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SUMMARY

Snails of the species Thais (Nucella) lapillus (L) were

collected from Scarborough South Bay, and Robin Hoods Bay,
North Yorkshire. The presence of the rediae of Parorchis
acanthus NICOLL (Digenea: PHILOPHTHALMIDAE) in T. lapillus

individuals was previously associated with abnormal shell

growth by Feare (1970a). His work has been extended to

provide more conclusive evidence of parasitic gigantism in

T. lapillus infested with P. acanthus.

The enerqgy increment and soft tissue mass increase
associated with shell growth has been calculated for a

sample of infested T. lapillus individuals,

As reported by Cooley (1958) and Feare (1969) infestation
with P. acanthus rediae progressively destroys the host
gonad. The resultant reproductive saving was estimated for
non—-infested male and female T. lapillus from Robin Hoods
Bay in 1981 and the energy values obtained were compared
with estimates of the average energy loss from infested I.

lapillus as a result of cercarial production and redial

growth.

The proportion of the whole body dry mass of infested TI.
lapillus 1individuals contributed by the redial population

was denerally similar to the gonadal proportion of

non-infested females, but did not follow the same seasonal

Cycle.

The digestive gland of infested dogwhelks was proportionally

reduced from that of non-infested females in August only.

The growth of redial populations within the hosts through

the summer 1is suggested as a possible cause of host



gigantism,

The relative advantages to the parasite of selecting female

hosts are also discussed.
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CHAPTER ONE

GENERAL INTRODUCTION

The dogwhelk Thais (Nucella) lapillus (L) is a neogastropod
prosobranéh that inhabits the littoral zone of rocky shores
on both sides of the Atlantic Ocean. The northern 1limit of
the species range tends to correspond to the -1°C winter
isotherm, except in North America where it may extend
further northwards until it is in areas of winter icing of
the shore, and the southern limit corresponds to the 19°C

summer isotherm (Moore 1936).

T.lapillus 1is a carnivorous species, as are its relatives
the drills of North America and the Pacific, and it feeds
principally on the two main sedentary, intertidal, rock

space-competing invertebrates - Dbarnacles (species of

Balanus and Chthamalus ) and mussels (Mytilus edulis) (Moore
1936, 1938). The frequency of contact with these species is -

probably the main factor for their importance in the diet of
T. lapillus, as dogwhelks have been found to attack, with
varying degrees of success, most shelled species of
particular size range (Largen,1967, Morgan,1972). Moore
(1938a) correlated the cessation of growth by adult IT.
lapillus (also noted by the same author in 1936), with the
attainment of sexual maturity, at around 2,5 to 3 years of
age. Coinciding with this was the formation of a single row
of white projections just 1inside the shell 1lip, called
aperture teeth and an associated thickening of the shell
lip. Cowell and Crothers (1970) found that on exposed shores

many individuals had more aperture teeth rows than the

single row reported by Moore (1938a) for sheltered shore



- dogwhelks. Bryan (1969), Cowell and Crothers (1970) and

Feare (1969) all experimentally induced growth cessation and
teeth row formation in immature Thais lapillus individuals
by subjecting them to an extended period (at least 3 months)

of starvation. The normal number of teeth rows for adult

Thais lapillus on the exposed North Cheek of Robin Hoods
Bay, North Yorkshire, was found by Feare (1970a) to be 2.

The latter author suggested that the first row of teeth
would be produced when the 18 month o0ld immature dogwhelks
formed their first winter aggregation - a self-imposed
period of starvation. During the following summer the
immature snails would recommence growth for the final time,
and then re-enter aggregations as sexually mature adults and

form a £final row of teeth.

Aggregating in rocky clefts through the cold, stormy winter
months is a defensive behavioural trait of T. lapillus
(Feare,1971). The low shore temperatures experienced during
winter were shown by the latter author not to impair the
ability of dogwhelks to remain adhered to the shore
substrate, but if they are dislodged they are unable to
regain their foothold and may be swept away. While on the
exposed shore at Robin Hoods Bay it appears necessary for
2-year-o0ld immature dogwhelks to aggregate on more sheltered
shores, this requirement is outweighed by the rewards of a
prolonged feeding period. The above behaviour results in the
higher incidence of animals with multiple teeth rows on

exposed shores compared with sheltered shores reported by

Cowell and Crothers (1970).




Aggregations take on a reproductive function in the spring
as first described by Moore (1938a). Following copulation
the females remain in aggregation to lay egg capsules (Moore
1938b), while the males disperse onto the shore to feed
(Feare,1969). This pattern of reproductive behaviour

localises the gene flow between Thais 1lapillus populations
resulting in considerable variation between populations. The
visible variation of shell form has been the subject of a
number of studies on T. lapillus (for example Colton 1922,
and Moore, 1936), andd the effects of interspecific
interactions on shell mogﬁﬁﬁlogy illustrated recently by
Vermeij (1982). Two different but interbreeding genotypes of
T. lapillus were discovered by Staiger (1954,1957) with
functional phenotypic differences as described by Kitching
et al, (1966). The phenotype best adapted to exposed shores
has a relatively large shell apertdre - enabling individuals
to adhere firmly to the shore - and a relatively thin shell.
The phenotypic adaptations for sheltered conditions are a
small shell aperture and a thick shell as a defence against
crabs. The presence of the penis in male T. lapillus can be
used as reliable evidence for sexing normal dogwhelks, but,
as reported by Blaber (1970), reproductively spent female
dogwhelks may also possess a small penis-like structure. The
presence of the redial stages of the digenetic trematode
Parorchis acanthus NICOLL (considered to be a member of the
PHILOPHTHALMIDAE (Joose,1899) by Yémaguti (1975)) 1in T.
lapillus individuals 1is associated with the destruction of
the host gonads (Cooley, 1958, Feare, 1969). Infested

dogwhelks collected during the present study were found

usually to possess a small penis-like structure. The



observation noted above by Blaber (1970) on spent females

and the report on Koie (1969) on the regression of the penis
of trematode infested male Buccinium undatum made the
possession of a small penis-like structure by infested Thais
lapillus individuals an unreliable character for sexing.
However the sex ratio of infested T,haemastoma individuals
with gonad tissue remaining was found by Cooley (1962) to be
l:1, suggesting that there was no sexual discrimination by
the infecting rediae. The same author reported that the
gonads of infested T. lapillus individuals are ingested by

Parorchis acanthus rediae, 1in a similar manner to that
described for redial infestations of Littorina littorea by
Rees (1934). |

P.acanthus (Nicoll 1906) was initially thought to have a
North American relative, P, avitus(Linton 1914), which was
very similar in adult appearance except for different sucker

diameter ratios and the relative extent of uterine
convolution (Linton 1928). A list of the gull species which
are either naturally infected or Ihave been artificially
infected in the laboratory, with P, acanthus and P, avitus
was given by Cooley (1958). The redial stages of both of
these so-called species occur in carnivorous neogastropods.
"Cercaria purpura" of Lebour (1907) in the dogwhelk
T.lapillus in Europe was later demonstrated by Lebour (1914)
to be the 1larval stage of P.,acanthus, while "Cercaria
sensifera” from the drill Urosalpinex cinereus in North
America was reported by Stunkard and Shaw (1931) to be the
larval stage of P,avitus. Lebour and Elmhurst (1922) showed
that the 1life cycle of P. acanthus involved the mussel,



Mvtilus edulis, as a second intermediate host in which the
metacercaria of Parorchis acanthus became encysted 1in

tissues of the mantle and foot. Later, Stunkard and Cable
(1932) found that P, avitus cercariae would encyst on almost
any surface. Encysted metacercariae were found not only on
the shell but also on the surfaces of soft body tissues such
as the mantle and foot of M.edulis. Cable and Martin (1935)
subsequently reduced P, avitus to synonymity with P.
acanthus, as Nicoll had suggested to Linton in a personal

communication, according to Stunkard and Cable (1932).

Rees, 1in a series of papers, studied a number of aspects of
the morphology and biology of P.acanthus including the
anatomy and encystment of the cercariae (1937), the germ
cell cycle (1939, 1940) ,factors affecting the release of
cercariae (1948), the 1light microscope structure of the
rediae (1966) and the metacercarial cyst walls and cercariae

(1967), and the ultrastructure of the rediae and cercariae

(1971, 1980, 198)).

As a result of a report by Butler (1953) of heavily infested
drills suffering considerable gonad damage, Cooley (1958)
investigated the possibility of controlling Thais haemastoma
populations by introducing P,acanthus infestations. Cooley
reported that between 70% and 90% of infested T. haemastoma
"liver" comprised P. Acanthus rediae but concluded (1962)
that P. acanthus was not a successful biological control
agent for T. haemastoma because he could find "no effective

means of spreading the parasite in increased numbers".



Despite the nature of the apparent damage to the host, Feare

(1970a) reported that Thais lapillus infested with Parorchis
acanthus appeared to show signs of continued growth, which

as described above, 1is not the case for non-infested
individuals. The increased numbers of teeth rows in a sample
of 30 1infested I. lapillus compared with parasite-free
individuals, together with an increase in the incidence of
infestation in 1larger dogwhelks, provided the evidence for
Feare's observation. It was decided by the present author to
investigate further the occurrence of parasite-induced
gigantism in T, lapillus on the North Yorkshire coast, with
particular reference to the alteration in 1life style and

energy partitioning of infested dogwhelks.,

The two sample sites used throughout the study were selected
because the 1local levels of P. acanthus infestation in the
T. lapillus population made it possible to obtain sufficient
numbers of 1infested animals from the field for the
investigation. The sample sites were Robin Hoods Bay, North
Yorkshire, (in particular the scar leading down to the sea
directly 1in front of what was formerly the Wellcome Marine
Laboratory) and Scarborough South Bay (where most animals
were collected from just south, and to the seaward side, of
the council swimming pool). Both non-infested and infested
T. lapillus were collected from similar shore levels, around

the mid-range of the T, lapillus distribution (that is, a
little below mean tide level - Colman 1933, Lewis 1964).



CHAPTER TWO

INVESTIGATIONS INTO ABNORMAL GROWTH OF THAIS LAPILLUS

ADULTS INFESTED WITH PARORCHIS ACANTHUS REDIAE
INTRODUCTION

The first published record of larval trematode infestations
being 1linked with abnormal growth of their gastropod hosts

was that of Wesenberg-Lund (1934). He noted that all

uncharacteristically large Lymnaea  auricularia were
infested, and he suggested that this was the result of

increased feeding activity by the infested individuals which

was over-compensating for the energy drain associated with

the presence of the parasite.

Two yvears later the results of a study by Rothschild on
Hvdrobia (formerly ZPeringqua) ulvae at Plymouth, confirmed
the observation that larger hosts tend to be infested. At
least 6 species of trematode were found by Rothschild (1936)
to infest H. ulvae, but she grouped them into 4 categories
depending on their life cycle pattern. Two of these groups
were of species with gonad-seéeking sporocysts; in one case
(Cercaria oocysta) the cercariae encysted within the host
gonads while 1in the other (C, ubiguita) the cercariae were

released in the wusual manner., These two were the most
commonly found infestations at all times of year. Rothschild
suggested that this could be due to the other host species
in the c¢ycle also being present all vyear round,
Alternatively it is possible that the parasites' use of the
gonad as the infestation site causes minimal disruption to

the vital processes of the host and the infestation can thus



persist longer, producing more cercariae, which in one case

await, in encysted form, the ingestion of the snail by the
next  host in the 1life c¢ycle. The 1longevity of the
infestations would increase the frequency with which it was

encountered in the snail population.

As a result of his study on the Trematode parasites of
Littorina littorea, Rees (1936) concluded that there was no
evidence of enhanced growth in infested L., littorea, Both
Cercaria hismathla secunda and C. lophocerca with 1large
rediae (which feed @partially by direct ingestion of gonad
and digestive gland), appeared to cause 1less pathological
damage to their host than species like C, emasculans, with
small sporocysts, and hence the former persist and increase

in incidence,in large o0ld hosts,

Rothschild and Rothschild (1939) published the results of a
laboratory study of growth rates of infested and
non-infested.Hxﬁxgbia,iulﬁag in a range of conditions and
concluded that infested animals had increased growth rates.

Two vyears later Rothschild (194la) confirmed this result in
the field by monitoring the growth of H. ulvae in a pool on
the saltings associated with the River Tamar in Cornwall.
She concluded that the infested animals grew faster since
they were found more commonly in the larger size categories
for each year class. Rothschild reported that while

non-infested individuals only grew up to a shell length of
6.7mm, infested animals of the same age could be as large as
10mm. It is a common property of growth simulating models
that old animals have low growth rates. Thus, slow growth

coupled with reduced numbers of o0ld, large, H. ulvae
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individqals must decrease the accuracy of ageing larger
snails, and so Rothschild may have erroneously included
animals of different ages in the same size/year class. The
shallow pool Rothschild used in her study was chosen, 1in

part, because of the high level of infestation of Hydrobia
ulvae, In these conditions it might be expected that

virtually all the older snails would have acquired a

trematode infestation. Associated with the increased size of
infested H. ulvae Rothschild noted that the shell was
characteristically ballooned and she suggested that this was
the result of increased pressure within the visceral whorls

caused by the presence of the parasites.

Lysaght (1941) observed increasing infestation 1levels with

increase in size of Littorina neritoides on Plymouth

breakwater. Larger snails were more frequently female, and
so the most common sporocyst infestation (Cercaria B) tended
to be more often found 1in females. The presence of the
encysted metacercariae of another unnamed trematode species
(Metacercaria A) was more frequent in males than females,
Interaction between the parasite species seems likely.

Lysaght commented @ on the very slow growth rate of animals

above 6.0mm 1in size, and said that there was insufficient
evidence that the increased incidence of sporocyst

infestation in larger snails was the result of enhanced

growth rather than increased age.

In a paper published at the same time as that of
Lysaght,Rothschild (1941b) attempted to provide evidence of
increased growth rates in infested L. peritoides using the

same data as Lysaght. Rothschild assumed equal chances of



[SEE |
- L1
il it L —
"‘WHI}I oo pd ..

—_ 10 -~

parasitisation with either the encysted metacercariae or the

sporocyst infestation for all Littorina neritoides

individuals on Plymouth breakwater throughout their 1life
span. From this theoretical stand point, the prevalerce. of
infestation in snails of particular size classes can be used
as an indicator of relative age, with the 1incidence of
infestation increasing exponentially with the age of the
host. A growth curve was obtained by plotting host shell
length (mm) against a time factor calculated from the
distribution of the parasite, 2 - Log U, where U was the
"percentage of specimens of snail free from infection".
Cercaria B had a rapid rise up to 6mm followed by a very
shallow incline upwardsto 3mmshell length. The growth curve
that was obtained by the same method for Metacercaria A had
a comparatively constant rate of increase up to the maximum

shell length of 8mm, with only very 1little decrease 1in

incline.

In her discussion of the results Rothschild comments that if
the size-to-age curve calculated from the distribution of
cercaria B were true, it would take an individual L.
neritoides "7 1/2 times as long to grow from a shell length
of 6mm to 8 1/2mm as it takes to reach 6mm". Rothschild
found on the other hand, "nothing remarkable" about the
size—to-age curve calculated from the distribution of
Metacercaria A, given that "“the habitat involved 1is
peculiarly favourable to growth". By considering the
size-to-age curve calculated from the distribution of
Cecaria B to be unnaturally flattened for 1larger animals,

Rothschild suggests that the presence of Cercaria B causes
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the host to increase in size more rapidly than if not
infested, and thus a higher incidence of infestation occurs
in larger animals, so a greater period of time is calculated
between the larger size classes, using an exponential

increase in infestation probabilities as a time scale,

I consider that the curve calculated from the distribution

of Metacercaria A represents an incorrect time scale against

which to judge the effects of Cercaria B on qrowth of

Littorina neritoides. The exponential increase in

infestation of Metacercaria A is only a measure of presence,
or absence of the parasite. Older animals may well have been
invaded by Metacercaria A on more than one occasion. (
Lysaght (1941) found considerable variation in the numbers
of metacercarial cysts present in infested snails). This
would mean that the growth curve calculated from the
increase in presence of the infestation in larger animals
rises too sharply, because some of the larger snails have
been invaded by metacercariae on more than one occasion.
This problem is 1less 1likely to occur in infestations of
Cercaria B as Rothschild explains by including a discussion
of the work of Winfield (1932) and Nolf and Cort (1933), on
the resistance of gastropods to subsequent, concurrent

invasions by larval trematodes of the same species as the

established infestation.

Although Rothschild did not consider the growth curve

calculated for L, neritoides from the distribution of

Cercaria B to be correct it is in fact supported by

Lysaght's (1941) published annual growth rates, obtained by
releasing marked L, neritoides on the breakwater, and then
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collecting as many as could be found a year later. From the

growth rates obtained by Lysaght it can be deduced that it
would take a Littorina neritoides individual over 26 years
to grow from 6.9mm to 8.5mm shell height, assuming that
there was no decline in growth rate during the 26 year
period. (Only one of the snails retrieved in the relatively
large size category of 6.8 - 6.9mm was not infested, so the
growth rate obtained can be assumed to be that for infested
snails). In her discussion Rothschild (1941b) suggested
three other possible errors, but considered that none of
them were relevant. The reported immunity of immature snails
to infestation (Kemp and Gravely (1919) and Manson-Bahr and
Fairley (1920)) was in Rothschild's opinion due to the
authors not considering the time factor 1involved. The
possibility that infestation with Cercaria B was 1lethal to
small L. 1ﬁg;i;gidgs_was dismissed on the grounds that some
individuals producing cercariae, yet less than 2mm 1in
length, had been found on the breakwater. The likelihood of
cercariae of Metacercaria A being 1less infective to L.
neritoides already ‘infested with Cercaria B was discounted

due to the moderately high percentage of snails with both

parasites.

The criticisms that can be made against Rothschild's work

with L. neritojides, as outlined above, undermine the

evidence she produced in support of enhanced growth rates in
infested L, neritoides. The very low growth rates observed
by Lysaght (1941) are very interesting. The largest snail
found by Lysaght was 10.4mm high, and so presumably was of

some considerable age. Extension of the normal lifespan as a
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result of infestation could provide a possible mechanism for
gigantism, but this could take many vyears study to
determine. A similar extended growth period arqument could
fit the field data for Hydrobia ulvae <collected Dby
Rothschild (194la), where, as suggested above, mistakes in
the allocation to year classes of 1large, scarce, animals
could have caused Rothschild to have deduced incorrect

enhanced growth rates.

The increased incidence of a larval trematode 1in larger

individuals of its marine gastropod host species was shown

by Crewe (1951) for Cercariae patellae infestations 1in
Patella wvulgata and P. depressa. Despite finding one hundred
percent of the largest sized snails to be infested Crewe

felt that there was no clear evidence for gigantism in

infested limpets.

The incidence of infestation of Lymnaea truncatula with

Fasciola hepatica was noted by Kendall and Ollerenshaw
(1963) to be reduced in host populations of small

individuals, as compared with populations of 1large L.
truncatula., This 1is not evidence for gigantism, but is
another very interesting correlation between host size and
infestation. Croll (1966) suggested that the mucous trails
of snails will increase with size and may be responsible for
attracting greater numbers of miracidia to the snails. The

attraction of miracidia to snail slime was first seen when

Schistosoma Jjaponicum miracidia were observed by Faust

(1924) to attempt to penetrate the mucous trail of a host

snail. Thus, in a population of small L, truncatula the F,
hepatica miracidia may be less successful at locating hosts.



-— 14 —--

Alternatively, the populations of small Lymnaea truncatula
in the study o0of Kendall and Ollerenshaw (1963) may be

stunted as a result of starvation so that the further energy

drain and digestive gland damage resulting from infestation

with Fasciola hepatica becomes lethal.,

Studies by Chernin (1960) and Pan (1965) demonstrated an

initial growth rate increase in young Biomphalaria glabrata
infested with Schistosoma mansoni, lasting for 5 or 6 weeks.
After this period the growth of infested snails reduced so
that there was ultimately no difference in size between
infested and non-infested individuals (Chernin 1960), or the

non-infested individuals were larger (Pan 1965).

Infestations 1in mature B, glabrata did not produce a growth

rate increase at any time according to Pan (1965). S.

Japonicum has been reported to retard the growth of

Oncomelania Quadrasi (Pesigan et al.,1958) and 0. nosophora
(Moose 1963).

Zischke and Zischke (1965) and Zischke (1967), found that

Stagnicola (= Lymnaea ) palustris infested with Echinostoma
revolutum

exhibited reduced growth in comparison to
non-infested snails. Zischke (1967) found that the quickest
growing infested individuals tended to harbour the largest
numbers of rediae. Zischke interpreted this result as
increased production by the parasite in response to
increased availability of nutrients in the host, although
the results are also open to the interpretation that more

heavily infested snails have to produce' more shell to

accommodate the increased load of parasite and host
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materials.

Following a review of literature on growth effects in
gastropods associated with the presence of larval

trematodes, Cheng (1971) introduced original results of an
investigation 1into shell deposition in parasitised snails.

His results are in agreement with earlier findings of Etges
(1961a,b) that Helisoma anceps 1individuals infested with
rediae of Cercaria revnoldsi and sporocysts of Diplostomum

scheuringj are heavier than non-infested snails, and some
tend to have thicker shells., Having been critical of earlier
studies on gigantism because of their dependence upon
infested snails found in the field, and therefore of
indeterminate age and length and varying level of
infestation, Cheng (1971) collected his own experimental
Nitocris dilatatus subjects, both non-infested individuals
as well as those infested with Acanthatrium anaplocami from

a local "creek". He assumed that, as they were from the same

population, if they were "essentially" the same size they

would be also of the same age. Cheng also used laboratory

reared Physa sayii subjects, some infested with Echinostoma
revolutum,

The snails were weighed whole then their shells removed,

dried and weighed. The parasites were dissected out of the

soft tissues of the infested snails, and then the ©parasite
and snail tissue fresh masses were determined. The fresh
masses of non-infested snail soft tissues were determined
directly after the removal of their shells. In both snail
species the total fresh weights o0f 1infested animals were

greater than those of non-infested individuals. The fresh
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soft body tissue weights of infested snails were slightly,

but not significantly, greater than those of non-infested
snalls of the same species although the shells of 1infested
animals were significantly (pg£0.05) heavier than those of

non-infested animals.

In conclusion Cheng wrote "....although the gross weights of
both species of parasitized snails are greater than those of
their non- parasitized counter parts, the mean weights ' of
the soft tissues of both categories of snails of both
species are not significantly different, This could only
mean that the greater total weights are due to heavier
shells, This as indicated in tables 1 and 4 is the case". A
footnote relating to this quotation 1is an amendment by

Cheng, as a result of this study, to his Jjoint report in
1966 in which he <could find no statistical difference
between shell weights of infested and non-infested Nitocris
dilatatus individuals (Cheng et al., 1966).

In his discussion of the results Cheng (1971) appears to
have overlooked the fact that he removed all the parasites
from the infested snails before weighing their soft tissues.
If the mean weights of the two parasite species (supplied by
Cheng 1in tables 1 and 4) are added to the relevant infested
snail mean soft tissue weights, the resulting weights of the
shell contents, (including parasites), are significantly
( pP¢0.01l) greater than those of non-infested snails. (The
variance for the adjusted mean infested snail soft body mass
was calculated from the sum of the mean snail tissue mass
and mean parasite mass standard deviations.) In my opinion

it is incorrect not to consider the infested snails to be
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producing shell to accommodate both snail and parasite
tissues. New shell is laid down at the mantle edge, and so
if the 1invasion of the viscera by larval trematodes means
the upper whorls of the shell have to accommodate more
tissue (snail and parasite) the snail will lay down new

shell at the exposed mantle edge.

It would appear that Cheng was incorrect to conclude that
the heavier total masses of infested snails "could only mean
that the greater weights are due to heavier shells", and
also in error to amend his earlier report (1966) that there

is no difference 1in infested and uninfested Nitocris
dilatatus shell masses.

The slightly, but insignificantly greater masses of the
fresh soft body tissues of infested snails may well have
been reduced due to evaporation of water from the tissues
during the time taken to remove the parasite tissue from the
snail viscera. In contrast, the fresh masses of the soft
tissues of noninfested snails were determined immediately after
removal from their shells, Had the tissues been treated
similarly, the mean mass of infested snail tissue may have

been significantly heavier than that for non-infested

shailils.

The most conclusive laboratory investigation into enhanced
growth in trematode infested gastropods is the study of

McClelland and Bourns (1969). Lymnaea staanalis individuals
infested with Tricholbilharzia ocellata when 10 weeks old

were found by McClelland and Bourns to be significantly

larger than the non-infested controls when 16 weeks old. At
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25 weeks o0ld the former had an average shell length of

approximately 44mm compared with 35mm in control snails. The
fecundity of infested snails was considerably reduced and
the authors suggested that their abnormal growth rate was a

manifestation of this energy saving. As well as showing

faster growth, 1infested Lyvmnaea stagnalis were founa by

McClelland Bourns to have an increased 1life span under
laboratory conditions. Wright (1966) cited a personal
communication from Bourns that, marked, trematode infested
L. stagnalis released in autumn and retrieved in spring of
the following year had grown significantly less than
non-infested controls treated in the same way. The

laboratory results obtained later by McClelland and Bourns

(1969) for L. stagnalis infested with [Tricholbilharzia
ocellata are contradictory to this earlier study. The

earlier result may have been influenced by the adverse
conditions of winter to which the infested animals were more
susceptible or the reduction in reproductive effort in the

non-infested snails during the winter could have saved them

some enerqgy for growth,

Feare (1970a) reported that Thais lapillus individuals
infested with Parorchis acanthus were castrated, and that
the infestation incidence was greater in 1larger host size
classes. Ballooning of the last formed but one shell whorl
was also linked with the presence of P. acanthus in T.
lapillus in Feare's investigation. Thirty infested T.
lapillus inspected by Feare (1970a) had more horizontal rows
of shell 'teeth' inside the aperture, than would have been

expected for non-infested animals. Teeth row formation, and
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associated shell lip thickening were reported to coincide
with the cessation of growth on reaching maturity in Thais
lapiilus by Moore (1938a). Moore reported that adult I.
lapillus only ever had one row of teeth, and thus concluded
that groéth totally ceased in mature animals. Bryan (1969)

agreed that this was true for T.lapillus on most normal

shores, and demontrated that starvation was the causal
factor of teeth row deposition and growth cessation. Feare
(1970a) and Cowell and Crothers (1970) also reported that
teeth rows were the product of a prolonged period of
starvation. Feare (1970a) suggested that the period of
starvation responsible for the normal production of aperture
teeth in T. lapillus was the first winter aggregation
endured by adults or 2 year old immature individuals on
éxPosed shores, Feare's study was on an exposed shore
population of dogwhelks, and the normal number of teeth rows
in adult T. lapillus in the population he studied was 2, as
the 2 year o0ld immatures grow in the summer after depositing
their first teeth row. Cowell and Crothers (1970) explained
the incidence of multiple teeth rows by suggesting that

immature I, lapillus were swept off exposed shores, and had

to endure a period of starvation before re-locating a food
source. Feare's (1970a) explanation seems to be the most

appropriate application of information on the biology of T,

lapillus,

The fact that T.lapillus individuals with Parorchis acanthus

infestations were larger and had more teeth rows in Feare's
(1970a) investigation, indicated to him both that they

continued to grow after normal individuals had ceased, and
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also started to reproduce.

Recently, Lauckner (1980), working with Littorina Jlittorea,

found the trematode species Cryptocotyle 1lingua and
Hismathla elongata, to be more common in larger individuals

of L, littorea, in agreement with Rees (1936) and Robson and

wWilliams (1970). Lauckner also stated that the 1larger

individuals of any given year class were more likely to have

a redial infestation of C. 1lingua or H. elongata than

smallér animals of the same age. Th{s observation is similar
to that of Rothschild (194la) for infested Hydrobia ulvae.
Instead of 1interpreting his findings as evidence of
increased growth rates in infested Littorina littorea, as
Rothschild (1941a) did for H. ulvae, Lauckner (1980)
suggested that infective miracidia are preferentially
attracted to littarinids with gonads and, as reported by
Williams (1964), larger winkles mature earlier than smaller
specimens. On the other hand, Hayes (1927, 1929), Green and
Green (1932) and Moore (1937) found no evidence of shell
deformity or larger host size associated with the presence

of trematode infestations in L, littorea.

Although Lauckner 1980, accepted the evidence of Feare

(1969, 1970a) that parasite induced growth occurs in Thais

lapillus, it 1is clear to the present author that the
investigation by Feare was much less extensive than that of

Lauckner, where the latter author reached different

conclusions from superficially similar observations.

In the light of conflicting evidence from field studies on

the question of gigantism in gastropod molluscs associated



- 2] --

with infestation by larval trematodes it appeared desirable
to investigate the subject in as much detail as possible,
The Thais lapillus - Parorchis acanthus association was
selected for study both because of the large volume of
information already published and also because of the ready

availability of material at Robin Hoods Bay and Scarborough.

Methods Emploved for the Assessment of Shell and Body Growth
of Infested and Non-Infested Thais lapillus Adults.

T. lapillus used for shell measurements were obtained from

Scarborough South Bay and Robin Hoods Bay, North Yorkshire.

All shell measurements were made using vernier calipers to
the - nearest 0.lmm. The dimensions selected for measurement
are as follows. The length of the shell was taken as the
distance from the top of the spire to the distal end of the
syphonal canal. The shell height was taken as the greatest
distance from the lower to the upper surface of the shell,
measured with the lower jaw of the calipeﬁs resting along
the syphonal canal_and the other jaw on the upper surface of
the shell. The width of the shell was taken as the widest

point across the last-formed whorl with the shell resting

aperture - downwards on a flat surface,
The Whorl Width Ratio
WeW.R. = width of second last whorl/width of last formed whorl

was calculated by taking the widest width measurement as
above and then taking the widest width of the second to last

whorl by the same method.
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The shell aperture lip thickness was taken as the thickness

of the shell measured 1lmm in from the lip edge. The shell
aperture lip length was taken as the distance measured from

the extreme edge of the shell to the distal edge of the last
formed row of teeth. Plate 2.1 shows the internal view of a

Thais lapillus shell aperture, showing the teeth rows.

To measure the distance between successive teeth rows a
low-speed dentist's drill and cutting wheel was used. The
shell lip length was measureé as before, except that the
measurement was taken to the proximal edge of the last-
formed teeth row. The lip and teeth row were then removed
with the cutting tool and the measurement taken as before.
This procedure was repeated until all the teeth rows had
been removed. After the removal of each row of teeth the
maximum shell height and width were again measured, as
previously described, in order to elucidate any relationship
between 1lip length and shell size at different stages of
growth., Shell length was considered an unreliable
measurement because of the effects of cutting on the shape

of the syphonal canal. (See Plates 2.3-2,9)

To ensure that all the teeth rows were noted in individuals
that were not cut with the dentists cutting wheel, the
number of teeth rows was determined by cracking the shell
behind the last-formed whorl, and removing the snails head
and foot out of the hole thus created leaving the

last-formed whorl and aperture intact, so that the teeth

rows could be easily seen and counted.
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The following methods were employed for the determination of

changes in the dry mass of the soft body tissues of infested
and non-infested Thais 1lapillus subjects. Animals were
killed by immersion in boiling water for 30 seconds before
the shell was measured and cracked open, and the body
divided into a number of components for other
investigations. Their total dry weights were determined by
drying the different tissue components on separate-aluminium
pans under vacuum and then weighing to the nearest 0.0l1mg

on a Metler HL52 balance. The total dry body mass is the sum
of all the component masses. Annual body growth increments
were calculated for infested T. lapillus used in the shell
growth investigation as described above. The dry body mass
for a particular shell size (taken as shell height + shell
width) was predicted from a Log shell (height + width) to
Log dry body mass regression calculated for a sample of
infestédI;_lapillua collected from Scarborough South Bay in
June 1981 and thus the changes in body mass as teeth rows
were added could be estimated. The body mass increment was
converted into an estimate of net energy increment using the

ash percentages of tissue dry mass and tissue caloric values

for June infested I. lapillus given below (Chapter 3).

STATISTICAL METHODS

All the data were statistically analysed with reference to

the following authors; Student t-tests were applied as
described by' Bailey (198l), and Student Newman Keuls tests
applied after one way analysis of variance as described by

Parker (1379). One and Two way ANOVA were either applied as

described by Parker,or using computer programmes written by
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Mr. R. Willows and Mr. J. Rosewell (personal communication)

for a Commadore Pet microcomputer, using statistical methods
as described by Sokal and Rohlf (1981). Regression analyses

and correlation coefficients were calculated as described by

Parker.
Evidence of Shell Growth

Shell 1length (mm) frequency distributions obtained for
infested and non- infested mature Thais lapillus collected
at Scarborough South Bay, and Robin Hoods Bay during the

period of study are shown in Fig. 2.1. The existence of

small numbers of abnormally large infested animals from both

collection sites 1s graphically <demonstrated by the

histograms,

The distributions of teeth rows among mature infested and
non-infested Thais lapillus collected from Scarborough South
Bay and Robin Hoods Bay are shown graphically in Fig.2.2. It
can be seen that at both collection sites a single row of
teeth was the most common occurrence for non-infested
animals. Only infested individuals had more than 5 teeth
rows, although a very few non-infested snails had 5 teeth
Yows, Similar frequency histograms constructed for
collections o0f dogwhelks from sheltered (Dale Fort) and
exposed (West Dale) shores where no infested animals were

found, are shown in Fig.2.3. It can be seen that no

individuals were found with as many as 5 teeth rows.

The frequency distributions of shell lip thickness (mm) for

infested and non-infested Thais lapillus adults collected

from Robin Hoods Bay are shown in Fig. 2.4. It can be seen
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from the histogram that the majority of the individuals with
thin shell lips are infested. The result of a Student t-test
on the two mean lip thicknesses is shown in Table 2.1l. The
value for t is sESnEchantto p< 0.001 for 533 degrees of
freedom, so the mean infested shell 1lip thickness 1is

significantly thinner than the non-infested mean.

The shell 1lip 1length (mm) frequency distribution for
infested and non-infested T, lapillus adults collected from
Robin Hoods Bay during February, March and May of 1982 are
shown 1in the 1lower histogram of Fig. 2.5. The upper
histogram shows the size ' frequency distributions for the
non-infested and infested animals collected. It should be
noted that not one infested or non-infested individual had a
shell lip length greater than 4.5mm. The shell 1lip 1length
(mm) frequency distribution for infested and non-infested I.

lapillus adults collected from Robin Hoods Bay during July,

August and October are shown in Fig. 2.6. The upper
histogram shows the size frequencies of the infested and
non-infested T. lapillus collections, for comparison with
the previous figure (2.5) of shell lip length frequencies
for the earlir samples. It can be seen 1in the lower
histogram of Fig. 2.6. that in later months of the year a

number of infested animals were found with 1lip 1lengths

exceeding 5Smm.

The frequency histograms for the Whorl Width Ratios of
infested and non-infested adult - Thais 1lapillus collected
from Scarborough South Bay are shown in Fiqg. 2.7. The
histogram demonstrates that the majority of the animals with

small Whorl Width Ratios . (relatively wide last-but-one
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whorls) are infested. The result of a Student t—-test on the

infested and non-infested means is shown in Table 2.2. The

value for t obtained is signi{—'fcanf to p< 0.001 for 456
degrees of freedom, so the infested mean Whorl WwWidth Ratio
can be considered significantly reduced from the normal

condition.

The correlation between Whorl Width Ratio and the number of

teeth rows for infested T. lapillus collected from

Scarborough South Beach, and Robin Hoods Bay 1is shown in

Fiqg, l.8. The sample correlation coefficient (r) was
calculated to be 0.660, which means that 43.6% (r*x 100) of
the wvariation in Whorl Width Ratio can be explained by

variation in teeth row numbers. The value for r 1is sfgn;ﬂcarit

to p &£ 0.00)1 for 56 degrees of freedom.,

The changing shape of the infested T, lapillus shell (number

2 from Plate 2.2) resulting from the successive removal of
aperture teeth rows is illustrated in Plates 2.3-2.9. The

shape of the shell can be seen to change from the large

ballooned shape characteristic of infestation to the more
usual shape for dogwhelks. The transition in the shape of

the shell can be traced from top left to .bottom right on

Plate 2.2 which shows a collection of infested animals from

Scarborough South Beach,

Annual Changes in Body Drv Mass (mg)

Tables 2.3-2.7 contain the regression slopes (b) and
intercepts (a) for the Log dry body mass (mg) against Log

shell length (mm) regressions calculated for non-infested

male and female Thais lapillus in February 1982 (no infested
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animals were found when sampling), non-infested male and
female and infested T, lapillus in March, 1982, non-infested

female and infested animals in July, and August 1982 (the

male T. lapillus relationship was not significant in these

months) and non-infested male and female and infested T.

Japillus in October 1982.

The results of analysis of covariance (ANCOVA) of the Log
dry body mass (mg) against Log shell length (mm) regressions
for male and female T. lapillus collected in February 1982
are shown in Table 2.8. For both regressions a significant
proportion of variance on the dependent variable is

explained by variance 1in the independent variable., F is
snificant to. p € 0.001 for females, and significant To p<

0.01 for males.

The between sex variation in Log dry mass 1is very
significantly greater than the variation within sexes
( p&£ 0.001) showing that the sex mean dry body masses are
different. A common slope calculated from all the data, then
fitted through the 1individual sample means explains a
significant (p<£0.001) amount of the Log dry mass variation.,
The slopes calculated for each sex are not significantly

different from the pooled slope, when compared with the

error deviations from the slopes.

The total sums of squares is the sum of the between and
within sex sums of squares. The same value can also be
obtained if one line is plotted through all the data, the
total variation now being the sum of the variation explained

by the regression, and the deviations from the common slope.
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The deviations can be further split into two sources. There

are the variations from the slope, as calculated for fitting
a common slope through each of the different means, and the
variations associated with the B sexes having different
intercepts with the y axis (or adjusted means). The ratio of
the latter to the former is in this case highly significant

(pg 0.001), so it can be concluded that the intercepts are

different for male and females.

A summary of the above 1is that the non-infested male and
female Thais lapillus collected in February 1982 have Log
dry body mass (mg) against: Log shell length (mm) regression
slopes that are not significantly different from a common
pooled slope, but the 1intercepts on the y axis are
significantly different, so0 the groups are considered
separately from each other. The slopes are graphically

displayed in Fig. 2.9. The non-infested female animals can
be seen to be significantly heavier (dry mass ) than

non—-infested male snails of the same size.

The results of ANCOVA of the regressions of Log dry body
mass (mg) against Log shell length (mm) for male, female and
infested T. lapillus collected in March 1982 are shown 1in
Table 2.9. The non-infested male and female regressions are
both highly significant (p«+0.001), but the infested
regression 1is less so (pg.0.025). The difference between
mean dry weight values for each group is significantly
greater than the difference within group (.E‘g 0.025). The
common slope fitted through the different group means 1is
highly significant (114;0.001), and the individual group
slopes are not significantly different from it (f>2 D.1).
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The 1intercept values for each dgroup are responsible for

significantly more of the error variation for a pooled 1line
than the errors around the common slope, (JZS 0.001), so the

three groups can be considered different from each other.

The slopes are graphically displayed on Fig. 2.9.

The results of ANCOVA of the regressions of Log dry 'body

mass (mg) against Log shell length (mm) for non-infested

female and infested Thais lapillus collected in July 1982

are shown 1in Table 2.10. The female reqression line is
highly significant (P.g 0.001), the 1infested regression a

little 1less so (pg 0.005), and the males show no
relationship between shell length and dry body mass, and so

are not included in the ANCOVA.

The difference between mean dry mass values for infested and
female samples is significantly greater than the difference
within the groups (pg 0.005). The two lines of common slope
fitted through the data are highly significant (pg 0.001),
and the 1individual group slopes are not significantly
different from it. (p> =0.1).'The intercept values for each
sample are responsible for significantly more of the error
variation around a single pooled 1line, than the errors
around the two lines of common slope (pg 0.001), so the two

groups can be considered separately from each other. The

regression slopes are graphically displayed in Fig. 2.9.

The results of ANCOVA of the regressions of Log dry body
mass (mg) against Log shell length (mm) for non-infested
female and infested Thais lapillus collected in August 1982

are shown in Table 2.11. The female regression line is most
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significant ( p<£0.005), the infested line is just

significant ( p< 0.05), and the males show no significant
relationship between shell length and dry body mass, and so
are not included in the ANCOVA. The difference between the
mean dry weight values for infested and female samples is
significantly greater than difference within samples
(p< 0.001). The two lines of common slope plotted through
the two data groups are highly significant (PSﬁ0.0})l) » and
the individual group slopes are not significantly different
from the pooled slope (p>-0.1). The intercept values for
each sample are respoﬁgible for significantly more of the
error variation around a single pooled line than the errors
around the two lines of common slope (.p< 0.001), so the two
can be considered separately from each other, The regression

slopes are graphically displayed in Fig. 2.10.

The results of ANCOVA of the regressions of Log dry body
mass (mg) against Log shell length (mm) for non-infested

male and female and Infested T. lapillus collected in

October 1982, are shown in Table 2.13. The male regression
line is significant for this month (p<£ 0.005).The female
regression line is highly significant (P< 0.001), and so is
"the infested 1line (p< '0.001). The difference between the
mean dry mass values for male, female and infested samples
is significantly greater than the difference within the
samples. (p<£ 0.001). The three 1lines of common slope
rplotted through the three data groups are highly significant
(p& 0.001), and the  individual group slopes are not
significantly different from the pooled slope (p>=0.1). The

intercept wvalues for each sample are responsible for
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significantly more of the error variation around a single
pooled line than the errors around the three lines of common
slope (1¥§ 0.001), so the three groups should be considered
separately from each other. The regression slopes are

graphically displayed in Fig. 2.10.

The results of ANCOVA of the regressions of Log dry body

mass (mg) against Log shell length (mm) for infested Thais
lapillug collected in March, July, August, and October 1982

are shown 1in Table 2.13. The March fegression line is
significant, with a:‘ftobabil'i;t){éto.ozs. The July regression
line is significant, with apmbal_:?g'-l_i_l’gr_é 0.005. The August
regression line 1is 1least significant with _a ’E}‘Obﬂblh?
4 0.05, and the October regression line most significant
with apropabnlity>< 0.001. The difference between the group
mean dry masses for March, July, August and October samples
is significantly greater than the differences within samples
(P 0.001). The four lines with a common slope plotted
separately through the four data groups explain a
significant proportion of the dry mass variation
( p< 0.001). The individual group slopes are not
_significantly different from the pooled slope (‘P;,i-*-:o.l) . The

intercept values for each sample are responsible for a

significantly 1larger proportion of the error wvariation
around a single pooled 1line drawn through all the data
points than the errors around the foﬁr lines with the common
slope ('Pé:_O.OOI) . Thus the four samples should be
considered separately from each other. The regression slopes

are graphically displayed in Fig., 2.11.
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The results of ANCOVA of the regressions of Log dry body

mass (mg) against Log shell length (mm) for non-infested
male Thals lapillus collected in February, March and October
are shown in Table 2.14. July and August samples showed no
| éignificant relationship between shell length and dry body
mass. The February regression line is significant, with a

probobility€0.01. The March regression line is more
significant, with a probabllity &£ :C.001, but the October

regression line is slightly less significant having a.

PIUbﬁbﬂjy'so 005,

The difference between the group mean dry masses for
February, March and October samples is significantly greater
than the differences within samples (p.< 0.01). The three
lines with a common slope plotted separately through the
three data groups explain a significant  proportion of the
dry mass variation (q;g.0.00I). The individual group slopes
are however 7just signifiéantly different from the pooled
slope (p< 0.025), and so the three samples are considered
separately .from each other. The regression slopes are

graphically displayed in Fiqg. 2.11.

The results of ANCOVA of the regressions of Log dry body
mass (mg) against Log shell 1length (mm) for non-infested
female dogwhelks collected in February, March, July, August,
and ‘October 1982, are shown in Table 2.15. The February,
regression line is significant, with aprobability £ -9,01. The
March regreséion line 1is significant, with a. Fobabilitj
< 0.001 and the July regression 1line 1is similarly

significant. The August regression line is significant with

a. wa&blllvé ‘0,005, The October regression 1line 1is
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significant with a‘PIbbeb'iﬁ!’-:y & =0.001‘. The difference between
the g;OUp mean dry masses, for February, March, July, August
and October samples is significantly greater than the
differences within the samples (p<:0.001). The five lines
with a common slope plotted through the different sample
means explain a very significant proportion of the variation
in body dry mass ('P,g -0.001) . The individual group slopes
are not significantly different from the pqoled lines
(f}f 0.1). The intercept values for each sample are
responsible for a significantly larger proportion of the
error variation around a single pooled line drawn through
all the data points than the errors around the £five 1lines
drawn with the same common slope (T’é 0.001). Thus the five
samples should be considered separately from one another,
The regression slopes are graphically displayed in Fig,

2.11,

Growth.

A sﬁmmary of the measurements made on 1infested Thais
lapillus collected in April 1981 from Scarborough South
Beach 1is shown in Table 2.16. In the first column (from the
left) of Table 2.16. 1s the(height + width)(mm) of the shell
after it has had the distance in the second column removed
from its aperture lip, before which its measurements were as
recorded 1in the third column. The data is arranged as shown
so that the increment from one teeth row to the next can be
clearly demonstrated. The increase in dry mass is calculated
from the Log dry body mass (mg) against Log shell (height +

width) (mm) regression shown in Fig. 2.12, and Table 2.18.
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The June regression is more significant than the regression

for the April sample actually cut down (Fig. 2.12, and Table
2.17), having a?mbabﬂiky £ 0,001 as opposed to the April

value, P« 0,05,

The calculation of the estimate of the net energy investment
into growth is shown in Table 2.19. The final value has been
shown +-the 95% confidence limits for shell growth converted
into dry mass and finally energy increment. Other errors
have been ignored, eg. variation around the June Log dry
body mass against Log shell(height + width) regression, and
variation around the mean tissue caloric value, because the
magnitude of the increment error greatly limits the accuracy

of the estimate.



Plate 2.1

Appearance of multiple rows of aperture teeth on the

interior of the shell of an infested Thais lapillus host.






Plate 2.2

»

A collection of Thais lapillus adults from Scarborough South

Bay which demonstrates a range of shell deformities

associated with the presence of Parorchis acanthus

infestations.
Individuals 1-=3 demonstrate the shell deformities only
found in infested animals whereas animals 20-23 - are

normal in appearance. "
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Plates 2.3 = 2.9

This series of plates illustrates the changes in shell shape

resulting from the removal of successive rows of teeth from

the shell aperture of an individual ., Thais lapillus infesfed with
Tarorchis acanthus .
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Shell length frequency distributions for infested and
non-infested Thais lapillus from Scarborough South Bay and

Robin Hoods Bay.
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SCARBOROUGH SOUTH BAY.
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Fig. 2.2

Frequency distribution of numbers of shell teeth rows for

infested and non-infested Thais lapillus from Scarborough

South Bay and Robin Hoods Bay.
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