ting or h i bc~nat i n g i ndi vidua l s . Secondly i t should 

be r eali zed t hat thour.)1 tbe -cPrms h i bern a t i ng and a es tivating 

are unam.biguou zwhen app l i ed t o terres t r i al pulmonate s they 

loose t heir va lue wh en app l i ed to fTeshwat er s pecies . In mos t 

overs eas pap er s aes -ci vati on i n di c:.=ttes a res ting phase during 

the summer drough t and hi ber nation a r es t i ng phase induced by 
-

very l ow wi n ter t smperatur e . I t t h er ef ore so happ $n S t hat 

aes t i vation has c ome to bG a ss ociat ed wi th drought , and h i ber -

nati on not . In the gr eate.r po.rt of t he Republic , however, 

the r a iny months ar e t hos e of the summer , and many snails 

"hiberna t e " under condi ti ons of drought ~whi .ch may be 

t he a c tua l cause of t h o di ap au s e . I t i s t h er efor e desirable 
try to 

that , wherever p os s ible , one should/ di sti ngui sh• e l early bet ween 

aest i va t ion , h i ber nation and anhydrobios i s . 

A po cu l a i r type of uos tivo.t ion i s r eported to oc cur in 

b,.9_hat i na ful ica (r.Iead , 1961) . I n t h i s spec i es ae8tiva tion is 

s ai d to be s o c ommon tha t the author nev er encv..;..:1ter ed a popu-
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lation in which there was not an 'aestivating individual , even 

when the external conditions were apparently optimal . A pos­

sible explanation for this frequent aes tivation is offered by 

Howes and Wells (1934a and 1934b) , who suggest that it is based 

on an intrinsic hydration ~ycle of the animal , dehydration 

resulting in aestiva tion . It seGms to me doubtful whether 

thi s frequent cessation of normal activities of freshwater 

snails un.der f avourabl e conditions should bG termed aestivation, 

as by such u snge , the meaning of the conc ep t is lost . 

10. 

10 . 1 

CLIJVf..P_1 i.C FAC'J'ORS AI'TD POPULATION CYCLES 

J emperat~lre 

On the whole this is probably the most- studied 

of ec ological f actors y et it remains difficult to assess the 

importanc e of this f a ~tor b ecause of the fluctuations , (diurnal , 

monthl;r etc.) and the differing t emper a ture of closely situated 

microhabitat s o The case i s further complicated by the fact 

thc.t tempera ture i s close1y "!'Glated. to other factors such as 

light, dissolved gases etc . 

That the loc e,l B •. t rol?j_cus have a wide temperature toleran­

ce i s obvi ous when one cons ider s the t emperature range of this 

loc a lity . The mo.xi mum and minimum temperatures in ~entads 

( as measured in a 4ft S~Gvenson s cre en at the local agricul­

tura l college ) for Potchef s troom for the years 1961- 1963 , are 

reflected in fi g . 82 o Although details of daily temperature 

fluctua tions are s omet imes required, the values- in pentads 



Date 

22 .10.1 961 

16.10.1 962 

26.12.1 963 

ABSOLUTE filAX, AND MIN. AIR TEMP. (°C) FOR 1961 - 63 

MAXI MUM 

Temp . 

36.O 

34.8 

36.4 

MINIMUM 

Date 

16.7. 1961 

14.6.1962 

24. 7.1 963 

TABLE 4 

Temp. 

- 8. 2 

- 6. 1 
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su:f:fice, in thi s instance , t o reflect g~ner a l temp erature 

t:c:;_1.c.A , ~(.1he i\'. "~x_,_:rp.1..,~ c.'.21 ,2 . :an:Jim1.,1.. t ~D~iJ <-, :r.a:t\;L:•>3 ·:, ·,:ce g i Yen , 
·c-::: .:-. p ~- :,::c1.-c·_,.r r· 

rathe:c th:-w.1 the :nea.11. , / l:ecause, as indic a ted by Louw 

(1951) wiih refe:renc e to other authors , it i s the extremes of 

·cemperature vhi ch the organ.i sm. must be ab l e to endure if it is 

t; o s u:rv:i.7 a . Th8 wid.e teJ:1.pc.rat11.Te range of thi s area :r:ray · be 

vn1ich reflects the 

a·ose,]_ut9 _jJJ.:1,.1z:;_ro:w:;. an.Ci .1::i.ini:zruID. a i r tem1-ieratu.res:r·egi s tereo. du.ring 

r:'t:'he r 1Jc:r:,rD .. s i' Jr the pe:r·:1_od 1906-1955 

Freshwat er sna:~J.[: c1r,:. lu:,.ow.o. ~j O b ~, able to surviv8 high 

te:rape.rutures, Swci,rt ( p E-) :['S . c cm:m . ) b ::i:-ed ~ tropi cus in shallov 

aqur0.ria cont E<.inj_x.tg 3 .C cm. ,;,rater ::..n a rc ,1m i n which the air 

In central 

I ra l.i :;;:0p -:.1 ~a [j i 0::.13 :;:-e 3,0b. a ::uax ·i m1m i n JuJ~r when the water tempe­

tu.r 1:) has a ·21.ini.1.c.m.Ll of ,?7°C clll,:1 r:. m~_:d mum ot · 33 °c ( Watson, l951 

:i.:i Watson , 1356 ·i" In Pu.e:;.~t0 Rj_cc A. ~ l abr atus was found in 

watera i :ri. which sur·:fac:e t err.perc.tu.re was 34 °c for s everal 

hours i n the afte1.'no 1JDS (Ha:2ry an.a .. Aldrich, 1958) , though 

uncler the plants i.t woul d Ge coo ].er. Muirhead Thomson (1958; 

sta te ,s t hE1.t i :.). ct;er..e.;:al t b.~ L"laxj .. .m;_;i_m .~n snai l habi t a ts hardly 

ev er. li es 'beyond 35° or J6°0 though he quotes Gordon et alts 

ste,tement that 10/:20 Bv § lobe>sus su.rvi ved 40°c for two hours 

though all of the B. :2fe1-,ffe_ri succumbed . 
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The local Bo !ropicu~ became very active when placed in 

water of 25 °c wh:i.cL. j_s the tempe1·atu.re £➔/v wh:i.~b. Standen ( 1949 
51y.ot ed "!J:r 
. Gaud 1956) found tho.t B. trurro.tus exhibited the maximum 

activity . Gaud ( 1956 ) on the other hand,found that B. tru-

c at_y.~ crawled 0 1lt of t he o.,q_ua rium at 25°c . At 30°c the local 

B.! t rQ_p,icu~ oecCG1n a Jx.1ost :i.1:rrn0b~LJ.e ruid crawl ed arouirl only very 

:E-I owever thP fac t that Swart 'bred J;3. tro;Qicus a t 

a 0c;uperat·0..:r·e -r;J1:ich ,r,LlSt have approximated 30°c indice.te s that -

the spec i Gs ~Ls abJ. ,; -;_, o exis t succesf ull y at high t emperatures.­

Also t he :.:nax2.:m:;,.n ;::j_r tempP.r c:.tu:.ce uf 36 G 4 °c that registered du-
this i x1Ct:i . ~; ai_: C-!S 

rin g s tuc\y and. ulc :, i :r~ the stia l l '.Jiil.' ~ sma l l pools , sometimes no .... 

more than puddles in whicb. :?,,: !E.~tpicns oc curred, the water 

temp eratu:.l'.' e must rise considerab:1.y. I n f a c t it has been 

found t h at shallow ma-rg:.i.nal wat er may have a much higher tem- -­

per·'.:l.tk:'.'8 the..n the s u :::--rcundine air (Guppy , 1894, quoted by Boycott 

1936), •_rn. ~· :fa,<; ~;lnt the snails b eoam<J a Jmos t immobile in 

wat er of 3c0 c d 0es not r ef:.,-, .. te t he sta tement that they possess 

a high dogr 8e o.:C te:.np<': ::".'atu..r c toJ.<;c8llce because in the experi­

ment they we--:,.~e sudden.ly t J'.'rm::::if err ed to this temperature without 

b eing allowed grad:i).:J, 1.Jy to o.0clima tize themselves~ Theim-

portonce of acc,}.~_mat.Lzat ion i n resi stance to extremes of tem-

pera ture i s g(~ner s.lly recogn.i~ed . It is illustrated by the 

reaction of .. A0h...:'lt:t~1;:. to l ow temperat ure (Mead , 1961) and that 

author points out thc:c th0 sam.8 principle i s known to apply 

also in the cas e of c ertain :i_ns ect s . 
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It is of interest to learn that t h8 snailo o.re he ·bter able 

to wi . .-chst3lld the v5:i.."y high tompe:rature when they are in a 

desiccated or partly desiccated s t a te. This was oberved as 

early as 1935 (Barlow) and confirmed by Barbosa and Olivier 

( 1958 ) and also ·by · VfrIO .( 195G) who state that the beneficial 

eff ect of desi cc c>,tior1 i s appii~abl e als o to low temperatures. 

Thj_ p :t'c1.0+. was i ~'.'.. reaJ i ty estib1 isn.8<'l. as early as 1930 by Duval 

who found i::;he f:!:-ee:2,:.;_i:,.g puint of hibernating HeliY.· pomatia to 

b8 lower than +.hat c-,:f:' norma:•. ind.i·v::.. d 11als (Mead , 1961) and 

this V'ias shown sooJJ. s.'.: t er by o ·~.h e r- wcTke:rs, to be the result 

of the lower water cc-:;,1·cc:at o:f the tissues of hibernating snails. 

Tho Hj_gh--.reld winters ar e sev er e , _ an absolute minimum air 

te.mpei~at u.re of - 8,, 2°c :i.1aving been r egistered during the years 

Al·:;}wugh s o:a1e B_a t,?'.'opicu~. hibernate, at any month 

c-:.uring t he vr:i.nt-3:r active individuals are to be found, and in 

the field. n c~ es , egg riic:iss9s have been recorded throughout the 

wint e: .r: . 

o.11 size s we.re to b e :2' -:,und. ~-~".l r10.b i t a t 21b. 

The diurnal fluc t uation i:n temperature cannot be ignore.d 

though fr eshwater snails are able to withstand relatively great 

variations in t emper~tuTe n f~ cai~laudi crui withstand a 

i i u::.'nal fluc ·l;uation of ~C ,.::-C ap:pa:rently without ill effect 

( Vb..n f.i omer(3n? 1946) ac.!. u. Lbd8l-Malek ( 1956) found B. P..feifferi 

D.DdJ3l'Lli,~~ speci e s in ·che Sudan j_na situation where he esti­

mated the di-lli~nal fluctuation in air temperati.;Tf- to be more 

In Potchefstroom the diurnal variation in air 
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t empera ture may attai n the magni tude mention ed above but it 

i G lia~ l e t o seas onA.1 vari a t ion . On -che averag e the smal-

l es t vari ati on cccu.r ~ i.\1 the summer , the F ebrua:r.y v a lue being 

as small as ]_J ~ 8 ° 0 whLI_., ·c;h e greatest va-riation occurs du.ring 

.I} . t ·'···n n ,-.- -~ - r ~- , " , ~; 19 ,...,00 G 1.e win e:c ~ 0.1 J . • 1;.1.10 . a .L.,,,t- 01.:: __ n i£' _ • r • 

§Ol ' two :.t..'c3,SO.r.t3 tempe:':'8"CU1' 8 c."'..8:JUIDeS ev en great er ~ p ortan­

C 3 j n sn1aJJ._ y;:- ~-: -~.allow :pools ~;b.an it cloes in larger o:-ies . 

Ii·ii•st:i..y t h -:: }:.i.gh temp--:J:at-,n: ~ reSl'..lts :i_n rapid evaporation be-

moment i s n c:-~•-':r·-:•wer tl) ... f l. :l.1:1 ..-i dee.p er :p ool , offe:r·ing less choice 

of mi crohabi·,~ ;-J.t cenJ::i erat u.:r·e . Besides this t h e shallow water 

als o tends to become mor ~ eas:._ly overhee..ted d·.rring the s ummer 

mo_nths , w:h::m it ma~( 8Yen exceed the air t emperature . In the 

same manner a smd _, __ ·_ p ool exp erien ces great er coo l ing during 

t he wi nter s....L'i th .:=: cc:".lc..i tio:"2 is gene::._~al l y aggravated by the 

w:_nter reces E·.i.(~n of the w2.t2-.::·l r-;ve l . Thus t he snails are com-

pelled to encl_ure ext:".'e!iles of -c e::n:perature which n e ed not be en-

cou..nter ec1 i n 5.ee:per wat8r s , ·:.Che manner in which organisms 

avail t h en..se1v e s of a ·Nide t emper a t ure r ang e is admirably il­

lustr ated -by DeWi-0 t 7 ~ f i n :li.~gs ( 195 5 ) t hat Physa gyrina re­

m::iined in wat2r 5-~- f ee-c, f Jl o 5 - 122 . 0cm ) de ep while the tem­

pe:r·a:i.;ure vvas l o,,,, 1I~-~ ~.s -1;he wa t8..c t em P:3'--".'a t ure rose , they migra 

-L0 l to t he sha:l ow•n' -.,,-:::i,tcr '2 --6 i nches ( 5-15cm· ) de ep. 
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A ~pat e of ovip os ition is not necess~ily 

followed -::,y ~i. c orre: s p ondj ng inc:>:>ease in the snail populatiQn.1 

but no popu.l.a t:iJ'.IJ i::::1creasc> :;_s poss i ble without a corres:pond,.ing 

AJ_though t ·he oviposi-

+ J. 0.D. r-at8 i s the:::·ei0re ·baoic "tu any popultion grow·th, , popu-

.l.at;:;,c,n c'!;y,.J.c:t."Il..:_e;s a e 13_:;:fect e G. by :::rumer-)us factors. Such 

.,:- 8~ t0rs i::-1.cludE; :t' J.006.s or tb.E- d.r y:.i.:ng up of the habitat as shown 

by LeWi+,+; ( 1:-J:',5 ) 1 Ga •;.u (.1 95 6 ) c1.nd also in the p1·esent stuay-. 

sometimes learis to :.:in exten s:i.on c,f the l:i.f e span of the animal 

concerned . Thj_ s was found t u 08 CUJ."' in P . gyrina (DeWitt, 

195~ ) t J(flI).T-1,?,~~...:,q~;i.:~g,!~ Muller and r]an,£!'bis corneus_ 

:.:..~48 , q_uot e tl amo ... 1gs t other authoJ'.'s in Comfort, 1957). 

(Wilkins, 

Alr.ho1.:t~h a l i m:~ted amou..11.·c of ovipos ition takes place 

-~:l-::nes s o s tim..lla ted as to r nsult in a s harp population increa­

se9 Because of the int 0rr1.Apted sampling and the sampling 

rUffi cu lti e s , it wa.s i mp ossib::i.e to trace the entire annual. 

0yc: ~.9 , thei·e being i r.:su:fi'ici ent data :relating to the first few 

months of the yeaJ'.'e It ap:p PaTs that in the local B. tropicus 

~h sre are two ·:::r.eecli:c.g 1_)ee..ks , one of these oc curring in October/ 

!'! overober, the bogi1.1.niri..g of" s~er , and the other in June, 

.-:.1 ::.v-d.nter . 



Ml 
27·6 

25·7 

5·9 

12·10 

15·11 

~ 
31·1 

~63 

1.2 

85 

-· ·• L •• •• • •• 

• I..._ •• •• • • • • • •• 

■- • •• • I ••• ■ I •• - .. 
• ■- • 

• • • • • 

• • • • .ILi. - •• • • • • 

• - .... ·--. • • 

• .... -- ....... 
3 ·7 •• ii ~ .. .m • • • II I ■■ - • ■ . • • 

I ·11 

20·11 

. ~~J.u. -■• ... - • • • • 

.. ._ lu.&- ........ J .-. ·- • -

•• • •• • ... -·· ... 
- . --· I • • ..,. ~~~-- J • , • 

5.0 7.5 10.0 

•• • 

• • 

I 

• 

.. 

• • 

• 

• 

• • 

■ · 
I 

12.5mm 

I 
I 

I 

Fig.85. Size frequency distribution·· of B.tro1:i.cus in Habitat 21c 
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October/i'fovember pe~ . Rabi tat 9. Fig.,~ws t hat the snails 

of habitat 9we:"e generall y rather small, in comparison with 

those ofhabitats 21b and 21c. This i s not a genetically 

controlled uha:cact E': r as the po:pulation was, on rare occasions 

as on 26.3 - 1962 found t o co1:i.s i s t of adults approaching 18mm 

shell length. It i c clear i n the r epresentations of 1962 and 

196 3 po-pu.lations 9that dur ing G~-i:; ober there was a marked in-

crease in the number of yom1g snails . This was not apparent 

in 1961 and may p erhaps be a s cribed to fluctuations in the 

water l evel of the habitat. ~n September the dam was very 

low a~d brown, frothy algae w9re present on the surface. In 

October the water l evel seemed to have risen slightly but by 

November the dam was again v ery low and most of the swampy 

area had dri ed upo 

Rabi tat 2111. :2ig. 84 o The few small snails found on 12.10.61 

may indicate the onset of the breeding season but such an 

early increase was not visible in 21c or in habitat 9 and the 

S?Jllple is r ather small to b ~ conclusive . Although breeding 

may begin at the end of September the height of activity seems 

to be reached during Oct ober . The sample talcen on 29.11.63 

showe d a decrease in the nUJP~er of smallest snails, indicating 

tha t during November there was a decrease in the oviposition 

rate. This was also apparent, though to a lesser degree, 

in the sampl e t aken on the same date from habitat 9. 



Habi t at 21c. Fig. 85 . In con-tra.st -to the closely sj_ tun:l:ied 

habitat 21b which was never found to be dry , habitat 21c was , 
be 

on several occasi ons , found to much reduc ed and twice, found to .,. 

be complete l y dry . The collections made on 1 . 11 . 63 showed a 

marked increase in the number of juveniles in habitats 9 and 2lb 

but·, not in 21c where the new generation bec ame apparent only 

in the following s ample . This lag in the onset of breeding 

was mo s t likely caused by the drying out of the habita t during 

Oc t ober . When the sample 1 . 11.63 was taken there were only a 

few inches of water pr esent , probably derived from the r ains 

during the last third of Oc tober, and the interveni ng time 

had been too short to allow development of a new gen eration . 

June peak, . Of specia l int er est is thi s breeding peak 

whi ch occurre~uri ng the middle of winter . 

Hab~,.tat9 The May 196 + sample r ev ealed the presence of many 

snails ranging from small to l arge and of thG l atter there 

were many i ndividuals pr esent . The June 1961 sample contains 

many small snails , t h e number of which had increased still 

further by July . It i s notabl e that the June collection in­

cluded only one large snail , showing t hat most of t he l arge 

snails had di ed . The cause of this i s unknown . In both 

Physa fontina li s (Duncan, 1959) and Physa gyrina (DeWitt , 

1955) the death of the adult populati on after ovipos ition is 

report ed and Comfort (1957 ) expr esses the opinion tha t in 

monocarpic forms , especially certain nudibra..'1chs , oviposition 



TABLE 

TOTAL AND MEAN MONTHLY RAINFALL IN m11. FOR 1961 ~ 1963 
----------------------------------------------------------

------------ --------------------------------------------------- -------------- --------------Jan. Feb. Mar. April May June July Aug. Sept. 0 t. Nov . Dec. Total X 

---------- ----------------------------------- ------------
1961 50.8 54 .S 78.0 121 .4 40.S 10.3 1. 7 0.1 4.3 3.0 124.S 133.0 622.1 51 

1962 61.1 112.8 65,2 90.1 3.8 o.o o.o 2,3 2.s 24.0 155.3 51.2 568.3 47 

1963 112. 3 48.7 ,83 .6 92.6 37.0 41. 7 3.1 o.o 3.4 38.3 127 .4 58.3 646.4 

74.7 72.0 75.6 101.4 27.1 17.3 l. 6 0.8 3.4 21.8 135.7 80.8 
-------------------
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i s normally followed by death . I n. view of the fact that 

I found ~ t ropicus to be a continuously spawning form it is 

not possible that the death of the ~ tropicus was a kind · of 

parental death . The 3 . 7 . 63 sample indicated a great increa~e 

in the number of young snails , sothat in this case , the increa­

se must have taken place in June . Although July and August 

are our driest months,June . as a rul e i s a l s o fairly dry 

( table 5 ) . In 1963, however , an unusually wet J une vras 

experienced , 41 . 7mm r ain fell , compared to O and 10 . 3mm in 

the other two years . There i s unfortunately no comparable 

samp l e for 1962 but the range for the August sample of that 

year is not i ncons i s tent with a s imilar increase as that whi ch 

took place in 1961 and 1963. 

Hab, 2i'b. The 27 . 6 . 61 sample showed a large number of small 

snails and : for thi s habitat in which the snails attaj_n large 

size , an absence of the largest snails. By 25 . 7 . 61 no small 

snails were foui1d, indicating a cessation of breeding . August 

1962 again indicated that breeding had occurred a short while 

before sampling , while the 3 . 6 . 63 S8l!lp l e showed an increase in 

the number of young snails s othat in thi s cas e, br eeding must 

have begun towards the end of ~.1ay . Once more the July sample 

shows a shift to slightly larger snails , showing that breeding 

had ceased . 

Hab . 21c . As in the previous ins tanc e there was , in June , a 

l arge number of small snails and in J u l y a decrease in the: 
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number. The sample 3 . 7. 6 3 showe,l that a burst of brerild.ing 

activity had just taken place . This lag. when compared wii;;h 

l:361, or wi-:;h the June peak of 21b sugges ts a delay in breeq.ing 

owing to the dr ying up of the habitat . 

In th€ di s tribution of the smalles t snails during the 

win-cer ~reeding ~eak,habitat 9 differs from the other two habi-

t a t s kept -,ml'· .. er 0bservati8n. When the samples are co:;:nparEi3d. 

:;,. t be_;omes 0.:::.9:pa:r- snt +;ha -c -~her e wg,s a marked increase in the numb;;!:•· 
of 

,. r3mall snails dul'.'i:1.g June ,,ri th a subsequent decrease in the: 

number during J ul;7 . Th:i_s indicat es a breeding peak J.n late 

Ma y or early June . I n habitat 9 the t wo winter collections 

differed from t hos e of the other habitats in having the grea-

test number of small snails present in July . The cause of 

this later breeding cannot be stated with certainty but the 

f act t h a t this habita t i s a ma.-rshy area , inc1ined to dry up 

a t certain times , may be of importance. At the June 1963 

collection i t was noted that ther e wa.s a little more water 

than during May , and by July the water level had risen till 

-0her e was a fair an10unt of water present . It may therefore 

be that this s low rees tabli shment of the habitat after the 

wint er drought ts r esp onsible for +.Jie lag in population growth 

when compared with the two other habitats . 

The mos t important a spect of the winter peak is that ,althou.g; 

the exact time of the peak cannot be pinpointed , and it may 

already b egin in May , the very small snails ir.1. t"he 27 . 6 . 61 

(21b) sample suggest that breeding had occur red in June (mid-
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winter) and this s e 8ms to b e tr.,_e cas e als o in habit at 9 , (]_961 , 

1963 ) and in habi t a t 21c , (196 3) Gven vvl:.Gn a l l owanc e i s ma de f o:t' 

slower growt h whi ch occurs during t he winter months (DeWitt , 

1955? Gaud , 1956 and Duncan , 1959) . 

Recor ds for thG 1~onth s be t ween J u....ne and Dec ember are 

f ai r l y comp l 12to and no burs t s of ovipos i tion are shown i n 

the p o:pula tj_on his t ograms fer t h j s period . Un:fortunatel y 

almos t no thi ng i s kn own of tho p opula t ion growth during th.e 

f irst half of the ye2:r . For habitats 21b , 2'lc a f ew i:,:ag_-

ments· of infonna-t i on are ava i l ahle . At t li-e end e-f January 

1962 both habit3,t s _p os Ges sed f a i r nurnb er sof small, but not 

v ery sma l l , sna i l s indicating br ·ocdi n:g s ome time prior to 

t hi s , probably i n Dec ember . Abou t a month l ater ther e had 

been a marked shift t o lar ger s iz e s. In J anu ary 1963 habi tat 

21c had dri ed up but tn·c samp l e taken at 21b showed no s ign 

of small sna 2.ls . From the February 1963 c oll ection it i s clear 

tha t t her e wr:.s , i n t hat yeaT no i ncrea s e i n the young snails , 

c omparabl e to that of the begi nning of 1962 . A f a c t or which 

n ight have played s ome part in s timulating ovipos ition in 

:O E: cember 1961 and Januar y 1962 i s the exc ep tiona l amount of 

rain which fell duri ng De c emb er 196] ( Table 5 ) • This 

sh ould pr-0bably not b e r 8garded as a separat e peak but r a ther 

as an extension of the Oc t ob e:i/N ovember p eak . Normal ly, i t 

app ee..rs ~ther G i s a decreas e in the r a t e of ovip osi tion during 

J anu s ... cy and probab l y February b ecau s e the t wo s amp l es taken 

a t t h e beginning of March 1962 show no s i gn of an increas e 
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in the numhP.r of juvcnilen . From :=i. o ·tud.y of the breeding . . . 

cycles of" 0th.er fr p, i:::h,.,,ate1: RnRils, and taking into considera­

tion th0 fact that there is a breeding peak in May-,it seems 

unlikely that there i s a third peak in April or March but 

this hypothes i s mus t be confirmed by better s ampling mu·~odsc 

Although the population curves vary from year to year and 

from habitat to · habitat,an over a ll cons ideration of many 

samples sugges ts that the population density is at a maximum 

towards the end of the year , and that the biggest -snails occur 

around April . The pattern of the breeding cycle of ~ - _tropi-

cus thus seems to follow t hct which i s basic to a number of 

freshwater snails , namely t wo breeding peaks in the course of 

the year; though in this instanc e there i s the remarkable fact 

that one breeding peak apparently occurs in winter . 

Breeding cycles of other Basommathophora . It has been 

found tha t Physa fontinalis in Britain (Duncan, 1959) and Physa 

gyrina in North America (DeWitt , 1955) oviposit in early 

Spring (April) . A second 1 and smaller , breeding se c.(3on :mny follovr 

in autumn but the pattern depends on the latitude , a differenc e 

of 250-300 miles b eing capable of influencing the pattern of 

both these species (Duncan, 1959) . It would be most interes-

ting to compare t he breeding cycle of Physa mosambiquensis 

of the Republic with that of the northern relatives . 

There have been numerous studies made on the breeding 

cycles of B. truncatus in North Afri ca and Iraq , and of 
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spec i a l int er est ar e t he obsGrva tions on breeding at low t em-

per a t ur es . Both Caresse (1930 ) and Pouhin ( 1939) ( both qu oted 

by Gaud , 1956 ) r eport Buli nu s egg masses in J anu ar y, which 

Gau d , (1956 ) states are c ontr ary t o hi s f indings . Wa t s on (1956 ) 

a l s o re j ects clai ms that B. truncatu s may breed during the 

winter in water of 10°c and stat es that the sn ails wer e pro­

bably mi s i denti fied . 

Egg masses of B. ~ opicus were r ecover ed a t Potchef s troom 

during all t he winter months and a gl ance at t11:~--~ ir t emper ature 

gr aphs shows that the vvater t emperature in the shallow snail 

habita t s must hav e dropped t o below 10°c . Ther e are also a 

number of other authors who r eport the breeding of fr eshwater 
viz . 

snails , throughout the year/Gordon et a l . ,19 34 , Cridl and and 

Webbo (both quoted by Teesdale , 1962 ) and a l s o Des chiens(l95 6 ) 

who quotes several authors who n ote s i milar findings . However 

it must be r emGmber ed that t he f indi ngs of Gordon e t a l :,(1934) 

8lld the au thors qu oted by Deschi ens ( 1956 ) , app l y to l abora tory 

conditions and may thus differ to t ally f rom occurrenc es in 

the f i eld . .An ot her point to bear in mind, i s tha t t h e r e-

gi ons mentioned li e near er t o the equator , and t hi s might be 

tb.e exp l anation for year- r ound breeding , whi ch is more remarka­

bl e in the h i ghveld area . 

The general pattern of br eeding in t he Basommatophora of 

i mportance in conne ct ion with bilhar zi asi s seems to be then , 

two peaks , one of which may gener a l ly be di s tingui shed as the 

ma jor . I n l.fric a gener a lly, t he ma jor p eak occurs during 
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April/May and the minor p eak November /Dec ember . Though the 

two- peak pattern occurs in many of thes e snails , thi s is not 

a l ways the case , for instance in Kenya the pattern of the 

breeding cycles i n the vari ous snails i s s o complicated and 

variab l e that it is wellnigh i mpossible to draw general con­

c lus i ons fr om the gr aphs of Teesdal e (1962 ). That author 

s tat es t hat ther e i s a distinct increase in the numb er of 

young snails after the early rains and a l esser increase after 

the November/D ec ember rains , thus fitting in with the general 

picture of population cycles o 

10 . 3 Causes of ovipos ition 

There i s as yet , no agr eement among the va­

rious authors as to whether or not oviposition i s dependent on 

s ome internal r egula ting me chani sm . It i s obvious though , 

from the seasonal varia tions i n ovipo s ition that, if such an 

innate ( regula t i ng) me chani sm i s present in the Basommatophora , 

it is gr eatly sub j ec t to external inf luenc e . Gaud (1956) and 

Webbe and Msangi (1958 ) think it unlikely that such a r egula­

ting mechani sm i s present in the Basommat ophora ( chiefly Pla­

nor bidae ) studi ed by them while Duncan ( 1959) on the .-=-other hand 

i s of the opinion that in P. f ontinalis such an intrinsic 

mechanism may be present . The Jas t mentioned author has approach ed 

t he que s tion from the behavioura l point of view which is a 

n ove l approach in planorbid studies and seems well worth exploi­

ting . 
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The most important external ractnr involved in oviposition 

is appar~ntly temp er a ture . This was found to be the most 

important factor in the regulation of the breeding cycle in 

P~ fontinalis (Duncan, 1959) and f • ~yrina (DeWitt , 1955), it 

being found t hat oviposition commenc ed when the wat e~ tem~~r~~ 

tu.re had ris en from 7- -:'_l 0 0 and from 10-12°c respectively• .A 

ri s e in t emperat ure has a l s o been shown experimentally to 

induce spavming in~. -~~KQ..§.lj_s (experiments of Niewenhoven 

and Lever in Raven, 1948 quot ed ~y Duncan, 1959) • 
.,) .. ' . . . . 
Workers in Nor.th Afrioa and Iruq have found tempera- ... 
to ' . · ·' 

tu:reJp-:;.a! 8.?- i inpor~ar~~ ro l ~ in the control of preeding acttvi:-

ties ( Watf!OR- ! 1956, Ga1,1.d, 1956) ~ A,.vi illus trati.on 9f this is 

the f act th.at B~. trucatus produc es two or more generations pe:1'.' 

year in warmGr r egions ·' but only· a single generation in oo,qler 

r egions (WHO, 1956) . 

In warmo:::- ar eas tho mi .dsu_n:rrne r temperature may rise so 

much as to be inimical to the snails, eg. in Iraq a spate of 
• - • I h • 

ovipos i tion -:;akes plac e whcm the hottest months are over (W~t:­

s on, 1956) and h eat-inhibition of breeding in Tanganyika is 

described by Webbe and Msangi(l958~ . 

Although the summer maximum may be a limiting factor in 

breeding in hot regions , it raay not be hi i::;h enough in the 

cooler r egi ons . In certain parts of Britain it has been 

postu lated that , in the case of Patella intermedia, and other - - ------·--
marine invertebrates, the distribution in the more northerly 



J..G) 

::-.:.111 sastern parts of :Brita in i s limi t ea.. , not by the winter mini-• 

mum bu t by tho l ov su.m:m~r maximum. 

10.4 Ra:i..rrfall 

In the aooveme:,;_4.;i oned instances of breeding 

Although +:em::;_:>er a.tu:i:'e may still play a large 

part in the d.oterminatiol'".1. o:.:· t:t.e b:,.~92ding cycle of snai:!..s in 

cc~mtri es nea.i. •) :!' :;hl.., s qu ator:1 t·t'J.:; -v'l'idespr e ad occurrence of a 

brings into -::he f' .Jr r~g.::·vund rainf c.ll, or f loads resulting from 

this , as a f ac :r r i;.::.::i:luenc ing ovip osj_ tion, eg . the f ioo_ds ~e 

oai u. t o st :.i .. malate oviposi t ion in Onc.ome lani ~ (WHO , 1956) ~-

PotchGfstrc01c. Ji r::s in t}19 sum.mer rainfall area anti. t _he 

;:,e g,sor:s are clea::l y defined C ·liable . 5 ) • The r a iny s ~as,on 

ex-liends f ::--:-·r_-.r,·,_ 00'tob0:r -ca Nla:r~b. w:i.th t he maximum in Januar:y 

(Ba i er, 196 3) wh::U.e G.il.."t':~ng the months June t o August it may s o 

happen t hc:t nc J.' F,.in i 'a lls o During the three years of this 

From table 5 

:i.. t a.:;_:>pears that 11fo-.:·embe r i s the wettest month and April the 

sec ond. 've-L•i:; est but thi a mus t not be associated with the April 

::1 .. r1d N ovembor r ain -s vr;.-: ·_c]~ cc cu.or in other part s of Afi·ica; it is 

coincidentala 

Although the amount of r ain falling at any one time is 

occas ionally l a r g3 , cg . 58 or Gven 77.5mm. have be en r egistered, 

thi s i s not t h o 1~u10 . Lll'.:·ing the period 1961-1963 rain fell 
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on 239 d ays and of Gl'.to se pre cip i tatj 0ns, 149 measured 5mm or 

l es s ( f i g . 86 ) • Such shower s are much more b enefici a l to 

the h abi tat especialiy in c er t a in c ases , nota bly small 

str e arns 1 than g·_ oss precipita tions . Bes ides bringing a bout a 

s h a r p decrease i~ the sal t conc entra tion in drying pools the 

floo ding of v2.e i s e.nd poo j_s a p:J?arently has little ill effect 

on the sn a i ls wh er e a s a de lug8 ~r esu lting in a flu3h ing of small 

s t r P,.;1,m.s of t en 1.' 88 .lltH :i..n 1·,.igi-.1 t n r bid.i ty 7 current v e loci t y and 

Rainfa l l -.r./b.ir:!!.l. c<.:c1rrs i n t h () f or m of sev e r a l light showers 

i s of gr eat b ;~:ilc:f i i: !JOth to t he h abita t and the sn ails . A light 

sho•.ver i s :;.1ot acccT1.:iru~i 2d. b ~ gr eat runoff , and the i ntermi ttent 

show2rs tend t0 :::;,ea_u<.; e os c i ll2,t i on s i n p ool s:i..ze , 'I1h i s is of 

i mport anc e to -'cho :.fau...11.a of the :p ol:7.d , but a l so · t o a great ex­

t;ent t o the mar g i:1al vege t a t i cm "Yh ich i s compos ed. 'Jf h y grophi-

l c"vt.S e lcment B, 

One c 2w.1no -'-: 1::,1:i.-c b 0 :i.m9:t:e ssca by t h e g en e r a l , though s ometimes 

ine·;[B_c t oorrela ti on b etween b r e edi ng peaks and the r a iny sea­

s ons as desc r i bed by s o many i n v estigators working in Africa . 

The eff ect of th e r ainfal l cr:1 b reeding i s als o mentioned by 
t;hF; s is) 

Pre t orius (unpubli s h ed / t h ou gh I do no t a ccept hi s int erpre-

tation of t h e c or i·e l at:i. on b e t ween r a i nfall and breeding i n L~--
n 2.talen s i s . ThG s upp os ition that dif f ering r a infa ll patterns 

may be he l d r esp ons i .ble f or differ enc es in popu l a tion fluctua ­

tions in Ira q_ and two Med i ter ranean countri e s .IT.'"'S t eff e ctively 

expla ins t he popula t:i.on change s i n t hos e countri es ( Gaud, 1956). 
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Ra in.:fa1J. Refects populatj ons not only through its i n::lu0nce 

o~ breeding but , as in certain r ivero o.nd streams , is responsi­

ble for the dr as tic r oduction of population numbers t 11rough 

areating urlf a·vuurable ecoJ.ogic o.l conditions and/or wo.shing 

away large numbers of the sna:i_ls ~ 

Ll thou.gh no .:i.ef ·ini to proof. L,; furnished c ertain conclusions 

ad ··;o the eff ec·G c,f teJnpe.catu_te and rairlf a ll on ov ipos.i.. tion 

i:r.L B~ tro;:,icus mc1,y b0 d:r·o.•;m from the :following obser.-e1.tions:-
-- •=---•-· -

I.a my fi eld. notes fol'.' 1961 the f irst r ec ord of v.c.I!-ymany 

egg masses i s un 15th Septembei · 9 wh:i.le in 1962 many and very 

T:1any egg m2..a ses c.:ce r ·ec ordod ..1s early as 16th August . Rain­

fall was first exaruined as '" possible cause for tho earlier 

,)Vij.) Csitl on :i.n 1962 . In 1961 on ly 0 . 1mm fell on 28th August 

and the following :.ca:.~all occ·-rrred on 20th September, after 

~he fio l d obse~vat ~o~~ had b e en mad e . In 1962 the f irst 

:;:-·ains aftc.:· t ~.e w~i_.;. _ter wer e reg:i.s -te~od on 28th August and 

nc rain feJ_::t. cluring J,mo c:~ j .:.-.::t.y so again , in this case , thG 

:i..,usa~_"bil:.. -:;;y of .r·uin a.s sti.L'lulu.s i s ruled out . 

Another pos s :i.b le C El"iJ. 2 8 of the initiation of oviposi:ti on 

~s temper at~:r 9 . A g l ance ab t he temper a ture charts for August 

\ f ig.82 ) r ev eals the f o~.7 .oMi~~ : In l~bl the l as t pentad of 

tT1.1ly showed a sharp :inc r e a se in the tempe r ature but this was 

s oon fol lowed by a sharp drop in both the maximmil and tho 

miniuum temp e:;-·ature Q L ::i.i ·c.~ .. .;.:Lly t here was a slight lag in the 

de~rGas e of the mi n i mum temp erature but this su0n f e ll so far 



TABLE 6 

MEAN MAX. AND f1llN . AIR TEMP. (PUJTAD VALUF.S) FOR JULY - SEPT. 1961 and 1962 

Mean max imum 

air temperature 

Mean minimum 

air te r.i perature 

Differer.ce between the 

valu es for t he two years 

Year 

1961 

1962 

1961 

1962 

max imum 

July 

19. 2 

19. 7 

1. 7 

0.5 

Aug . Sept. 

19.0 27 .6 

22 .8 28.7 

1.0 8.4 

2.5 9. 3 

3.8 1.1 
--------·----------------------------· 

min imum 1. 5 0.9 

-------------- ----.-----·---·--------·----·-----------------·---------------------· 



as to be the lowest of the year . In 1962 August was marked. by 

a sudden increase in the temperature ( table 6 ) and al though 

during the month a drop in temperature was also experienced , 

the maximum temperature for August 196 2 was considerably higher 

than fo r Augus t 1961. It is p oss ible that t his may be held a t 

l east partly r esponsible for the more marked oviposition during 

Augu st 1962. Tho warmer clima te in August 1962 is not s o 

apparent wh en the me&""l maximum temperatures for the two years 

are compared ' a:nd the d.i f ference is more readily appr eciated by 

referring to fig .. 82 It i s a l s o apparent that in August 

· 1962 ther e are two drops in t emp erature . A lowering of tho 

temperature has als o been f ound to stimulate ovipos i tion ( see 

below) . That theRe decreases in t emperature wer e not respon­

sible for the oviposition is clear because t he samp l es were 

taken on the 16th August (four th pentad) while tha first drop 

in the tem:pe:cature 0ccurred during t he 5th pentad • 

It may be of s ome s ignificance tha t the greatest changes · 

in the monthly mean maximum air temper atures ar e those between 

August and September and the drop between April and May . It is 

not to be overlo oked that these temperature fluctuations may 

pl :1y some part in det ermining the population peaks which foll ow 

s oon after . 

Although increasing temperature seene~to stimulate ovipo­

s ition duri ng Augus t and Sept ember it may not be assumed that 

t empe::!'.'ature i s the 0-__1:y contr.olL .. nc f2.eto:r ::.n the breeding of J3 . 
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tr_?Jli cu~ b e c au s e wh en con~ -'.. dering t h e o8 t ob er/November peak 

t h e s ummer r a i ns nu st c l c o b e takl,-:n. in~ u a c c ount . The pre-

c i se eff ec t of -ra infall upon ovi p os i tion in B. tro.p i cus is­

unclear but l t i s p0saibJ •J t hat the Oc t ober br eeding p eak bea;ra 

s.orac r e l a tio:1 to th1J c.tlS :~·:-: ·.:,f r;;1e ZUlllITier r a ins i n October ., 

~he supp os i t:Lc,il ·c-lia t T.~1is :nay be so, :;_ s s trengthen ed by the 

f a 0t that i n :1abi t e1.ts 9 ru1cL 2lc ther e wc~r e ex c epti on ally L :l..r-g e 

n-.J.mber s of yc,1.u:.g snai l s prose ... 1t in 1963 , the y ea r in y/i.1ich •all 

urrnsu a lly : c] ~- J -iJ.j_';_l, w-3...1 cxpcr j_-3:nc1Jd . Never the l es s , i n spit~ o,_f 

t h e hig:1 x-ai::n F.:..'-~ :i. ·.n,i:..15 rniclsunime:1~, -ti1ere is n o s i gn of th-e 

p opu l ation irtl!1·case C:.1..1.ri ng Jar_,::,i__a:cy r,:r F·obruary and i t :is :..- 0r hri,ps 

as f ound b y other au-1::h ors , thG high t emp era tures of midsummer 

whi ch exer t so.me j_nb:L b:1- t :~ng or d.8:p:·esaj_ng effec t on spawni ng. 

It has 0,J_so 'i)L:en. sugges-~ed i:;~1.a t the s timula tin g eff ect of 

r 2.in i s n ot tu bo ascri. 1 Jed ·co thG r ain as s uch , but to the a c--

com~anying dro:p i n. -~ -~~ -l_9 1 .. v ::,;i:;;;i.::_"' c. ,. This was suggosted i n 1934 

by Gord on et a l . whc f o-...u1d -~b_5. 1~ , in ~h8 l aboratory, ovipos i t i on 

wo.s a·;;j til:.lated i n P _c _12_f ei ff'r.:>ri and ~ _glob osa when t h e sna i ls 

were t r ans fci-rE: d t o c c olei-:- vmtera I t i s diffi cult t o distin­

gui sh b0tvrnen t h e c:.'.:~:.::::,,t -:: .f the rai n a s such , and the l ower ing 

of:' the t emper 9.t ura an.u t h.ts is ag6--rav a t .J d by the fact t hat, 

e,s pointed out b ~r l'ee8(~s.1e ( l.95 2 ) the t empera tur e curves ( her e ) 

roughly c,Jin cic.e v:ith th•J sc of Iainfa ll , ma king it almos t i m­

possi ble to disti n 6ru:i.2h ·between thei r separat e effects . 

Ttarious ot hr::c :CF.i,-;•:~o~.:-s c:i.:cc, zai d t o p l o.y 2. pe . .1.' i:; i n r er3U-1a•­

ting s p awning . Sev e;r2.l s n a i ls .hav e b een found -c o exhi bit 
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in~·L'C'n,r::,j cYVJ~l •,r=d.L.--l.n:n . upon changing o:C the water in the aq_ua-

rium . This occurn:ir., :i .n )?_. :f,Jntinalis ('Duncan , 1959 and Ly.mnaea 

elodes Say (Linville, 19C0, i n Duncan, 1959 ) and c ertain 

unnamed workers have found t ho same t o be t rue in the case 

of the clawed toad , X~nopus l aev~s (Bondesen , 1950) ..Duncan 

( 1959) a l s o ment i ons e:.c_per :i_me::.its described by Raven ( 1948) in 

which it was foun~ that 1 under cer t a i n condi t ions , oxygen r e­

sulting from photosynthesis cou1d indu ce egg l aying in L. 

stagnali s . A good. shower of rai n may cause changes in the 

water of the habitat , notably a lowering of tho salt cofl.cen ­

trat~on ,especially in a drying poo l and such an osmotic change 

may then provide the ::rti mulus to ovipos i tion . Als o an activity 
menti oned 

of the snails viz . copulati on , has b een · / · '. as p ossibly 

initiai ting cgg-layi ns . Although self fertilization has been 

found to oc cur :;_n so m,my of the Bas ommotophora ; it oc curs in 
·-

a ll tho famili es of E£~~~c;t~ vh..9r~ and in s ome StyloIJPil~to~hor~ , 
u 

( Laramberg{ ,1939 q_uotod by BaL:o:r, 194-5)both Bonde sen ( 1950) and 

Dunc an (1959) note that copul ation i s foll owed by ovipos i ti on . 

Bo·th these author s regard c opulation as bei ng ess ential t o 

ovipos i tion but i n Phys~_f ontinali~ c opul ation may act _._as the 

normal i ni tiator of the pro~ess (Duncan , 1959 ). 

Besides these factors which illay directly caUGc spawning 

t her e are vari ous f e,ctors which may i nfluenc e the pro-Jess . 
impor tance 

A factor which may be of · / in many countri es with 

a low or sharp ly deli m~_t ec"':. rni1,fall ~ i o dcsicc,:1t i un . Besides , 

i ts i nfluence on the lif e cyc l e , this f actor i s als o supposed 
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to have an effect 0n oviposition . It haA b0Qn ~tu tcd that 

snails emerging froma.i.llzy~ ubinsis ovipoP.i t . rapidly when 

the habitat is again filled (Barlow et al; 1945 - 1954 (quoted by 

Wat s on, 1956 ) . 

It was als o es t ablished (Barlow, 1935) that snails which 

had suff er ed desi cca tion i n i tially l aid more eggs tha~ snails 

which had not been sub j ect to drought (see also under habitat 6): 

The eff ect of parasitism on reproduction is discussed 

later . The condition of the animal is dependent largely on 
. i ·[; 

its di et a.nd ~has b een found in various P.lanorbidae that star-

vation, or a p oor di et , hinde~s egg l aying and it is postulated 

that an unlmown ther mos table vitamin is the factor involved 

(Lagrange , 1957) . Abdel Malek (1952) found a reduction in 

the numb er of eggs in poorly f ed snails and performed expe­

riment s in t h i s connect ion o 

Another f actor which was s ometime s thougi..t to ~nfluence 

oviposition i s the light and thl s f actor is discuss ed under 

flora . It is her e suffici en t to say that though light was 

found to hav e an ef fect on t he breeding size of Ancylus flu-

via tili s t hi s wa s on ly an i ndirect influence through the effect 

of light on t he a lgae con~it-uting the food of the snails (Hunter 
q,uoted by 

1953 ,.A Duncan, 1959 ) and it has been found that the oviposi-

tion r a te in_Bulinus i s gr eatly influenced by t emp er a ture but 

unaffec t ed by light ( Gaud, 1956) . Oviposition occurs mainly 

at nigh t (Bondesen, 1950, Dunc e.n, 1959) and this is also seeming­

ly unaffected by light ~UP. may b e due to an intrinsic rhythm 
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(Duncan , 1959 ana. cei··Lain worker nu~nti onod by Bonn.esen , 1950) ~ 

In B. tropicus oviposition in the l aboratory occurred a lso 

during the day though the frequency r elative to the nocturnal 

oviposition was not established . 

10,.5 Ovi12osi tior.i. s ites of Bo tropicus 

Unlike ~~ta l_ensis which can oviposi t 

on damp mud, (Shiff, 1960) Be tropicus is, under normal con­

ditions , strictly aquati c and therefore the egg masses are 

deposited under wa t er . One of the most obvious s ituations fa 

oviposi tion i s. the a c:.uatic plants and in many instances the 

leaves (Duncan , 1959),and especially the under surfaces of the 

l eaves a r e mentioned as ovipositi on sites (Abdel-Malek , 1952) , 

(Webbe and Msangi , 1958)Q Bulinids are also said to ovipo-

sit~ on the under surfaces of small stones (P ou. hin , 1939 quo 

by Gaud , 195~ , but the local B. t ropicus are not fastidious abot 

oviposition sites . Though in the present study , the under 

surfac e of l eaves , eg . wat e:rlily or Marsilia was a favourite 
~ 

site for spawni ng , many egg masses wer e found also on the 

vertical surfaces or on the bottom (polythene material ) of 

the .aquarium . Gordon et al . (1934) also note that ·p . globos1 

oft en oviposits on the upper surfaces of leaves . The five 

families of Basommatophora are said to prefer a flat site for 

oviposition ( Bondesen, 1950), but this is not apparent in the 

case of B. tropicu~. Egg masses were not infrequently found 

attached to the corners and angl es of perspex strips in the 
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stem.G o:..: 6 :i. u~ s o This w=.;-=-J v ery noticeable i n habitat lll;i wh~ 

a l ~1:1.ough the ::0 ttc..:o. of the p oo l was cover~ "by q. thi-c¥: aaxl)§lt 

ovi posi t ion, ,3, v ery J e.r p;o :rrw :-,.b e:•'.' of the egg masses were 

.r' ound 0-~1 t l:,.e ,;l;h1 grass stcJiw 1 01: :..,11 the cU:{'V'od ~hells of 

snai lz , p t;e, thr e P. ~ ry~ eve::n f ou:c , !) -,; ,: !Il.c.'8f1e$ ◊O~:i.ng Of.!. a. 

s ingle shell~ 

other ..:71l•Q21l~1 •. :· ;~1a s b ,:8L n ut cc. by Pou.h:.i.n ( 1939 quoted by G.aud ,l95E 

all('l; this phc r.i.012; ai1on :i.s sai d to be very conspicuous in ;e~
1 0

gl~~<:­

.~ under n a tu.7.'~l 8onaitions ( Gordon e t al . 193~) . These aro 

further i ndL'. a t i •)n. '.'3 tng,t to several bulin:i.dg• .a fla t ~u.rface is 

cf li t~ l e i 11por t 2.·-:-1. c. 0 .i :1. O"'.-..; i) ·,..,sition. 

i:.:::-- e sholls c,:.: ·r,l~'; snc1.iJ s are a v ery sui tablQ ovipos i tion 

f~_1.1ences , the eggs ill '.:..Y b r-: :!Jl.o..intained i.n a favourable milieu , 

and oy t he snails: mov 2men t :..n the water they are well oxygenate 

the GX;; l a:'latic•:2 f or the popu:_;,:,,:c:;_ ty of s he l ls as a s-paVV11-in-g s ite 

is probably to be snug-1L:; :5:;,-i_ t}ic t exture of the surface which, 

by growth lines or costu.L a tions~ or both , i s uneven enough t o 

a~low adhesi on 0£ tbc egg mass ~ 

Fn.attached egg masses ) SE<n2r~lly found on the bottom of 

the aq_u ariur:J. but on on.e oc•]asion found float ing, were rare in 

B& trop icus, Egg rag,cs e s J:'0·u.nd loose on the r ~- +,tom of the 

aquarium were a::..s o cii s co -:- e- c ::l in the cas e of ~l~~ fcntinalis 
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(Duncan , 1959). Bondesen ( 195u:· -..-:i. owi=; such an occurrenc e of 

a loose ogg clutch on tho floor of tho aquarium. as being the 

r esult of an ovi:p os.i tion c,n a rough surface . .Al though a t90 

rough surface may be unsuitabl e it so0ms ·.. likely that a too 

smooth , slimy su:t:fc.ce such as deve lops on aquarium. walls is 

a l s o u_risui t able . ]),fy records of oviposi tion in the l aboratory 

showed that lo ose egg masses wore enc ount er ed only after one 

i;rront4 . BcnQos en (1950 ) also notes tha t Ancylus fluviatilts 

Muller wae on sever al occasions obs e~ed re· ~~ f~ e., c~ta.iA 

spot untiJ/ a17... " coo.tings " (Pl35 ), probab.J_y Ul~inly -al.gal , had 

been removed 7 bcf o:-:e dcposi ting its- ogg ;:11asa on. the exposed 

surface . Also -the observatio:q. of G-ordon et al . (l934), that 

oviposition only occasionally occurred on dead or ra,Pig.ly d.a­

caying ,P l ant material , may pGr haps be connec tei with the develo1 

ment of a slimy J.ayey on such v oge tal matter . 

Lo.bo:.cato'ry records o:( 13~ ~!rf1:-~ /$how that 

during Narch an.:l. .Ap::i:'iJ. , ov i posi t ion occurred once i:l day, once 

cvcTy second da y or i r l'.'C &,'u.:.ar1y c.t longer interve,1$ .. The · 

sncils u_ridor obscrvE>stio:n w~X'(:i ke~:i t isolated ih :fingc'r bowls and 

tl1.cse c unno-~ b 1:: co:r:.sicl :::n~c(t. optinal conditi ons s othat possibly, 

-...r111.c r fav0ur9,lle coYJi-;,:.;_ tions, the snails woul d produc e more t{lan ,, 

one egg mass p er day . Thi s wa.s found to be so by Gaud ( 1956), 

who no ted tha t during July and .Au_et!.s t Bulinus sn ails produce 

more than one egg mass per day . Als o Ritchie et al~(l961) 
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f ound that A. glabratus are capabl e of producing two egg masses 

p er snail daily for a p eriod of as much as 6 we eks . On the 

other hand Physa fontinalis was found to oviposi t only every 

two to four day~{Duncan~ 1959) . 

In 1962 large numbers of egg masses were reco.v:-~ed from 

habitat llb for the purpose of counting the number of egg 

mas s es , and als o performing egg counts . This was done in the 

months August to November,excluding October, when the habitat 

was dry . From the histograms (fig . 87 ) it can be seen that 

the number of egg mass es increas ed cons iderably during the 

three months . Thos e hi s tograms repres ent the actual numbers 

of egg mas ses taken but , as in August only 8 and in Sep~ember 

9 , samples were taken instead of 10, the theoretical values for 

ten collections were calculated and are reflected in table 7 • 

These pr esUDed values t oo , show a sharp increase in the numbero:1 

eggs per ;_w.,s.s. laid duri ng the last months ..a£. the year . 

The number of eggs per mass varies from 4- 32, and the mean 

number of eggs per mass vari es from sample to sample . In 

rearing~ tropicus Swart and Reinecke ( 1962) found the number 

of eggs per mas s to average 17 . This is slightly more than 

both the mean or the mode of the present collections ( table 7 ) . 

In the August sample the range i s from 5- 26 . By September the 

maxi.TIIUID. number of eggs had increased to 31 and there had been 

an increase in both tbe mode and the mean number of eggs per 

capsule . It may be concluded that this was caused by an 

increase in the size of the snails . In August the greater 
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part of the population had been between 5 . 6 --8.lJJllll in L,.neth but 

by September this had been inc..:roa. :::1 Rd. to 6 . 4-- 8 . 9rmn . 

November the increas e in capsule number was associated with 

a decrease in both the mode and the mean number of eggs per 

capsule . There are fewer capsules containing more than 20 

ova and there i s a corresponding increase in the number of 

In 

capsules containing les s than 10 ova . This is apparently to 

be attributed to i) a decreas e in the number of large snails 

and/or a decline in their reproductive capacity , and ii) the 

initiation of breeding in snails of the younger generation. 

Because of the morphological similarity between the tropi-
' 

.£9& and truncatus groups , it was thought desirable to deter-

mine whether there i s any significant difference in the mean 

number of eggs p er capsule . 

Gaud (1956) found an average of 7- 8 eggs per mass in B. 

tri.mcatus though the average for that species for the month 

of June reached a va lue of llo4 • Bonde s en -C-1950) , quoting 

other authors, cites the following values : 3- 9 , 6- 9 , 1- 11 

with a maximum of 19 for Bulinus _~ contortus . Barlow ( 1935) 

gives a value of 11-18 eggs while Perry ( 1922 ,quoted by Pilsbry 

and Bequaert, 1927) found B •. ,. contortus in Egypt to produce 

20- 30 eggs . Though B • . trunc a tus under certain conditions pro-

duce capsules containing fewer eggs than seems normal for B. 

tropicus , it appears that the range3of egg number in the two 

species overlap to such an extent that this feature cannot 
help 

be used_ to/ distinguish b etween the two 
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A faqt o~ which is generally ignored but is v~r y importan~ 
... ' . 

in this connecti on is the degree of parasitism, of the sna;t _s. 

For exampl~ a specimen of B. tropicus inteoted w:i,.th a tr~~ ­

tooe was ma:i.11.tained in the laboratory for 2l mon ths . Du.ring 

this time it produ~ed only 011e small gelatinous mass in which 

n o ova could be distingiushed , and a capsule containing one 

egg . During t h i s p eri od a non infected specimen o:f ti'oughly 

the s ame ~i ze , and maintained. under similar c ondi ti 0:;..1.!3 t produe~d, 

33 capsu1es conta.in i:ng Oj_l t h e average 14.5 eggs bu;-t;; -several 
,i ; • 

masses. contained. 21 ov~ a.rid eve::1 the last capsule recorded 

Conclusioi'1S .. ---- . -· 

Altl:..o:~gh t.p. e :wnp,ort.ance of temperature a s a 

basic f a ctor in the r ~gulatjon . of breeding activities is 

widely a ccept ed , i ·t' i s becoming g ene::".'ally recognised that many 

fac tors are involed . Ga·.,i_d ( 1956) s t at ed clearly that it was 

n ot alone temp e:.v.-atu r e ,. but als o possibly floods and the drying 

up of bodies of water t hat .Jont rol population dynami c s in the 

vicinity cf the Med:i:ierranear..o It should be fully realized , 

however , that ,as poin~ed 011t in the cas e of Tanganyika ( Webbe 

and Msangi, 1958) , the . popula·~j_on curve s are n ot de:penden-1:i 

c olely on the climatic fac"'.:ior s such as r a in and temperature but 

...also on t h e ecological ch ang e s wrou.ght by these factors . 

The comp lexi t y of the me chanis m c ontrolling breeding in 

mo l luscs is thus great , and t he operation of the controls ob-

s cure . It i s for example , n ot lmovvn what r egulates A. glabrqt1;1;51 
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breeding cycles of which there may be s everal annually in any 

one habitat (Harry and Aldrich, 1958) . 

many other BasommatQphora. 

The same is true for 

It has not been possible to single out any one factor as 

THE factor responsible for causir...g oviposition in B. tropicus 

and the same applies in the case of Physa __ fon:tinalis (Duncan , 

1959) . That author postulates an increase of action specific 
the 

ener gy prior-to the onset ofAbreeding season and when the ener-

gy value has r eached a certain level , one of several stimuli, 

( environmental changes) may act as r eleaser . Such releasers 

mentioned in various instanc es are : either a rise or drop 

in temperature, change of water; a change wrought in the water, 

as in the Hydrocharis experiments; copulation; and even, in 

the case of ~ ~11..~ v~lgata L, mechanical stimulation (Orton 

et al . 1956, q_uotG d by· .Dunc.:an; 1959): 

STILL AND RU:NI'HNG WATER 

From a perusal of the literature it seems that, excluding 

the ancylids, still water i s a more favourable habitat for 

fr eshwater snails, than running watero It has for example 

been found that in streams which do not differ chemically, 

snails are absent from those having a swift current (de Meil-

lon et al. 1958) . Pallary (1933 g_UQtGd lJy Gaud , 1S3:; )also state: 

that Bulinus does not like running water but Abdel-Malek (1956) 

is of the opinion that this genus can better endure the effects 

of a current than either Physopsis or Biomphalaria. In the 
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present investigat ion only one well established c olony was 

found in flowing water , but the occurrenc e of thi s colony was 

disc ontinuous. Whether this scarcity of B. tropicus in streams 

should be attributed to the direct effect of the current is 

not knovm; it may be that the absence of snails from these 

habitats was caused by f actors unconnected , or only indirectly 

connec ted with , the current . 

Various localiti es, either streams or the Mooi River 

itself were examined but although numerous specimens of Burnupia 

occurred on the rocks, no B. tropicu~ were discovered in a 

current of e..~y velocity . At t h e outlet of Boskop dam a few 

B. tropicus were usualllf to be found but in such small numbers 

that they could hardly b e regarded as consitituting a colony. 

The stream in this region i s ab out Jm broad and along the banks 

grow willow trees among the roots of which B. tropicus and ~X:;1-
-

n a ea and Burnupi a were to be found . Sometimes · . B. t r opicus. 

were also to be seen clingi ng to the floating leaves and other 

debris. 

A second locus at which B. tropicus was found was the out-

let below the municipal dam . This was about 70cm broad and 

only a few cm deep . Generally a few small snails were to be 

found among the plants a long the margin , where there was hard-

ly any current . A large number of snails was , on certain 

occasions , found on the bottom , and in the centre of, the 

stream. This was not regar ded as their normal position and 

they were thought to have been washed into this situation by 
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the str ong current resulting from the increased flow at the 

outlet . 

The only knovm well es tablished c olony in a stream was that 

occurring in habitat 1 . A thriving colony existed here for 

some time and then decli ned . The water was at certain times 

found to be oily as a result of mosquito control measures and 

this factor may have contri but ed to the decline of the colon y 

but it i s not possible to assess the ef fect of the oil upon 

the snails as oil occurred also on the surface of habitats 8a 
habitat 

and 21b . Obs ervations at/8a were cut short by the drying 

of the habitat , but flourishi ng colonies c ontinued to exist in 
habitat 

/ 2lb throughout the years of t hi s study and also in 1964 . 

The current aff ects not only the es,tabliroment of colonies 

of snails , but probably a l s o the very size , texture , aperture 

shape and general form of the she l l . It has been observed 

that the l arger A~ glabratus inhabit marshes and slow flowing 

streams while adults of smaller s ize occur in streams having 

a current velocity approaching the maximum tolerated by the· 

snails (Harry and Aldrich , 1958) . 

According to Boettger , (1944 ) shells from agitated waters 

are often much more sturdy than those from placid waters . 

A difference in both the sculpture and the shape of specimens 

of the pelecypod Io fluv.iatili s f rom running and still waters 
- quot ed by 

has also bee1-i noted (Adams, 1900 ... Pilsbr y and Bequaer"t 1927) . 

The stillwater forms of this species are spiny an~ ~ough while 

the currentf orDS are free of such ornamentation . Another 
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form of ornamentation of freshwater snails viz. costulat ion, 

is regarded (:Boettger, 1944) n.ot as a. chara cter which devel.011s 

in still vvateF, but as a con sequence of rapid growth ".md,er 

v ery f avourabl e :; o,.1d:i.t ions ., During such growth the 

p erios tracum oenC.s rnx ~vvcLrc-:.. bef o:r-8 it ia supported by the depo .... 

s ition of calcium, f3 al1ic . ,I n p_<:. trcp iCu_§: costulation, p!'onou.nced 
,fi~. 8'{2,J 

periostracal ridges / i s c l(~arly d.::.st inguishable from the normal-

ly present fine ngr -Jvvth l i ne c i1 • The occurrence of costulation.. 

was studied in h o.:J i t;,,,·i::;s 9 2 7 l i 21c for the ~rear 1963 and . , -'-i .J · 

al though the i mor essi o:..1 j_s g a i:aad tha t a certain ovoid. form 

v-.rs,s more f requer,tl;,r costula t ec. than the elongated form, the 

fact or i s very vc:.1,ri abl,~ and c annot be said definitely to coin-
r 

c ide ·with any :pa r t i cular shap e of shell. Neither could any 

c orreJatior~ 1:i-i c:1 2. c srta i.n habitat or month of the year be 

det ected. . It :~2 e,;:;su.med tha t costula tj_on i s an ecologi-c·a lly 

i no.uced fac t:-r , ~;u,:; :; bfJdi.~-·e sc1ill:i;:les of t he sai."Ile population ex-

Frequently in any 

one popula t i on 1 sm2.li snaij_s are costula t sd v1hile older snails 

exhibit t l.Lis c~1ar --::,,c t ej.' OI.llj' i :i1 the las t part of the shell, 

s ugge otin,g that h-'c a c or1ja_i.r .L tim8 , e:1.vii"onrnento.. l conditions 

induci ng t h i s chsi.::r3.c -i~e~ C: 2,j,l:E, :: .!lto oper ation. This supposi-

t ion j_ G s trengthened by tl18 obse:i."'Vation t hat often the costu­

.la t ed pert ion o:z the [1,dul t she ll i s formed after a thickening 

r epresenting a p t=:ri oa Jf :~:::rt er-rv:p t ed growth. The a bove obser-

v a tions do no-+; c om1):. ;ts ly ex-::: lua.e the p os s ibility tha t costu-
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lation may have some genetic basis, forms possibly exislng 

which are incapabl~ o~ cl_ev~loping costulation under any circum'; 

stances. 

The snap e of the aperture too has been found to vary in 

accoreance with the type of habitat, becoming larger and more 

rounded in moving water until in stream forms, it may become 

practically circular (Boettger, 1944). This broadening of the 

ap ertur e Boet tger (1944) explains thus: in order t o obtain a 

f i rmer gr i p on the substr a tum t he foot broadens , pushing the 

env eloping mantle edge into the same shap e , a.~d t hi s is then 

t h e shape of the sh ell secret ed by t h e mantle. Baker (1928) 

a lso n otes an i ncrease in the aperture s ize in t he Planorbidae 

which are expos ed t o wave action in l arger lakes , and this 

phenomenon i s noted i n contrast t o the usual r iver or s tream 

form. I n 1h tropicus a rounded ap ertur e cannot b e corre-

lated wi t h occurr enc e i n flowing water but is often encountered 

in the sh ells of snai ls inhabiting pools (Stiglingh et al. 1962). 

With regard t o the influenc e of running wat er on shell form 

there ar e conflicting opinions. Baker (1928) found the creek 

:form of .Amnicola limosa (Say ) to b e elongate and to possess a 

narrow umbilicus and shal l ow sutures. The lake form on the 

other ha.nd was globos e , had a wide umbi licus and deep sutures: 

In c ontras t t o thi s Simroth o.nd Gr impe (1918 ) Boettger (1944 ) 

and Wright (1957 ) a:re a l l of the opinion that f orms f r om moving 

wa t er have r el atively shorter spires , the e longa ted fo rms being 

found i n .s t i l l water . In t hi s connect ion i t i s interes ting 
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to note that ]h forskali, i s said to prefer fast flowing streams 

to placid wat ers (Adams ,f1934 g_uoted by Watson , 1956) . 

Aft er studying the shapes assumed by B~ tropicus from 

vari _ous loc a lities in South Africa it was p ostulated (S t i g­

iingh et a l., 1962 ) that in this species the reaction to water 

mov ement was the same as that described for A.rnnicola;elongated 

forms occurrj_ng in streams and s quat forms in s t ill waters . 

It has sinc e become apparent tha t wat er movement i s not the 

on l y factor conc erned in the determination of elongated or 

squat f o:rm.s e 

The local B o t ronicus wer e not f ound in streams of suffi ci ent 

current velocity to enable me to come to any definite decision 

on t he effect of current on thi s speci eSo There ar e however 

t wo facts which seem to counterindicate acceptance of the 

"moving 1..vater - long spi re " theory as being valid in this in-

s tanc e o The f~ct that ovoid forms are found in both 

pools 21b 9 21c rule out the possibili ty of thei r being formed 

in response to current action. A further i mporto.nt detail i s 

that in several i nstance s both longspired and depressed forms 

have been found in a single popula tion eg . sample 170, (2lb) 

(fig . 88); 205 , ( 2lb ); and 207 ( 9) fig . 89 and thes e are proba-

bly no exc eption . 

As point ed out by Simroth ar.d Grimpe (1918 ) such variation 

in shell f or m may oc cur in a lotic habitat because some of 

the individuals m&y exist in microhabitats in whi ch the current 

e~fect is n egligible. In this case however , both forms occur 
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in lentic habitats. It is here suggested that though current 

action can, and does infl1,.ence shell shape, population diffe­

rences so~etimes ascribed to the effect of water movement have 

possibly resulted from other ecological factors. In B. tropi­

~ the occurrence of long and short spired forms in a sine:La 

pool indicates that the causative factor should be sought, in 

this case, among such factors as varying growth rate at diffe­

rent seasons, more or less favourable environmental conditions, 

or internal parasites or possibly even genetic determination. 

It seems to me that if the shell is considered to be com­

posed of a cone wound about a central axis, shell form may be 

said t o depend on four factors: 

the length of the cone constituting the shell; 

the rate at which the cone increases in size (diameter); 
-· - ·---- ···· --

the tightness of coiling about the central axis, and lastli 

the ext ent to which the succeeding whorls overlap one 

another . 

With regard to these characters, four types of shell may 

result, 

a) greatly overlapping but loosely coiled whorls - no example 

in my series. 

b) greatly overlapping but tightly coiled whorls (fig.go) 

c) slightly overlapping loosely coiled whorls (fi.g . 91 ) 

d ) slightl y overl apping tightly coiled whorls (fig. 92 ) • 

For practical puryos es the sh el l for.ms a and a. may be 

said not to oc cur• i~ B. tropicus, the figured specimen of ty~~ d 
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Fi g .88 . 

6) 
(y 

89 

Long- spired and depressed forms in a sample 
taken from Habitat 21b. 

Long- spired and dep~essed forms in a sample 
taken from Habitat 9. 

92 

& ..---. 
2.0 mm 

. i 
I 

Figs.90 - 92 .. Shells representing types b, 
c and d respectively~ ___ _ 

. _-.:., · · ·- · - ·- ... - - -
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being the only one encountered . 

the basic forms of this species . 

Types band c represent 

Type b corresponds to the 

type previously designated "juvenile type" ( Stiglingh et al . , 

1962) becduse it is the common form of young snails . Type c 

represents the "adult t :y pe" referred to in the same paper. 

There is no sharp demarcation between these types, a series 

of intermediate; forms connecting them. Both types may occur · 

in a single population (fig . 88 and 89) but generally 

however, one predominates greatly in frequency over the other . 

Failure to recognize which factors are responsible for 

variations in shell form result in conflicting statements . 

Thus Pretorius (unpublished thesis) states that in L. natalensis 

there is no difference in the ratio length/breadthJ (I/B) in 

younger and older snails, but that significant differ·ences 

exist in the s lenderness of shells in the two groups. This 

is contradictory because the ratio L/B may be taken as the 

simples t expression of the degree of slenderness of the shell. 

Discussion of various shell r a tios employed to reflect 

shell form 

The r atio shell l ength/aperture length (L/AL) dep ends on 

both the r a t e of increase in cone di ameter and t he degree of 

overlap. In E-! tropicus the r a tio L/AL exhibits a strong · 

correla tion with increasing shell length and increas es with age. 

This was earlier sta ted ( Stiglingh et al . , 1962) to be the case 

in B. tro:2_icus and was confirmed in the pres ent s tudy. 

An increase in thi s r a tio during growth ha s been found to 
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occur als o in t he case of L. palus t ri s (P e t er s 1 1938 ) , B~ 

j ou sseaumei o,nd BQ globosus ( the l ast t wo speci es described 

by Wr ight , 1957). Contrai y t o thes e f i ndi ngs Hubendick (1951) 

det ected ~o meoningf u l chang es , correl a t ed wi th growt h , i n 

t he r a t i o AL/L x 100 i n~. p er eg~ Also Pr et ori us (unpu-

bli shed thesis ) concluded tha t L/ AL does n ot chang e a s L. no.t a-

l en s i s i ncreas es in length o ___ , As t hi s r a ti o i s in a large mea-

sure dep endent on the number of whorls and t h er efore gen er a lly 

speaking , on the age of t he sn a i l , i t i s dif f i cul t to i ma.gi ne 

a spira l shell i n which the r a t i o I/AL wou l d n ot increas e wi th 

i n creasing s h ell length . Th e only i n s t anc es in which t he 

rat i o would probabl y not i n crease i s in c erta in depressed for ms 

su ch as~~ d~~r essus Hc~s , or c ertni n forms which c onsi s t of 

v er y r apidl y ~ncreasi ng c ones eg . the a:i.p l a form of L., per egr a ~ 

I n B. tro£_i cu.s the I/AL : L corr elatj on was s trong , va l u_~~ 

eii' -1..,,-2 - 1. 7 b eing obtained fo r shells r anging f rom ab out 5 . 5"mm 

t o 11 . 3mm in l ength ( Stj g lingh et a l . , 1962 ) . I n the pr es ent 

ins tance va lues r a.n.ging fr om 1 . 08- 1. 62 were obta i n ed f or snails 

of 1 ~4 to J3 . 8mm i n s ize . I n these f ew s ampl es va lues l ess 

than l o3 may be sai d ~ broa dl y s p eaki n g j to r ep r esent t he j uv e­

nile fo rm , whi l e hi gh er v a lues occur i n typic a l adult f orms . 

The v e,rj_ous Lymnaea s:2-ec i es ar e gen er a l l y c omp osed of c ones 

which i n cre a s e in di G.IDe teT more r api dly than the cone of 

Conse q_uen tJ.y t he v a lue L/AL '.Yill be smaller than 

in B. t l'.' ~ icus and a weaker correlati on i s t o b e expect ed eg . 

in L. n atal ens i s of 11 . 3:m:c.1 a.rid over , the rat i o vari es fr om 
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1. 3-1~ 4, exceptionally 1. 45 (Pretorius ~ wip~blish~d thesis).· 

A closer s tudy of the graphs of Pretorius (unpublished thesis) 

and Hubendick (1951) n evertheless show that a correlation, eve~ 

if slight, between these shell features , might also occur in 

the forms studied by them. 

The lack of correlation exhibited in the graph (fig.45 -). ' 

for L. natalensis may not represent a real lack of correlation 

in the population. The ratio L/AL was studied only in shells 

ranging from 10.3-ll.8mm and it is possible that this range, 

merely 1.5mm, i s too narrow to reflect any correlation. Also, 

as is evident (from Wright, 1957 fig. 3, 28 etc.) the correla­

tion between I/ AL and L i s most clearly e.pparent in that part 

of the graph r epresenting the younger snails. In the older 

sri..,a_t.l_s a more or less constant ratio . . seems to be attained • 

.Another feature of these graphs is the g:eater scatter of the 

points representing older snails, demonstrating that, in this 

respect~ ratios of older snails are liable to greater variation. 

than those of younger sn ails. This finding is in agreement 

with that of Schutte and van Eeden (1959) who declared that in 

13. pfeifferi, older snails exhi bit greater varia tion in form 

than the younger snails. 

Hubendick (1951) drew various graphs reflecting the rela­

tion between the aperture length and shell l ength, and to this 

he emplo~led the r ati o AL/ L x 100. That no correlation was 

visible bet ween this ratio and s·hell length in that author' s 

figuine 5, i s possibly to be ascribed to the f ac t that t he 
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Figs .93,94 . Two means of plotting the same set of data. 
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points in his graph do not represent indiyiduals of a single 

population, but only an abstraction. E~gh point represents a 

diff erent popula tion, being the mean va lue of the ratio AI/L x 

100 pl otted agai ns t the mean l ength of that population. 

::e'.:urther mor e , a c l ear cor r el ation i s no t to be expected in this ­

ins t anc e becaus e of t he highly divergent population f orms 

being represen ted in the gr aph. The typica l p er egra form ratio, 

as employed by Hubendick, would decrease with age, while in 

t he amp l n form it would probably increase with age. That the 

r atio doe s , in some l ymnaeids, behave a s in B. tropicus, ~ 

jouss eaumei etc . i s in f act indicated by popula tions 13 and 48 

in Hubendick's (1951) fig. 4 . These populations are of the 

p8regra and ovata type , and I would. exp ect the same result 

from a r epr esen tati on of this r a tio in a lagotis population. 

I t i s puzzling that Hubendick (1951) found no correla tion 

between t he ratio AL/L x 100 and shell l ength in the s ample 

from Kar esuando (fig . 3). The shells of t hi s population incline 

slightly to the per egra form and the various sizes are well 

represented in the s ample . The lack of correlation is thus 

difficult to explain. That the findings cannot b e ascribed 

to a l es s sensitive me thod of r epresenting the data is shown 

in figs . 93 and 94 i n which I have , u s ing the s ame data, 

pJ~t tGd L/AL, and Hubendi ck ' s inver se r a tio AL/L x 100 agQins t 

shel.l lengt h . Hubendick ( 195 1 p . 9) found an "tmcommonly great 

heterogenei tyn i n tho Karesuando sample , and t hat feature s eeI£1s 

to me, t o be a poss i b1e ox-p l an ati on f or his finding no cor re-
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l a t i on be t ween AL/L x 100 and L9 

The r a t i o shell lengt h/ap erture breadth ( L/AB ) i s employed 

by Wright (1957 ) to i n dic ate an increase in the di ame t er of 

the body whorl i n r e l a t ion to t he i n crease in shell length , 

but he does not s t ate whether he cons i der s the r atio L/AL un­

sui ted to t hi s purp ose . He uses t h e r ati o L/ AL to r efl ect the 

degr ee of exsertion of the spi re and gr aphs of thi s r a tio in 

B. j ousseaumei and B. globosu s r eveal an i nt er es t i ng f eat u r e . 

The first part of t he graph runs a lmost hori zontal and then , 

at a c ertai n poin t 9 b etween t he 6-8mm shell l ength mark , begins 

to s l ope upward . Thi s sudden i n clina tion i s i nter pret ed by 

Wright ( 1957 ) as bei ng the result of the a t tainment of sexual 

mat uri ty~ t he shell changing shape to a ccommodat e the enl arged 

a cc essory g l ands . 

Alt hough , in fact there i s , during m0s t of the peri od of 

gr owth , an increase i n the absolu te value of b oth AL and AB , 

this :i.s not n ecess2,rily 2,lways apparent in gr aphs inc or por ating 

t h ese valu es e Evon a r a ther marked increase i n cone s i ze , 

as represented by AL or AB , may go unnotic ed . An i ncr ease 

i n the ratio may be marked by a great s cat t er of t h e va l ues eg . 

Wrig5ri- ' s ( 1957 ) f i g . 2; or the re l ati vely s ligh t i n crease in 

c one s iz e , tendi ng to r elluce the ratio L/ AL, might be over­

shadowed by the effect of a l esser degree of overl ap in the 

younger parts of the shel.l $ having the opp osi te ef fect on the 

ratio . 
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ln ]h tropicus n9 sudden increase in cone size as repre­

sented by AL or AB oould be deteot~4 Both ~~~ios were plotted 

against L for samples 60, 194, and 204 (from habitats 9, 2lb 

and 9 respectively) (figs. 95 - 100) and all exhibited a straight 

line correlation showing that any increase in shell volume is 

gradual or masked in the populations studied • 

.A:n attempt was also made to find out whether any change 

in np erture shape could be indicated by the ratio AL/AB . None 

of the graphs drawn shows a clear correl a tion between the 

ratio AL/AE and L, and all of them exhibit a large degree 

of scatter (figs . 101-104 ) . In a previous paper (Stiglingh 

et al ., 1962) it was stated the..t this ratio does not change 

with age. Thi s was subsequently also confirmed in the case 
figs. 101 and 102 

of.±!.!. natalensi s (Pretorius, unpublished thesisl•(both samples 

from habitat 9), demonstrate the s catter of these values , and 

are drawn from s amples with low spires and large apertures 

(fig.lOO). I n f i gs . 103 and 104 (both samples from habita t 9) 

of more typical~- tropicus with well developed spires (fig.106) 

ther e i s s ome indication, more clearly to be seen in f ig • . J.04 

(ha-bi:t rt:t 9 ) tha t there i s indeed a difference in thi s ratJ:-c5-·- --. 

when young and old snails ar o compared . This should have 

been anticipated as ther0 is generally a clear difference be­

tween juvenile and adult fo rms in thi s type of shell. The 

juveniles have greatly ov erl apping whorls 9.!ld a relatively 

l ong, narrow aperture , henc e the high values for AL/AB in 

young snails. The depressed type of shell (figs . lOland 102) 
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taken from habitat 9) preseni:Ba rather juveni~e appearance 

because of the great overlap and large aperture and there is 

consequently no clear-cut difference between the form of such 

adults and typical juveniles. An interesting aside, here, 

is the fact tha t juveniles may also assume n typical adult 

form (fig.107) as in sample 173 (habitat 9). This type of 

juvenile apparently gi vES rise to t he longspired adults . 

Although there i s clearly a correlation bet ween L/AL and 

L (figs .108-ll~ the precise nature of this correl ation i s varia­

ble. Normally the graphs of this r atio in~ tropicus differ 

markedly from those plot ted by Wright (1957) for B. jousseaumei - ) 

and ~ - globosus. The graph for Jk tropicus is initially 

steeply inclined and there are possible indications that the 

last part of the scat t er diagram is sometimes l ess steeply 

inclinedv (f'igs .108, 110 and llij fr'Jm habita ts 9, 21b and 9 ;.). 

Fig. 109/ from habitat 9 does not clearly exhibit this 

t endency . In these graphs the value L/AL increases f rom a 

mini m,mi of 1 .08 in t he smaller snails, to 1 . 62 in the large 

snails. Fig~l09 (habitat 21c) deserves special mention 

because it demonstrates the great variation sometimes occur-

ring in a single sample . Thi s i s the more remarkable for 

occurring in such small snails . Though some of these juve-

niles posses s the normal juvenj_le va lue for the ratio L/AL, 

many fall into the adult rp,nge, two having r atios of 1. 5 or 

more. 
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The most i mportant point emerging from these graphs i s , 

h owev er, the great differences which occur in this ratio , and 

therefore in shell shape , in various samp l es taken from the 

same habitat but a t different t i mes . Sample 60 (fig .105) 

taken from habitat 9 on 150901961 differs greatly f rom sample 

204 ( fig ~l06) taken on 1.11.196 30 The former i s characterized 

by the shells general ly having a l a r ge aperture , depressed spire 

and flattish whorls and trac es of costul ation; the latter has 

she l ls wi th a relatively smaller aperture, well developed , 

though no t pr omi nent/ spire , obes e whorls , and i s costulated . 

Som$. shells of the kind oc curring typically in samp l e 204 , ar ,e 

to be found in samp le 60. This i s clearly seen in the high 

value for the sec ond largest shell . When the gr aphs of 

L/AL in the two samples are compared they are seen to differ 

not only in the inclination of the line Out in the va lue of 

tho ratio f or snai ls of comparable sizes . Thus for snails of 

between 6 . 4 and 8 . 1mm in samp l e 60 (fig .103) the value for L/AL 

is most l y between 1. 2 and 1 . 3 while i n samp l e 20t1, (fig . 111) 

the values s,re mostly between 1 . 35 and 1 . 4 , owing t o the rela­

t i -vc-ly smaller aperture ~ 

A s i mi l ar di fference in shell form in s amples taken from 

the same habitat a t different t i mes , has a l so been found to 

occur i n habitat 21b . One sample (1-17) taken on 2 . 3 . 1962 (fig :· 

112) is considerably more depr ess ed t han the sampl e 205 (f i g . 

113) taken on 29 . 11.1963 . The latter i s als o characteri zed 

by a high degree of heterogeneity while the former i s not . 
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In the present paper the degree of overlap as expressed 

by the ratio ultinate whorl length/aperture length (UWI/AL) 

was investigated in the same two Loxton samples which were 

compared with r egard to I/AL and L, viz. samples 60 and 204. 

As in the previous instance, the ratios of older and younger 

snails differed clearly (figs . 114,115)~ In fig . 114 the graph 

runs more or less h0rizontally but from the beginning and 

end of the graph it can be seen that the values for younger 

snails are indeed smaller than those for older snails. In 

fig. 115 this trend is expressed beyond all doubt, proving 

that there is considerably less overlap in the more recently 

formed parts of the shell, than in the older. 

122 ASSOCIATED FLORA 

:Because so many of the :Sasorrune,tophora occur in shal­

low water they are to be found on, or amongst the marginal 

plants. This association should not be taken to imply any 

direct dependence on the plants even though, in most habitats, 

the snails are found in the presence of lower and/or higher 

plants. 

__ One of the most importe..nt elements is the algae, generally 

regarded as indispensable to the snails• existence for it is 

on the algae, especially in the case of the young snails, that 

they are largely dependent for food (see feeding). In the 

aquarium the extent to which :s. tropicus feed on the algal 

bloom which develops on the aquarium walls is apparent in the 

feeding trails and other bare patches where they have rasped 
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off the a l gal coat. The a l gae are , however , not always 

benefic ial t o the sµ ai l s . The Cya...~ophyceae which may be harm­

ful to b irds and mammals drinking water rich in these forms , 

( several authors quoted by Lewin , 1962) can a l so be noxious 

to the snails . Young snails are sai d to be aver se to Cya­

nophyceae and to die i f that i s the only a v a ilable foo d . Cya­

nophyceae were present i n habitat 21b and I have a record of 

their being present in great numbers in July. These a l gae may 

exert a noxious influence in the h abitat but this cari..not be 

of the most extreme kiLd, be c ause there is always an abundanc e 

of other food available to the s nails . 

Even plants whi ch do not contain toxic substances may be 

harmful to the snails eg. when the pool i s surrounded by a 

dense growth of trees and s hrubs and their leaves f a ll into 

the water and cause an accumul ation of organic matter ( Boy­

cott , 1936) . The decomposing p l a...~t materi al leads to the for­

mation of excess humic acids . The effects of the accumulation 

of decomposing plant mat e r i al i s considered by Pilsbry and Be­

quaert (1927) to be of such i mportance that they rega rd it as 

a pos s ible c ause of the small number of mo l luscan speci es in 

Afri can svmmps . None of the selected habitats was surrounded 

by much overhanging vege tat ion; where an abundance of plants 

was present it was in the form of aquatic v egetationo 

.Another i mportant chemical factor which i s largely depen­

dent on the pl.ant s i s the oxygen evolved , not only f rom the 

a l gae , but a l so from the higher plants , and released during 



213 

photosynthesis. This oxygen is usually beneficial though th~ 

effects of an excess is uncertain and t here are indications 

(Abdel-Malek, 1956) that it may be harmful. 

If too many plants are present their unfavourable inf'luen­

ce may be extended beyond the effect of photosynthetic oxygen, 

for at night t he carbon-dioxide factor is correspondingly 

increased. The acid resulting from this gas is held partly 

responsible for the pitted appearance of certain shells (Pils~ 

bry and Bequaert, 1927). Locally several habitats, 21b, 8a, 

and llb have a very heavy plant growth yet the Potchefstroom 

snails do not normally become pitted during active life in 

the field, but only during ~hydrobiosis~ The explanation 

of t his may lie in the high calcium-content of the water which 

neutralizes the excess acid. 

An exce s s of filamentous algae is also in some instances 

thought to be i n i mical ( Boycot t, 1936, van Someren, 1946)~ 

The fi l aments may hinder or prevent surfacing and, as mentioned 

by Bo~rc ot t ( 1936), and obs erved by mys elf, algae tend to become 

attached to the apices of the shells and so aggravate the 

condition. Filamentous a lga e bot h of the branched (Cladopho-

ra,) and unbranch ed t ype have been found on the apices of B. 

tropicus. Smallish tufts also become anchored to other parts 

of t he shell, including the ulT.imate whorl, but have nott in 

these pos itions been found t o f orm the dense "beards " which 

deve l op on the ar ic es . 
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I t is probably easier for snai l s to surface in a p ool 

overgrovm by h i gher plants , than in one overgrown with algae 

which form an enmeshing net ~ In p l ants with l eaves the snails 

can crawl through the spaces between leaves and may even, as 

I have obser ved in the case of loca l B. tropicus, crawl about 

on the upper surfaces of Mar s ~ leaves . The same behaviour 

has been observed in other pulmonates in a foul pond thick ly 

overgrown wi th Lemna ( Boycott , 1 936.) . 

P onds which are heavily shaded , and in which the shading 

i s not c aus ed by aquatic vegetation, are generally found to be 

poor snail habi tats (Boycott , 1936) . Besides the possi bility 

of accumulation cf excess organic material in the water , the 

beneficial effect of sunlight in mai ntai n ing the p ool in a 

healthy c ondition , i s probably a ma jor factor . In such pool s 

vege t ati on i s generally suppressed and the shaded nature of 

pool 21 a seems to be the reason for the small number of snai ls 

which a:re found there :L:.1 9ompari son with the densely p opulated, 

and adjacentjpools 21b and 21c whi ch c ontain abundant aquatic 

vegetation and stand in f u ll sunli ghto 

Although the snails are not directly dependent on higher 

plants for surviva l, B~ !.E.OF1-cus seem to thrive in h abitats 

rich in p lants . When snai l s were found in habi tats p ossessing 

only a fe w plants , the n umber of snails was small , eg . in habi-

tat 21a . This pool li eo a few hundred metres from poo l 21b . 

which has a l read;s, been described . Habitat 21a i s a small p ool 
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of still water which was cut off f rom the Mooi River. There 

were willow trees overhanging portionsof the pool and it was 

perhaps partly due t o t heir shade that there was very little 

plant growth in the pool which was sha llow and clear but con­

tained mainly only sparse sedges . Occasionally snails were 

found here but only in small n'W'.llbers, and they could hardly. 

be cons i dered to cons titute a colony. In the unshaded habitat 

21b whi ch had an abundance of p lants , a flourishing colon y of 

B. tropicus existed. J.not her example illustrating t hi s point 

i s p oo l 13, a small pool more or less 3 by 3m on ly a short 

distance f rom habi t a t 2. As in the previ ous example (habita ts 

21b , 21c) h abi tats 2 and 13 have the same type of bottom. 

Pool 13 was u sually tur bid and contained only v ery spars e sed­

ges . Habi tat 2 was a di su s ed quarry w:b.ich was pa r t ly us eo. as 

a rubbish tip . P eriodically t h ere were large amounts of~­

mogeton presen·t and snai l s could be found in f a ir:}.y large numberE 

along the edges. Th ese snails had fragile shells and really 

large specimens were n ever encountered. 

The veget ation of any pool v ari es cyclica lly wi t h the 

seasons and jus t as Mozl ey (1944) dis tinguishes juvenile, 

intermedia t e and s eni l e s t ages in the evolution of a habita t, 

the season a l f luc tuation s r esul t in a r ath er analog ous condi­

t ion . Winter is characteri zed by scanti n ess of vegetation, 

summer- he i ght of produc t i vity and aut umn - a dying down of 

the vegetati on s ome t i mes accompani ed by p oll ution of t h e ha­

bitat and blooming of the alga l f lora . In spite of this 
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oscillation, the basic elements remain constant. The habitats 

are characterized by being permanent or fairly permant, sunny 

pools containing clear and fairly shallow water , often only 

a few cm ;/ deep . A characteri s tic is the abundance of plants . 

The nature of the flora differs from one locus to another but 

seems most dependent on the amount of water present . In shal;-

low pools the essential feature is the short grass which covers 

the bottom of the pool9 and sometimes may emerge above the sur­

face of the water . Grass may be virtually the only vegeta­

tion present or may be interspersed with Marsilia o These 

two plants occur in frequent associ2tion . Snails and egg 

masses are frequently found on the under surface of the Mar­

§i.lli leaves and Porter (1938) found B . tropicu~ in the same 

situation at Brak-pan . Other plan.ts of note in this c oTu."'1.e c -

tion, are clumps of sedges , long grass, Lag2rosiphon and a 

tempora ry growth of filamentous a l gae and-~a . In deeper 

habitats the grass a."'1.d M~~si lia gro~ along the margins whi le 

in the deeper water soms Marsilia may be found, but Potamogeton 

forms the bulk of the vegetation . Snails were also c ommonly 

found on the sedges and though they do not seem to be :present 

there in large numbers, thi s may , in fact , be due to the diffi­

culty of sampling amongst sedges . 

1311 AS SOCIATED FAUNA -= 

It is k~own that aquatic molluscs , except for some 

Pelel.!ypoda / ( Boycott, 19.36 ) , a re not at all dependent on other 
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animals and this apparent independenc~ is confirmed by other 

authors (Deschiens, 1956 and de Meillon et al., 1958). Even 

though the omnivorous feeding habits of the Basommatophora 

rule out competition with other types of animal, for food 

(Boettger, 1944), Boycott as long ago as 1936 concluded that, 

although no definite evidence was availabie, interspecific 

competition between snails seems to exist. This idea seems 

not have been followed up for a long time, but a few years 

ago it caJne under the spot light after the findings of Oliver­

Gonzales et al., (1956: on Marisa cornuarietis. It has been 

known for years (Fischer, 1950, in Deschiens, 1956) that~­

linus and Physa eat the eggs of other gaatropod species. To 

these two species Deschiens (1956) adds Lymnaea as another 

guilty species and thinks that the egg-eating is t~~ limit of 

competiti on between snails . The devastacing effect that this 

may have in nature is illustrated by the effect of M. cornuarie­

tis on a population of A. glabratus. By eating the egg mas­

ses and the young snails while it devours the plants, it may 

virtually exterminate a once flourishing population (Radke et 

al., 1961). Such a dras tic ef£ect of one snail species on 

=- ·another seems to be exceptional and numerous authors'"'are of 

the opinion that the var i ous enemies of snails cannot succeed 

in eradicating an established population (Boycott, 1936, Abdel­

Malek, 1956 and Harry and Aldrich, 1958), while Teesdale (1962) 

goes so far as to say tha t he found no instance of the numerous 

predators in nature having any discernable effect on the nu.m-
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bers of bilharzia vectors . Nevertheless it seems logical to 

assume t hat where predators or para s i t es are present in c on­

s iderable numbers , even if only seasona lly, they mus t play 

some role in reducing the population This viewpoint is sup-

ported by the opinion of Baker (19 28) who states that planor­

bid and other freshwater snails constitute an important source 

of food for anima l s such a s fi sh and birds~ 

13a J. Protozoa __ __ ,_ --.-Jo--
In thi pres en t investigation it was noticed 

tha t unidentified cj_liate s of the .Y.9.£..ticella type occur 

s ometimes on the shells of B. tropicus . They are also to 

be found in dense growths on the non-viable egg mas s es of the 

snails . Whet her they aTe the c aus e of the death of the develor 
or 

p i11g embrios , ..-. whether they only b ecome e .3 tabli shed -6n the egg 

masses when they a r e begilh""ling to decompose, was not establis­

hed . Tha t the former i s p ossibly tru.e i s s uggested by the 

findings of the WHO (195C ) who state that ciliates destroy 

the egg 1.1.as s es . 

13 . 2 Trematoda 

Of a ll the 

animals associated with snails it i s the trematode s which are 

by f ar the mo s t important. Various trematodes employ B! tro-

122..~}~. as int errnediate ho s ·:; , though g en er a lly only one species 

oc curs as a c t ive p a.Tas i to a t any sp ee:ific time (P orter 1938) o 



Table 8 

List of trematodes for which B. tropicus is 
intermediate host. 

(Compiled from Porter, 1938) 

AMPHISTOIVIE CERCARIAE 

Paramphistome group: C. paramphistomi cervi; C. paramphistomi 
calicophorum; C. stelliae 

Convoluta group: C.convolutoides 
Diplocotylea group C.vaalensis 

DISTOIVIE CERCARIAE 

Cy-mno cephalans group F.hepa tica 

ECHINOSTOME CERCARIAE 

Cucumeriformis group: C.cucumeriformis 
Echinata group Echinostomum fulicae 

CYSTOPHOROUS CERCARIAE 

Appendiculata group: C.kimberleynana; C. pedicellata 

XIPHIDIOCERCARIAE 

Cercariae microcotylae 
Paracellulosa group 
Cercariae armatae : 

C. sansoucia; C. parapaucadena 
C.cawstoni; C. glena; C.barbertoni 

FURCOCERCOUS CERCARIAE 

Apharyngeal brevifurcous monostome 
Apharyngeal brevifurcous distome: 

Apharyngeal longifurcous distome 

: C. sewelli 
S . haemotobium 
S.mansoni 
S.spindale 
C.brakpanensis 
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Precisely which are the larval trematodes harboured by B. tro-- -
picus remains an unsolved problem. In table 8 an impres~ 

sive list of cercariae i ssueing from B. t ropicus has been compi­

led from Porter (1938) who cla ims to have identified 22 diffe­

rent types of cercaria from that snail. 

The first group of cercariae is the amphistome group, to 

which B. tropicus is particularly susceptible, five out of 

the six amphistomes listed, occurring in thi s snail. Trema-

tode taxonomy is unforiunately a thorny question, aggravated 

by the occurrence of larval forms which have not yet all been 

linked to a specific adult form. In a previous paper (Stig-

lingh et al.,1962) it was stated tha t B. tropicus served as 

host to bothP~his tomum and Cotylophoro~. According to 

Dawes ( 1946) these t wo gener a are consid'.;;red to be synonymous 

and Par amphi s tomum the correct designation. Swart , however 

(per s comm .) considere these two as separate genera. In a 

rec ent paper(swart and Reinecke,/1962) B. tropicus i s said to 
Fischoeder 

serve as hos t to both Paramphi s tomum microbothriumAarid Calicopho~ 
Fischoeder . 

~ calicophorum. ~ Both Neveu-Lemaire (1936), and Dawes (1946) 

cons i der P. rnicrobothrium. to 1e s ynonymous with P. cervi 

(Schrank) a designation employed also by Porter (1938). 
(Creplin) 

&: tropicus was also said to harbour P. explanatum A(Neveu-

Lemaire, (1936) but thi s is cons idered (Dawes, 1936) to be pro-

bably synonymous with~• cervi. B. tropicus is a lso thought 

by some inve s tigators to act as host to 'Fasciola hepatica ( L.) 
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(Neveu-Lemaire, 1936 and Porter 1938) . In the Echinos tome 
Porter 

group Porter (1938) lists Echin ostomum fulicaeAfor which the 

red knobbed coot Fulica cristata Gmelin serves as the defini-

tive host . Thi s may then be of considerable importance local-

l y as the redlmobbed coot is of common occurrence here in 

a number of the habitats ( see lat er). 

Although B. tropicus i s not n4ered amongst the general­

ly accepted vec tors of schistos omiasis, this has been claimed 

by certain investi gators , and in any case the snails are capa­

ble of harbouring schistosomes . Trema todes of this group 

sai d to be parasites of B. tropicus are ~ h7'atobi~(B:i-.:..+.P-arz) §_., 
Sarnbon Montgomery 

mansoni A ( both claimed by Port er, 1938), S . spinda1-e .... (Neveu-

Lemaire ; · 1936 and Porter , 1938 ) and also another animal 
(Sons i no ) 

schistsome, probably S. bovis "' (T eesdale , 1962) . Whe-ther B. 

~ropicus is in f act capab le of t:ransm:i.tting human schistosomia.--

sis seems not definitely established . Teesdale (1962) has 

never found B. ~~~~ ~lluaudi (Dautzenberg) to be infected 

with human s chistosomes in the field in Kenya and neither could 

it be experimenta lly infected with S, haematobium . Both 

Neveu- Lemai re (1936) end Port er (1938 ) regard B. tropicus 

as b eing the vector of §..! haematobium and ~ mansoni and 

Porter (1938) lays cla im to having i nfected l abora tory reared 

B. tropicus with §.: haematobium and to have us ed the cercariae 

issueing from these snails to inf ect a puppy with the same 

paras ite. As far a s I know there are no later records c on-

firming this and it i s futile to debate t he question till the 
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relationship between ~ tro;picus and 2t t.l'W1catu$ has been 

clarified. The need for this was pointed out as early as 

1939 (Connolly) and it may be that same of the socalled t~o~ir 

cus which occur in South Africa are in reality members of 

the truncatus group. This is suggested by a study of the 

radulae of a sample from Grahamstown (Stigling et al.t 1962) 

and this aspect has been further investigated by Schutte (in 

. R:r:ess) • 

In the present study no attempt was made to identify the 

-~~ematodes concerned but it was obvious that at least three 

different ceroarial types occured. The most comm.only oc-

curing type contains no pigment. In snails from certain ha­

bita t s i t was noticed that l ar ger parthenitae are present. 

Thes e se em to be rediae as feet seem to be present in the thie­

ker (pos t eri or?) part of the l arva ancl in the s e forms a black · 

rod was notic ed. In certa in infections this black rod was 

o_:i_screte and compact whi le in others the black material was 

scatturoo. more or les s throughout the length of the larva~-

It is not known whether this last mentioned form is a younger 

stage of the discrete rod type, or whether these two types 

represent t wo di ff erent species . 

Host--parasi te relation. In the literature much is made 

of the b ~l 2in.c e between parasite and host. The parasite is 

dependent on the hos t f or its v ery life and s o destruction 

··· --of the h os t i s de s t r uction of its life source. For= the pre-



222 

servation of this balance there are diverse mechani sms and it 

is these t hat cause the predators and parasi tes i n an anti­

snail c ampaign only to limit the numbers of , but not eradicate ., 

the snails (Abdel- a lek, 1956) . This is in agreement with 

the point of view of Boycott ( 1936 ) who stated that he knew 

of no example, in nature , of extermination of an established 

colony of snails by a predator . I t is for this reason too , 

tha t Olivier (1956 ) sees no hope in the use of worm parasites 

to control snails in the field . Even a heavy infection can 

be withstood for a l engthy period because of the well developed 

regenerative powers of the tissues of all m~1iuscs (Fretter 

and Grahrun, 1962)n 

It i s true that in some cases infection , especially a 

light infection, may have little or apparently no effect 

upon the host. Su c h an example i s the c as e of the encysted 
(Froelich) Tryon 

stages of Echinostomum revolutum ... in Physa occidentalis ... (Hurst , 

1927). This is understa_ndable because the parasite is in 

an inactive phase and in reality not a parasite , yet even 

such inac tive stages appear so.u.1(.;tira.QS to be h armful . 

In a previous paper (Stiglingh et al . , 1962) the presence 

of round white objects occurring most freQuently i n the peri­

cardi a l cavity was noted and it was stated that these proba­

bly r epresent the eggs of some unidentified organism. After 

reading the papers of J ohns on (1920 ) and Hurst (1927) it be-

came clear that these were metacercari ae . Contrary to the 

findings of Hurst (1927) these encysted forms cannot be 
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regarded as inoonsequenti [\,1,- At oertain t~mes of the year 

I found the pericardiul cavity of almost every individual 

in a population to contain metacercariae and snails as small 

as 2.6mm. possessed 5 metacercariae in the tiny cavity. Of 

the larger snails, many were found to have the pericardial 

cavi.ty greatly enlarged and crammed full of metacercariae so­

that circulation and heart function must surely be hampered~­

The organ which is next in importance in metaceroarial infec­

tion is apparently the kidney. Numbers ranging from a few 

to ma...~y, metacercariaE were found in many instances embedded 

in the tissue of the saccular part of the kidney. In one 

instance clusters of metacercariae were found in the stomach 

region but this was unusual, although scattered metacercariae 

sometimes e.ccurred in the haemocoel or embedded in superfi­

cial tissues such as the collar, or ever the gill. 

Active stages of the larvae may also be relatively harm­

less. If, for example the infection j_s localized, occurring 

only in the dige s tive gl8.Ild, the larvae may mature, and even~ 

t ually abandon the hos t which is then free to recover, (3~­

ker 1928). Even the reproductive activities of the snails 

are not necessarily interfered with. Marcuzzi (1950)could 

detect no changes of any importance in the reproductive system 

of infected snails, and Coelho (1954) found even heavily 

infected snails to pos s ess active sex c ells, though t b.cs e 

were pr esent in sma ller numbers. 
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One should nevertheless guard agai nst reducing the effect 

of parasitism to a sort of benign commensali sm. The delete-

rious effect of the parasite on the host i s very r eal . Under 

l aboratory condi t ions A. g l abra tuB i s often killed about 5 

months after inf ection with S. mansoni ( Barbosa and Olivier, 

1958), and the widespread and sometimes ex c eedingly heavy in­

fections found in B. trop icus do great harm t o the snail . 

Baker (1928 ) a l s o found that in many i nstances the liver , 

reproductive organs and the s toma ch were large ly destroyed by 

trematode inf ection. 

Not a ll trematodes have an equally harmful eff ec t on the 

ho s t, and the heavi est destruction i s sai d to be caused gene­

rally by those trematodes in which a redi a stage occurs be­

caus e the redi ae cause much de.mage when f eeding on the tissues 

(Abdel-Mal ek 7 1956), S . spinda le aud S . bovis ar0 -~hon probar-

bl y l ess har mful tban mo s t of the other trematodes infecting 

B. _go,"P_:t~ as tho se -!:;wo l ack a r edi a s t age . The worm ~ ­

fulic ae a l s o l a cks a r edi a though mos t of the echinos tomes pass 

through such a stage (Porter , 1938 ). The most common infectio::: 

of~ tropi cus is almost certa inly amphi s tome infection and the 

amphi s tome s p os sess a voracious rcdi a . Port er .( .1938 ) found 

that, in the case of C. _c o.licophorum infec tion the digestive 

gland of the snails was , almost without exc ep tion , to a l arge 

extent r eplac ed by hordes of r edi ae which in many cases pene­

trated i n to, and sometimes destroyed 5 the g onad o Heavy in­

fections of loc o.. l Bo tro:p j_cus are s o bad tha t the haemoco e l 
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is sometimes filled with a compact mass of pathenitae w~ q~ 

sometime s a l s o lie in the blood vessels of th~ mantle and gill 

where they no doubt impede the circulation of the blood. 

That it is not only the pr es ence of a voracious redia 
- - -

which mus t be taken into account in trying to a s sess the da-

mage done by a parasite is indicated by an obs ervation by 

Boycott (1936). He thought it doubtful that much harm was 

caused to~. truncatula even by large numbers of liver flukes 

(thes e contain a redia stage), while in Portugal and India 

Planorbi s was harmed cind even killed by bilharzia parasites 

(no r edi a stage ). It i s therefore possible that the various 

snail species possess a differing inher ent ability to cope 

wi.th parasite~. 

Pathology. I nfestation of the sn ail by parasites is 

able to ef fect prof ound changes in th~ snail. Some times , 

t her e ar e n o externa l signs 7 morphologica l or behavioural, 

which betr ay the presenc e of par asi tism. In other ins tances 

i t i E apparently p ossi ble to detect parasitsm by exter nal 

means. Por t er (1938 ) s t a t es than infeot ed snails move 

s:tuggishly and fe ed poorly , while Boettger ( 1944) states t hat 

the snails , i n order to compensat e fo r t he loss of body sub­

stanc es t hrough t he paras iti sm , fe8d excess i vely. It may be , 

theref or e that the appetite of the snail vari es a ccordi ng to 
. 

the stage , or degree of parasi t wm. 

Besi des behavioure..l differ ences 7 ext er nal morphological 

variations have also been n oted such n.s changes in the tenta-
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cles , foot and the colour of the animal (Porter 9 1938 , Boett­

ger 1944 ) . In the l ater s tQges of par asitism the host i s said 

to be pa l e (Boettger 9 1944 ) but it i s not lmovvn whether this 

paleness i s the result of a decrease in the pigmentation as 

found in parasitized E._: occidenta lis (Hurs t , 1927), or whether 

the pa leness i s perhaps the r esult of lower Hb content o In 

my mat erial of B. tropicus di s tinct v ariations in the haemo­

l ymph colour , r anging from yellowi sh to dark r ed , wer e noted 

but t he r e l ation be t ween haemolymph c olour and the degr ee of 

par asi tlsm was not es·c; ablished . 

One of the external changes is tha t wrought in the shell, 

and as this i s ono of the most obvious it will be di s cussed 

first . Abde l - Malek , (195 2) who s t udi ed parasitism in& ~ -

pul ~~~um Sayf ound the inf ect ed specimens to be s light ly light6r 

than the non-infected ~ He detect ed no sign of gigantism which 

has been found to b e a feature of several kinds of snail har~ 

bouring a trematode i n£ection. Further it has been found 

(Rothschild A . and M. , 1939 , Rothschild, 1941a ) that bes i des 

being ultimate ly lc:.Xger, trematode inf ected Li tt ori na n eri toide.­

( L., ) a lso grow fast er tha.11 uninfected individuals . Such gi gap.­

tism has b oon report ed in par asitized individua l s by Rotb~ 

s child (193 6 , A. and M. Rothschild 9 1939 , quoted by Rotl" .oh i ldt 

1941a ), Boettger , (1953b ) while Harry and Al drich ( 1958 r eport 

t hat A. _g]._ab:r.atus specimens i ni'ec t ed natura lly with £.! mansoni 

ar e usu2.ll y o.mong the largest specimens . The differenc e in 

s iz e i s s i n c ertai n circu.mstanc es very great. Thus Rothschil(: 
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(1936) found in Peringia ~, in which specimens of more 

than 5mm are rare, numerous specimens 8-9.mm long. 90% of 

this population was found to be infected and no uninf'ected 

snails larger than 5 mm were found. In~. tropicus it has 

been noticed that populatioraof exceptionally large snails, 

a.re invariably heavily parasitized, often practically bursting 

with partheni ta.e. 

There i s no agreement as to the factors responsible for 

gigantism and various explanations have been suggested by 

Wesenber g-Lund (1934), Rothschild (1936), Rothschild (1941a) 

and Boettger (1953b). 

Not only the absolute size but also the proportions of 

the shell are affected and in some cases, eg. the otylomma-
(MUller) 

t _oph.oran Zebrina detri t 3: .... inf ected with Dicrocoelium dendri ti­
( Rudol:p_hi) 
.£.~),_ even though gigantism does not occur, the shells are 

re l a tively more s l ender, there is a smaller aperture and a 

longer spire (~o ettger 9 1953b). Zebrina detrita specimens 
Stiles and Ha~sall 

.infected with Dicrocoelium lanc eatum.Jaccording to Dawes (1946) 

_s~nonymous with~ ~endriticum) are also said (Neuhaus 1939) 

to be s limmer than uninfected. 
(Pennant) 

This slimness is also repor~ 

ted for Peringi a ulvo.e , .... but has not been observed in B. tro-

picus. Othex sh ell f eatuxes oaid to be the result o~ para-

sitism are brittlenes s of the shell, which has been noted in 

h ?ata l cnsis , 8.11.d P l ru1orbis pf eifferi, also irregularities 

or corros ion of the shell (Rothschild 1936, Boettger, 1944)~ 
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I foun d no corros ion of t he shell of par a si t iz ed B8 t ropicus , 

no matt er wha t the degr ee of parasitism, and corrosion of the 

shell in thi s sp ecies ( loc a l ly) seems to be limited to periods 

of anhydrobio s i s . 

The change s appar ent in the sh ell a r e , however, mer ely 

an expression of changes wrought in the s oft parts of the 

ani mal. As pointed ou t by Abdel-Mal ek (1956) the po.rasites 

caus e both file chanic a l , ( fee ding and migration ) and physiolo­

gic a l ( feeding and excretion) damage to their hosts . 

The gravity of the- morphologica l damage dep ends in part 

on t he loc a tion of the parasites , tho s e in the headfoot ob­

viously bei ng l ess harmful t han those occur}-ng in a vita l organ 

such as the liver. Echino s toma was found encysted :i.n any 

kind of t i ssue i n P~~~~ (Johns on~ 1920 , Hurs t, 1927). It has 

also beon n oted that t he various tremat 0des pe..rasitic in Heli­

s oma s._or_pu1entum affec t many organs , t he pros t nt e , h ermaphrodi t,-

gland , hear t,kidney and connecti ve t i ssu e in gen er a l . 

BeJrnr ( 1928 ) e.l s o f 01,mcl ~.nf ecti on t o b e of a g en er a l n a ture , 

though. s ometimes locali zed in t ho liver 9 gcni . tali a end s tomo..ci-

No specia l s tudy of t he deve lopment of &L infest a tion in 

live snai l s was made in the pr esent i ns t anc e but fr om diss ec ­

tions the i mpr ession was gained tha t during the matura tion 

of an infecti on t h e l arvae follow an " u p and dovm " path in 

t he snail. . In the lightes t i nf ection obser ved there were 

a f c.ir number of v2ry S!?iall rods haped p o.rtheni tae in the 

s i nus of t ho s tomach region . In light inf ections ther e 
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are generally also a fair number of parthenitae in the haemo­

coel dorsal to the foot. It seems that, from the haemocoel 

· in the lower part of the snail the parthenitae soon find their 

way to the gonad. Even in snails which are apparently 

.:.. ·-_.,.. _ _J,.j,..ghtly infected the gonad was sometimes found to b<a-:..; totally 

destroyed. They reach the gonad apparently mainly via the 

intestinal sinus because numerous parthenitae are usually to 

be seen lying in this blood space. The smallest cercariaa 

are oft en found in the gonad region, indicating that they 

perhaps develop thered.Udlater migrate into the liver. In 

very heavy infections the whole surface of the liver may be 
b 

totally obscurea.Jwith parthenitae and corcariae. The largest 

cercariae arc found abapically, which may be taken to indi­

cate a downwnrd migration b efore leaving th0 snail. This 

impression of a simple up and down path is not always con­

firmed. In certain instances larval forms may be found in 

many other parts of the snail, notably the large sinus arounq 

the rectum. Occasionally in v ory heavy infections both 

parthenitae and cercariae may be found in the blood vessels 

of the mantle, the gill, and the collar where they cause a 

very uneven surface and apparently, great congestion. 

The two organs which are generally most gravely affected 

by the parasitism are the digeative gland and the hermaphrodi-

te gland . The liver tubules of Hclisoma corpulentu.m may 

become virtually n mass of redia e in heavy infections (Abdel­

Malek, 1952) but the acini are not ruptured because of the 
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r e l a tively mas s ive epitheli a l c ell s constituting the walls . 

In t he case of B. tropicus the h i gher degree of infection 

of the liver which is usually infected, i s mentioned by 

P orter (1938 ) who stc te s that masses of c erc o.riae and parthe-

nitae may fill it . This was found to be the case in many 

of t he loc a lly i nfected snails . In mru1y instances the whole 
' 

of t he liver surface wns covered by a thick l ayer of c er ­

cariae and/or parthenitae , c.nd parts of the orgrui r ep l a c ed 

by 2. m:-.os of larva (fig ,. 116 ). 

In B ~ tropicus th~rG is a distinct h i s tologic a l di ffe­

r ence in the liver s of par asiti zed and he~lthy snails (figs . 

116 o.nd 117 ) • In the paro.s i tized forms the liver tubules 

become hypertrophi ed; the c e lls of the epi thelial lining 

are m1.1ch short or ancl.. t he enclosed lumen r e l a t i vo l y much 

Three sno..ils were soJ.ec ted , o. 12.r ge paras itized specimen , 

a l o..rge par asite fr ee 1 and a small paro..sito- free s pecimen . 

These snails were 16 . O_, _13 . 4. and 4 . 7mm in s i ze r espectively . 

The hei gh t of five epithelial ce l l s in the liv er of each 

snail was measured , and the proc edure repeated for the two 

l ar ger cnails . The mean values obta ined in the case of the 

l arge pa.rasitizcd specime~ were 12 . 2 and 12 . 7 mic ro.; for t he 

l argo p aras it e-free sn ail 19 . 5 end 17 . 3 micra , and for the 

small snail 16 .5 micro.. Thi s illustrat es the ext ent to 

which parasites mo.y cau s e a r ed1.1ction in the height of liver 

E>p i ·0he lium1 fo:r: the cells of the pc~rasi tiz ed snail are c on-
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aiderably shorter than even tha tiny snailt whioh was healthy~ 

In a large~ heavily parasitized speoimen ~xamined the 

lumina of the tubules were filled with a blueataining secre­

tion which is present only in small amounts in the tubules of 

healthy snails. This gives the liver the appearance of 

stagnation, a feature enhanced by the apparent reduction in 

both the number of faecal vacuoles and the number of secre­

tory droplets. 

Besides the copious secretion in the liver tubules the 

parasitized snail als< had accumulations of a dense sub-

stance in certain -tubules. Such aggregations were not ob-

served in the other slides and it is possible that they are 

the result of the pn.rasites. 

Infection rate. The infection rate of the snails does 

not remain constant throughout the year but undergoes cyclic 

chenges. In the p~esent instance thes e changes have been 

found to occur not only with r egard to the number of snails 

infected with active larval forms, but also the encysted stage. 

These oscillations are climatically induced, (Porter, 1938/ 

and Teesdale, 1962) and may a l s o be partially governed by 

the migration of c ertain birds which act as host to a number 

of t he f lukes (Porter, 1938). 
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Webbe . ond Msru1.gi ( 1958 ) mention that i n certain habitats 

a high infection rate wa s associated with the presence of 

numerous large snails in the populat ionfand this appears t o 

be so also in t h o -co..oe of B. t ropicus . For exampl e infec-

tion rates in the tota l population and in only the large 

snails , were found to differ greatly , 5%- 27%; 11%- 55%; In 

one sample , 26 . 3 . 62 in which only large snails were collec­

ted , 78% were f?und to be infected while a total population 

sample 2 . 3 . 62 , from t h e same habitat , had an infection rate 

of only 11% . Older B. tropicus may therefore be much more 

prone to infection by their trematode parasites , than nre 

the young snails . 

The infection rate in two habitats was studied , habitat 

21b , as a stable habitat, and habi tat 9 as a "temporaryn ha­

bitat . 

21b . fig . 118 . In this habitat samples of roughly 25 

' 

snails per month were examined . The pattern of metacercarial 

infection seems simple . It is ver y high at the beginning of 

the year . In J anuary the pericardial cavity and the kidney 

were often found to be crammed with metacercariae and snails 

as small as 2 . 6mm were found to be infected . In February 

there was a tremendous decreas e in the number per snail , some­

t imes only one or two metacercariae being..f'ound . This low 

infection rate was continued throughout the winter until 

September when, although the number of snails infected had 

risen sharply, the gravity of the infection p er snail wa s 
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ab out the s ame as duri ng the wint er months . From Octob er 

t ill Dec emb er t he i ndivi dua l r ate of inf ecti on increas ed but 

di d not approach t he va lue a tta ined in J anuary . 

The r a t e of inf ection wi th acti v e l arva l forms coul d n ot 

be tra c ed with the s ame degr ee of certainty, owing to the 

small numb er of inf ec t ed snai l s in t he s amples . I n J anuary 

no i nfected snails wer e found and in February ther e was an 

indic a tion of a poss ible s light ri se i n tho infection r a t e . 

After February n o i nfect ed snai l s wer o f ound again t ill the 

l as t three mont h s of t ho year when a peak i n inf ecti on rate 

is i ndic a t ed . 

I n habi tat 9 (f ig . 119 ) l arger nu.i~ber s of sn ai l s were 

used and in c ompari s on with h2.bita t 21b , habita t 9 shows a 

March t o May incr ease and then a smaller peo.k b egi nning i n 

November ( 12 . 2% ) and con tinuing into the beginni ng of the 

year , with o. sharp dr op i n inf ecti on r a t e i n Dec emb er . 

These findi ngs are in r ough agr eement with t h ose of 

Port er ( 1938 ) who f ound that in t h e Tro.nsvaal the begi nni ng 

( Oc tober/Nov ember ) and t he en d (March/Apri l) of the s ummer 

r ains appeo,r to b e t he p eriods wh en mos t sn ails a r e infected t 

and that during t he v ery hot and v ery cold weather t h er e is 

a decrease in tho i nfection r a t e . The low Dec ember 

ruid J anu ary value □ aru ther efor e :prob2.b ly r eal . 

In habita t 9 tho ri s i ng i nf ec t ion r a t e in Mar ch i s i n closer 

agr eement with Porter ' s (1938 ) f i ndi ngs t ha..n i s t h e cond.i t ion 

in 21b . I t i s p ossi ble t hat , as i n the case of diff erenc es 
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these two habitats are to be attributed to tl'l... . ephemeral 

quality of habitat 9. 

The annual infection pattern in ~local!: tropicus 

and a.lso in B. tropicus described by Porter (1938), coincides 

roughly with that of B. pfeiff eri in:fccted with~ mansoni 

in Kenya (Teesdale, 1962), viz. high infection rates during 

the summer and low rates during the winter . Whereas Porter 

(1938) describes a drop in the infection rate in midsummer, 

Teesdale (1962) after a three year study , mentions that there 

is,in March, a decrease for which he cnn find no explanation. 

It has also been determined that in Littorina saxatilis 

(Olivi) parasitized by a larval trematode, the infection 

rate is high in summer and low in winter, (Berry, 1962) and 

apparently such a pattern is basic to many infections by lar­

val trematodes. 

This pattern of a summer maximum is however, the inverse 

pattern of that found to occur in B.(P.) nasutus in Tanga-

-:-- ·nyika (Webbe and Msangi, 1958). In that species there seems 

to be on absolute penk in inf ection rate during August/Septe~­

ber, with the lowest point in midsummer . I can think of no 

explanation for the great difference b etween the infection 

rate of this species and that of ]1. tropicus. 

Great variation has been found in the degree of parasitism 

in succ essive years~ 
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A h i gh infec tion r ate cannot always b e assumed t o occur 

in l arge snails , ev en in inf ect ed h abita t s an d during months 

whon i nfecti on is to be oxpect ed . In Mar ch 1963 no really 

s.r.:mll snails wer e found in h abita t 21b , but n one of the po­

pulation was inf ect ed . Als o i n habitat llb, during the months 

of October , November ruid December 1961 9 out of a tota l of 105 

snails , including many l arge i ndividu a l s , n ot a s ing l e inf e c­

ted spec i men conta ining a ctive larvae or metacercariae , was 

found . 

It vms at first thought that t he o.llrsenc e of inf ection 

in t h is habitat might bo c aused by the fact that thi s habi­

tat , being d ependent on thG i rri gati on c anal , int ermittent l y 

dries upo In many i nstanc es drought has b een shovm to h ave 

an u.nfavourable effect on p a r asit e inf e ctions and this f a ctor 

mi ght then be r esponsi ble for a parasjte free population . The 

popula tion samp l es for the 13,s t few months of 1962 wer e 

exo.mined 3lld parasitism was dis cover ed as early as Sep t ember ; 

27/47 snails exo.mined hcd me tacercarial infe ction and one 

light immature infe ction was discovered . In October the 

habitat was dry but i n November some v ery heavy infe ctions 

were found , and one of these wo.s mo.turc . Thi s pool do es 

t her efor e , in c ertain yea rs , harbour inf ected popula tions and 

no r eas on for the absenc e of infection during 1961 could be 

found c 
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.ANNELIDA 

The best lmown example of oligochaeto association 

with aquatic snails is that of Chaetogaster. This is a small 

c~nnonsnl fo,md in tho mn.ntle cavity and around the neck re-

gion of Jh.._tropious . Chaet~gast~r limnaei Baer occurs on 

several Basommatophora (Boettger, 1944) ~!-, a species of 
-

Chaetogaster is also reported to occur on L. caillaudi from 

East Africa (van Someren, 1946) suspected Chaetogaster a.re 

abundcnt on A. glabratus in Puerto Rico (Harry and Aldrich, 

1958) and a number of Chaetogaster species from living Jh_ 

pfeiffer~ have been noted in Kenya (Teesdale, 1962). The 

widespread occurrence of this genus is emphasized by the 

fact that it occurs also on freshwater prosobranchs and 

accompanies the animals on which it is commensal, even into 

the slightly salty Ostsee (Boettger, 1944). In Potchefstroom 

Chaetogaster species were observed also on Lymnaea and Physa~ 

Leeches are generally recongised as snail parasites and 

(Macen and Worthington, 1951) mollus0s are a favourite food 

of these annelids. The most frequently mentioned genera 

are Helobdella and Glossosiphonia . References to either or 

both of these genera in connection with snails are contained 

in Boettger, (1944), Boycott (1936), Olivier (1956) and 

Abdel-Malek (1956). 

Small unidentified leeches occurred in habitat 1 and 21b 

and i n habitat 6 a larger tYP e of l eech was encountered, 
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Olivier (i~56) is of the opinion that le~ches lnS¥ pos£ibly 

play a pa.rt in ~ontrollir~ v~~tora in the field, and from 

my own observations I gained the impression that in acer­

tain instance this occurred in connection with Jh. tropicus. 

Habitat 6, after a drought of at least 6 months, was partial­

ly filled by rains in October 1963. On the 1st November a 
was 

fair number of large snails~ found, and soon after the 

rnins a number of small snails were present. On 29th Novem­

ber another visit was paid to this habitat and only two large 

snails could be fo\llld. On the previous occasion no leeches 

had been recorded but on 29th leeches were present in very 

large numbers, crawling on the rusty drums on which snails 

were usually to be found. From this I concluded that the 

sudden disappearanc e of the snail population was possibly 

correl ated with the sudden appearance of the great number 

of leeches . 

13.4 AW#ROPODS 

Of the arthropods which have an influence on snails, 

crabs and crayfish ar e fre quently mentioned as predators, 

and of the insects, adult Dytiscidae, and the larvae of flies, 

dytiscids and Odonata a.re cited. Examples and references to 

other authors are given by Pilsbry and Bequa0rt (1927), 

Bo ettger (1944), Abdel-Malek (1956) WHO (1956) and Olivier 

(1956). Fresh-water crabs of the genus Pota.mon occur in 

several of my habitats but the influence of these forms on 
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on tho s nai l population , in the fi e ds co~ld not be ei tabl ished ; 

Of the insects , I only observed larva l Odonata to prey on 

B . tropicus . These larvae were present in v ery great numbers 

in severa l of my habi tats during the summer and may have been 

a f a irly i mportant factor in reducing the snai l p opulation , 

for these l arvae , when brought to the labor a tory , wer e ob-

ser ved t o f eed r eadily on the snails . A spec i es of Nepa , 

usua lly occurring wi th L. c a illaudi , was never seen , by van 

Someren (1946 ) to prey on Lyr,naea . Nepa oc curred loc a lly in 

habitats 2 , 8a , 9 and probably other habitats as well , but , 

as in the previ ous i nstance , was not obs erved to f eed on 

Botropicus. 

13 . 5 MOLillSCA 

The interaction of mollus c an speci es has been bri ef ­

ly discussed and to that I c an add but little . It is note­

worthy that Lyrrmaea was seen to eat the c gg3 of B . tropicus 

in the laboratory ( Combri nck pers . comm . ) but_lh, tropicus 

has a l so , on several occasions , been observed eati ng its own 

eggs in the laboratory in absenc e of suitabl e food . It is 

doubtful whether thi s occurs to any gr eat ext ent in nature . 

Deshciens (1956 ) i s of the opinion that in c ertain circum­

stanc es , when the population density is h i gh , egg eating , 

especia lly by Lymnaea and Phys a , may r educ e a Buli nus p opu­

l ation . I n poo l 21b these three genera have co existed in 

f l uctuating numbers ~ r years , Phys ~ being the l eas t success­

ful . 
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13.6 FISH 

Boycott (.1_956) stated that fish are very fond of 

snails which form a large part of their diet (Pilsbry and 

Bequnert (1927). According to Baker (1928) and Baettger (1944) 

they are the main predators of snails. Fish have even been 

thought of in connection with the control of bilharzia vectors 

in small dams (Olivier, 1956). An investigation in Kenya 

(Teesdale, 1962) revealed, however, that of a total number 

of 271 Tilapia (nigra and mossambigua) none contained snails 

in their stomachs. A Tilapi a sp. did occur in the local 

pools and shallow waters of the dams where~ tropicus were 

collected although they were generally rather small. It is 

doubtful whether they could have had any influence on the 

snail population since, moreover, they occufed in small 

numbers . Abdel-Ma lek (1956) offers a list of fish which 

eat molluscs . It i s of interest to note that the guppy, 

Lebistes reti·culatus eats the egg masses of h glabratus 

(Oliver-Gonzales , 1946, quoted by Abdel-Malek, 1956) • It 

might well be that Tilapia or other small fish too small to 

be efficient predators of B. tropicus, also have this habit. 

!!'1:l?IDBIANS 

References to amphibims which are predators of 

.. snails, have been given by Abdel-Malek ( 1956). Xeno}?US spe­

cies ar e mentioned by WHO (19 56) as eating snails and Teesdale 

~-=-· ( 1962) was als o informed that Xenopus fed~ -0n :Si om}?halaria 



pfeifferi. Xenopus locally occurs in fair nu.mbers and has 

been observed to eat snails in the l abor a tory, and may there­

fore play some part in reducing snai l populations. Their 

:presence c ould , h owever , not b0 correl ntcd with low snail;r 
numbers. 

13.8 BIRDS 

The birds observed in, or near, snail habita ts are 

listed in t able 9 • 

Birds are potententially important to snails in three 

ways. They may serv ! a s the final hos t for parasites whose 

larval forms infest the snails; they may be agents in the 

dispersal of snails and finally, they may be inimical ~o tha 

snails by feeding upon them, or their egg masses. 

The r ed-knobbed coot (Fulica crista ta) is a very common 

aquatic species and, on the authority o: Porter (1938), is 

believed to harbour the intestinal parasite Echinostomum. 

fulic ao for which B. tropicus acts as vector. This is 

the only loca lly occurring bird known t o act as h ost to a 

par asite for which B'!. ~Eopicus is t he intermediate hofst. 

The opinion has be en expressed (Pilsbry and Bequaert 1927) 

that a qua tic birds are proba"t>ly the worst enemi es of fresh-

water snails and mussels. Whenever the question of birds 

f eeding on mollusc s aris es , the firs t bird t o be discussed 

i s usually the duck, probably partly because this type of 

bird would be most i mportant in thG control of bilharziasis 

if it could be demonstrat ed that ducks wer e able to help in 



List of birds observed in the vicinity of the habitatso 

Anas undulata 96 Yellow- bill, duck . 
Anthus richardi 692 Richard 1 s p i pit. 
An..hiri.ga. .. rufa 52 Darter. 
Ardea purpurea 57 Purpl e heron . 
Ardea c inerea 54 ( Common ) Grey heron . 
Ardea melanocephala 55 Bl ack- headed heron . 
Anas erythrorhyncha 97 Red - bill teal . 
Amadina erythrocephala 820 Red h eaded finch . 
Ardea purpurea 57 Purp l e heron . 
Apus caffer 383 White - rumped swift . 
Actitis hypoleucos 258 Common sandpipe r . 
Apus affinis 385 Littl e swift . 
Bubulcus ibis 61 Catt l e egret. 
Corythornis cristata 397 Malachite kingfisher . 
Circus ran i v orus 167 Af r i can marsh harrier. 
Cisticola tinniens 646 Le Vaillant's cisticola . 
Corvus albus 522 Pied crow . 
Creatoph ora cinerea 735 Wattled start i ng . 
Columba guinea 511 Rock pigeon . 
Charadrius trico l laris 238 Thre e banded sand plover . 
Calamocichla gracilirostris 604 Cape reed warbler. 
Certhilauda albafasciata 474 Spike- heeled lark . 
Capella nigripennis 250 Ethiopian snipe . 
Dendrocygna v i duata 100 Whi te --f aced duck ~ 
Diat ropu ra progne 818 Long-- tailea. -..ddow- bird. 
Euplectes or.ix 808 Red Bishop bird . 
G;yps copro·Gh m:-es 106 Cape vulture o 

Hopl op terus c.rmatus 245 Blacksmith p lover., 
Hirn 2'1.do a l b i gularis 1:95 White throated swallow. 
Hima ntcipus himantopus 2?0 Black•-•winged stilt. 
Hirundo r us tica 493 European swallow~ 
Lanius collaris 707 Fiscal strike~ 
Macronyx cap ens is colletti 703 Cape longclawo 
Motacilla c ~p ensis 686 Cape wa gtail. 
Oena capensis 318 Nemaqua dove 
Ortygospiza atricollis 844 Qua i l finch. 
Phalacrocorax a fri c anus 50 Reed co rrro rant. 
Petrochelidan spilode r a 505 Cl i ff swallow . 
Passer domesticus 78 4 House sparrow . 
Passer melanurus 786 Cape sparrow. 
Ploceus velatus arundinorias 803 Masked weaver. 
Plocepasser mahali 780 Whi te browed~ sparrow weaver . 
Plectiopterns gambensis 88 Spurwing goose (wilde Makou) . 
Po:cphyr j_o p o:c:::iyrio 208 Purple gall i nule koningriethaan . 
Pla talea alba 85 Spoonbill. 
Podicepr.:i r u fj_collj .s 6 Cape dabchick ., 
Quelea quelea 805 Red-bill ed que leaa 



Table 9 (Contd . ) 

Riparia paludic ola 509 African .sand martin . 
Streptopelia capicola 316 Cape turtle dove . 
Stigmatopelia senegalensis 317 Laughing dove . 
Saxicola torquata 576 Stone chat. 
Stephanibyx coronatus 242 Crowned plover . 
Spatula capensis 94 Cape shoveller . 
Steganura paradisaea 852 Paradise whydah. 
Scopus umbretta 72 Hamerkop" 
Sprea bicolor 746 Pied starling. 
Threskiornis aethiopicus 81 Sacred ibis. 
Telephorus zeylonus 722 Bokmaki erie. 
Tricholaema leucomelas 432 Pied barbet . 
Tringa nebularia 263 Greenshan:k~ 
Upupa africana 418 African hoopoe . 
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controlli ng t he vectors . Opinions are divi ded as to the 

eff ect of these birds. on a sno.il popul8-tion . Olivier ( 1956) 

states that there is no evidenc e that birds are important 

in diminishing the number of sn ails; tha t only poorly f ed 
--

ducks in an i s olat ed body of water might be of help in this 

respec t . On the other hand Abdel-Ma l ek ( 1956 ), though quot i ng 

another author ' s doubts as to the u sefulness of ducks bec ause 

of the occurrence of many molluscs in habitats frequently 

vi s ited by c erto.in duck , n ev erthel ess , s till thinks tha t 

ducks might be the c ause of a decrease in the snail popu-

lation in c ertain loca lites in the Sudan . Pils bry and 

Bequaerl:. (19 27) ond van Someren (+946) have a high estimation 

of domestic duck as snail eat ers an d Boycott (1936) goes s o 

far as to say that domestic and domesticated ducks a r e the 

worst enemies of fresh- wat er molluscs . Du cks are said to 

be capabl e of eradicating snails from a pool in a short whi le 

(Pi lsbry ruid Bequaert , 1927). Onc e more the necessity 

of s ~ipulating whi ch species of duck i s involved , becomes 

apparente I n tho fol lowi ng di s cussion a ll the birds men-

tioned feed upon mo l l u scs Hnd a ll notes on their distri buti on 

Ol1.d habits are , unless otherwi se indic a ted , t ak en from 

Robert s ( 1957) . 

Numerous duck are thought to fe ed exclus ively on v ege-

tc,ble matter. Soree of these are the spurwing goose (~ 

tro:pte:rus gambeL.si s Lin::1.aeus) the Egyptian goose (Alopochen ---- __ ,~ - --- -------
a.cgypti2.cus Linnaeus ), ye llowbill (Anas undulata Dubois) all 
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of which occur locallyo Others have a more catholic taste 

and may, under certain circumstances, be important enemies 

of snails . Of the locally occurring ducks only the white­

f~_ced duck (D endrocygna viduata (Linnaeus.)) and the South 

African pochard (Netta erythrophthalma (Wi ed)) are listed as 

eating snails, but it is possible that there are several 

other species of duck which feed on snails , even if only in 

the absenc e of their preferred food. 

The possible importance of wild duck in reducing snail 

numb ers should not be overlooked . One of these is the 

~ esser S8 au_:p (Nyroca affinis) which is mentioned by Baker 

(19 28) . There is also a record (Chapin, in Pilsbry and 

Bcquaert , 1927) though not very impress ive , of Hartlaubs 

Teal (Pt eronetta hc.rtlaubi) having eaten smo.11 pelecypods . 

It i s further known that mol luscs are devoured by Cape Teal 

(.Anas cap ensis{Gmelin))and the Moc coa duck (Oxyura maccoa (Ey­

ton) 3.Ild what is more, of these the former occurs throughout , 

and t~e latter virtua lly throughout,the Republic . Besides 

these f ac t s to be considered, ther e are also several species 

conc erning the feeding habits of whi ch we remain ignorant 

eg . the locally occurring Cape Shoveller (Spatula capen-

sis (Eyton)), or the White-backed duck (Thalassornis leucono­

tus ( E:srton)) whi ch I did not o"bserve here , but which i s dis­

tributed over the whole of South Africa. 

Besides duck there are sever a l other typ es of bird 

that f eed on molluscs 7 the Great Crested Gr e1Je (;podiceps 
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cristatus {Linnaeus)) which is found locally; t~e cattle egret 

(Bu.bulcus ibis (Linnaeus)) which is very cownon in this dis­

tric t and was found fr equently a t habitats 6, 9, 2lb and 

~lP and a lso occurs throughout the Republi~; Little Egret 

(Egretta garzetta (Ll:_nnaeu~)), Green-backed Heron (Butorides 

striatus (Linnaeus)), Little bi t tern (Ixobrychus minutus 

(Linnaeus)), Sacred ibis (Threskiornis aethiopicus (Latham)) 

which occur here in large numbers at several habitats, es­

pecially 9, llb and in. t he vicinity of habitats 21b and 21c. 

The Purple ga llinule (Porphxrio £OIJ2,h;zrio (Linnaeus)) has 

been observed among the rushes at habitat 9 and although 

Roberts (1957) does not list molluscs as pa.rt of the diet 

of thi s bird, Macworth Praed (1962) makes mention of filollusca 

forming part of the gal linule di et. 

I n the pr esent conn0ction t he birct groups to which the 

greates t numb~r of mol lus c s eat ers belong ar e t he plovers 

and t he wadcrs . Locall y occurring plovers, all said to eat 

moll~s cs , are Kittlitz' s sandplover (Chnradrius pecuarius 

_.._temminck ) a..~d t he t hr eo-bandcd sandplover (Charadrius 

tric ollaris Vi eill ot) and t he bl acksmith plover (Hol opterus 

armatus (Bure.he l l )). The Crown ed plover (S tcphanibyx coro-

natus (Beddaert)) which is als o comm.on and occurs throughout 

South Africa,is often to be seen near water amongst the 

Blacksmith plovers. Its diet, however seems not to include 

snails probably as n r esult of its generally preferring 

habitats which ar e drier than those f avoured by the Black-
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smith plover . The Ringe d plover (Charadrius hiaticula 

Linnaeu s )_ occurs throughout the Repub lic , though chi efly 

along the coas t and also d evours mollus cs . 

The Eth impian snip e ( Cap ella nigrip ennis (Bon~pe.rte.)) 

was r ecorded a t the Lo~ton DElID ( habita t 9) which off er s 

the kind of habita t pref erred by Ethiopian s nip e , viz . large 

marshy area with flooded , short g r a s s . 

Numerous wader s are present in thi s di s trict . Generally 

s p eaki ng their foo d c onsi s t s mos tly of ins ects (including 

l a r vul f orms ), s mall c:-'Ust a c eans and mollusc s . All the wader s 

found l oc a lly, exc ep t tho Li t tle s tint (C a lidris minuta 

_(Lei s t er )_) are s a i d t o i n clude mollus c s in t heir di e t 9 The 

Lit t l e stint i s sai d t o f eGd on Daphni a , copepods , and. mosqu.itoe:.:; 

and chironomi d l arvao v Tho waders h er e observe d a r e 

Ruff (P~"ilomachu s :pugnax (Linnaeu s )_) C o·nmon sandpip er ( Acti tis 

hypole_uc os ( Linnacms ) ), L'Iarsh s andpi per (Tringa s t a gna tilis 

( Bochstei n )) , GreenshE1,r.1.-:_;.: (Tringa nebul ari a Gunnerus ) and 

tho Wood sandp i per (~_ringa g l areo l a . Linnaeus) . 

The Black- wi nged s t i l t ( I_!i mantopus h i mantoJ?~ (Linnaeus)_) 

in t he Sudan ( .Abd e:;..,_-Mal ek , 1956 ) and the Whi t e-.head ed stilt 

in Austral ia ( !{1=-~to_pu~ l ei,~coc o:pho.lus Gould ) (Clol and. 1918 , in 

Pils bry and Bequaort, 1927) hev e b oen found to f eed on three 

speci es of Planorbidae Etlld on Bulinus s p e ci es r e sp ectively . 

The :Black- w:i.ngod stilt c,ccurs l oc a lly, in f a ct throughout 

Sou.th Af 'rica 1 as does tho close ly re l ated avoc e t (Re curvir os ­

trc _ av2!1 etta Id.n..naeus) ~ 
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On tha whole it seems qutte possihl~ ~h~t the influence 

bf birds on snail populations is underestimated, especially 

when one considers the large flocks which con~e~ate oncer­

tain waters. Prominent among these arc the huge flocks of 

flamingoes. In the greater flamingo (Phoenicopte~s rub0r 

Linnaeus) flocks may number up to 2000 birds and it is this 

species which must be taken into account as its diet is 

mainly animal; insect larvae, shrimps and small molluscs. 

The lesser flamingo (?hoeniconaias minor (Geoffroy) may be dis­

regarded at it is mainly vegetarian in its habits, feeding 

particularly on unicellular algae. 

Other birds not observed here, but having records of 

mollusc enting are amongst others the Open bill stork (Anasto­

mus lamelligerus Tero.mine~) according to Chapin (in Pilsbry 

and Bcquaert, 1927) the only specialized mollusc eater in 

Africa, and various crakes. The African crake (Crex egregia 

(Pet er~)) and the Black crake (Limnocorax flavirostra (Swain~ 

son)) ar0 specified snail eaters as is also the African i,a:c·a~ 

na (Actophilornis africanus (Gmelin)). 

Another enail eater which I did not observe here is 

Peters' fin:foot (Podica senegalensis Vieillot). This 

species occurs also in most of ~he Transvaal and in the 

Natal coastal belt and as far south as Por~ Elizabeth. In 

the present context the diet of the fin.foot is interesting 

as both in the Congo recor¢d, and Roberts (1957),the molluscs 
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eaten are specified snails, though tha species is not 

mentioned. 

Besides the birds known to feed upon snails, one must 

bear in mind that there are many others of whose diet we 

know nothing. Furthermore, stomach content examinations 

which are negative for snails do not indicate that parti-

cular species never feeds on snails. For example, the 

· "hanerkop" (Sco;pus umbretta Gmelin) and reed cormorant 

(Phalacrocora:xr a.frica.i..1.Us ( Gmelin)) have a varied diet which 

is not said to include molluscs. Porter (1938) however 

reports seeing several hamerkop feed en Phys0psis africana 

and small Unio caffer by dropping them on the ground and so 

cracking them 8.lld obtaining the soft internal parts. Such 

a method of getting at the body of !£od~nta is also reported 

to be employed by two species of crow (unnamed author in 

Pilsbry and Be1uaert, 1927) and is now well knovm in bird 

behaviour, further oxnmplos being described by Tinbergcn (rq5~ ) . 

Neither is the reed cormorant (Phalacrocorax africanus) 

stated by the textbooks to feed on molluscs, but Chapin 

( quoting another author (in Schmitt 1926)) states that ·:::uc 

b:.ra. elso e c::, v.; Uollu.soa. 

Some of the records of mollusc eating are rather unusual. 

Thompson (1841 in Boycott, 1936) mentions a grey wagtail 

full of Ancylus fluviatilis, and Pilsbry and Bequacrt (1927) 

observe that wagtails (Motacilla) prey to a great extent o~ 
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e e rtain mollus cs in Europe . Students inihis Zoology de-

p a rtment have , on v a rious occas ions , seen the rock pig eons 

(Columba guineae Linnaeus), s a id to f eed large ly on gra in, 

fish s nails from a s ma ll artificia l s tream on the roof of 

the l a bora tory . 

Local b irds which are not listed a s eaters of molluscs , 

but wh ich s e em worth investigating in thi s r e sp ect a r e the 

Cape d abchick (Podic eps ruficollis (P a lla s) ) cm d vari our· herons 

which a r e f a irly well represent ed in t h i s area . In particu-

lar the Purple h eron (Ardea purpure a Linnaeus) which usua lly 

feed s a long the wat er s e dge , and tho bla ck- headed h eron (Ardea 

melsn oc eph a l a Vigors and Children) which h as a v ari e d di e t 

and devour s insects ( Robert s and Mac worth Prae d , 1962) a r e of 

possible importanc c g Another aqu a tic bird and possible 

mollus c eater i s t h e spoonbill (Pla t a l ea a lba Scopoli) and 

the r ed- bill teal (!,..nas 3:~thror h yncha Gmelin) . Als o worthd 1 
menti on i s the p i ed crow (Corvus a lbus Muller) . Crows occur 

in l a r ge number s a t h abita t 8a and are said to eat " a lmost 

anything in t he s h ape of an ani mal di e t" (Rob erts , 1957 p . 277) 

It may b e tha t their h a bi ts do not bring thom often enough 

in conta ct with wat er y e t~ a ccording to Pilsbry and Be quaert 

(19a7) . two sp ec ies of crow fe ed on musse ls . 

It i s unfortuna t e tha t in the d escription of s tomach 

content s the term mollus c s , with out s p ecifica tion a s to wha t 

k i n d of mollusc, e v en snai l or musse l, so fr equ ently appears . 
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It is however not the task of the ornithologist to classify 

in detail the organisms eaten by birds, e.nd in this lies a 

rewarding field of study for the malacologist. 

13.9 MAMMAIS 

Ironically it is the visitors, birds and mammals, 

that are most affected by, and exert the greatest influenoe 

on, the snails. ~attle, horses, donkeys, sheep and humans 

a.re visitors to most o· .· the habitats studied. 

The ungulates may increase the organic content of the 

water by their faeces and urine but when organic matter is 

pres ent above a certain l evel it is ha.rmtul. The animals 

a lso stir up the mud and, especially in s oft-bottomed pools , 

caus e varying degrees of turbidity . In consequenc e of this 

snails ar e hardly ever found at watering places of cattle , 

the urine , dung and t urbidity being unfavourable to them 

(van Someren, 1946). Habitats 6, 8a, 9, 21b and 21c were 

used by animals as watering places and these water bodies 

consequently contained urine and dung, but in most of the habi-

tats many snails were found. Some distance :from my sampling 

site (habitat 9) at Loxton dam, was a much frequented we.te-

ring place. In contrast to ' t ho ot-her habitatc 

mentioned t his locus was denuded of plants by the trampling 

of the n.nima l s , Jollution occurred, and no snails were found. 
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The main imp<>rt~oe of th~ animals how~ver is their ac­

ting as hosts to certain trematode parasites, the larval 

stages of which employ snails as intermediate host. B. tropi­

cus serves as vector for the larval forms of trematodes which 

are finally parasitic in a variety of mc.Ll.lllals . If it were 

possible to exclude the ~inal host from the hab;i tat, the 

snails would also be free of the trematode parasite. The 

animals are also responsible for cropping the emergent vege­

tation and the reduction in shade might lead to slightly higfr 

temperature in some caf es . By wandering from pool to 

pool they may act as agents in the dispersal of snails or 

their egg masses. 

The humans do not seem to have any direct effect on the 

snails except possibly when the habitat is used as a washing 

place. This was the case in Pool 6 but in that insta.nce 

there was probably no inf'luenc e as the washing seemed to affect 

only a small part of the pool:Porter (1938) concluded that 

South Af'ricanmolluscs arc impervious to a large amount o~ 

soap, even when exposed to its action for a long perio~: thi~ 

is particularly true for hard water , such as occurs in this 

district. 

14 FEEDING 

14.1 FEEDING RATE -
It has been established by a number of authors 

that s everal factors operate in regulating the feeding rate 
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of snails . Besides temperature which i s a controlling 

factor in all phsyiologicnl proces ses, the s i ze of the animal 1 

its prl.JS:ialogicnl condition , the duration of the feeding time , 

a.,.~d probably a lso the nature of tho food influenc e the tempo 

of fe eding . 

To determine the eff ect of s ize on the f eeding t emp o 

the number of rasps p erformed by the snails of differing 

s izes was count ed . Two snails each of small, medium and 

l ar ge size , wer e selected and their r nn;po c ounted for a period 

' 

of half o, minute . Th .-~ veulu es thus obtained were then doubled 

to f acilitate compari s on 'Ni th the data suppli ed by other 

authors . The values r el a t e to uninterrupted f eeding periods ; 

when the snail s topp ed feeding the tria l was di sr egarded . 

Table 10 shovrs that the two l ar ges t snails performed , on tho 

average , 37 r asps per minut e while the t .vo smallest s na ils 

averaged 46 per minute. Hubendick (1957) found t hat in~­

naea snails of 10mm l engt~ performed as many as 50- 60 r asps 

per minute at 15°C 9 while ~ tropicus of this s iz e av er age 

0 more or l ess 40 per minute , at 23 . 5 C. Further, the large 

Lymnaeo, ( 45mm ) gave only 24 r asps por minute . Tho wide ro,ngo 

of rasping speeds in ~ aoa , vrhen compared to B. tro-picus , 

i s to b e correlated 

tho former species . 

with the f ar gr eat er mass a t tained by 
d-~ . 

Both Hub ondick ( 1957) and Komiyaj(1958 ) 

inves tigat ed the offoct of temper a ture on the r a te of feeding 

but crune t o conflicting conclusions . Hubendick (1957) found 

the f eoding rate to decrease s i multaneous ly vvi th tempera ture 



251 

in L.ymnaea (no- :figurea given) and Komiya (1958) found the ;rate 

to increase with decreasing temperature in Oncomelania. This 

does not imply that the phyc:iological processes differ because 

the temperatures chosen by the authors vary greatly. This 

results in the phenomenon that in one instance a decrease of 

temperature could be a movement away from the optimum while 

in another, (at a high temperature) a decrease would be a 

movement towards the optimum, and apparently conflicting con­

clusions may be drawn. 

Feeding movements are performed not only during actual 

feeding but also at other times when the snail is apparently 

not ingesting food. This has been noted also by other 
d· aL 

authors including Boettger (1944) and KomiyaJ(l958). The 

latter author terms thes e movements "food groping activity11 • 

In B., tropicus the rasps during such groping movements do not 

follow one another as quickly as during genuine feeding. In 

two sets of 5 observations each, on snails moving over food 

the nnmber of rasps per minute was 33, + 21 as opposed to 

26 + 17 du.ring movement over a bare surface. Such a discre-

pancy is functionally economical; occasional rasps during 

progress over the substratum, being sufficient to inform the 

animal as to the suitability of the substratum as a feeding 

ground. The slower rasping rate thus conserves energy which 

may be used du.ring actual feeding, or other activities of the 

snail~ 
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When tood is encountered the rasping is accelerated and 

the food gropillB activity then becomes food taking activity. 

When feeding upon a massive piece of food the snail is more 

or less stationary and nakes irregular excavations into the 
' ' 

When browsing upon algae or other periphyton however, 

feeding talces plac~ during locomotion, as is also the case 

in other browsers, enabling the snail, to cover a l arge aroa to 

obtain sufficient nourishment from the small amount of food 

ingested ~teach rasp. 

14.2 FEEDING TRAII.S 

The walls of aquaria in time develop an algal laye~. 

In an aquarium containing snails, tiny cloar aroas, mostly 

arranged to form some sort ot pattern, are generally to be 

seen. These clear areas e.re spots in which the algal coat 

has been rasped from the glass, and the rattern which they 

form is lmown as a feeding trail. 

The nature of the feeding trail is dependent on the 

rate of locomotion, and the animal's inclination to feed. 

The nature of the track i s subject to great variation, trails 

showing variations in the shape of the tr~k, the number and 

proximity of consecutive r asps, and the shape of individual 

rasps. 

-The shape of the trail • 

.An animal disinclined to feed may pass over a suitable 

substratum m.thou~ performing, or performing only occasional, 

feeding movements. A trail left by such a snail consists 



I 32t 
I , . 

1:35 
I • . . 

F.-i gs .132 135. Various rasps and trails made by ~.tropicus. 



... . 

I 2 6 L; 

-• 
• • 6 • 

• 6 • • 
• • 
• • • 

• • • • 
• • • • • 

• • • 
• 

• It 

, ~ 

• • 
• 

• .. 

128 • • • • 
• • • - I .• 

,,. ,, .,. ., 
j ._,.I -- ' \. 

,,.. 
$ -

' ' ..,; -
' ' ' " . 

1 3 
\. ........... ~""""" .. 

131 .. Various rasps and 



• 
~ 
I\) 

0 

I 

~ 
I\) 

Vl 

,,. ..... :..•· ... ,;. -, . , 
·4-. ; 

..:,_.. . /":--:•"-
\¾: -- ... 
:,1 •. 
l\.' 
"i"'., 
•. . -- .. ~ ., , : 

• •: I • 

: .. 
. ~ ~; ~-)...,, ·, ' ,. 

~ .• -..'11:-i.: . 
·., .. .. 

.,,., 
J 't · -'---' ., ., . 
.. '=;~~ ?i. _. . 

-~4 

-

~tr~ 
". ~ '::. 

~ 
-4t 

.... 

. I 

4.:_u 
~'¥Ji.-.;: . 

.. . rr·t,;,_ 
.. . }. ... ? ... ~ 

!•. ..,i2~•· . ' .. · ·f· , . . I·. · .... · . • t .. ~ .. -,. . .. --~ .. . -~-,..\ . .. - -~ .. -~ .. ·::;::~.:I.Jc:~~,~ . .. ; ~~ .. :. 

N 
N 

•7 ~ • • '{ , ._ .... , · t -- .. 
. • ' ~ ... - ' .. ·. :..:.· ... 1 ~- -"~: -~ ~;.c -~·~· '\ -~:,; ~ 

,.. - '°1t .... . • • .. • , , "' ~"E-. ., 
-~~ ' . 41\ . -~ .,. ,;, -. . , · . ·~•~« 

;. "- J. • .. : .. · ,.;: , . .. ~ ~ __ :.. ... ,\~ ' •• - -~) • • i 

... 

N . . ' 

-

~ 

.. 

t 

-.. 
N 

" 
f , . 

• • 

~ ~ 

~ 
':¼- • ~ r;;, 

~ 
<,' 

.. ,. ~~ p ~ .. , 



253 

of a series of r asps which are random or only loosely orga-

nized into a pat tern . Su ch r asp s oft on occur at the begin-

ning of a feeding tro.ilo This disorganised beginning of a 

feeding -'.;rail has also boen noted by Boettger (1944), and is 

well demonstrated in tho feeding trail of 13 . tropicus , shown 

in fi g . 120a During swift locomotion as often occurs in 

Physa , the rasps may be arranged to form a s ingle line (Boett-

ger , 1944) o In the r cpr Gsontation of the f eeding tra ck of 

Lo stagnalis (Hub endick , 1957) the r asps are arranged alter­

nately l eft ond right, aftor tho nanner of huLJ.rui foot prints; 

In slowly moving animals the swinging of tho hoad from 

s ide to s ide , a fe3ture a lso of vertebrate browsers , becomes 

more exaggerated . 
~ 

In this manner several rasps are juxtapdoed., 

sitione-€1:- during the sideways sweep of the head and a curved ' J.fne 

is etched into the a l gal coat with overy sweep . During the 

progression of tho snail consecutive curves are added to the 

preceding, forming a c ontinuous zig-zag line (figo 121 ) o 

.A...-r1kel ( 1929) found that He lcion pel.lucidwn .( L.) l ec.vc. s o. tr:-'..il s . 

milar to tha t jus t described ci,:n_d he g oos on to cla i m that Lymnaea 

leav es a simi lar trail . I t i s likely thor cforo , that the 

trail made by Lymnaea , as described by Hub endick (1957) was 

made during f ast locomotion . 

Judging from tho figu.ro of a feeding track of Oma logyra 
(Phili ppi) 

atomusA(Frotter and Graham , 1962) tho component parts of the 

track are not necessarily cu.rvod . A possible oxplo,nation for 

this discrepancy in tho shape of tho trail of .Q_. atom.us and 
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!:, ti~~~cus, ~i that the form~ pcsee.as~ fr ,.~d shell, 
' 

balanced vertically on the body o! the animal, M~ any great 

flexure in the nuchal r egion would t end to:' throw th.e animal 

off balance. 

The angle between the successive curves of the trail is 

determined by the rate of locomo t ion and Boettger (1944) 

s t ates that feeding trails usually originate as single bites 

or curves which are separated from each other by wide angles, 

the curves later following one another so closely that they 
He... 

overlap, this being/result of a decrease in the speed of lo-

comotion. This was found to be true also in~ troEicus but 

there are a number of ins tances of the begin.."ling of a fe eding . -~ 

trail being composed of curves so clos ely consecutive that 

they overlap (f igs~ 122 and ). Neither are wide-angled 

curves r estricted to the beginning of iecding trails; _this tY:p~ 

of f eeding may continue over long distances (fig.121)0 Indi­

vidual variation in trail pattern is great, because of the 

interplay of sever al factors, and no simple r cln.t icn between 

temp er ature and trail angl es was found. 

The numb er and :proximity of rasps Eer cu.rve.E eeding trai;Ls 

vary a lso in r espect of the numb er and proximity of consecu­

tive rasps found in each curve . As i s to be expected, the 

curves of a f eeding trail rasped by n large snail are gene­

r all y broadGr than the curves of a small snail of the same 

species ., I t may n ot be deduc ed f rom thi s that the numb er of 

r asps per curve i s n ecessarily gr eat er in large snails than 
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ones. 
in smal:"1. .... In B. tropicus the number of rasps per curve in 

a trail made b y a sme,ll snail was of t en found to be greater 

t~an the numb er of r asps l eft by a l arge snail at the same 

temp er a t Ul~e. There is some r0lation be.tween the number 

and proximity of the rasps p er curve , and tho angle between 

consecutive curves . As a rule wide angled curves possess well­

spaced rasps (fig.123), while in trails in which the consecu­

tive curves are closely plac ed, or overlap , tho rasps are more 

numerous r:nd t G:nd to be contiguous or ov erlap (fig.124), some­

times :groducing a snakeskin effect (fig.125). In instances of 

extreme overlap this r 0sults in areas being scruped complete­

ly fr ee of a lgae (fig.126). 

Form of individual rasps . A glance at the feeding t r ail~ 

l eft by B. tropicus shows that the appcc.=i.rance of the rasps 

made by ony particular sn~il is not constant . 

In some trails it i s noticeable that the u ltimate rasp 

in a curve i s sometimes asymrnGtrica l , the last rasp to the 

right s ide of the animal b eing r epres ented only by the right 

half of tho rasp and vic e versa (fig .127}; This seems to be 

caus ed by a s light inclination of the odontophore , in the 

direction in which the snail is twisting . Thi s inclination 

does not occur when the snail is only slightly bent from the 

axis re:proso:nting tho line of progress ion, but comes into 

effec t wh en tho snai l j_s gr·catly extended in a lut cral posi 

ti on. 
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\Vhen the r adul a scrapes tho subs tra tumjit is the a r ea 

ant erior 9 and l a teral, to tho co1lostylar h.ood tha t is brought 

into contact with t he substra t um o This r egion i s a softly 

rounded , roughly horso- shoe shap ed aroa on the dorsa l part of 

t he dontaphore . During f eeding , tho right and l eft halves 

of tho o.dontophore ( and so a l so tho horse-shoe ) a re brought 

closer toge ther at each r asp . This r esults in tho c entr a l 

p art of the hors e-shoe ( anterior margin of the collo s tylar 

hood) being p inched to form a narrow scoop. Thi s part of 

the radula will b e r ef er red to below as the tip of t ho r adula ~ 

as i t i s functionally , t hough not morphologically, so . 

From f eeding traces it i s apparent that occ asiona lly 

only the c entral or only tho l ateral parts of the r adul a are 

used in feeding . As a rule , however , b oth thes e a r c~s are 

emp l oyed and i t i s the bal anc e b e t ween the i mportanc e of the 

c entro..l o.nd l o. t eral parts which i s r esp ons i b l e for the v ari e ty 

of r a s p tro..c oso 

'~nen feeding u pon a bul ky piec e of food, eg . a pi e ce of 

banana , it i s the tip of tho r a dula which i s u sod to make a 

small exc av ation in the banruln and to " s poon" the substanc e 

into tho buccc,l cavityo For t h i s purpo s e t he l a rge cones of 

tho c entral t e e t h , be i ng b oth firm and s harp , a r e well suited o 

As po i nted out by Hcddc:rmans ( 1924) these t Geth arc a l s o used 

to cut the l eaves of pla.11.ts . 

When gra zing upon alg~o it i s the l a t er al part s of tho 

t re.nsv erse fold , clo thed with t h o marginal t eeth , which arc 
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of prime importance. Heidermaiy3 (1924), ~ow attention to the 

fact that the fine denticles of these tee~~ are used as 

brushes in removing the a lgae during grazi~. 

While grazing on algae or starch covered slides, rasps 

made by the central part of the fold are visible as small irr~­
(fig. 128). 

gular spo~s/ They may occur more or less randomly in a zig-

zag pattern. During this type of feeding the radula is pro-

tru.ded and small pecks given at the substratum; This is 

basically only a simplified version of the same type of 

feeding behaviour that takes place while a leaf is being ea­

te:i and it occurs only rarely during grazing, possibly only 

on a thick carpet of algae. This is deduced ,from the fact 

that such pecks were noted only in those parts of the slide 

where the starch layer was exceptionally thick. Rasps in 

which tho r adula tip i s responsible for 7irtually all the 

scraping, are portrayed in fig. 129 • In typical grazing the 

lateral parts of the fold clothed with the marginal teeth are 

used, resulting in two short more or less parallel lines 

(fig.130). The radula is but slightly protruded and is tilted 

well forward sothat tho lateral parts of the transverse fold 

lightly touch the substratum. During this kind of feeding 

the tip of the r adula is at no time in contact with the sub-

stratum. Such r asps are ineffective in feeding, as witnessed 

by tho fact that onl y a minimal amount of the algal layer 

s b is removed and the r[s tend to e arranged in a more or less 

straight line~ or as footprints . As a rule they are not si tuaw• 
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ted close to one another and af~ often found leading into, 

or trailing from the end of, a feeding traqk. 
I 

Normally during grazing , both the central and the late-

ral parts of the fold are involved in the scraping, the late­

ral teeth by virtue of their number and fine denticles play-

ing the more important part . Examples of varying importance 

of the tip and lateral parts of the radula are given in fi~-. 

131,132 and 133, 1 tho last-mentioned merging into the 

normal type of rasp, which may be described as roughly leaf­

shaped. In most rasp traces it "I!W.y be observed that the cen­

tral area is not completely scraped free of ~lgae. This is 

the r esult of mainly the lateral parts of the radula being 

used in the initial stages of the rasp (fig. 131. If both 

the c entra l and 1: :tero.l areas are initially used, the rasp is 

more effective, practically all the algae being r emoved from 

that area (as indicated in fig.135 ). 

that 

Examination of these highly effective 

:Ieidermru{'s ' (1·924) distinction b etween 
A 

rasps thus suggests 

the functions 

of the marginal and lateral t eeth is not as clear cut as it 

initially appears. It is true that the marginal teeth serve 

to remove the algae from the substratum and probably they are 

too delicate to b0 of any use in the cutting of plant tissues~ 

However, it i s also apparent that the lateral, by their shape 

classed primarily as cutting t eeth, play an important role not 

only in feeding on thi,~k algal layers, but also in normal 

grazing over a surface but sparsely coated with algae. That 
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they are not as effective in r emoving a l gaG a s tho mar ginals 

i s su ggGsted by the fact that the c entr a l part of the rasp 

a l.most a l ways contains more 2.. l gac than the l a t er a l parts .. 

It mu s t b e taken into 2,cc ount t hough , tha t the l a t er a l parts 

of the r asp ar o formed by oblique rows of t eeth , sotha t _ the 

s crapi ng in thi s r egion i s mor e effective than in the central 

r egion . By analogy , the eff ect of the c entra l and l a t er a l 

portions of the transver s e fold , is the same as tha t of a 

comb b ei ng pu shed forward at right angles to n line ·in the 

direction of motion, or pushed forward while held at an angle; 

the l a tt er resulting i n a narrower but moro throughly scraped 

o,rec. o 

I n a singl e r asp , tho marks made by individua l t eeth 

are often di s tinguishable , and in some cases it is pos s ibl e 

to di s tinguish b e t ween tho small scra tches etched by the 

c entr a l and l ator o,l toeth:·.of the r adula 0 The marks of the 

c entr:J.l tooth are j oi ned t o form a line which i s thinner th2J1 

the lines on eith0r s ide of i t . It has symmetrica l wide-

nings at interval s r epr esenting t he t wo cusps of the c entra l 

tooth . The marks made by the firs t l a t er a l on either s ide 

ar e broader b ecau se of the s iz e of t ho tooth , and the thi ckG­

nings are a l so l a rger . It i s int er es t i ng to note that these 

lines are asymmetrica l, showi ng that in grazing , i t i s the 

endo- and mes ocone which are of greater i mportanc e . 
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14 o3 ~HE RE~.\TION BE•rWEEN SiiviL'lMING .A.ND FEEDING 

Th0 normal feeding of B._ .tr..QP.icus takes place 

whilst cr~wling over plants and othar submerged objects 

which offer suitable surface s for the developnent of the 

periphyton which serves as food for the snails . It has 

however been noticed that lh tropicus not inf'requently floats 

inverted at the wator surface, and this phenomenon might be 

related to feeding. 

In browsing thrcugh the literature one comes across 

several references to aquatic snails swimming inverted at 

the water surface. In ~troEicus no series of waves passi,;ig 

from the posterior to the anterior part of the foot of in­

verted snails could be detected. Instead, large depressions 

may sometimes be seen moving slowly in a posterior direction. 

These depressions occur only in the anterior half of the 

foot and it is thought that they are correlated with con­

tractions of the columellar muscle righting the shell which 

offers resistance to the water through which the snail is 

moving. Another factor of possible importance in this con-

nection, is the asymmetrical shape of the shell which tends 

to swivel on the neck. Locomotion at the water surface 

is in B. _tropicus apparently brought about by the action of 

the cilia clothing the sole of the foot. 

The possibility of a relation between this swimming 

and feeding has been brought to light through the vrork of 
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Goldacre ( 1949). He examined naturally occurring bodies 

of wa ter in England and discovered on almost every one, a 

thin surface film. He expressed the opinion that this mono­

molecular layer results from the decomposition of plant ma­

terial and, in most cases , probably consists of a protein or 

lipo-protein substance. Such a film may then be assumed 

to occur also on many waterbodies in South .;'...fricr.i especio.lly . 
those habi-
t ~t~ whare lush vegetation o.nd high temperature would seem 

to favour the formation of such a film. In the aquarium 

thick surface films have been noted to occur and have been 

associated with the decaying of vrganic matter in the aquariµm 

Snails found swimming at the surface were found to be 

depending from this layer which Goldacre (1949) considers to 

be important in feeding. Although the film is only a mono-

molecular l ayer, its potential importff .. ce is not to be undcr,8S· 

timated as it has b een ca lculated (Goldacre, 1949) thnt 

a tadpole feeding on this laysr, could eo.t its orm dry 

weight in pro tein in a s ingle day. He further considers 

this layer to be i mportant not only for the protein it con­

tains, but a lso on account of the many micro-organisms which 

are ensnared in the l ayer, r..nd thuo incidentally ingestBd~ 

A good example of a snail feeding on this protein layer, 

is furnished by Cheesm.an ( 1956) who found that Pomacea ____ cgnali-

culata curves t he anterior part of its foot at the water 

surface to form o. funnGl into which the protein layer is 

drawn. At intervals the snail bends over and ingests the 
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c ollected pr otei no This type of b ehavi our was not observeQ 

in _!3_.._ t~o:pi_cus . Sometime s t he surf nce f i lm nay be s een to 

c ollect on the sole of the foot whi l e t h e ani ma l i s swimmi ng 

Qu t as w~s found i n Pom2,c e~ co.no.l i cula t a 1 t h i s i n ci dent a lly 

collect ed f i lm was not ea t en . 

The findi n g tha t Bo tropicus apparently has no s p ec i a­

l i s ed surfa c e f eeding mechani sm does not pr ec l ude t he possi ­

bility th~t tho sn a i l f eeds on thi s surfa c e l ayer . The 

snai l of t en p er for ms feeding movemen t s while swi mming a t tho 

surfac e , or vrhile a tta ched by the pos t er i or part of the 

f oot, t o the aq~ar i um wall . I n the l a tter i n s tanc e the o.nto­

r i or pa.-rt of t ho body i s r ef l ec t ed s o tha t it i s i n the SQJ.ile 

po siti on a s duri n g swimming . Fe edi ng mov ements are p er f or­

med and the head i s S-vvu.ng f r om s ide to s ide a s du r i ng gr a zi ng " 

These fee ding movement s s ugges t tha t tho ani mal i s proba bly 

ingesting a certai n amount of the surfa c e f i lm and the entangl ~ 

micro,-o:rgani sms which it c ontai n s . 

Surfac e swi mming and surfa c e f eeding ar e n ev er theless 

not ne c essarily ass oci a t ed. i n B. t ro:picus , t h e snai l s fairly 

oft en b eing obs erved t o s wi m a t the surfac e wi t hout p er f or­

ming f e8dj_ng mov ements . It i s h erG sugges ted tha t i t is 

s ometimGs a l a ck of oxygen which may induce surfa c e swi mming . 

I n t he labora t ory t he number of snails f l oating a t tho sur­

fac e gener a lly incr eases when fr esh wa t Gr i s l et i n t o the 

aqu3.ri m,1 , and the l ow· oxygen t ens i on of t h e t ap wa ter i s 

p oss i b l y :respons i ble f or tho upwar d movement of the sn a i ls . 
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Large snails hav e a relat ively small surface area in 

comparison 11\ri th thei r mass, and they th~fef ore have a less 

f avourable gas diffusion r a t e t han small snails. In~ tro­

picus i t is conspicuous t hat large snails are found at the 

surfa c e more frequ ently than small snails . In a dish contai.~ 

ning 20 large and 20 small snails, the number of large snail~ 

found a t t he surface was four times as great as the number of 

smal l snails • 

In contrast t o this Cheesman (1956) found the number of 

small snails a t t he surfac e to be much greater than t he large 

snails. Thi s finding is perhaps r e l a ted tu the size of the 

snai l s, for wh er eas adult B. tropicus are r elative ly small 

and flont comfortably a t the sur f ac e , l arge Pomac en canali­

cu l atn may wei ghj as much as 52gm. A..1oth er f act, possi bly 

supporting the suppositi on t hnt swirmning i s r e l ated to t h e 

oxygen- cont ent of tho water j is connected with the chemica l 

l aw th2t at hi gh wat er temperatures , ther e i s a decreas e in 

the amount of dissol ved gas es . Hot weather would t heref or e , 

in pool s with scant vegetation, cause a r educt ion in the 

amount of di ssolv ed oxygen , and Boycott (1936) n ot ed t hat, 

especiall y d~rring such weat her, pulmonat es ar e to be found 

crawling at the surfac e . 

After a11 t hes 0 "pro 's II in f avour of the oxygen t heory, 

ther e is one i 1.i-portc.nt "c on 11 , viz~ tho fac t that tho pseudo­

branchs of the sn ails found at tho surfac e e.re no t ma. rkedly 
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distend0d { iII. the manner ®SC riped on p. 58 ) as one would 

expect in snails suffering from lack of oxygen. 

Through its nBcesaity for normal photosynthesis, light 

also plays an important role in the determination of the oxy­

gen content of a volume of water; du.ring the night the a,mo:rmt 

of this gas may be considerably lower than du.ring the day. 

Gordon et al. (1934) found that large numbers of P. globosa 

swim at the surface of the water shortly after sunrise, but 

once the sun is up, they sink to the bottom. Deschiens (1956) 

also noted that numblrs of snails are to be found near the 

surface at twilight, and I have observed the same with regar~ 

tofu. tropicus in the luboratory. The authors mentioned do 

not connect this phenomenon with oxygen tension, and it may 

prove upon examination that it is the light factor which is 

directly responsible for this twilight swimming. 

Besides the above- mentioned possible causes of surface 

swimming, there is yet another viz. that swimming is simply 

one of the methods of locomotion open to the snails and 

that they therefore employ it. 

FOOD PREFERENCES OF B. TROPICUS 

The oiililivorous feeding habits of freshwater 

snails, have been noted by a number of workers. B. tropicus 

must also be classed as an omnivore though not all food is 

taken equally readilyo 

The normal food of these snails appears to be periphyton 1 
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consisting l nrge ly of unicellular nlgae and dintoms. Because 

of the t riturnti on r esulting from the sand grnins in the 

a liment:::i.ry c8llo..l, i dentifi cation of e, lc,rge part of the 

s t omach contents was i mpossible . Filar.nentous a lgae , Spirogy~ 

ra and other species , have b een i dentifi ed in the gut of 

B. tropicus but it i s not thought tha t they c onstitute an 
-

i mportant it em in tho diet ? Even in tho l abora tory when 

snai l s wer e not fed l ettuce l oaves , and they spent a large 

part of t h eir time crqwling among the a l gal filarnents,pieces 

of spira l chlor op lnst vvere only r2.rcly found in the stomach . 

The bulk of the stomach cont ents cons i s t ed of unic ellular 

gr een a lgae, including such forms a s diatoms , and Oophila anq 

Scenedes_r~~ types . 

Do:schi ens ( 1956) states that tho b~_lharziasis v ectors 

have microphQgous habits but cons iders them only supp l emen­

tary, t o the pr eferred f ood consi s ting of aquatic or l and 

pha...-rierogams . Whether or not aqua tic snai l s normally feed 

on the higher plants i s a s yet a bone of contention eg . 

Boettger (1944) and Mort on (1960) both expr ess the opinion 

that Lynnaoa eat s gr e en plants , while Boyco t t (1936) ond van 

Someren (1946 ) c on sider thi s exc eptional . 

The f eeding habits of tho snails should bo cons idered 

in conjucnti on with t ho s tructure of the r adul a . Boetgger 

(1944) ( quoting Hoidermonns ) i s of the opinion tha t lymnaoids 

o,re tho b est adapted of all B2.s0Ill!llato-phora t o eat the living 
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0.1mm 
Fig.136. Physid rasp. 



~~8sues of plants, with which they not infrequently ge~ge 

themse lves. The structure of the lymnaeid radula with.its 

sturdy yet sharp denticles seems to be in accordance wi.~h 

such a habit, but this should be experimentally established .• 

Morton (1960) states that Phlsa orops green plants but in 

the light of the structure of the physid tooth which serves 

to brush algae off the surfaces to which they are attached, 

this s eems highly unlikely. Observation of living Phrsa 

mosambiquensis serves further to support the opinion of 

Heider manns. The odontophore is but slightly protruded; 

there is no long, forwe.rd rasp and the main movement is one 

of l a t aral r adular compression. The r adula i s f airly broad 

and when it i s brought into contact wi th the substratum the 

two lateral halves arc moved mediad, s craping a rou ndi sh or 
136 

oval a r ea clear of a lgae (fig.~). This movement may 

more accurate ly be described as a mopping movement than a 

rasping movement. 

Tho r adula of ~tropicus suggests that it can feed 

upon periphyton. In practice it do es not s eem as though the 

higher plant s normal l y form an i mportnnt part of the di et. 

B. t r opicus has no t been observed to eat living plants in 

the f i eld, and when provided with l et t uce in the l aboratory, 

these 1eaves ar e much mor e r eadily taken if they ~.re fir s t 

boiled. The rather tough epidermis i s apparently e. hindr anc e 

to t he snai l i r.1. finding n. starting point for its f eeding 

activi ties. When l eaves are l eft i n the aquari 1El for any 
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length of time it is frequently ~ound that t~e buJJt r,f th~ 

leaf has been eaten but that tne tough veins, and ~he epi­

dermis are left untouched, the softer tissue being scraped 

from the inner surface of the epidermis. Spinach wns found 

to be more acceptable to the snails than the lettuce; pos­

sibly because the epidermis is apparently less tough, but it 

may be that the snails are more strongly attracted to the 

spinach leaves. 

item of food. 

Pieces of banana proved to be a favourite 
't mde;ros 

Nymphaea leaves which Azvedo~(l955) found to 

be readily eaten by some snails, were usually not eaten by 

B. tropicus, and these thus proved useful as floats u:gxm 

which egg nnsses were deposited and from whi~h they were 

later easily removed for examinati on. The leaves were 

found to be slow in decaying, and only when decay had set 

in, were they attacked by the snails. It is probably true 

that B. tropicus accepts decaying vegetation more easily than 

living tissues . 

It is certain froD a study of the stomach contents , that 

B. j;ropicus subsists on veget::-i.l t1atter but it will also, on 

occasion take animal matter . Moths that fall into the 

aquarium are attack0d by large numbers of old and young 

snails, and dead snails are also eaten, though often only 

partially. 
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CHROMATOGRAPHY 

A :PREI,I TuIINARY REPORT on THE FREE AMI NO ACIDS I N 
THE HAEMOLYJ',IIPH OF B. TRO::tiICUS 

INTRODUCTIOH 

As 2;n a id to t nxonor.o.y the comparison of chroma to­

graphic patterns of substances t aken from the bodies of 

different i ndividuals , are compared, but the substances 

re sponsibl e for tho pnttern ar e n ot identifi ed . 

This method wc.s f irs t empl oyed using the f oot , ground into 

chromato0r aphic paper , but the method was l ater aban­

doned for two reas ons . 

I11i r stly , the po ssi bili ty of chromatogra phic patterns 

becoming t axonomic tools, which seemed so promising from 

the results of some early experiment s , does not seem to 

have materi alized eg . pattern differ ences whi ch are 

attributed to sex (Jlili cks , 1 954 ), or even differences of 

diet, hav e b een detected . 

Se condly it seems wiser to atta ck t he probl em from the 

other end; first to determine the r ange of chromato­

graphi c pattern variations i n a single species, before 

comparing it ~Qth others . It has for instance b een found 

t hat the chromatogr ams may reflect mnny types of meta-

bolic di fference . Besides the factors mentioned above , 

t here are others eg . differences which may possttly be 

attributed to the seasons (Wri [ht, 1 959 ), to v<l1ether 
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the s p ecimens nre wild or l ab - bred , or even whether they 

nr G pQr asitized or no t. 

I n t he pre s -:mt j_ ns t e: nr; o J~11.s r e:fore, o..n o.nc.lysis of the 

fr eu 2.mino cc:i .. cl.s i n t h o h o.omolymph of B . tropi cus was 

u nd.e::i:-t:J.k 8n . 

15 . 2 

1 5 . 21 

~,'LA'.l:Eff:~AL :J /'. . .l' fD METHJDS 

of sampl~_ 

II ~c::mol ym:ph nxt_,.,a c t i o1.:. r,r csented s ome diffi -

cul tics . 

no t be u f;or~ o , . i-~- 1_0 :~J,,.; :-i~ _. :f 11.t:i.,, n1i 1;·.1s Re ems to b o 
. - · .:;. .. -- , .,. 

l e es tra n s pa~cmt ·c~1 c.:x , t hc. t oI· Ly'ru1c~e a _.s t a gnali s _j_ugulari s 

!3-_ , t r o:pi-eus a r c; conai d e.".'o.bly sm'J.l:1 er so that l c~r ge num-

b :n,.,s of snni1 e; bur:. t v bn uscci.. . ~Che sna ils. usod by 
rn 

FriG-dl wor e a t l e ci.s t 25I!lUl-f l cri.gth vvhil c t h ose of f .~ 

pi en ~ 'l!':e 2.~ c somc ti113 s .i.n the r egion of 18mm, but often 

s 1..:.ch J a r .z :; sn &:i.ls wc-.-:" c~ uno·'J tn.i n n.b .1<? and snail s of 12m.m 

or le s s ~ad t o b o t:.Eed . 

~:hi s d. i f fi cult;y- vns 0.0.,gr •n,v a t -:: u. l:y tho low concentration 

of emi rio o. c:i .. d :::· j_n :fres}1v,a'., 13r f orms , G{> Wri ght (1959) 

rnonti ons 2- i r e 0hv T0. 1jer ~37. Gcy:rod h n-.;-ing o.. 0onc c:i.1trn tion 

of f re e ,1,mi n o ,". Cl.d . .: l .-!3 S +;}1 cir1. l. /12 of tha t of a Il1'J.ri n e 

Ano thor cli ffi cu.1 -cy 'NS. ~-· the h i c l1 do gr ce of po.rasi ti sm 

o~,t.::- i ning i n mo.ny of t ho s c, cr i f icP. d snails . Be co1..: Re 

of tho sI1J.nll n UJTJ.b c r o:l pt.:!.J'.'ct:c"j. te fr e e individual s in the 



·ci zed sno.j_l o we:;:,o ussd . As Eoon ns possible h o\vever, 

ch1°omc. togro:;us shoru-:l be rm1. to ascc:;:,-ts,in ony possible 

QTILi.: 1 Q no:i.ds (tf t he se two kinds ot 

SL2.il . 

-+;110 cc:phttli c 6.:i nue _ 

rhe snail s were dried on 

but :-i_ ns t ead of inser-

'-hr-, V0 7 1,-me · V''"' r• ,-..;-,U' t 1 -l,·-., r,';-. .r __ ,'; ;~· h".: __ ..,.l.. ·f -r)_·f. --!:"i_,,.,, o:ri' rr.1..· n 11.1 
'J I.;; ,;J • l,U.. . y LA, p \:, '"J <. _ . C.,_ , ~ v • v L ~ - c,- --

o.1.C'Od volumr,., 
.I., 

Sc::implo s wor,:::· \x,:1c6 ,1 -~ 0c(.,:n ::-1.,1 pos;..::iib:..e ct.nd , when ne'Jes-

15 . 22 
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king b etween rhomboid8.l windowR ( <.:u.+. into t:hc paper 

by means of a stencil) vvas used . Tho streaking greatly 

improv0d separation end rel atively narrow bands could 

be obtained by this method . 

were e.ppli ed . 

Aliquots of 50 - 200 )J.,{_, 

Because of the diffi culties i nvolv ed in ob tai ning an 

cdequnte Gmount of h~emolymph , a fairly large number 

of tri8ls was made using standard solutions of amino 

a cid s , and the se stundurds were a l so used l a t er to 

test the suitnbility o~ VGrious solvents . Standard 

solutions of twenty amino ncid s wer e mo.de , the concen-

tra tion of t hose solutions being 25mg/2ml . These 

wore 2ppl i ed in 2 M.-- n.liquots more or le ss 25 t 
per spot . 

1 5 . 23 P2per chromatography 

Various types of paper were used Sand 

S 204 3 , Whatmnns No. 3 and 7h a tmans No. 1, l a st men-

tioned finally being sel ected and used throughout . 

Ba sic chromntobTCphic pcttern 

No r esults of any importance wore obtained 

ana therefore the s e toclmi ques will be only briefly 

mentioned . Spots were made by using sl ime scraped 

from tho body of t he snail, or by squashing pie ces of 

tho foot dire ctly onto the paper . Both the ci .rrJuJ.ar 

end the as cending methods of development were used , 
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thc sol Ven te P.m-pJ 0y0 d b eing the Y•mll- knovm hu t anol/ glacial 

c.-ccti <L c. cid/wa t er ( 4: 1 : 5) nnd the same mixture in the 

proportions 4:1:1 (Merck) . Thc latter solvent was 

subsequcni;ly ompl oyod a s it. ,is a o.no-phnse solvent . 

ThG papers \VGr8 t:.10n. t r en t C1d vri th ninhydrin . No 

differences could b 8 ti.e tected i ::.1 the pattcrn obtained 

from small or large snc,iJ. s, :::.:.Le. the work was abcmdoned 

in f o..vour of investiga_t:i.ng the free a mino o.cids present 

in thG hnemolymph~ 

Iden-~:; f :Le:c, t5.on of C;mino acids ,------ - -·-- ------
_DesceI1:9-}ng 

The de □ cffriding me thod proved tpe most 

s o ti s fact or y in t he pre sent instance and cbromQtogrQms 

c ould be run c.l mos~~ the l ength of the papcr without 

undu.lir ci t ffus ~J spots :,:' s sci t:. n.6 • In the early stages it 

the wo.ck was dona a t 2J.° C. 

The a ppar a tus was a J. arg(.1 glass tank to hold four pa-

p ors. The lid wc,s fu.rnisl'.lod with holes for replenishing 

the solvent and for fii_:;_j_ n g 2,ft er ncclim8.tizntion . 

Y:/hol c shoc ts of \-Vhc. tmc:.ns pc.per were suspcnded from the 

t wo glass tr o-...1ghs i n -; ✓-h.:i.ch th9y were held by fairly 

heavy glass rods . It vv:::ts f ound -cha t the quality of the 

spots could. be improved gr ,}atl y b3r cutting rhomboidal 

windows in the I:2,p8r :..,nd thtJn u:pplying aliquots , either 

i n the form of c, dot or o.. line , between the obtuse 
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o.nglG s of two a d j c cont wi ndo ws . This caused tho ~mino 

a cid ~ to sepa r a t e not a □ a seri es of r a t her diff use 

spots , but as a seri es of dis crete narrow bands . 

1 5 . 24 ScJ.vm:ts 

Tho ,1n<::st freq_u e:i1.-i:;l ;y- u sed solvent was the 

butanol /gl a ci c.2- a cotj_ c 8.8i d/ r ::::. 1,cr ( 4 : 1:1 ) but sever a l 

otllor s wer e tried , including phenol/water 75:25g + 

20mg NaC N. I·c was f ou_-r1d that pyridine/isonmyl alc·0hol/ 

water (in v nri e,-c:Ls yro-por tions~ 35: 30: 30 Merck, or 

35:35 :30 Edman , 1S45) gave beautiful narrow b ands (3mm) 

but tho front was uneven o,nd tho di s t ance run small , 

og . in 26 h our 2 the Gistance run was l e ss t han 30cm. 

The mo st promi si ng of -:.ho two-dimonsi onnl t o chn i quo s 

seems to b e butnnoJ./g1 ::.ci a l n c8tic o.cid/wa t er (4 : 1 :1) 

and butanol /methyl--ot;iyJ--ketono/ wo. t 0r ( 2 : 2 :1) . 

This i s n varintion of the technique of Mizell (1961) 

who used a bu tc.nol/ gl o.c}.o.l nc r~ ~i c acid/water mix ture 

in t he proporti ons 25:6:25 for tho fi rst dimension . 

15 . 25 

Tho g0l usod Yl'u.s Ki r-Jso l gol G Merck. 

A vari e ty of solvents inclu.cl i:::ig t h ose suggested by 

Bre:mwr 2..nd l'Ti 8 l (~rwj_88<.H' (1 960 ) , Honegger (1961) and 

Mutschl er nnd Roci1.elmeyer (1 959 ) wor e tri ed , as also t wo 

dj_ monsion::11 t e chniques of so--rerc,l author s . Cer tP-in 

of tr ... eso t wo dimrmsionc.l t8ch.::.1i ques se em ·worth pursuing 

f ·-1.rther, ospcci o.l ly j_n view of tho smaller 2.li quots 
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ncrnded in comparison with paper chroma. tography . 

15 .26 Spray 

Numerous types of spray were tested, in­

cluding some to vvhi ch o.gents , inducing the spots to 

sssUL10 different colour s , had b e en o.dded . The best 

of these wns f oun.d. to b o the s olut.ion suggested by 

Merck , 0 . 3gm ninhydrin in 95ml ace ton8 + 5ml colli dine . 

15 . 3 RESULTS 

In solne j_nstnnces t~1c colour assumed after col­

lidine trea t ment wo.s of much o.ssistance in distinguishing 

b etween closely situated or overlnpping spots , eg . 

there are slight colour differences between cystino and 

cysteino , o.nd clear colour differences between lysine 

end histidine; o.nd also between glutamine and threonine 

which to some extent overlap . Tryptophane is a poorly 

defined and faint spot and it seems possible tha t this 

will not be visibl e unless it i s present in a high 

concentration in the h~emolymph . 

Tho spots were found to differ in t wo respects from the 

reports of other authors . It has been stated tha t the 

basic amino o, cid~3 i::1 2..n acid solvent , yield diffuse 

bands (Willi2.ms o.nd Kirby , 1948) 3.nd that histidine must 

b e pre Bent in a great qunnti ty before it is detected 

by ninhydrin (Wright , 1959). In the present i:tir'. -:;ance 

the bends of the b o.sic amino acids were among the most 

di s crote, in spi to of the gl o.cial a cetic a cid in the sol-



271 

vent; and histidi ne wns found to be ono of the most 

conspicuous amino acid G. 

The rosu.l t s of 7 chrom.n togr8.ms of snail haemolymph 

sccra to indica t e t hc1 +, the following free a mino a cids a re 

present j _n tho b:1- 00,1. cf B . tro-oicus: -- . - - - - ·----- cystino (and/or 

cystoine ~ ) l y s ine ~ :1j_ s t idL1.e , nx·gi 11inc ( nnd/ or usparti c 

acid), g1ycino , glut c:min :; thrAonine , e..lanine , V[tline a nd 

be present, ci:i1.d i:;:~ t c1e sc.me t wo chromatogra ms there nre 

a lso possible tr :i.,c• o s ,,f ty-.:rcsi 110 . 

CONCLl]SI ONS 

11'hese: :;_~c ~u:t t ~-; a:r·~ i nteresting j_n t hat Tar gett 

(1 962 0,11d ~~96 27.J ) i'o --.; nd th<'.t tn er.;veral spe cies of 

bilhc.1.'.'zias::.B ,-_~ec tCJ_::- invostigntcd by him , arginine und 

histi J tnc ::-i.rG p_r- n .J '."' n-c j_n tho t5.s suos but absent f rom the 

blood . 

At t ho moment i t cannot be 3t a tod with c orto.inty that 

t h ese t wo ~fil n o a~ld s ~r e pre sent in the blood of 

B .:tropi cu --cl , as n small 2.mou1:1t of these amino a cids may 

have contumina ted th:: sampl e e i t:!::i.cr by exuding from damaged 

+;j_ssues, Ol'." f rom the _1)11:cnB::.-T:c s which wer e often cr ammed 

t i get -r;ing . In doing t:his there c.ro tv-10 i mportant points 

to b enr in :rr,ind; l n-!:'02.·n tory- bred material should b e used 



t:i.1:- .0 o·!~ ;;:t11 c; :::,, geJ c·h:,·0w.,1.-l: 0g.:--c::phy al1oul :-l be furt:::ii:r.-:· 

s1::::.i:i. v Y' 1) J .J,B .. i1<:· r.., f'1 ;e :-n .i ·:,y :!. o:,. : a .. ".' gt➔ ::1l :Lq·.10 t s fo:c _:;:>8,I>Gr 

c}1r.·~.:11Ptc•t.-:-".'J}.Jf.1.J gf" s~,t_Ly nurr._pe.r-s the Yiork. 



16 . Silll1.MARY 

1 . Th e :rno:l'phol ogy Gnd hi stol ogy of t he hec..dfoo t 

of :§_ . t:ropicus wer e i ::1ves t i go. t ed o.nd the conclusion drawn 

t hat the t r anslucent grnrJ.ulos a nd whi to f l o cki ng , vi s ible 

j n t h e t i ssuo s of t he s:".J.nil , nr o _p:r ob nbly cause d by 

co.l ci L,12l'l ca.Tlion o.-t;9 compound s ['..11.d ca lcium gl ands r ospe c-

t i vel y . 

2 . An at t emp t v;;.;,s mr,c.o t o d i s t inguish betwe en the 

various typs s of g1.::mc. o.ncl ve s i cu.l 2r cell, o c curring in 

t he sn2.il, c.nd ctl s o to r ol e. t o f o:::·m and f unction in t he 

pulmonary cavity. 

3. The cilimcnt <::.:;_~y s y s t em wo. s s tudi ed , with specia l 

r efer ence t ') t he bu.c co.l i~Q.s s , the h i stology of the di ge stive 

gl o.nd and t he lin -:i.n ~ of thG r os t of t ho nliment2.ry canal . 

4. Th er e i s a shor t di g.c- o s sion on t h o n a ture of the 

v arious t y p e s of mu s c ula r t i ssue in B.tropicus , and a lso 

t he r eas on f or t h e a symme t r i cal po. s s a ge of the buccal 

r e tra c t ors through t h e gan glionic ring . 

5 . Th e r epr oductive sys t em wa s de scribed , a lso with 

s pe ci a l r ef eren ce t o i t s l i ning . Ther e is some discussion 

on the phen omenon of a_o-c;.b l e nucl e oli o.nd n a ture of the 

suppor t ing cel l s f 01.md i n t he r1c,lls of the r eproductive 

tra ct . 



6 . The ge ology of the Pot chef stroom a.:i. :=;tri ct was 

briefly ak a tc11.od and a:1. attempt mnd8 to detorrnine the 

influenc o of s evero..l ocologi c2.,l factors on the snai l s . 

7 . Obscrvn t i ons on desiccation in B . tropicus and 

r n1n ted :for n1.F, , ,voro m2,,cle 7 2 nd t here follows some discus­

sion on tho t er ms em:rloyed i n de s <:!ribing the types of 

di a pauso in s n ni l s , 

8 . From popuJ_at_i_o·n sc.illples t aken over threo years 

it o.p1)ears t ho.:~ there c..rc t \!o breeding peaks p er yea r 

in l o ca l ~.+,copicu~; ono in October/November, and the 

other in J tmo . 

9 . The infl u (;nc e of some biotic fnctors on the snails 

is c1i s cussed , with S~i:JG cial r of or once to the Trema todn 

which c.,re etp:pa:rcntly one of t h e most importnnt factors . 

Broc..dly spoo.king tr eB,.:.. tode i n f e ctions of the snail stu­

died soom to oo hit;he st in AUJJJio.cr o.n d l ow in winter, but 

they vo.ry from one habi t at t o a no ther . 

10. Some aspects of the int eraction of bir ds o..nd snails 

arc d e scrib ed and at tention drawn to tho fact that we 

are ignorant of the f eed.ing he.b i ts of many birds which are 

potential predat or s of sna ils . 

11 . Cortni:i.1 asp,~ 1;ts of feedj_ng in B. tropi cu~ are 

exnminecl , og . the f co(Jing r c-, te and the mnnner in which 

t he r aclul c. is employed during rnsping. This was found 
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to differ mo.rkodly :t:r.· 0.m the rnr:ip:i n g method of Physa but 

to r esembl e t hat of _I:;ymne.ea . Ther e i s a l so some specu­

l n tion n s to tho pos sibl e cnusee of surfa ce swimming ob~ 

ser ved in this spe ci es . 

1 2 . Vnr ious chronir:1togru.plri c methods, both pa.per and 

sili ce gol, vmr e employed in an attempt to determine the 

fre e 2..mino ac.i.ds i n the hnemolymph of tbi s snail . 
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List of Abbreviations. 

A = amoebocyte 
AC .W. = acinus wall 
ALV.C . = alveolar C8ll 

BA.C. = basal cell 
BL . S . = blood space 
BL . V. = blood vessel 
B.:M. = bas ement membrane 
BU . 1'1 . = buccal mas s 

C = cilia 
CA . G. = calcium gland 
CA. D. = calcium deposits 
CL.C. = club shaped cell 
CON - concret i on 
cu = cut icle 

De = debris 
D. G. = dorsal glands 
DIG oC o = dj_gest ive cells 
DIG.GL . = dige2t ive gland 
DIL = dilatation of duct 
D,SU . GL. = duct of sµ1b epithel ial 
DU.GL . = duct of gland 

E = epithe lium 
E.GL . = empty gland cell 
EP = epiphallus 

FB = fibroblast 
FIB = fibrous connect ive tissue 
F . r'l . = follilcular membrane 
FO = foot 
F . V. = faec a l v acuole 

GA. C. = ganglionic cell 
GLO = secretary globules 
GR = granule 

H = h aemocoel 
H.V. = hepatic v es tibule 

I = intestinu:m 
I . C. = i ntestin a l contents 
I .rL R . = intermediate mantle ridge 

. I . P . Lu = inner pallial lobe 

K.W . = kidney wall 
K.L. = kidney l a:mel la 



L. C. 
L . GL. 
LI. C. 
LI. ME . C. 
L .J. 
L.R .R. 

M 
MA 
MAN 
M. GL . 
M.P .L. 
MTJ 

N 
N.C. 
J\TU.C . 

0 
O,P .L . 
OR.Go 
OR.L 

P.B . 
PIG 
F.L. 
P .P . C ., 
P.S. 
P.s.c. 

C! u 

SCR 
SH 
su.c . 

T. L. 

VAC 
VE.C. 
V. G. 
V.1'1 . 

= 
= 
= 

= 
= 
= 

= 
= 
= 
= 
= 
= 

= 
= 
= 

= 
= 
= 

= 
= 

= 

= 

List of Abbreviations continue 

1 .eydig' s cell 
light er glar:d 
lightly stai n ing c ells 
lime cell 
l ater al j aw 
l ateral r ectal .s.id;ge 

mus cle 
matrix 
mantle (general surface) 
mucous gl and 
middl e pallial lobe 
mucus 

nucl eus 
n erve cell 
nurse cell 

OVUD_j_ 

outs~ pallial lobe 
ors.ngs globule 
oral lobe 

pall ial band 
p i_gmer, t; cell 
pallial lobe 
FA.S---:positive cells 
penis shea·;:;h 
:i:urple stai ning cell 

r&d.ul a t ee th 

s ensiila 
secretory drople ts 
s hell 
su.ppo:cc ing cell 

trAmatode l a rva e 

va cuole 
vesicula r cells 
ventr:-al gla:..ids 
vitelline membrane 




