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11RITISH ROUGH \{DH\LES: ASPECTS or~ THEIR .A~ATO~lY, T,I\X(l~O~Y 

AND ECOLOGY. Pv Celia Jane Hannaford Ellis • 

. . Abstrac!: The characters. used. to identify rough winJ(les 
were.described and the following, assessments of their tax-

".onol11ic,usefulness "'ore made: l).Pa]]:inl ovirluct. The struc-
1-ure is diagnostically different in rudis and arcO'ma 
fell1al~s. ?).Penis. The form is diae'nostic in nil'Tolincata 
(Heller, 197 Sa) but not in rudi s and m~.£ (Uld also po 5siLly 
not in ne,n;lecta (cp.Heller!1~,n5a). J).J>rostai-e. The appear
ance cern aid in identifying rudis and ~~ male.s, but is 
not diagnostic. 4). Cj liatNl lield. The size difference 
between rudi sand arC8.na is diag'nostic and is used toidC'nt
ify males. 5).Sub-~:C;;lar patte)'n. This. is useful in iden
~ifying neelecta cnly. 6).Uadula. The radulae show cusp 
number decline and, in some species, changes in cusp flhape 
with age. They are of little use in diagnosis. 7).511ell. 
L.nee-Iecta and njr;-rolineata shells have Lliagllostic features 
(Jleller,1975a),so these species can Le identified on this 
basis. L.rudis and arcana shells are too similar to be used. 
Ey using combinations of these characters most animals can 
be diagnosed. 

Various aspects of the bioloCY and ecology of 
the fOllr species were examined: l).Sexual djmorphiEm was 
observed in all the species. Females are generally larg~r 
than males, usually maturing at larger shell heights and are 
sometimes more globose. In nigrolineata size djmorphism rel
ated, to shell colour ft'as observed; yellow-shelled animals 
generally grow larger and mature at larger sizes than white
shelled. 2).Ontogenetic changes in shell colour pattern of 
neg1ecta were observed: Young neglect.a usually have banded 
shells, older animals' shells are usually tessellated.J).The 
reproductive seasonality of the four species was examined. 
L.ne~lecta,arcana and ~i~rolineata show marked periodicity, 
but rudis shows little. 4). The population size structure 
and composition changes of ne,o;lecta suggests that this 
species is an annual.5). The spatial and temporal zonation 
patterns of rudi s. and arcana in a commW1i ty at Porth 5wtan 
were examined. For much of the year the species seem truly 
sympatric; but ~ adults in breeding condition were 
fOW1d to migrate down to the top of the barnacle belt. 6). 
Spatial zonation differences were fOW1d betweon the species 
of the,small-winkle commW1ity in the barnacle belt,though 
there were wide overlaps between species. Temporal effects 
may also be important: The breeding periodicity differt·nces 
resulted. in some staggering of juvenile production by the 
dif:ferent species, so that the juveniles were of slight1f 
di:fferent size ranges. This could be importcUlt in resource 
partitioning. Nale nee-lecta were found to zone higher than 
females. 

The intra-specific variation in rudis is 
particularly striking and t"o types commonly oc~r i'n Angle
sey. OIle type is abW1dant in boulder habitats, the other in 
crevice habitats. Unusually at Porth Swtan both types (living 
in their respective habitats) can be fotmd and appear to 
retain theil' identity in spite of their proxilility. At another 
site a cline between the forms seemed to exist. The observ
ations could support arguments for the existence of pheno
types, ecotypes or siblinf~ species. ThouC;h S0l110 rccog-r.i tion 
of the different forms is desirable for ecologists, before 
any :formal taxonomic reeognition is e-iven to any 1'orm of 

rurlis (or any of -I;ho forms of other species), experiments, 
to discover if there is any eenetic basis for the observed 
variation, should be undertaken. 
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GEN"ETL\L INTRODUCTION 

In 1975 Heller resolved the British rough 

winkles of the Littorina saxatilis complex into four 

species, I..rudis, L.neell'»cta, L.ni4roli.neat~ and L.patula, 

distinguishing them on a combination of shell and anatom

ical characters. Though this classification was mainly 

","elcomed by Ii ttorinologists, the distinction of .Eatt.~ 

,from rudis. has been questionned, since Heller's diagnosis 

of this species did not make it possible to separate a 

high percentage of' specimens encounterl3d into one or other 

species. This problem has been highlighted in Raffaelli'a 

recent paper (1979). In this he concludes that the 

characters used by Heller to define patulq are not su1'fic

iently distinct from those of rudis to warrant its 

separation as a species, and that 12Fl.tula must be regarded 

as a synonym of rudis. Like Raffaelli's, my early 

attempts to distinguish patula and rUt1i~ also failed .In 

the face of the apparently continuous variation in shell 

and penial characters. Most ovoviviparous individuals 

seemed to be intermediate between ruLlis and patula .,:?ensu 

Heller in at least some characters and could not be 

assigned to one or other species with any clegree of surety. 

Thus, I, like~ ..... i se came to regard .P.Q..tula as a synonym of 

rudi s. 

Concurrently a second taxonomic problem 

emerged. Females were found that exhibited pallial 

oviduct structure like that of nierolincata, ~~ and 
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ohtusata ie. of oviparous design, which is quite distinct 

from ovoviviparous pallial oviduct structure. These 

females combined oviparous-reproductive mode with shell 

characters that rune-ed from patula to E...,:!dis. 

For a while it appeared that the two 

problems were unrelated, that patula was probably a 

variety of rudis and that a n~w, second oviparous rough 

winkle existed which (excepting Seshappa's observation 

(1947) ) had evaded previous discovery. However it soon 

became apparent that the oviparous winkle was a widespread, 

abundant species and had influenced Heller's description 

of patula. 

Once the character of the ciliated field 

had been noted and used to separate males, the penial 

characters ~f the males corresponding with the oviparous 

females could be identified. These proved strikingly 

like those noted for patula by Heller. Also re-examin

ation of Heller's material at Liverpool revealed 

substantial numbers of the oviparous form and these must 

have been used in his diagnoses. Furthermore, oviparous 

specimens were sent to Dr. Heller which he returned 

labelled L.patula for those with asymmetrical shell::> and 

'L.unknown' for the remainder. Thus it seoms probable 

that he used primarily the shell and penial characters 

for distinguishing rudi5 and .E..atula, and at such sitos. 

as Abraham's Bosom where rudis al1.d arcana exhibit very 

different shell types, the penial differences would 

support such a division. 

Despite tho probability that patula was 
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described mainly from individuals of the oviparous 

species , it '>auld have boon inappropriate to re-describe 

patula as an oviparous species; the patllla form or rudis 

undoubtedly exists, in as much as there aro rudis 

individuals with the penis form and shell shape associated 

with patula by Heller (which, incidently he derived from 

Jeffreys' (1865) description and not the original 

de scxirtion published in 184l~ by Thorpe). Furthermore nono 

of the other variety names in existence could be used as 

these all relate to shell types, and might have been 

secreted by individuals of either species. So I described 

~~~, in 1978, as a new species of which the main 

diagnostic characteristic is its oviparity, A fuller 

description appeared in 1979 (Hannaford Ellis 1978,1979). 

Though the separation and description of 

arcana is of some importance and took a considerable 

amount o:f time, the "lork tmdertaken was not intended to 

be primarily taxonomic. The mfl.in objective '\-las to examine 

the ecology of the then newly-described roueh winkles 

generally. 

Section 1 deals mainly with the identific

ation of rough winkles to species and while especial 

attention is paid to. the separation of rudis and arcana, 

it a.lso covers the identification of juveniles ,.hich is 

usually omitted from species descriptions. Identi~icat-. 

ion of juvenile and immature individuals was essential 

for the ecological work undertaken in tho subsequent 

sections. Many of the characters which are useful for 

distinguishing the species are anatomical and the structure 
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of the ov~duct in particular is described in detail. 

Some new observations were made of this and also certain 

other structures, such as the ciliated field, sub-operc

ular patterns, prostate ru~d radula, and these are 

described here. 

Section 2 covers aspects or the autecology 

of the different rough winkle species, looking at sexual 

dimorphism, ontogenetic changes in the colour patterns 

of' neg-lecta shells, reproductive seasonality and the 

changes in the structure of neglecta populations. 

Section J looks at the synecology of rough 

w~nkles. Considerable overlaps in habitat are apparent espec

ially rudis "lith arcana and neglecta 'with juveniles of' other 

species and questions arise about the niche separation. 

In both sections 2 and J some of tho 

ecological differences between the look-alike specios 

rud~s and arcana are described which support the separat

ion of these two species. 

Section 4 is rather more speculative. It 

con sj.ders the variability observed in L. rudi s, perhaps 

the most variable of the rough ,vinkles and points to some 

of the many problems encountered\o,·ith this' species. 
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OUTLINE OF TEE CURRENT CLASSIFICATION OF BRITISH WINKLES 

The winkles of British shores are currently referred to one 

of eight species -which between them exhibi t three modes of 

reproduction. 

Littorina littorea (L.) and L. neritoides (L.) both go through 

a planktotrophic stage in their life history. Eggs are released 

into the sea in capsules, from which young hatch as veliger larvae 

and are free-swimming until they metamorphose and settle. 

Four species are oviparous, laying their eggs in egg masses 

in which they develop, hatching as tiny snails. These species are 

L. obtusata (L.), L. mariae Sacchi & Rastelli (196~),. L. - -
.!:igrolineata Gray (1839) redescribed by Heller (197~ and Sacchi 

(1975), and L. arcana Hannaford Ellis (1978). L. obtusata and 

L. mariae were formerly not distinguished and were called either 

L. littoralis (L.) or L. obtusata (L.k The latter name,havir.g page 

precedence in Linnaeus t Systema Naturae, is now used for the 

commoner species, (see Goodwin and Fish, 1977). 

The other two species are ovoviviparous, retaining their eggs, 

while they develop into tiny snails, in a brood pouch. These are 

1. neglecta Bean (1844) redescribed by Heller (l975~ and to rudis 

(Maton, 1797). 

Four of these species, arcana, rudis, ncglecta and nigrolineata 

were, prior to Heller's paper, classified as oae species, L. saxatilis 

(Olivi, 1792). The common name given to 1. saxatilis in Britain 

was the rough winkle. Consequently these four species are often 

referred to collectively as the rough winkles. However it should 

be realised that this is not a natural grouping within the British 

winkle species. The reproductive mode of arcana and nigrolineata 
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groups them with the flat winkles, marine and obtllsata, rather than 

the ovoviviparous species rudi~ and neglecta. 
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SECTION 1: USE OF COMPARATIVE ANATOMY AND SHELL 

C)-lJ'.RACTERISTICS POR IDENTIFICATION OF 

BI(ITISH ROljGH WII-:KLE SPECIES. 

Identification and separation of winkle species has, until 

compara ti vel y recen tl y, relied primarily on shell characteris tics. 

Many species, subspecies and varieties were named on the basis of 

shell characters and little regard was paid to the 'soft parts', 

the animals themselves, which were all too often thrown away. 

It is, of course, very tempting to use principally the shell 

for specific identification. Shells can be easily examined and 

measured without necessarily killing the animaf, and they are also 

easily preserved. However accessibility cannot be equated with 

reliability as a species marker. Speciation can occur without 

involving a distinctive change in shell characters and conver-

sely separate species may show convergence. Furthermore the 

considerable variation th&t exists in shell characteristics within 

a ~pecies can obscure the division between species. For exa~rle: amongst 

the four species that 'nere lumped together as saxatilis, two 

E.;igrol1 !1·?a tao and ne~lecta in fact ha.ve diagnos tic shell charac": 

teristics but the distinction was obscured by the wide variation 

in ~.!! and rudis shells. Also, ontogenetic changes ca.n further 

complicate the task of identifying individuals to species e.g. in 

Ii ttorea w;1ich Is COll1...1:only rcgardec as of uniform shell type, the 

uniformity is applicable only to adults; juveniles have shells which 

are totally dissimilar. Shells are none-the-less very usef~l markers 

provided the limits of their usefulness are known. 

For the rough and flat winkles anatomical characters have been 

shown to be more reliable for distinguishing th2 species (Sacchi 
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& Rastelli, 1967, Sacchi, 1975, Heller, 197Q. Tllese authors have 

used characters such as the pallial oviduct, penis, radula and 

pigmentation patterns. Of these, characters relating to the 

reproductive system have proved the most useful, being at once 

conservative within the species, and showing marked specific 

" differences. The interspecific diversity in genital organ structure 

probably derives from the need of the winkles themselves to recog-

nise conspecifics. Differences in structure may act as important 

isolating barriers to interspecific matings. 

The following sections assesses the usefulness and limitations 

of several taxonomically important characteristics of anatomy and 

shell, particularly of rough winkles; attempting to distinguish 

characters as diagnostic, typical or indistinct. It is intended 

that in conjunction with Heller (1975.,) the information given "Jill 

provide a basis for identification of the vast majority of rough 

winkles of whatever size. Accordingly most detailed attention has 

been paid to features of rudis and arcana which were not distinguished 

by Heller. It should perhaps be pointed out that identification of 

species cannot always be made on a single character and c~nbinations 

of characters have to be used for diagnoses. 

Six anatomical features are considered, pallial oviduct, p~nis, 

prostate, radula, and two characters previously unused in 

littorinid taxonomy, the ciliated field and su~-opercular pigment 

pattern. Also, shell characteristics of both juveniles and adults 

of all British species are described and assessed. 

The case for reliable identification of species throughout thtCir 

age range and in all stages of their reproductive cycle cannot be 

overstressed. A great deal of work on winkles has been, and is 
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being, wasted through lack of cure in identification, or through 

inability to recognise juveniles or adilits out of reproductive 

condition. 
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1.1 PALLIAL OVIDUCT CHARACTERISTICS 

The pallial oviduct is that part of the oviduct lying within 

the mantle cavity. In Littorinids, besides its function in trans

porting the ova from the ovary to the outside world, it also serves 

as the site of fertilisation, secretes layers of nutritive and 

protective materials round the zygote, and in the ovoviviparous 

species provides the protected space in which the embryos develop. 

The structure of the pallial oviduct varies with reproductive 

mode and, corresponding with the modes of reproduction seen in British 

Littorinids, there are three basic formats of pallial oviduct struc

ture. Since reproductive mode is an important species characteris

tic, pallial oviduct structure can be a diagnostic character useful 

in identification of species. 

The three reproductive modes are oviparity, ovoviviparity and 

production of planktotrophic larvae. Two species, littorea and 

neritoides, exhibit this last mode and since both species can be 

reliably recognised on the more easily examined shell characteris

tics the pallial oviduct is relatively unimportant for identifying 

them. In the case of the flat winkles,obtusata and mariaeL which 

are not always easily distinguished from each other on their shell 

characteristics, the oviduct structure is of no assistance as both 

species are oviparous. However, oviduct structure is useful in 

separating rough winkle species, especially in separating rudi! 

and arcan~ females from each other. Since rudis reproduces ovo

viviparously and arcana oviparously, the pallial oviduct structure 

differs and these differences can be used for identification. 

The following account describes and figures the structure of the 
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oviducts, both immature and adult, of arcana arid ,rudLs and 

compares them. The oviduct structures of these species can be used 

as examples of oviparous and ovoviviparous oviduct formats and so 

the descriptions of the structure can be applied generally· to the 

other species which reproduce similarly. Though both types of 

oviduct have previously been figured in the mature condition (rudis 

by Fretter & Graham 1962, Sacchi, 1975, Sneli & van Marion, 1979; 

nigrolineata by Sacchi, 1975) the appearance of the immature oviduct 

has not been described by previous authors. Since the appearance 

of the oviparous and ovoviviparous oviducts in the immature condition 

is as diagnostically different as in the mature, this can be used 

to separate immature rudis and arcana females. This is of particular 

importance in identifying arcana. The ability to distinguish 

im.mature, as well as mature, arcana from rudis is a prerequisite 

for any ecological study of these species since arcana has a 

parkedly seasonal reproductive cycle (see section 2.4) and outside 

the reproductive period the majority of arcana on a beach will be 

in an i~~ature condition. 

1.1.1. Homology of Oviparous and Ovoviviparous Pallial Oviduct 

Structure. 

The homology of these two oviduct structures has been pointed 

out by Sac chi (1975). The pallial oviduct of !ittorea and ~eritoides 

is by contrast not obviously homologous with these. The structural 

homology is clarified in the fOllowing descriptions and figures. 

Histological techniques applied to the oviducts have underlined 

the homology, similar tissues occurring in similar positions in the 
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two systems (see below). 

On an anatomical oasis it seems probable that oviparous and 

ovoviviparous species are more closely related to each other than 

they are to the planktotrophic species littoren and neritoides. 

1.1.2. Features C0111.:110n to tht~ Oviducts of Oviparous and Ovoviviparou~ 

Species. 

Oviduc~ anatomy has been studied by dissection and histological 

techniques in ~na, nigrolineata and rudis. Superficial exam

ination of the oviduct of neglecta did not suggest any departure 

from the oviduct pattern of rudis. 

Though essentially a tube, the walls of the oviduct are so 

elaborated and folded that the structure appears fairly complex. 

The ru1atomy is most easily understood by examining immature specimens, 

in which the lobing is relatively obvious (see Plate I, figs 2 & 6). 

The diagrammatic s~ctions of fig. 1 should act as an aid to 

understanding how the duct is constructed. Where it enters the 

mantle cavity the oviduct is more or less tubular (the tubular 

coiled oviduct, Teo, ) and in the mature animal its walls are 

swollen wi th glandular cells. The pattern of coiling is fairly 

uniform. TIle largest loop is not visible in right lateral view 

(the view observed when the animal is removed from the shell) as 

it is overlain by the lobed walls of the next section of the duct 

(fig. 3). \\'here the tubular coiled oviduct expands into the lobed 

second section (which is currently kr10wn as the albuiilen gland (see 

below) the receptaculum seminis (rs) opens and it is presumably 

in this area that fertilisation occurs. 



Fieure 1. 

Diagrammatic sections through the proximal 

convolutions (based on an immature L.arcaJla oviduct). 

The positions of the sections are indicated in the 

central diagram. 

Key: cg:- capsule gland 

Oag:- opaque albumen gland 

pcg:- passage to capsule gland 

rs:- receptaculum seminis 

5:- septum 

Tag:- translucent albumen gland 

Tco:- tubular coiled oviduct 

vc:- ventral channel 
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Figure 2. 

Right lateral view of the immature oviduct of 

.1. arcana. 

~ey: see figure 1 , also:-

Bc:- bursa copulatrix 

Jg: - jelly gland 

Jgs: - jelly gland septum 





Fie;urp. :2. 

Left lateral view of the proximal convolutions 

of 1.arcaJl.a. 

Key: sec figs. 1 & 2. 
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The next section of the oviduct, the so-called albumen 

gland (Linke, 1933; Sacchi, 1975) has an cnonlously expandeu, 

flattened lobe which is folded once, into a characteristic 

shape. HOVJevel- this lobe is not one gland but two. This can 

be determined histologically and is frequently visually apparent 

as well. The proximal section and about half of the distal 

section of the lobe often look opaque and the tissue stains 

blue with modified Mallory-Heidenhain stain (Cason, 1950). The 

remaining, most distal part of the lobe appears translucent and 

does not take up the stain. I have termed these areas the 

opaque albumcr. gland (Oag) and the translur:ent albumen gland 

(Tag) (see fig. 2); possibly they a~e responsible for secreting 

respectively the fluid albumen and viscous albumen layers round 

the zygote: The albt:men glands are succeeded by another 

laterally flattened lobe, the capsule gland. This probably 

secretes the egg membrane which surrowlds the zygote and its 

albumen layers. Owing to the shape of the passage from the· 

albu;nen gland, (see section D-D fig. 1), eggs coming down the 

oviduct are directed into the lumen of the capsule gland and 

thence ente:L" the most distal part of the oviduct, the brood 

pouch or jelly gland, dorsally. Structurally th,e brood pouch 

and jelly gland are very similar, both having a complex of 

incomplete se;>ta extending into the lumen. 

The oviduct is also adapted for the r'eception 8.nct storage of 

sperm prior to fertilisation. Thp. bursa copulatrix (Bc), a 

diverticulum just inside the opening of the oviduct, receives 

the sperm during copulation. Later the sperm travel along the 

ventral channel, a ciliate~ gutter in the ventral part of the 



-11~_ 

distal oviduct. They pass ventrally into the albumen glands 

and thence to the reccptaculwn seminis. Thus the eggs and sperm 

are travelling in opposite directions along the oviduct and are 

kept apart through the complex folding of the duct walls (see 

fig. 1). 

1.1.3. Adaptations of the basic oviduct plan in the rcpresentati~ 

Oviparous and Ovoviviparous species, L. arcana and 

L. rudis. 

In arcana the proximal convolutions, (tubular, coiled 

oviduct, opaque and translucent albumen glands and the capsule 

gland) are large relative to the size of the oviduct, .and the 

distal section (jelly gland) is comparatively short. In the 

mature condition the septa of the distal section swell and 

completely fill the lumen. This tissue is thought to secrete the 

jelly matrix of the egg mass. The bUrsa copulatrix is compara-

tively long, often about three-quarters of the length of the 

jelly gland and extending (usually) to below the capsule gland. 

When mature the oviduct appears as a large white mass (figs. 4 

& 8, Plate 2) the structure of which is barely discernible. 

In rudis the proximal convolutions are relatively small and 

the distal section relatively long. With maturity the septa of 

the distal section (the brood pouch) do not become markedly 

glandular as in arcana; instead, developing embryos fill the lumen. 



Right lateral view of the pallial oviduct of a 

mature l;. arcana female. 

KGY: see figs.1 & 2, als_o: 

Cf:- ciliated field 

Cm:- columellar muscle 
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FiGure 5. 

Right lateral view of' pallial oviuuct of a 

mature L.rudi~ female. 

Key: Bc:- bursa copulatrix 

Bp:- brood pouch 

Bps:- brood pouch septum 

Cf':- ciliated field 

Cg:- capsule gland 

Cm:- columellar muscle 

E:- embryo 

Oae:- opaque albumen gland 

Rs:- receptaculum seminis 

Tag:- translucent albumen gland 
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Figure 6. 

Right lateral view of im~ature pallial oviduct 

A) L. arcana, B) ". L. rudi s. 

Key: see figs.2 & 5 
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"PLATE 1 e. 

Pallial oviducts uf immature £emales 

1) & 2) L. ar c an a , 3) & lj) L !. rwi i s C (~ 

e.c~0t\ or l..~ c· '"~f'& . ~ca f.-\-8) 
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Figure 7. 

Figures. traced from Plate 1. 

A). & B). L.arcana C). & n). L.rudis C 

Key: see figs .• 2 & 5, also:-

F:- foot 

H:- hepatopancreas 

K:- k~dney 

H:- mantle 

0:- operculum 

S:- stomach 

Te:- tentacle 

Tco:- tubular coiled oviduct 
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The bursa copulatrix is comparatively short, being one-fifth or 

less, of the length of the brood pouch. When mature the proximal 

convolutions are, compared to arcan~, not obvious and the brood 

pouch is filled with embryos (figs. 5 & 8, Plates 2 & 3). 

Since in immature females of arcana and rudis the distal 

section is neither fleshy nor packed with developing spat, it is 

the difference in the proportions of the parts of the oviduct 

which is useful in identifying these specimens, (figs. 6 & 7, 

Plate 1). The comparatively large proximal convolutions and 

bursa copulatrix and short, septate, distal section of the 

oviparous format of pallial oviduct, in contrast to the small 

proximal convolutions and bursa copulatrix and long, distal, 

septate section of the ovoviviparous type, are evident almost 

as soon as the oviduct starts to differentiate. 

1..:1.: 4. Variations in the Oviduct seen in the other Rough Winkle 

Species. 

TIlOugh the oviducts of nigrolinea ta and neglecta resemble 

tho£e of arcan~ and rudis, respectively, some minor differences 

do occur. 

The bursa copulatrix of the oviduct of nigrolineata is relatively 

much shorter than that of arcana. In nigrolineata the avera.ge 

ratio, cIBe , of jelly gland length (c) to bUrsa copulatrix length 

(Bc) is 3.1, compared to 1.7 in arcana (see fig. 27). In rudis 



Pallial oviducts of muture females 

1) & 2) L.arcana, 3) & 4) L. rudis C 





Fieure 8. 

Figures traced from Plato 2. 

A). & E). L.arcana, C). & D). L.rudis C 

Key: see figs~2,5 & 7 
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PL.ATE 3. 

1) L.rudis B on boulders at Porth stwan. 

2) Pallial oviduct o£ L.rudis B.£emale. 
((be ~fb,ro..-\id(\ ~ k·("..,.l;.~ '@.' ~'('L Sa.&. f·4-<il) 
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this ratio is 4.0, I.e. also lUuch shor ccr than in ~..E..~. This 

factor may be of significance in species recognition (see section 

1.2.4). In other respects the pallial oviduct of nigrolinp~ta and 

arcana seem very similar. 

The oviduct of neglecta is likewise similar to that of n;di.!.t 

however, there is probably a functional difference. In ~c~lecta the 

eggs are almost certainly prod.uced individually since embryos in· the 

brood pouch are usually at different stages of development. 

Interestingly the embryos, unlike the parent, are not scaled-d0wn 

versions of those of rudis. Indeed they are of an approxi!1\ately 

equivalent size, so that the physically smaller brood pouch of 

neglecta rarely holds more than 10 embryos. Females of rudis 

often have 100 or more embryos in the brood pouch. TI1US relative 

to the maternal size, the embryos of neglecta are very much larger 

than those of rudis and the number of offspring per mother are 

probably fewer. 

1.1.5. Functional Significance of Pallial Oviduct Differences in -
Oviparous and Ovoviviparous Species. 

Besides the difference in adaptation of th~ distal section as 

ei ther brood pouch or' jelly gland, in which the functional signi ficanee 

is readily apparent, there is also the previously unexplained 

difference in relative size of the proximal convolutions. The:3e 

I think secrete the nutritive layers and protective egg mcm~rane 

which surround the embryos of both oviparous and ovoviviparous species. 

One possible explanation is that the difference in size of the 

proximal convolutions is related to difference~ in the pattern of 
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egg produc tion. 

Oviparous species may lay egg masses containing 100-300 

eggs. Plate 4 shows an egg mass of arcana photographed shortly after 

it was laid. As this shows, in this egg nass ( as in all egg masses 

I have seen) the eggs are very clo'Se in age. Assu;ning no inhibi tion 

of development occurs, it can be inferred from this that the 

pattern of egg production is such that all the eggs for an egg 

mass are produced in one batch. 

It is interesting to note that, as this egg mass shows (the 

eggs are at the 1- 2- or 4-cell stage) eggs are laid at an early 

stage of development. It seens probable therefore that the time 

between fertilisation and laying of the eggs is short. Thus the 

nutritive and protective layers for all the hundred or more eggs 

in such an egg mass would have to be produced comparatively 

rapidly. 

The pattern of egg production in rUdis, is rather differel .. t. 

Eggs appear to be released in small batches of about 20. 

Correspondingly the pattern of demand for outer egg layers is 

markedly dissimilar in these two representative species. Assur,ling 

that the gland cells of the proximal convolutions operate at 

similar rates in oviparous and ovoviviparous species, then for an 

oviparous species to coat quickly the large number of eggs 

produced for an egg mass, it would require a large number of gland 

cells ready to operate in unison. The gland cells in ovoviviparous 

species presumably have time to replenish their secretory products 

before the next batch of eggs is released into the oviduct. fewer 

cells can therefore coat an equivalent number of eggs and so the 

proximal convolutions can be smaller. 



PLATE 40 

1). Maternal L.ar0ana and recently laid egg mass. 

2). Close-up o£ ~gg mass (scale in millimetres). 

Note the pink coloration o£ the developing eggs. 
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PLATE 5. 

1). Embryos i'rom the brood pouch of' L.rudis. 

2). L.arcana egg mass, eggs at 1-,2- Ct.. /.j-cell stages, 

(about tv.:o hours af'ter being laid). 

3). Ciliated f'ield tissue. 

4). L.noglecta, shell colour.patterns. and sub

opercular patterns. 
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1.2 PENIS CHARACTERISTICS 

The number and arrangement of penial glands and the size and 

shape of the penis tip are the most useful features of the penial 

structure for taxonomic purposes. In the species 9btllsata and 

rnariae these characteristics are diagnostic, obtusata having penes 

with tips considerably less than half the total length of the penis 

and more than 16 penial glands arranged in two or more rows, mari~e 

having penes with tips approximately half the total length of the 

penis and 17 or fewer penial glands arranged in a single row~ Indeed 

it was the occurrence of these two distinct penis forms in what 

was c6nsidered one species, ~ittoralis, that first drew the atten

tion of Sacchi and Rastelli (1967) to the possibility that two 

species were present. 

Heller (l97~ examined the penial forms of the rough winkles 

looking for equivalent diagnostic differences. He described 

differences in the four species he recognised, though as Raffaelli 

(1979) has pointed out the differences between rudis and_~~ 

were not diagnostic. Of the four species only nigrolineata has 

indisputably diagnostic penial characteristics. 111ese have been 

adequately illustrated by Heller C1975~ and also Sacchi (1975) who 

independently redescribed the species in the same year. In this 

species the penis has a short tip (less than the width of one 

penial gland) and comparatively few penial glands (3-9 is the 

figure given by Heller, 7-12 by Sacchi, Naylor (1978) observed a 

range of 4-12 and at Porth Swtan I have seen 2-9). 

The remaining three species which I recognise, rudis, arcana 

and :~~ I, lil<ewise, have examined for possible diaenostic 

*Coodwin & Fish (1977). 
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penial characteristic~ especially rudis and arcana since diagnostic 

differences in penis form which might distinguish these species 

were of particular interest to me. Considerably more attention was 

paid to this problem than to the separation of nee;lE'c~ and rudis 

on penial characters. In the future,howeve; this latter problem 

may be of equal importance as more is learnt about the possible 

speciation within rudis (see sections 1.2.3 and 4). 

1.2.1. Comparison of Penial Characteristics in L. arcana and 

L. rudis. 

In the following comparison of mature penial characteristics 

in arcana and rudis identification of species was based on the 

ciliated field character (see section 1.3). Assessment of maturity 

is discussed in section 2.1. Specimens from mixed popUlations at 

fl ve si tes wezoe examined and various penial variables compared. 

Aspects of penial form which were considered important were a) the 

number and arrangement of penial glands b) relative size of the 

regions of the penis (tip, gland bearing region, basal region) and 

c) the size of the penis relative to the size of the animal. 

The penial glands can be easily counted under a binocular 

microscope. They may be arranged in a regular single row, irreg

ularly or in a double row (which is defined as four or more penial 

glands in a row parallel to the main row); very rarely triple rows 

were seen in arcana only. The data obtained fr0111 the five sites 

were lumped for each species and plotted in fig. 9 (see Appendix A, 

tables 1 &2 for data from individual sites). 



Fit;lure 9 

Frequencies of patterns of arrangement of ponlo.l 

glands, and number of penial glands. 

A) L.rudis C B) L.arcana 
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Fie-ure 10. 

Definition of measurements of penis. 

Key: AL:- animal length 

BL:- basal length 

E:- eye 

0:- oesophagus 

P:- penis 

5:- \5nCh>t:· 

Pg: - penial gland 

PGL:- length of penial gland region 

Sg:- sperm groove 

T:- tip 

Te: -- tentacle 

TL:- tip length 

Upb:- unpigmented band 
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The ratios of relative size of the regions, tip length / 

penis length (TL/PL), penial gland reE;ion J ength / penis leni~th 

(PGL/PL) and basal region length / penis length (BL/PL), and 

also the size of the penis relative to the animal (PL/AL), for 

the two species at each of the five sites were compared using the 

Mann-~'hitney U test (Siegel, 1956), against the null hypothcsis 

that the ratios obtained from rudis and arcana are similar. 1~e 

measurements, TL, PGL, BL, PL and AL are defincd in fig.lO. 

Results 

a) Number and ar.rangement of penial gland~. 

The penis of arcana tends to have more penial glands than that 

of rudis, and in arcana they are more frequently arranged irregu

larly or in double rows. In rudis double rows of penial glands are 

comparatively rare, (see fig. 9). 

b) Relative size of the regions of the penis 

The results are summarised in table 1. 

In all the ratios except tip length / penis length signifi

cant differep.ces bet' . .oJcen the tv/O species were found. 

In arcana the basal length / penis length ratio is frequently 

zero, i.e. the penial glands often continue to the basal curve 

(see fig. 11). This occurred in two of every five ~.l: mli.1es 

eXi;llilined compared to one in 72 in !-udis. 

For each ratio some overlap in the range of observations occur-

red. 

c) Size of the penis relative to the animal 

At each site arcana males had significantly smaller penes 



TABLE 1 . 

Cexnparison of penial shape ch.:u'aeteristic3 of L. orC!I.."I8 wi thL. rlldi~ 

using l{ann-Whi tney .!!. test. 

L. arcana " 
" 

L. rudis 

Ratio Site n median range of n median ra.'1ge 01' 
observations observations 

PL/ .. \L P.S. 86 .886 .650-1.Z75 100 1.120 .776-1.333 
A.B. 61 .895 .648-1.143 .50 1.066 .800-1.349 
B.R. 68 .922 . .712-1.156 72 1.091 .810-1.346 
y.w. 60 .821 .68,3-1.014 40 1.061 .8/.0-1.32/f 
D. 37 .1367 .61,3-1.137 32 1.071 .877-1.500 

TL/PL P.s. 84 .241 .155-.:;88 94- .235 .134-.365 
A.B. 61 .240 .172-.321 . 49 .250 .147-.352 
B.R. 79 .222 .150-.}81 : ·73 .242 .159-.386 . 
y.w. 60 .250 .14,3-.353 ., 41 .244 .145-.347 
D. 49 .241 .154-.362 34 .239 .169-.349 

PGL/P!.. P.s. 89 .735 .529-'.823 ' . 95 .606 .375-.730 
A.B. 61 .716 • .580-.815 50 .600 .448-.740 
B.R. 79 .723 .455-.875 73 .603 .292-.726 
Y.\~. 60 .732 .600-.831 41 .577 .418-.744 
D. 47 .7ZJ .571-.821 35 05'76 .~1-.'i/'~} 

.! 

9.39 
4.91 
6.89 
?79 
: • .58 

2.72 
.78 

2.73 
.23 
.84 

9.38 
6.48 
8.46 
Z·S3 .n 

BL/PL- P.S. 91 • COO .000-.2352 93 .1711 .000- .Yl50 10.31 
A.B. 61 .0395 .000-'1695 49 .14c8 .000-.3529 6.47 
B.R. ·79 .033'; .coO-.2360 72 .1714 .000-.3750 7.34 
Y."!. 60 .000 .000-.1600 41 .1710 .012-.3890 7.93 
D. 48 .0385 .OCO-.1224 !" .1429 .0706-.4684 7.06 

Sites:- P.S. - Porth Swtani '.3 •• Abraha~'8 Bosooi B.R. - Bell Rcc~i 

Y.w. - Ynys \ielltj D. - Dunbar 

.:ens~remen to:. A.L. - length or ilead mllss; B.L. - base length; 

P.G.L. - length of peninl gland zone; P.L. - len~th of penis; 

T.L. - tip len~th 

... 

two-tailed 
p 

<:.00006 
< .oocc6 
<.ooc06 
<.00006 
<.OOOc6 

.0066 , 

.4354 

.00.54 

.8180 

.4010 

<.00006 
< .00006 
< .00006 
<.OO~ < .CC~ 

<.00006 
<.COOOo 
< .00006 
< .00006 
< .00006 



Figure· 11:.' 

~ypic,al .. penis f'?rms. 

Key:": 

A.). L. rud is 

B). L. arcana. 

Mt:- mucronate tip 

pg:- penial g~ands 

s:- swelling 

tt:- tapering tip 
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relative to the size of the animal, compared to rudis. 

Discussion of results and assessment of the usefulness of the penis 

in separating rudis and arcana 

Though in general, penial gland number and arrangement 

differ in the two species, the differences are not diagnostic. 
1;. "i~ .~~ ... ,,~ '.i' ~,." III 

Thus for eX~~~l:~; .tf > a male has a penis with 19 glands arranged in 

a double row it· cannot be ascribed on this basis to one species or 

the other, though it is more likely to be an arcana male than a 

rudis. 

Similarly'though the proportions of the penis (with the' 

exception of the tip length ratio) and the relative size ShO\1 

significant differences in the two species (arcana males having, 

on average, a larger penial gland region, smaller (or no) basal 
I 

region and generally smaller overall penis size than rudis males) 

the ratios obtained from the two species overlap. This means that, 

as with penial glands, the differences can only be regarded as 

typical not diagnostic. Hence though certain types of penis shape 

(see figs 11 & 12, Plate 7) are more usually observed in one species 

or the other, rudis males can have penes very like the typical 

arcana form and vice versa. These penis characteristics cannot 

therefore be used diagnostically. 

_.J 1,2.2. Other Features of the Penis of Possible Use in Specie,!.. 

Identification. 

1.2.2.1. Tie shae~ 

In rudis the tip of the penis is frequently of a mucronate' 



PLATE 1. 

Penis and prostate.apP?arance. 

1) & 2}. L,arcgna 

,} & 4). b.rudis C 



4 



.. 

Figure 12 • 

. 
. Figures traced from Plate 7. 
A}. & B}. L.arcana C}. &.D}. L.rudis C 

Key: see figs. 4 & 10, .also:~ 

F:- foot 

H:- hepatopancreas 

K:- kidney 

M:- mantle 

0:- operculum 

Pr:-,. prost.ate 

S:- stomach 
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shape i.e. it is as if there is a tip on the tip (see fig.11). This 

has never been observed in arcana, in which the tip tapers gradual_ 

ly. Since during copulation the penis tip is thought to be 

inserted into the bursa copulatrix it is possible that thiscompar-

atively subtle difference in tip shape may be of some importance· 

in recogn~tion of conspecifics, and may be acting as a pre-mating 

isolation mechanism. 

It is interesting to note that the.mucronate tip of rudis is 

very like the short tip of nigrolineata and in both these species 

the bursa copulatrix is also short. In arcana the tip tapers and"· 

perhaps a greater length is inserted into the comparatively much 

longer bursa copulatrix (see fig. 13). 

That the mucronate tip is not always seen in rudis penes could .. " 

be due to the killing technique affecting the contracting of certain 

muscles.·Alternatively it is possible that it only develops when 

the penis is fully functional and penes which are scored as mature 

. may not necessarily be so. 

1.2.2.2. Pigmentations of the penis 

"At' some sites the populations of rudis and arcana show 

specuic differences in surface pigmentation of the penis. Pigment-

ation of arcana penes is usually confined to the sperm groove, 

whereas rudis penes rarely have pigmented sperm grooves but 

frequently have pigmented dorsal surtaces, the pigment being mainly 

limited to the basal area but extending towards the tip between the 

penial glands and the swelling on the head mass side, covering a 

roughly triangular area. 



Figure 13. 

suggested.relationship between penis tip length 

and bursa copulatrix length. 
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1.2.3. The Penis of L.neglecta 

'In some respects the penis of neglecta is very like that of 

rudis. It usually has a mucronate tip and the penial glands are 

similarly positioned. It differs in absolute size, in showing a 

more limited range of variation in penial gland number and arrange-
- e.' .', .:'. , -

>; • • 

ment and apparently relatively larger penial glands (Heller 1975!). 

In neglecta the nUlllberof penial glands range from 2-6 and are 
" ' 

always in a single row. However, this is not outside the range of 

variation seen in rudis,hence the only described diagnostic differ-
. . >', ' 

ence in penis separating rudis and neglecta is overall size. . , 

Heller (1975) indicates that the largest mature neglecta penis is 

considerably smaller than any mature penis of rudis. 

This, however, only applies to the sites visited in ru1gelsey. 

At other sites even the size distinction breaks down. For example 

,some ,specimens from Eddystone Rock, a very exposed site, ,'were ' 

difficult to assign definitely toone species or the other. On the 

basis~f present' knowledge they could either be a population of " 

smalltessellatedrudi~ or large neglecta without the distinctive,' 

wide band on the shell. 

Furthermore a population, of what on shell characters were 

":, 

rudis, sampled at Esk Mouth (Scotland) an estuarine situation, which ( 

were inhabiting barnacle ~hells; mature animals no larger than. 

"neglectawer~ found. '" Peter van Marion (pers. comm.) has also found 

difficul ty in a.ssigning a·nima.ls from some Norwegian sites to one 

species or the other. 

"As an addendum to the problem of the' usefulness of the penis 

in distinguishing rudisand neglecta, it is interesting to note 
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Hughes' paper (1979). In this he describes a population of rudis 

from saltmarshes in South Africa, in which the penes all had 6 

penial glands in one row. 'Not only is this a most unusual lack 

of variation but also places the population at least on this 

character between the two "species. 

I.' 
. 
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1. 3. PROSTATE CHARACTERISTICS 

The appearance of the prostate can be a useful ancillary 

characteristic for distinguishing rudis and arcana males. Prostate 

appearance in other species was not examined. 

In rudis the prostate often looks longer, st~etching in an arc 

round the ciliated field, and is relatively smooth (Plate 7, fig. 12). 

In arcana the prostate usually appears puckered with transverse 

folds and comparatively short. 

Though of no taxonomic importance, an interesting observation, 

appare~t1y pre~iously unnoted, was made. In many specimens it was 

possible to detect a tissue difference (fig. 12) between a small -

part of the proximal end and the rest of the prostate. This proxi

mal section appears translucent pink in freshly killed animals 

and the distal (larger) section appears opaque pink. On histo-

logical examination the secretory cells of the proxinlal sections 

were found to produce a secretion which stained blue with modified 
, ' 

Mallory-Heidenhainstain and was-formed in round packages. l~e 

cells of the'dist~l section prod~ced irregularly shaped packages 

of an orange-staining secretory product (Plate 8)." "The precise 

chemical nature and the function of these secretions is unknown. 



.... 

PLATE 8. 

Ob1ique secti.on through the pro state (L. arcana) 

showing the two types of' g1andu1ar tissue, ce118. 

with round,b1ue-staining packages oil the 1eft 

and ce11s, with irregu1ar, orange-s:taining 

package s on the right • 

. . 
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1.4. CILIATED FIELD CHARACTERISTICS 

In all rough winkle species there is a localised field of 

heavily cilia ted epithelial tissue which lies between the geni tal 

tract and the columellar muscle. The position and extent of this 

ciliated field (cf. figs 4-8, 12, 14 -17 & Plates 1-3,5 & 7) shows 

characteristic differences in arcana and rudis and has been of 

great importance in.'the diagnosis of arcana. " or' 

The ciliated field is only readily apparent in animals 

freshly killed (by briefly boiling them) when usually it is pink 

and stands out against the 'white or black of surrounding mantle 

tissues. In preservation it loses its colour and tracing its true 

extent can be difficult. In males, because the prostate is 

similarly pi.nk, the ciliated field appears to be an extension of 

this gland. 

1.4.1. Histology 

Specimens of the cilia ted field and some sucrounding tissues 

were dissected from live rudi~, arcana and nigrolineata, placed in 

Bouin's 'fixative, embedded,' sectioned and stained with modified 

Mallory-Heidenhainstain (Cason 1950). .' 

Examination of the sections showed that the ciliated field in 

all three species and both sexes appeared.to be composed of 

densely ciliated epithelial cells with a few goblet cells (Plates 

9 & 10 & figs 16 8t 17). 

This tissue was discernible in sections of arcana individuals 

in which the ciliated field was not seen during dissection under 

x 30 binocular microscope. 



-27-

The ciliated field of neglecta was not studied histologically. 

1.4.2. Function of the iiliatedfield 

Tests made on the direction of beating of the cilia of rUdis· 

,showed that small particles are carried towards the opening of 
. " 

the mantle cavity; thus their action appears to be to drive 

something o~t of the mantle cavity. There are a number of 

possible' candidates for such expulsion e.g. water, particles, 

pheromones, faecal pellets, embryos,! sperm etc. " One fact 

suggests that the expulsion of particles. may be its principle 

'function.' The field is largest '. ami therefore presumably most' 

important in rudis and this is the only rough winkle species. 

regularly found in muddy habitats where particles are likely to 

. enter the mantle cavity. L. arcana, in which the ciliated field 

is fairly small, has not been recorded from muddy areas. 

1.4.3. Nature of the ciliated field in L. rudis and L. arcana 

and its use in specific 

1.4.3.1 Males 
~- . ~ , . 

In rudis the ciliated field is comparatively extensive 
, 

lies adjacent to the distal end of the prostate 
" , .' , 

prostate and the columellar muscle (fig. 14A and Plate 9). In' 

. arcana it is generally inconspicuous~ usually forming a. narrow 
,r ~ 

band Cless than the depth of the prostate) beside the ventral 



Figure 14. 

Ciliated field and prostate characteristics: 

A) L.rudis, B) L.arcana 

Key: A:- anus 

Cf:- ciliated :field. 

Cm:- columel.lar muscle 

Fp:':" :faecal pellet 

Hm:- head·mass, 

Pr:- prostate' 

R:- rectum 

Upb:- unpigmented band 
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Figure 15. 

Ciliated £ield position and extent in £emales 

A). L.rudis B). L.arcana 

Key: see £igs. 1,2,5, & 14. 
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PLATE 9. 

-T.ransverse sections through. the rectum, pros~ate 

and ci1iated fie1d. 

1).' L.arcana .2). L~rudis 



1 



Figure 16. 

Figures traced from Plate 9. 

A). L. arcana 

Key: Cf:- ciliated field 
r. Cm:- columellar muscle 

, M:-' mantle 

Pr:~ prostate 

R:- rectum 

" 
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PLATE 10. 

Transyerse. sections. through the oviduc.t and 

ciliated.f'ield. 

1). L.arcana 2). L. rud is· 



1 



Figure 17. 

Figures.. traced, from Plate .10. 

Key: 

A). L.arcana B)." L.rudis" 

Bc:- burs.a copulatrix 

Bp:- brood pouch 

Cf:- ciliated. field 

Cm:- columellar muscle 

E:- embryo 

Fp:- faecal pellet 

. Jg:;"" jelly gland' 
. ..; .. 

M: - mantle' 

R:- rectum 

Vc:- ventral· channel 
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edge of the prostate (fig. 14B and Plate 9). Because both 

ciliated field and prostate appear pink,' the field can often 

be detected only histologically in arcana. The difference in 

extent of the ciliated field can frequently be seen through the 

mantle (Plate 7 and fig. 12). 

The .character of the ciliated field is independent of the 

presence of the penis and is apparent in males without penes 

(through shedding or parasitic castration) and, in males without 

fully developed penes. It is crucial in identifying and separ

ating males of,these species since they can be confused on 

penial morphology. Males of the other related taxa can be 

distinguished on shell and penis characteristics (Heller 197~. 

1.4.3.2. Females, 

The ciliated field in female rudis, like that in the male is 

very extensive (figs 5-8 & 15A, Plates 1-3) and is frequently 

thrown into folds which may be seen through the mantle. In 

arcana the ciliated field is very small when compared to that 

of rudis. Often it includes a small part of the mantle covering 

the jelly gland (figs 6-8 & 15B, Plates 1-3). As in the males, 

the field is scarcely apparent externally and the pallial 

oviduct appears to lie adjacent to the columellar muscle 

throughout its length. In rudis, the' large ciliated field 

separates the distal 'end of the pallial oviduct from the 

columellar muscle. ' 

The extent of the field can, of course, vary from individual 

to individual and also from population to population. 'For example, 
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in the arcana population at Porth Swtan, the ciliated field is 

barely discernible in most specimens, whereas in arcana from 

Dunbar it is readily apparent although small. 

Female rudis and arcana can usually be easily distinguished 

on pallial oviduct structure, even when i~~ature. However, the 

ciliated field characters can be useful in confirming or making' 

specific diagnoses. Females of other related taxa can be easily 

distinguished by their shells. 

. .' , 
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1.~ SUB-OPERCULAR PATTERNS 

The opcrculigerous disc of certain British littorinid species 

develops distinct black and grey markings. This was first observed 

during work for this thesis in neglecta, and in this species, as 

well as several others,the pattern of pigmentation is species

specific~ There is no previous record of these sub-opercular 

pa tterns in the li ttorinids. However, it was subsequently found 

that Davis (1966) had recorded a similar feature in Hydrobia 

totteni. The pattern can be seen through the operculum, except 

in large specimens of the bigger species ,in which the operculum 

is very thick. ~Like.tentac1e pigmentation, the pattern increases 

in intensity with age. 

Six species were examined in detail from several sites. Of 

these three had distinctive patterns, 1ittorea;neritoides and 

neglecta. The patterns observed in rudis, arcana and nigroli~ 

were very similar and very variable and not distinct enough to be 

useful in distinguishing species. 

'The pattern can be br,oken down into three elements, an tIpper 

crescent, a lower line and a central ring or bar. 

1.5.1. L. neritoides 

Specimens examined from Filey Brigg, Porth Swtan and Abraham's 

Bosom all showed the following type of pattern (fig. '18B) ~ The 

upper crescent is typically dat'kly pigmented with "a smaller inner 

grey crescent. The lower line is continuous with the upper crescent, 

and extends across the operculigerous disc and turns sha,rp1y to 
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run parallel to the crescent for about!rd of its length. Short, 

"parallel lines frequently join the upper crescent, to the reflexed," 

part of the lower line, giving a ladder-like effect. The central 

element is typically a black bar often with a grey area above it. 

A large area of the operculigerous disc is thus heavily pig-

mented and, when the winkle is withdrawn, increases the dark 

appearance of the aperture~ 

1.5.2. L. littorea 

In this species only one element, the upper crescent, is 

,present (fig .. 18~) This is usually completely black. 'Specimens 

, from three sites" Rhos-on-Sea, Filey Brigg and Porth Swtan were 

examined and all showed this pattern. ' 

1~5.3~ L.neglecta. 

. The upper crescent is usually only poorly marked in this, 

species., However, the central element, an angled ring, is heavily 

,', marked and is joined by a dark· line to the' lower line which is 

similarly dark (fig. l8e). Specimens were examined from Filey 

Brigg, Porth Swtan and Porth Diana. 

:", " 

1.5.4. L~ arcana; L.rudis and L. nigrolineata. 

In these three species the,upper crescent and 

'(a ringf are the major components of the pattern. ,The lower line 
, . " 

mayor may not be present and all parts of the pattern are very 
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variable in degree of pigmentation. The upper crescent is 

frequently split into zones of differing greys or black. The 

ring is also very variable and is not always complete (fig. lBO-F). 

1.5.5. Use of the Sub-Opercular Pattern in Specific Dlagl10ses 

The sub-opercular pattern is not particularly useful for speci" 

fic identification, with one exception, L. neglecta. It cannot be· 

used to distinguish arcana, rudis and nigrolineata from one another, 
(. 

and littorea and neritoides are easily identified by their shells. 

However, in the identification of neglecta, it is of some use. 

Though the distinctive tessellated or ba:J.ded patterned shells of 

neglecta can be recognised as such, some neglecta have completely 

black or badly eroded shells and are difficult to separate from 

juveniles of rudis and arcana.· The sub-opercular pattern can be 

useful in identifying these ~eglecta. Not only do the juveniles 

of other species either lack a sub-opercular pattern or it is very 

faint, but also the distinctive neglecta pattern is a good marker. 

In the size range below 5mm, only neglecta. individuals have a well-

. developed pigment pattern. 

Though the character of the sub-opercular pattern is only of 

limited use with British winkles, it is possible-that such patterns 

may be of use in the identification of littorinids from other parts 

of the World. 



Figure 18. 

Sub-opercular patterns. 

A). L.littorea 

B). L.neritoidcs 

C). L.neglecta 

n) - F). Some of' the patterns seen in L.rttdis, 

L.arcana and L.nigrolineata. 
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1.6. RADULA CHA.ltACTERI STICS 

The Littorinids have the taenioglossan pattern of radular 

structure. The bilaterally-symmetrical central tooth, the 

rachidian, is fairly large and robust. It is flanked on either 

side by three other teeth, a large ~ateralJ a smaller inner 

marginal and a delicate outer marginal tooth (fig. 19). 

Structurally the inner marginal.tooth seems much closer to'that 

of the lateral than to the outer marginal. The main points of 

affinityare'the existence of a bifurcated base and the similarity 

of the size ~equenceof the cusps~ 

The usefulness of the littorinid radula as a taxonomic 

character has been assessed very differently. At onp. extreme, 

. Rosewater (1970) has suggested that it is of little value below 

the generic level, and at the other extreme Sars and Teilman

Friis (quoted i~ Johansen 1901) separated 1i ttorinid species on 

minor differences such as cusp number. The scanning electron 

microscope (SEM) has proved particularly useful for the study of 
. , -" ,,-

inter-and intra- specific variation in molluscan radulae • 

. Bandel (1974) applied it to the examination of inter-specific 

variation in a \'Iorld·.wide range of Li ttorinid species and he was 
" ' ., 

able to distinguish all the 18 species he studied on their radula . .. 

characteristi~s, thus re-establishing the littorine radula as a 

useful taxonomic character. 

Of the species which occur in Britain, Bandel looked at . . 
'. '- . -

Ii ttarea, saxatilis, obt~sata (2en~~ lata) and ned t~ides and he' 
. . 

noted several' species-s~ecific differences. In view of' the recen't 

" . 



Figure 19. 

Radular. teeth of' Li ttoriniqs •. 
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changes in British littorinid taxonomy it was thought that a 

similar survey .~n th~ eigh~ c~rrently recognised species might 

provide not only information of, species-s~ecific differences 

(potentially useful in specific identification especially of 
.. ~~ . 

immature or otherwise difficult individuals), but also show 

differences that might be correlated with feeding habits. 

1.6.1. Preparation of the Radu1a 
- v' 

1.6.1.1. Dissection and of radu1ae .. 

The buccal mass is dissected out complete with attached 

radula, enveloping tissues and radula sac. It is then cut into 

three pieces. One cut-is made posterior to the buccal mass and 

the other anterior to the coiled region of the radu1a (see fig.20)~ 

This separates the older worn teeth and the younger 

" immature teeth from the central section which bears fully formed 

and unworn teeth, required for study of cusp shape. It is essenti~ 

/ to use on~y these fully mature teeth, preferably from freshly 

killed specimens. Plate 11 includes scans of a piece of nigrolin~ 

radulafrom a specimen, which had been preserved for several years 

in formalin, from the more immature part of the central section. 

The teeth show marked abnormal back-bending. 

rne tissues which envelope the radula and obscure the :teeth are.,'" . ' 
removed by chemic~i ma~eration. ' Th.e macerating agents most 

. frequently used by previous authors are KOIl and NaOH (e.g. Solem' 

: 1972, Radwin 1970, Meeuse 1950, Carriker 1943). However, a 

solution of ,.5'A w/v sodium hYP~Chlori te and 8.25';6 'w/v sodiUm 

'chloride was found to be superiorj'it is faster at room temperature 



- . 

PLATE 11 •. 

SEN photomicrograp;hs. 

1). & 2). Abnorma1 backbending of cusps in a radu1a 

of L.nigro1ineata. which had been p~eserved for 

a 10ng whi1e in forma1in. 

3). &.4). L.neritoides, adu1t outer marginal teeth. 

5). L.niero1ineata, 

'6). Apica1 cusps on 

oides 

adu1t outer marginal teeth. 

the rachidian tooth in L.nerit-

7). & 8). Simi1ar, but less deve1oped,~pical cusps 

in juveni1e L.arcana and L.obtusata respectively 

. -
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(5-30 minutes depending on size of radula) and it is not caustic. 

Its main disadvantage is that it is very corrosive to metal, 

including stainless steel. The solution is obtainable at most 

chemists under ~he trade name of Milton sterilizing fluid (which 

requires dilution by 5~/o). The use of this macerating agent was 

suggested to me by Dr. J.D. Taylor (British Museum, Natural' History). 

Theradula should not be left in the diluted Milton solution longer 

than required to macerate the surrounding tissues since the radula 

membrane is softened after prolonged ( ~ 11. hours) immersion. The 

radula is then rinsed in a jet of water and placed in 70% alcohol 

in which it can be stored until needed. 

1.6.1.2. Mounting the radula for SEM 

A dab of Durafix glue placed on the stub is flattened and 

left briefly to become sufficiently tacky so that the radula placed 

on it sticks to it but does not sink into it. The radula is most 

easily mounted on the stub under a binocular microscope. Often, 

. especially with very small radulae it 1s difficult to see which 
. . 

. side of the radula membrane bears.the teeth. However, this can be 

ascertained by a quick test: the radula ribbon is held at one end 

with fine forceps and the free end is pressed ag~"inst the stub; it 

will then bend either into an' iuc (fig. 20B) in which case the 

teeth are on the inside surface or fold back on itself (fig. ZOC). 

This effect is primarily due to the shape of the lateral teeth 

which prevent the radula folding back on itself.when the teeth are 

on the inside surface (fig. 200) but not when they are on the 

outside (fig. 20E). 

The mounted specimens and stubs were then coated with 

• '!" 



Figure 20. 

Mou~tin~. radulae f'or SEM work •. 
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gold-palladium and examined with a Cambridge Mk IIa Stereoscan. 

1.6.1.3. Scanning 

The use and usefulness of the SEM for radula studies has been 

discussed at length by Solem (1972). The SEM proved particularly 

useful in the study of radulae from very small specimens. The 

a.ppearance of each radula was recorded from six standard positions 
'. 

a) anterior b) anterior oblique c) lateral d) posterior oblique 
. 0 ., 

e) posterior (these five positions viewed from -::: 45 to the radula) 

f) directly above ( ~90o). This permitted accurate counting of 

the number of cusps on each tooth and gave a good idea of the shape 

of the cusps. 

1.6.1.4. Preparing radulae for light microscopy 

Though most radulae were examined using the Sr~,some were 

examined using a light microscope and the number of cusps per tooth 

recorded. 

COlmting numbers of cusps under a light"microscope is 

facilitated ~ydissociating t~eteeth of the radula, since if the 

radula is mounted whole, neighbouring teeth obsc~re the cusp 

number of individual teeth. Dissociation is achieved by leaving 

the radula in Milton solution for several hours, rinsing, and 

. subjecting the softened radula to an ultrasonic bath. 

1.6.2. Ontogenetic Changes Affecting Radula Characters 

The intensive study of ,the radulae of British Littorinids 
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covered the age range of each species and, as well as giving 

information about specific characteristics (or lack of them) also 
I, 

led to the unexpected discovery of ontogenetic change affecting 

such characteristics as cusp shape and cusp number. These onto. 

genetic ch~nges affect the usefulness of the radula for specific 

identification. 

L6.2.1. ' Ontogenetic changes in cusp number 

In all eight species some decline in cusp number with age was 

, found, particularly in the marginal tooth. The lateral teeth were, 

similarly affected in both species of flat winkle. The observations 
CLJIG' 

are summarized in Table 2, and shell height againstXmarginal tooth 

cusp numbe~ .is plotted (figs. 21-23) for each species.' 'The data 

are given in Appendix A, table 3. Intra-radula variation in' 

cusp number was frequently observed; such radulae were omitted from 

the data plotted in the graphs. 

Decline in cusp number affected particu1arlyarcana and 

obtusata. 

1.6.2.2. Ontogenetic changp.s in cusp shape 

Radulae from the youngest to the oldest available specimens 

of each species were examined using the SEM and their appearance 

recorded from'six standardised positions (see section 1.6.1.3). 

Photographic records of eight specimens of each species, 

selected to cover as wide a range of ages as possible, are repro

,duced in Plates 12-27. In the case of t.' rudis radula 1 is from 



TABLE 2~ .. · 

Range of variation in cusp number observed 

Number of Number of specimens 
Species Cusp formula specimens showing intra-radula 

examined variation in marginal 
R .L 1M M tooth cusp number 

1.. arcana 3 4 4 5-10 47 3 

L. rudis 3 4 4 5-8 20 3 

L. ni~rolineata 3" 4 4 5-8 47 2" 

L. ne~lecta 3 4 4 6-8 20 0 

.. neri toides 3+2 3 4 5-8 30 1 JJ. 

.. Ii ttorea 3 4 4 4-7 23 4 " JJ. 

L. obtusata 30r5 4-6 5-6 5-10 26 0 

L. mariae 30r5 4-6 5-7 6-9 18 2 

t-IOft. 1'1\ :- 0&#lI:l' "'~<lcU 



Figure 21. 

ontogeneti.c decline in cusp number. . '." 

I. L.arcana, L.rudis and L.nigrolirteata 
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Figure 22. 

Ontogeneti~. ~~91ine ill: .cusp n1:lmber; 

II~ b.nee-lecta,. L.neritoides and .. L.littorea 
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Figure 23. 

Ontogenetic decline in cusp number • . ' . ... ... .. 

III. L.obtusata and L.mariae 
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a specimen extracted from the brood pouch. 

In five of the eight species, arcana, rudis, nigrolineata, 

obtusata and mariae, there is a distinct change in cusp shape 

from juvenile radulae, with sharp-pointed cusps, to adult radulae, 

with blunt cusps. This change is particularly marked in obtusata~ 

mariae and nigroHneata •. In the three other species, 1i ttorea, 

neritoides and neglecta the sharp-pointed cusps are retained 

throughout life. 

1.6.2 .• 3. Possible reasons for ontogenetic changes in radulae and, 

. functional significance of cusp sha~ .. 

The sharp pointed cusps of the radulae of juveniles were at 

first thought to be an adaptation for escaping from the egg membrane •. 

The radula is used by juveniles of oviparous and ovoviviparous 

species to cut through the egg membrane and so escape. Plate 6 

shows such a young winkle in the act of hatching. However, since 

sharp-pointed cusps are produced for a considerable period after 

hatching this suggests that a different· explanation is needed. 

If the premise is accepted that the shape of the cusps is not .. 

merely an, expression of phylogenetic .difference (as Bandel,'l974, 
" 

suggests) but is important in efficiency of food gathering"it 

therefore seems likely that· sharp and blunt cusps are adapted for 

different purposes, either for collecting different types of food, 

or for collecting food from different textures of surface. Taking 

the first suggestion, if the blunt cusps, of adult ~igrolineata, 

mariae and obtusata, are interpreted as shov~ls·and the sharper 

cusps, of' juveniles and other species, as rakes,a difference in 
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type of food captured might be expected. The ontogenetic change 

in cusp shape might then indicate a difference in food source and 

might be interpreted as avoidance of intraspecific competition for 

food either through collection of different foods from one area or 

through occupation of different areas which support different foods. 

Alternatively in the second suggestion, sharper cusps may be advan-

tageous for collecting food from rough surfaces and blunt cusps 

from smooth surfaces. The very sharp cusps common to juveniles of 

all species might then be interpreted as a reflection of the relative 

sizes of the animal and the texture of the fOOd-bearing surface. 

The tiny, sharp cusps might be able .to extract food from the micro-

crevices into which the larger cusps of the adult radula will not 

fit. Ontogenetic change might therefore be related to size of ,the 

animals relative· to the texture of the rock surface. 

-Furthermore, it can be arg~ed from the original premise that 

since arcana and rudis, which are of comparable size and habitat, 

have very similar radula patterns and show similar ontogenetic 

changes, they ~re feeding on similar foods and/or substrates. 

Hence the possibility of niche separation of these species through 

food specialisation seems unlikely. 

1.6.3~ Assessment of the Usefulness of the Radula in Sper.ific 

Identification 

Few species - specific characteristics were found and onto-

genetic changes complicate the use of the radula for specific: 

identification. In general,radulae can only be described as of a 

type which might be exhibited by a number of species. 
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The radulae fall into three groups 

a) the type exhibited by nigrolineata, rudis, arcana, 

neglecta and littorea, with spoon-like outer marginal 

teeth and major cusps longer than wide. With the possible 

exception of adult nigrolineata, which have square-ended 

cusps, the radulae are nearly indistinguishable. 

b) the type exhibited by obtusata and mariae which have 

spoon-like outer marginal teeth and major cusps wider than 

long. Differences in the lateral tooth cusp number and 

shape of marginal tooth cusps have been used as a taxon4 
.. 

omic character by Reimchen (l974)~ However, as shown in 

section 1.6.2 both species show variation in cusp number 

of the lateral tooth. Variation was also found by Goodwin 

. and Fish (1977). Also, though the shapas of the cusps of 

the marginal teeth do seem to be different in the adults of 

the two species, the change in shape with age makes it a 

. difficult character to use. 

c) the type exhibited only by neritoides which has comb-like 

. marginal teeth and major cusps longer than ",ide. The 

difference in marginal tooth shape is illustrated in 

Plate 11. Also rachidian teeth of nerltoides have apical 

cusps (see Plate 11) which Bandel (1974) indicates do not 

occur in 'other British species. However, similar, though 

less well-defined cusps appear in radulae of other species, . 

though only in very young individuals. 

Hence the radula character is not particularly useful 

in specific identification. 
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PLATES 12 - 27, 

sm photomicrographs of' radulae: Each'radula is' 

photographed' from six standard positions (s~e p.,36). 

Eight radulae.of each species have been selected to 

illustrate ontogenetic changes, and species charact-,', 

istics. The shell heights, of the indivj.duals from" 

which the radulae illustrated came, are given in 

the preceeding, plate legend • 



Radula 
No. 

1 

2' 

<3 
4 

5 
6 

7 
8 

PLATES 1 2 & 1 3 • 

Sh~ll 
heights 

1.3mm 

2.0mm 

3.8mm 

·5.2mm 

'7. 4 5mm 

8.95mm 

9.5.5mm 

11.95mm 

. . 

'. 



1 2 3 4 



5 6 7 8 



PLATE S . 1 4 & 1 5 • 

b·rudis radulae. 

.Radula Shell 
" 

No. 'he'ights 

1 .6mm: . 

2" 1.1mm 

:3 1.5mm 

4 4.1mm 

5 5.15mm 

6 7.4mm 

7 11.15mm 

8 1:3.2mm 

, 
'"" 

i . 



1 2 3 4 



5 6 7 8 



PLATES 16 & 17. 

L.nigrolineata radulae. 

Radula Shell 
No. ' h~:i,ghts 

1 1.2 mm 

2 2.2 mm 

3 2.8 mm 

4 6.0 mm 

5 6.7 mm 

6 8.55mm 

7 10.5 mm 

8 .11'.0 mm 

.. 



1 2 3 4 



5 6 7 8 



PLATES 18 & 12· 

L.neglecta radulae •. 

,Radula Shell 
. N.o. heights 

1 . 1.3 mm 

2 1.9 mm 

:3 2.2 mm 

4 2.3 ·mm 

.5 2 • .5 mm 

6 2.6 mm 

7.' 2.8 mm 

"8 3.0 mm 

\ ~ . 

I 



1 2 3 4 



- as 

6 7 8 



PLATES 20 & 21. 

~.littorea, radulae. 

Radula 
No • 

.. ' 1 

2 

:3 
4 

5 
6 

7 
8 

Shell 
heights 

2.2 mm 

2.3 mm 

6.2 mm 

7.5 mm 

9.7 mm 

1:3.15mm 

17.3,mm 
22.Q5mm 



1 2 3 4 



5 7 8 



PLATES 22 & 23. 

L.neritoides radulae. 

Radtila Shell 
~o. heights 

1 . 1.9 .. mm 
2 2.0 mm 

3. 2.9 mm 
4. :3.1 mm 

5 3.5 mm 

6 5.2 mm 

7 6.4 rom 

8 ;' 7.0 rom 



1 2 3 4 



5 6 7 8 



'PLATES 24& 25. 

~.obtusata radulae. 

Radula 
No. 

1. 

2 

3 
4 

5 
6 

7 
8 

Shell 
heights 

2.0 mm . 
3.5 mm 
4.85mm 
4.95mm' 
6.9 mm 
~1.05mm 

13.6 mm 

14.6mm 



1 2 3 4 



5 6 7 8 



L.mariae. radulae~ - . 

Radilla 
No~ . 

1 

2 

3 
4 

5 
.' 6 

7 
8 

ELATES 26 & 21 .• 

Shel~ . 
heights 

3.7 mm 

4.4 mm·· 

5.7 mm 

6.7 mm 

8.2 mm 

8.8.mm 

10.35mm 

10.7 mm 



1 2 3 4 



5 6 7 8 
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1.7. SHELL CHARACTERISTICS 
,J'- • "; ,'" '~, .<~ 

The shell by virtue of its convenience and permanence has " 
"' , ~ ! ':, . ,. (." '" -,. ~. ' • ,,J- _ ~ } 

previously been given a too prominent role in the identification 
, • : ~ 'I> ,,'. • ~.'-

of winkle species. Earlier classifications e.g. Jeffreys, 1865, 
, ". ,.. " 

Dautzenburg & Fischer, 1912, were based primarilY . .o,n .shell;~haracter

istics and did not. distinguish species whose ,shells are.very similar, . . " , . - ,_... .', ~. ~ ,. ~ 

notably obtusata and mariae, arcana and rudis. Th~s pre-eminence,. 

of the shell in classification also led to the groupingt?gether.of 

nigrolineata, neglecta, ~~ and rudis as one. species saxatilis, 

in wh~ch variability of the shells was a byword; any shell which was 

not of the Ii ttorea, ner! toides or li ttore.lis types. ~a.s, l~b~~led 

saxatilis. Thus the distinctive natures of the shells of. ;< : .... .. ;-",-:, -

nigrolineata and neglecta were largely obscured both bY,the vari~.; 

ability encountered within the shells of these two species and by 

the extraordinary variabi 1i ty of the' shells o( arcan~ and ructis. ~ " 

This arcana - rudis' variation approached the shell types of . ';.' " <' • 
~ ~ • < ~..-' _ • ",. ~.' -;p.-

neglecta and nigroHneat,: sufficiently closely for. taxon~l~~~t~< '. ~. 

even as recently as 1968 (James, 196B..) to set up series ()~ L:. _~.L" 

saxatilis shells grading from one form to another, which in fact 

traversed species. 

Though overemphasis on shell ~ppearance has led to. serious 
.;. - '< ;:" ::)1 t 

':... " , ... " ..... ,." ,,,,,,_,,,:,,,,",,,,,,: '~''''''_'_'_'.~r''''''''''' "-".,, 

errors in littorinid taxonomy in the past, the shell nevertheless. 
,... "_ r, 

0' ., .. ,.._.." ','0 ~""~""'_"" __ '<"_'-''. __ 

provides characters useful in specific identification. It is 

particularly important in identifying juveniles'(in which the 

reproductive system is undifferentiated) and i~ 'idehtifyi~g '~ni.m~ls 
. , 

which are required aHve for experiments~' It is 'therefo'r~ 'i~p~~'tant 
, : .~-,' (',:: . i-. . \ f :" '.,' ~ ',' ~. 

that the limits of reliability of,shell characteristics are known 
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i.e. which shell characteristics are diagnostic of which species 

at which shell heights. 

Prior to the work for this thesis the shell characters of 

the adults of most species had been described, and it has been 

shown that in the majority of species the adult shells have 
, . ,. 

species - specific characteristics,' e~g. the sculpture pattern of 

nigrolineata shells (Hel~er, 197~. ,However there were two gaps in 
.:'i... '--. '1 ;~ 

the descriptions available. One was the description of the shell 

of the recently diagnosed species, arcana. I have published this 

description in 1978, but for completeness reproduce it here, as it 

is important that the similarity of the shells of arcana and rudis 

(applying to both adult and juvenile shells) should be fully 

appreciated. The second gap concerns the lack of descriptions of 

juvenile shells for most species~ Like the radula, the shells of 

certain species show ontogenetic changes, and some, e.g. littorea 
. ~ 

'juveniles, would be unidentifiable from descriptions of adult shells. 

By working through size series of shells it was possible to connect 

the juvenile shell form to the adult. The use of the juvenile shell 

for identification of species was particularly important for the 
" 

work on the ecology of, small winkles (section 3.3)" 

.. 
,; 

1.7.1. Shell Characteristics of Adult L. arcana compared with Adult 

L. rudis and Assessment of the Usefulness of their Shells 

in Identification 

The shell of L. arcan~ is very like that of I.. rud\s and is 

equally variable. There is no diagnostic character that distin

guishes shells of this species fro'm shells of L. rudis and no shell 



PI.ATE 28. 

! 

Shells, nos •. -' 4,. L". r.udis" .5 8, L .. arcana 

... 

, . 





.. / 

Figure 24. 

Measurements of shell dimensions • 

. . ' 
• 

. . 
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variety seems to be peculiar to one species or the other. Platc,28 

shows the similarity of shells in the two species. All these 

shells were from the same site. 

A t many si tes it is noticeable however,' that the shells of 

L. arcana exhibit,' more strongly than those of L.' rudis, patulous 

shell characteristics. The patula shell type is currently 
, , 

regarded (Heller, 197~ as exhibiting the characteristics described 

by Jeffreys (1865) Le. short-spired, asymmetrical inspire view 

,and with a wide, round aperture, showing little expansion and 

angulation below., The typical rudis shape" is medium~spiredJ 

synune,trical in spire view, with an ova~ aperture considerably 

expanded and angulated below. ' These aspects of shell shape can 

, be estimated respectively bY,the ratios shell height/shell wid th, 

shell diameter/shell width, internal mouth diameter/internal 

aperture length and internal, aperture' ,length/external aperture, ' 
. . , - - . 

. length (fig. 24). 'Measureme~tswere'therefore made on shells of 

animals of both species collected from mixed populations at five 

localities and ratios were derived from these data to indicate the 

degree of expression of patulous characters in the two species,at 

each locali ty. 

Comparisons between the ratios of the two sp,ecies are given 
. . ' . -,." 

'in Table 3 and it ~an be seen that shells of L. arcan~ are 

'significantly more short-spir~d and asymmetrical than L. rudis at 
~ ..' . 

• -, >.~' 

all sites. At four sites out of five th~angulation and expansion 
" , ) " " :.,' 

of the lip is significantlyiess developed but only at one site 

are the shells of L. arcana more commonly rounder-mouthed than 

, those of L. rudis. Ov~rall the data confirm the suggestion that 

, . '~ 



TABLE :3 

Comp.u-ison of shell shape measurements of L. areMa wi th L. rudis using the 

Mann.iofhi tney .!!. test • 

. . L. arc lin 11 L. rudis 

Ratio Site n median 
range of n lIlediQll 

rlll1(Ie of 
ob serva tions observations ! 

SHT/S'J P.S. 92 1.092 .983-1.188 90 1.095 1.012·1.171 1.71 
A.B. 67 1.Q'30 1.014.1.186 61 1.091 1.000.1.177 1.00 
B.R. 75 1.112 1.041.1024, 6, 1.156 1.074-1.260 5.54 
y .. w. 80 1.070 .966.1.175 80 1.120 1.018.1.200 6.20 
D. 73 1.030 .955-1.18} 68 1.099 .959·1.2}O 2·84 

SD/S'4 p.s. 92 .63'+ .584 •• 677 90 .664· .610-.697 .6.94 
A.B. 67 .608 .574 •• 674 59 .648 .606-.708 7.13 
B.R. 75 .641 .594 •• 639 63 .667 .626-.6~3 7.65 
y.w. 80 .618 S~7 •• 699 80 .661 .610·.712 '9.34 
D. 7} .618 .568 •• 690 68 .65} .586·.712 6.88 

IA/EA p.S. 104 .662 .577·.8'2 87 .661 .568·.722 .62 
A.B. 52 .708 .608·.798 56 .551 .580-.719 5.96 
B.R. 75 .6}2 .576·.748 6, .595 .552 •• 648 6.87 
Y.'II. 50 .636 .595·.696 50 .625 .553-.650 3.07 
D. 70 .692 .590·.795 69 .644 .569·.727 6.03 

n.:D/IA. P.S. 103 .771 .705·.859 85 .781 .687·.926 1.95 
A.B. 67 .608 .574...674 !i9 .648 .606·.708 7.13 
B.R. 74 .787 .711 ••• 861 63 .787 • 690-.855 .11 
y.w. 50 .797 .703-.878 50 .782 .714 •• 874 1.04 
D. 70 .780 .680 •• 862 68 .771 .631 •• 878 1.32 

Si tes:. (See Table 1) 

J.leasuren:ents:. E.A. - external aperture; I.A. - internal aperture; 
I.!·i;D. _ internal mouth diameter; S.D.- shell diameter; 
S.R.T. _ shell heisht; 5;.1. - shell width 

.... 

bo-tailed 
.p 

.0372 

.3174 
<.00006 

.0046 

.0046 

<.00006 
<.00006 
<.00006 
<.00006 
<.00006 

.5352 
<.00006 
<.oocc6 

.00022 
<.oooOb 

.0512 
< .00006 

.91~ • 

.2984 

.1868 

. 

.. 
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L. arcana is more strongly associated with the patulous (sensu 

Jeffreys) shell shape than is L. rUdis. Nevertheless both species 

can exhibit shells with either rudis or patula characteristics and 

as the overlap in ratios observed in the two species indicate, it 
. 

is not possible to separate the species reliably by the shape of 

the shell. 

In spite of this the shell can be used in identification under 

certain circumstances. At many sites it is possible to find that 
. . 

a particular shell shape or colour is always associated with one or 

other species.· For example at Abraham's Bosom shells of rudis are 

thick, smooth and orange and those of arcana are thin, heavily 

ridged and multicoloured with tessellations or bands. Once such an 

association of species with a particular 'shell colour or sculpture 

has been identified (through killing a representative sample and 

ex~~ining the anatomy), then the shell can be made use of in the 

field. However at many sites no such association of shell charac-

teristics and species can be found. 

1.7.2. Identification of Juveniles from Characteristics of the 

Shell 

," 
The following descriptions are based mainly'on Porth Swtan 

material but appear to apply to other Anglesey sites. Below a 

shell height of about 1.0mm it is not often possible to identify 

species from the shell. 
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1.7.2.1. L. nigrolineata 

Juveniles' shells, like adults', have a distinctive ridging 

pattern, but unlike the wide flat ridges and narrow grooves of 

the adults', . the ridges and g~ooves are triangular in cross-section. 

Triangular ridges are also seen in shells of juvenile arcana, 

rudis and littorea~but unlike these species there are no minor 

ridges running parallel to the main ridges (compare nigrolineata 

5 & 6, Plate 29, with rudis and arcana 1-4, Plate 29 and littorea 

1, Plate 30), so the ridges appear clean cut. Also unlike arcana 

and rudis the ridging pattern follows a graded size sequence, 

small at the suture of the body whorl with the previous whorl, 

increasing in size to the widest part of the whorl and declining 

in size to the columella.> The shell appears glassy compared with 

rudis and arcana shells, and is often sufficiently translucent for 

black pigment on the body to be seen through it., As the animal 

ages the ridges change from triangular to rounded and ultimately 

become flat, (see fig. 25). The aperture is comparatively round 

(Plate 30,6) and the columella usually white. 

1.7.2.2. L. rudis and L~ arcana 

These are not distinguishable at Porth Swtan •. The shell is 

usually ridged to some degree (Plate 29, 1-4). Ridges' can be 

triangular in cross-section or~ore rounded, often with small 

secondary ridges. They are usually irregularly spaced and are 

narrower than the grooves, and do not show a regular size 

sequence (fig. 2J)~> The aperture is often oval or slightly angled 

(~late 30, 5), and the columella usually has some pigment. The 



· .• 

Figure 25. 

Shell sculpture at the. aperture. 

'. 



. , 

SHELL SCULPTURE 'AT THE APERTURE 

A' B 

o 

( 

A-:-- Juvenile L. nigrolineata 

B:- Adolescent' L. nigrotineata 

(:- Adult L. nigrotineata . 

0- Juvenile L. rudis or' 
L.arcana 

. 
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shells show a considerable range of thicknesses. Some are 

sufficiently thin for black body pigment to be seen through it. 

1.7.2.3. L. neglecta 

Juvenile shells of this species resemble those of the adults 

and are usually smooth shelled, though a few slightly-ridged 

specimens have been collected •. The body whorl is usually 

expanded and the spire comparatively small and short (Plate 29~ 

7). The majority of individuals from Porth Swtan can be identi-

fied by the distinctive neglecta colour pattern, with a wide dark 

band near the columellar lip and tessellations or bands between' 

it and the suture (see Heller, 197~and fig. 31). Some specimens 

from Porth Swtan have black or near-white shell colours. These 

.. are identifiable by the smooth shell, the shape, and the opaque 

quality of the shell; also the accessory character of the 

sub-opercular pattern is useful here. 

1.7.2.4. L. littorea 

Specimens of this species of 4mm shell height or less have a' 

very characteristic shell shape and sculpture (Plate 30, 1). Thp. 

shell is extremely high-spired and he~vi1y r.i.dg~d·: The shells are 
. . . 

pale 'coffee coloured, and darker pigment is sometime laid' down in 

the ridges (giving a reverse pattern to nigrolineated nigrolineata). 
l 

. 1.7.2.5. L.mariae and L. obtusata 

Juveniles of both species have the flattened spire and so are 

easily separated from juveniles of other winkle ~pecies~ Reilllchen 



PLATE 29. 

SEM. photomicrbg~o.phs:. Juvenile shells and .clo s,a-up 

o£ sculpturing patter~.in· 

1) .' & 2). L.arcana 

3) •. & 4). L.rudis C 

5)~ & 6). L~nigrolineata 
,1).- & 8). L.neglecta 

" 





PLATE 30 •. 

SEM photomicrographs: 

1)~ L.littorea,juvenile shell. 

2) •. L.neritoides, juvenile shell. 

3). Close-up of the periostracal sculpture of 

L.obtusata. 

~). Close-up of the periostracal sculptur~ of 

L.mariae. , 

5). Aperture view of the shell of a L.arcana 

juvenile. 

6). Aperture vie~ of the shell'of a 

L.nigrolineata juvenile. 

7). & 8). Protoconch of juvenile L.arcana. 

. . 
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(1974) has pointed out a difference in the periostracal ridging 

pattern; obtusata juveniles have alternate high and low ridges· 

running parallel to the suture and mariae juveniles have high 

ridges separated by several low ridges. (Plate 30, 3 &4). 

1.7.2.6. L. neritoides 

Juvenile shells of this species resemble the adults 

(Plate 30,2). 
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SECTION 2: ASPECTS OF THE AUTECOLOGY or ROUGH WINKLE 

SPECIES 

Methods of assessment of maturity, shell 

dimorphism, reproductive seasonality, age-related colour 

pattern changes (in n:eglecta) and population s.tructure 

(neglecta only) are discussed in this section. 

The majority of the work. in this section 

was done on Porth Swtan material and the results may not 

therefore be of general' applicability. The same species:.: 

at sites of different character eg. in substrate, 

exposure, etc.' may show'quite different adaptive charact

eristics. However, concentration at this site has allowed 
. 

a more detailed analysis than would otherwise have been 

possible and the results may.provide a basis for future 

comparative work at a wider range of aites~ 

At Porth Swtan there are two populations 

of rudis which differ in many respects. and samples from 

them have been given separate treatment in the analyses 

below. One population consists of animals with large, 

thick, smooth, narrow-mouthed shells. This population is 

associated. with an unstable boulder/pebble habitat and' 

. these animals are referred to as rudis D (boulders). The 

other population is associated with the crevices of 
. , 

.' .. -

stable rock masses.. and consists of' animals wit~'small, 

.' thin, ridged, wide-mouthed shells. These are referred to 

as rudis C (creVice). A fuller consideration of the 

differences between these two rudis populations is given 

in section.4 •. 
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2. 1. METHODS OF ASSESSING MATURITY 

In many winkle species the adults have a 

cycle of reproductive activity and when winkles ,go out of 

reproductive condition the 

reproductive orgaiis' regress (Bergerard 1971a ). Disting

uishing the r~productive s.:tate of' the animals was. 

important for both the taxonomic and ecological work 

undertaken. 

Three terms, juvenil.e,. immature' and mature 

are used here to describe the reproductive condition of 

the animals. Juvenile animals are young animals in which 

the reproductive tract is insufficiently differentiated 

for the sex to be identified. Immature animals. are those 

in which se~ is identifiable but either have not yet bred 

or have gone out of reproductive'condition~ These very 

different groups could not be distinguished reliably, 

Mature animals are those which are in breeding condition. 

The distinction between immature and mature animals is 

discussed in greater detail below; males and females are 

considered separately.' 

" , 

2.1 .1. Dofini tion of maturity in male rouGh w::f.nkles 

The definition of a'male winkle as mature 

or immature i~ based on the state of the penis. Both 

qualitative and quantitative methods can be used and are 

compared here. On a qualitative basis a visual assessment· 

of the state of the penis can be made and if it is well-

formed and the penial glands are turgid then it is scored 



-50-

as mature. On a ql.ianti tative basis maturity can be de:fined 

using the relative penis length, pi/SHT ( penis length, PL, 

is de:fined in:fig. 10,and shell height, SHT, in fig. 24). 

A comparison of·visual estimate and PL/SHT ratio is given 

in table 4 and plotted in :fig. 26A, using data :from 

nigrolineata (equivalent data were obtained :for arcana and 

rudis). It is obvious that the ratio :frequencies are 

di stributed in two groups and tho se 'wi th larger' ratios .. 

correspond with mature animals. The 'strong bimodality 

emphasizes the" comparative rarity o:f animals with penes 

in a transitional state, ie. i:f an animal has a developed 

penis then it is likely to have a :fully developed one.' 

Thus it seems that the qualitative, visu~l a~sessment 

method is as satis:factory as the quantitative method and 

has .the added advantage o:f being quicker to use. Visual. 

assessment'o:f maturity is there:fore used 'in 'subsequent 

analyses. 

2.1.2. De:finition o:fmaturity in :female rough winkles 

In ovoviviparous species (r~d~ s andne'gle-

~), mature :females are de:fined as those with embryos in 

the brood pouch. In oviparous species th~ distinction 

between immature and mature :females is not ao easily made. 

As in the males, qualitative or quantitative methods,can-
. - . : 

be used and these are compared below. On a qualitative' ' 

basis,:femaleswere de:fined,as mature i:f the oviduct was 

turgidly :fleshy (see Plate 2) and on a quantitative basis 

maturity can bede:fined on the basis o:f relative oviduct 

size which CMl be obtained :from the ratioc+w/SHT 



, 

TABLE 4: Comparison of visual estimate of maturity of males with PL/SHT ratio 

r PL/SHT ratio .0- .1- .2- .3- .4- .5- .6- .7- .8- .9- 1.0-
size class .09 .19 .29 .39 .49 .59 .69 .79 .89 .99 1.09 -~ 

< • 

I 
Visual • Immature 13 104 64 15 11 3 2 - - - -
assessment! Mature - - - - - 3 21 33 49 30 8 

i 

Total in size class 13 104 ·64 15 11 6 23 33 49 30 8 
I 
~, 

- - --_.-

TABLE 5: Con.yarison of visual estimate of maturi ty of females wi th c+w/SHT ratio 

c+w/SHT ratio .3- .4- .5- .6- .7- .8- .9- 1.0- 1.1- 1.2- 1.3- 1.4- I 
size'c1ass .39 ~ .49 .59 .69 .79 .89 .99 1.09 1.19 1.29 1.39 1.49 : 

I 

Visual -: Immature 85 235 161 46 22 11 2 - - - - -
assessment: Mature - - - - 7 43 71 76 51 20 5 2 

Total in size class 85 235 161 46 29 54 73 76 51 20 5 2 
~- ~ 



Figure 26. 

Comparison of' qualitative and quantitative 

of' maturity: assessment s 

A) Male L. nigrolineata 

Female L. nigrolineata B). 
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(oviduct .length, c, 'and width, w, are defined in fig. 27, 

she.l~ height, SHT, in fig. 24). A comparison of ratio 

frequency distributioh and thevisua.l assessment.is made 

in table 5 and fig. 26n, using data from nierolineata; 

comparable data were obtained for arcana. 

As in the ma.les,. the frequenci distribution 

of the ratio shows marked bimodality which is strongly 

associated with the visual assessment. Visua.l assessment, 

being quicker to use, waa therefore used in the fol.lowing 

analyses to distinguish' mature and immature females and as 

the data indicate comparatively few specimens'were 

collected which appeared to be in a transitional state • 

. ' .. 



Figure 27. 

Measurements of oviduct dimensions 

Key; Bc:- bursa copu~atrix length 

c:- jelly gland or brood'pouch length 

w:- jelly gland or brood pouch width 



o 

LL 
o 

• 

.", .. : . 

------~T 

u 

I 



-52-

2.2. SHELL DIMORPHISM 

It was.noticeable in many samples, from 

a range of sites,: tha~" sexual dimorphism in shell s·ize 

occurred in all the rough winkle species. Such dimorphism 

has previously been reported in mariae, obtusata and 

nigrolineata. 

In mariae and obtusata, sexual dimorphism 

of the shell has been examined extensively. Sac chi (1968);' 

recorded that in both species, females were larger and 
. 

more globular than males, the differences being more 

pronounced in mariae, and with increased~· exposure in 

obtusata. Reimchen (1974) in an intensive study.o£ 

British populations agreed that in both species, females 

are larger than males and that the differencea are· 

greater in mariae; frequently sexual dimorphism was not 

apparent in populations of obtusat~. He showed that· 

dimorphism was most pronounced in populations of mariae' 

with relatively small adult size. Goodwin and Fish (1977) 

also showed that sexual dimorphism was: present in both 

,species. though was less pronounced in, obtusata than marine. 

They likewise agre'ed that it was greater in populations of 

mariae from sheltered shores where adult ~ize was 

relatively small. 

In ntgrolineata Naylor. (1978, ". unpublished 

report) has noted sexual dimorphism o~ shape.: As in the 

flat winkles, females are more globular. No other prev

ious study of dimorphism in the recen:tly' dia~osed" 

spec~es of rough winkies has been made. 
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Three aspects of sexual dimo~phism in th& 

rough winkle spec'ies at Porth Swtan are examined in 

sections 2.2.1. - 2.2.3 •• The' data used wert:) a,malgamated 

from samples taken 'over a period of at least a ye~~ which 

avoided possible seasonal influences.' In n:1grolineau at 
- . 

Porth Swtan not only was sexual dimorphism in shell size 

apparent but also size dimorphism related to colour poly

morphism. This is explored ,in' section 2.2.4. 

2.2.1. Dimorphism in shell height related to s~ 

Shell heights of males and females; 

collected over a long period (one year, except for nigro-

1ineata which was collected over 22 months) wero compared. 

In this com~arison no account was taken of the reproduct':" 

ive condition of the individuals. Brandt and Snedecor's 

formula for a contingency table with n -columns and 2 rows 

(Dailey, 1959) was used to compare the observations 

against the null hypothesis that the ratio of males to 

females in each size class is homogeneous with therati~, 

of total numbers of males to total numbers of females. 

Results 
'.,#' 

The data for the,analyses appear in table 

1, Appendix B, and the results are given below: 

Species X 2 Degrees of freedom Significance .' 

L.rudis C 12.63 8 Not Significant 

L.rudis B 40.86 18 Sig.· at 1 .0<,(, 
L.arca!!,L 61.68 8 Sig. at 0.1~ 
L.nigro1ineata 30.64 19 Sig. at 5.01> 
L.net!lecta 134.37 5 Sig. at 0.1%', 



.. 

Figure 28 .. 

Sexual 'dimorphism. in shell height. 
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In f'our species, rudis D, arcana, n1.rrro-

linAata and neglecta, the null hypothesis can be 

rejected. Examination of' the data, which are plotted in 

f'ig. 28, shows that males do not grow as big as f'emales. 

2.2.2. Dimorphism in shell height related to reproductiv~ 

maturity. 

A similar X2 test was used as in the 

previous analysis and a comparison made of' mature, males 

to f'emales in each size class with the ratio of' total 

mature males to f'emales. 

Results 

The data f'or the analysis are given in 

table 2, Appendix B and the results are . given below: 
c. 

Species ;(2 Degrees of' Signif'icanca 
f'reedom 

L.rudis C 4J.20 8 Sig. at 0.1% 

k.rudis B JJ.OJ 13 Sig. at 1.0% 

L.arcana 78.36 8 Sig. at 0.1% 

L.nigrolineata 35.79 19 Sfg. at 5.0'$ 
L.ne~lecta 209.65 5 Sig. at 0.1~ 

The null hypothesis can be rejected f'or 

every species. Examination of' the data ~lottedin f'ig. 

29, shows that males c mature at a' smaller size'c than 

f'emales. 

2.2.J. Dimorphism in shell shape related to sex 

. ) 

This analysis compares dimorphism of' c' 

shape measured by the ratio shell height/shell width 

( SHT & SW are' def'ined in f'ig.·· 24) betwee~ males and 



Figure 29. 

Sexual dimorphism in shell height at maturity. 
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females. The Mann-Whitney U test was used to compare 

the shell shape of males with that of females of a 

species. To avoid errors which might 'result from changes 

in shell shape with age, animals of a restricted size 

range were used. The shell heights of the males and 

females were compared with a t-test to check that the 

samples were compatible (see table 3, Appendix B). 

Reeu1 ts 

The results are summarized in table 6. The 

null hypothesis, tha~ male and female shell shape do not 

differ, can be rejected for arcana, nigrolineat~ and 

rudis B. In each of these cases examination of the data', 

indicates that females are more globose than the males. 

Discussion of' sections 2.2.1. and 2.2.2. 
'" 

The data obtained confirm the existence of 
, . 

size dimorphism related to sex in all species of rough 

winkle; males maturing at smaller shell heights than 

females and, with the exception of rudis 0, not growing 

as large as females. In three cases,rudis B, arcana and 

nigrolineata, females are generally more globular than 

males and it is notable that nevertheless males or ,thes,e , 

species are significantly shorter than females. Theoret-

ica11y if, females are more globular this will tend to 

reduce their shell height, relative to males of equival

ent soft tissue size, ie. females, if only shape 

dimorphism occurred, would appear shorter. Thus the 

size dimorphism, with males ~horter thanfema1es,is more 

pronounced than the data reveal. 

,Why does size dimorphism occur? 



~,.:.:'t~"""~_'''' __ ""'---~""'.'~""r.re= _-"'-'s ~ ...... - -JiU:jW'-..wr. ..... ',~' •. ~ .. ~~. 

" 

TABLE 6; Comparison of male and female shell shape using Mann-Whitney U test • 

Number of Range of observations 
. two-

: Species' individuals z tailed .. Significance 
~ ~ p 

L •. rudis C .. 71 '66 1.013-1.164 1.007-1.150 .009 .9362 Not significant 
"+' 

L •. rudis B 70 75 1.082-1.325 1.075-1.278, 2.230 .0258 Sig. at, SOfo 

L~ arcana 69 70 1.007-1.188 1.014-1.167 2.680 .0074 Sig. at 1% 
.. 

"-

Sig. at 1% L nigrolineata 59 58 1.083-1.258 1.048-1.223 2.790 .0052 
-.,< . 

L. neglecta 85 59 .926-1~167 i.000-1.133 .340 .7320 .. Not significant 

. :,~'. 
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For winklos size is a critical £actor, 
, . 

knOlm to a££ect mortality, £ecundity and reproductive 

strategy. Heller (1976) and Elner & Ra££aelli (1980)" 

have shown that winkle size, is an important factor in 

crab ~redation, sma~~ ~ink~es being more susceptible to 

attack. Faller-Fritsch (1977) has proposed t~at 

physical causes o£ mortality, such as crushing or buria~ 

(in unstable habitats) and desiccation can be expec~ed 

to ac~ di££ere~tly on w~nkles o£ dif£ering size',w~th 

small winkles at greater risk. In addition the£ood 

resource s available to a winklo may vary with its size." 

Smaller winkles presumably are able to penetrate deeper 

into crevices.than,largerones and also get into smaller 

crevices. They may therefore have access to food 
. 

resources inaccessible to larger winkles. Largor winkles 

may have the compensation of being able to range £urther 
, . 

from crevice shelter during £eeding periods •. 

R,a££aelli (1976) has shown·that the number 

of embryo~ a £emale carries is influenced by her size, -

,the larger the £emale the greater the number of' embryos. 

Size struc.ture o£ populations o£. rudi's, neri toid~ and 

negiecta are known to be affected by microhabitat 

characteristics notably crevice size and availability 

( Emson & Faller-Fritsch 1976, Raffaelli and Hughes 1978~ 

Raffaelli 197&). In turn population structure is related 

to reproductive'strategy in terms of size at maturation, 

etc. Faller-Fritsch'(1977) has 'shown that exposed 

populations on stable rocks tend to consist of small 

individuals which mature at a small size, and he has .... 
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suggested that maturation is relatively delayed in 

sheltered, unstable boulder or pebble habitats because 

energy is devoted to somatic growth, allowing individual a 

to outgrow the size ranges in which high mortality rates 

occur. 

Since size is undoubtedly an important 

factor in reproduc.tive success and mortality, differences 

in rate and pattern of growth in males and females might 

be correlated to reproductive strategy. Alternative 

hypotheses eg. that size is merely ~eutrally linked to 

sex, or that males are smaller.because they are more 

sensitive to turbulence ( Sacchi, 1968) or that females 

are more globular to accomodate the reproductive organs 

(Naylor, 1978, unpublished report) seem rather unlikely 

in view of. the dominant importance of size in the 

survival and reproductive rate of winkles, and the 

inconsistency of' expression of sexual dimorphism. 

2.2.4. Dimorphism related to colour polymorphism in 
. . 

L.nigrolineata 

At Porth Swtan L.nigrolineata exhibits 

shell colour polymorphism. It is either' yellow- or 

white-shelled. There are no intermediates and although 

. the yellow shells show a range of shades from very. pale 

to' primro se yellow, the distinction bet,,,een white and 

yellow. is easily 'made. Of the 2906 nigrolineata 

collected at the site between June 1976 and February 

1978, 222 (or 7.64%) were the rarer white-shell morph. 

It was noticeable that the commonness of' 
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, J . 
the white-shell morph depended on size class; there 

were relatively more white-shelled an.ima1s in the smaller 

size classes than in,the larger size classes. It was 

also apparent that white-shelled animals were £requent1y 

mature when yellow-shelled animals o£ equivalent shell 

height were not. These aspects are explored in sections 

2.2.4.1. and 2.2.4.2. below. 

2.2.4.1. Size dimorphism between colour morphs. 

The size struc.ture of' the yellow-shelled 

morph population wa~ compared with that of' the white 

using· a X2 test '(Brandt & Snedec.or's £orm';11a). The 

observed ratios of' white and yellow she11a in each. size 

class were tested' for ho~ogeneity with the overall 

ratio of' white- to yellow-shelled morphs. 

Results 

The data are given in table 4, Appendix B 

and are plotted in f'ig. JO. In brief', X2 = 7J.J4~ith 
degrees of freedom = 15, which is significant at .001 

" 

(or ~1%). As fig. JOillustrates, there are relatively 
I 

fewer white-shelled morphs i!l tho larger size classes. 

The difference is highly significant. " ., 

2.2.4.2. Comparison of size at maturitv of' white and 

yellOW morphs. 

Yellow- and whi to-shelled" animals were. 

scored for maturity on the basis. outlined in section 2.1. 

and the number of mature males and females and the 

overall number ( £emales + males) in successive size 



• 

J 

, 

Figure 30. 

• . 

Size dimorphism of L.nigrolineata colour morphs • 
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. classes were recorded. The percentage mature ,in each 

size class, for the two colour morphs was then calculated. 

Resul ts 

The data are glven,in table 7 and it is 

clear, by comparing the percentage 'mature of white- with 

yellow-shelled animals in successive size classes, that 

white morphs are much more likely to be in a mature 

condition at a smaller shell height than yellow morphs, 

for instance in the size range 6.5 -7.45mm about 25~of 

white-shelled animals were mature compared to about 12% 

of yellow-shelled, 

Discussion .. 
From the data it seems that white-shell 

is linked to maturation at a small size.' This presumably 

results from shell colour being linked to growth, either 

since whi..te-she11ed anima1s are slower growing (maturation 

occurring at a set age) .or since early maturation (with, 

its concomitan~ demand for energy) retards growth •. It 

would ,be interesting to, compare growth rates' of white-

and yellow-shelled juveniles. 

Why this association of shell colour and 

size occurs has not been studied. "However, since. size 

.and fecundity are' related, the differences between 

white- Mid yellow-shel~ed populations will affect their 
, , 

relative reproductive success. Theoretically white-
- . 

shelled animals, tending to be smaller, will be,lesS' 

fecund (fewer juveniles produced per unit time) than 

their yellow counterparts. Thus i1' the whi te-shell ed 



. 
t 
t 
", 

TABLE 7. 

Size class 

(mm) 

White-

shelled 

Yellow:-

shelled 

. , 

, 
Size at Maturity of L. nigrolineata Colour Morphs 

6.5- 7.5- 8.5- 9.5- 10.5-

7.45 8.45' 9.45 10.45·11.45 11.5 

Mature . 19 19 16 12 9 15 ' 

Total 75 55 37 25 12 18 

% Mature 
in size 
class 25% ' 3so;6 41';6 48% 7so;6 83% 

Mature 58 68 128 128 145 481 

Total 486 422 412 383 317 664 

% Mature 
in size 
class 1~ 16% 31% 3~;6 46% 7~ 

\ " 
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animals are not to be out-competed and so rendered 

extinct, there must be some selective force(s) acting. 

dif£erentia11y on the morphs; always assuming that the 

colour polymorphism is stab10 and the white morph is not 

in the process. a becoming extinct. This selective 

force must act in such a way that yellow morpha suffer 

higher mortality than white morphs. 

So, though a selective force can be 

postulated since reproductive tactics of white-and 

yellow-shelled populations differ, what the selective 

force is can only be, guessed at. Poss.ib1y the colours 

have no direct significance, eg. if colour was related· 

to strength of the shell and white shells were stronger 

than yellow but required more energy to construct, so 

that the extra protection would reduc~ the risk of. 

mortality and so compensate for reduced size and 

reproductive rate by increas~ng reproductive life. 

However, Raf£aell£ (1976) has shown that for L.rudis 

there is no difference in thickness of differently~ 
~. , 

coloured shells. Alternatively, the visual polymorphism 

might be of direct importance, white- ~d yellOW-Shelled 

animals may be subject to ~ifferent predator pressures 

.on account of their shell colour and the two lTlorphs may 

be· maintained either as they a~e cryptic: on different 

backgrounds or through apostatic selection. (Clarke" 1962). 

The difference' in size structure and s.ize at maturity' 

might be further responses to predator pressure eg. if . 

. large white-shelled animals were selectively predated~ 

this should encourage early maturation, probably with' 

concomitant slowing of. growth. 
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2.3. AGE-RELATED CHANGES IN L. NEGLECTA SHELL COLOUR PATTERNS 

In Anglesey neglecta shells have commonly a pale ground colour 

with dark brown pigmented patterns. More rarely all-over colours, 

white, off-white or black, are seen. The most constant feature 

of patterned shells is a wide dark brown band that runs parallel 

to the suture, in the lower half of the body whorl. Between this 

band and the body whorl suture, pigment can be laid down in a 

variety of patterns, notably as bands, bands and tessellations 

or tessellations. There is a wide variation in shell ground colour 

white, biscuit and dull yellow are comnlon and the marking pigment 

can be any shade of brown (usually) or yellow (less commonly). 

Mixtures of differently coloured marking pigments on one shell are 

frequent •. 

Casual observations ·suggested that with patterned shells 

the pattern is age-related •. Small shells are frequently observed 
. .' 

to have only complete bands, larger shells to have only tessellations 

in addition to the wide band. On some shells gradations from one 

pattern to another were seen e.g. complete bands were apparent on 

. the oldest part of the shell, younger parts had mixtures of bands 

and tessellations •. An investigation of possibleontogen~tic:change 

. in pattern was made. " . 

Method 

Several hundred neglecta were collected from Porth Swtan and. 
, 

Porth Diana. For each individual, shell height was measured in 

graticule units (g.u.) and the marking pigment colour scored into 

on the following classes (see fig. 31):-



• 

Figure 31., 
, . 

Classes of colour pattern in L.neglecta. 

Key: S8.:- scored section 

bW:- body whorl 

w:- wide band 

s:- suture , 
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i) completely banded 

ii) mixed bands (excluding wide band) and 

tesseUa tions 

iii) completely tessellated (excluding 

wide band) 

CLASS 

1 

2 

3 

Of the body whorl only the youngest part (scored section, .. 

ss, fig. 31) was scored for pigment pattern. 

Results 

The data appear in Appendix B, tables 5 and 6. The frequency 

of each pattern class in each size class is plotted in fig. 32.

Graphs G and H illustrate the percentage of each pattern in each 

size class, 'omitting size classes wi th less than 20 individuals. 

At both sites class I markings (all-over bands) are commonest 

in the smaller size classes, class 2 (mixed bands and tessell~tions) 

in the middle range of size classes and class 3 (all-over 

tessellations) in the larger size class. 

DISCUSSION 

Theoretically, the association of size and colour pattern could' 

arise through differential mortality related to colour patterns at 

particular sizes. However, the scope for such an effect is restricted 

by the very compressed size range exhibited by neglecta. The 

alternative hypothesis, that the pattern of pigment laid down 

changes with age, seems more -likely, in view of the marked 

association of pattern type with shell height recorded here and 

the frequent occurrence of shells which have bands on older parts, 



Figure 32. 

Frequency of colour patterns in L.neelecta. 
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and tessellations on younger (the reverse situation has never been 

observed). It is of course possible that both differential mortality 

and· shell pattern change occur. 
. 

Marked changes in size structure and maturity structure of. 

the neglecta population at Porth Swtan indicate that this species 

is an annual (see section 2.5). Since size structure of the 

population changes seasonally the frequency of the colour patterns 

1, 2 and 3 must also be expected to change. Thus the overall 

percentage of striped shells in a population must be expected to 

alter over the year. Anderson (1974) when correlating percentage 

of striped nigrolineata with percentage striped neglecta and other 

environmental factors was unaware of this factor (pers. cooon.). 
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2.4. REPRODUCTIVE SEASONALITY IN ROUGn WINKLES 

A common feature in the family Littorillidae 

is an annual ~ycle of sexual maturity marked by the 

seasonal ripening and regression of' the genital organs. 

For L.saxatilis, periodicity of reproductive activity has 

been noted by Bergerard (1971 a &:. b)'" ~erry (1961) and 

Jame"s (1968b). "Bergerard fOW"ld a decline in sexual ~ 

activity in the summer, and Berry in the months of May, 

June and July and a smaller 'decline ,in February which 

he correlated with the particul~rly cold conditions at 

that time. James suggested that there were two periods 

of high reproductive activity, January and February, and 

July and August. These studies were almost certainly' 

based on rildis. No previous studies have been rnA-de of 

reproductive periodicity in nigrolineata, neglecta or 

arcana. 

2.4.1. Variables of thesam~les'used for the assessment 

of reproductive seasonality 

. Approximately every four weeks (for. precise 

dates see table 8, Appendix B) samples "of arcana, rudis B, 

rudis"C, nigrolineata and neglecta were collected at 

Porth Swtan. For each animal, shell height, sex, matur

ityor immaturity' (based ~n the ~isual assessment.""as 

outlined in section 2.1.) and the size of the reproductive' 

organs (PL in males, see fig. ,10; c and w in femalos, see 
, I 

fig. 27)~ere recorded; "the size of the reproductive' 

organs in neglecta, excepted. 
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It was noticeable that size influenced 

,the likelihood that an animal would be collected in a 

mature condition; the larger the animal-the llIore likely 

it was to be mature. Fig. JJ shows the percenta~e mature 

in each size class for each species. Since the data for 

this figure were amalgamated from animals collected' over 

a year (March 1977 - February. 1978) the graphs indicate 

that the larger winkles are in reproductive condition 

for a longer part of the year. A similar situation has 

been noted in littorea by Williams (1964). In view of 

this, and also because the' sampling is not free of bias 

related to size, it was necessary to ~onfine the 

examination of reproductive periodicity to animals of 
.. 

some defined size range and not,to use the monthly 
. . , 

samples in their entirety. It is impracticable, if not 

impossible to avoid size bias when, sampling at Porth_ 

Swtan (with the probable exception of neelecta) because 
. ' ' 

of the nature of, the environment in which the winkles 

live. The crevices of a rocky shore, though accessible 

to 'tiinkles are not always so to winklers and the 

condi tions at the time of colle'c'tion can affect the 'size 

structure of, the sample. If it is hot .~d dry the 

winkles often move more deeply into crevices and conse-

quently it becomes !]lore difficult to collect them, 'and 

disproportionately more difficult to collect smaller 

winkles as they can move further into crevices than 

larger animals •. The enviro~me~t from which samples of 
. ' 

'neglecta werecolle'cted differs' in that there are few if 

any crevices in the transect area chosen and the dead 



Figure 33. 

Percentage of mature individual.s in successive 

size classes.' 
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shells of' barnacles, which they favour :for the shelter 

they provide, are 'easily broken open and the winkles 

collected •. It is theref'ore rare :for an individual o:f 

neglecta to be inaccessible. 

Since sampling bias is unlikely in neelecta 

the monthly sample of' this species was used in its 

entirety. For. the other species, appropriate iize ranges 

were selected and the assumption made that immature 

individuals o:f size x were as likely to be collected as . " 

mature individuals of the same size •. The size ranges 

used were:-

L. arcana 7.0 8.95mm 

. L.rudis. C 7.0 -' 8.95mm 

L.rudis B 11.0 14.45mm 

b!!.!grolineRta 8.5 - 12.95mm 

L.neg:lecta ~2.0gu (lmm = 1.7gu) 

. ' . Two methods of assessing reproductive 

periodicity were explored, a) percentage o:f animals, in 

selected size range, in mature' condition b J . reproductive 

organ size :frequencY'structure o:f animals in the selected 

size range • 

. 2 I; 2 Examination of reproductive ~eriodicity based on .Lt. . _ _ 
p~rcentRge of mature individuals. 

In the chosen size range the percentage of 

mature animals, for each month. and species was found. 

Data from males" and :females were. combined. The results 
I 

are plotted in fig. 34. and the data are given in table 8, 

Appendix B. 



Figure 34. 

Reproductive" periodicity. 

" 
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Results -
a) L.rudis C 

No indication or any cycle or repro

ductive activity was apparent. ,The population 

',maintained a :fairly constant and high level o:f reprod

uctive activity throughout the year with about 8~'0:f 

individuals in the 7.0-8.95mm size range being mature in 

each month. 

b) L~rudis B 

The results :from this ecotype were 

erratic and no clearly de:fined pattern was apparent. It 

is notable that the lowest levels o:factivity were 

recorded in May and July, corresponding with Derry's 

:findings :for Whitstable. The population he studied lived 

in a habitat more similar to that," o'f the rudi~, D. population 

than the ~!!!.§. 0 population. ,Like rudis 0, the rudis. D 

'population generally maintained a high level of 

reproductive activity throughout the year. 

c) L,arcana 

A marked cycle of reproductive 

activity was apparent in this spe~ies, with low percent-, 

ages in reproductive condition '(less than. 30{0) in May," 

June and July and higher percentages (~ore than 70%) in 

September, October and November. Though. data :from 'the . 

previous year were unavailable :for this analysis (as the 

method of collection was affected by migration,(see sect_ 

ion 3.2.2.) observations indicated that a similar cycle 

occurred in, the previous year, 1976-1977., 
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d} L.nirrrolineata 

Data for this'specios were obtained 

for a period of 22 months and, as in arcana, cyclic 

activity was apparent; Peaks of activity, with mora 

than 70~ of the population mature, wero obsorved in 

August 'and September 1976 and 1977 .' Activity fell below 

30% in June and July 1976, May' to July 1977 and May 1978. 

e} L.neglecta 

Cyclic repr6ductive activity was 
" 

apparent,in this species also. The period of high 

activity was comparatively l6ng;from March to August 

(1977)'more than 70% of the population were in reproduct-' 

ive condition. The lowest level of activity was recorded 

for October 1977. 

2.4.3~ , 'Exami~ation of reproductive seasonality based on 

monthly frequencv distribution of relative 

reproductive orean siz~. 

,In successivemon~hs, Berry (1961) looked 

at the numbers of embryos, in the brood pouch of 20 rud1s 

females of '10 - 11 mm shell, height and wa~, able, show a~, 

saesonal cyc:le of, embryo produc,tion~ In rudis.the 

numbers of embryos is paralleled by the -size of the brood 

pouch (Hart, 1978, unpublished report) the bigger the 

brood pouch the more embryos contained (alSO, the converso). 
,\ ,.' , 

Thus the relative size of the reproductive organ may be' 
" 

~'·us~ful as a measure of the reproductive rate ie. a larger 

oviduct may indicate a higher rate. ' A similar relationship 



could apply in the 'oviparous species, and perhaps an 

equivalent relationship may occur in males. 

For females the'~~~lative size of the 

reproductive organs was defined as the length of tho 

brood pouch or jelly gland (c) plus ,width (lof) (see fig. 

27) divided by the shell height. For males this was 

defined as penis length,( PL, see fig. 10) divided by 

the shell height. 

Results 

The monthly frequency distributions of 

these ratios were plotted as, histograms (figs. 35 42) 

for each species and sex. The data appear in table 9, 

Appendix B. As in the previous section the data used 

were derived ,from individuals in the selected size rango 

~s the sampling was not free of size bias. The data 

presented have not been standardised on a percentage 

basis as this. would obscure ,tho 'relative reliability of 

the data collected in a month; in some months comparativ-

ely few animals, in the siz~ range ultimately adopted for 

these. analyses, were collected as the eff'ect of" shell· 

height on likelihood of maturity was underestimated. 

This particularly a:ffects the results presented for 

rudis B and'nigrolineata, which both exhibit a wide range 

of shell heights so what seemed ~o be a large sample was 

not so satisfactory as appearance sugge'sted. The 

histograms generally show bimodality which is due t.o tho 

reproductive organs not increasing in size in step with 
, . 

"the growth of thoan~mal' but rather showing a spurt, of 

growth from immature state ·to mature, and an equally 



\. 

-70-

marked regression at the end of the breedine season (see 

section 2.1.). Variation in the position of the socond, 

larger, ratio peak is of' particular interest as this may 

reflect diff'erences in reproductive rate which may not 

be apparent f~om calculating the percentage mature in 

successive months. 

a) L.rudis C 

In this species PL/SHT ratio~ >.s 
and c + w/SHT ratios ~1.0, generally correspond with 

animals scored·as mature. For both males and females no 

well-defined movement'of the size frequency distribution 

is seen, though. there is some spreading of the second peak, 

particularly in. the females, in the months of January and 

February. This may indicate some lowering of the' 

reproductiv~ rate at this time of year • 

. b) L.rudis. D 

In this species PL/sHT ratios)..4 

and c +w/SHT~1.0 generally correspond with anima13 

scored as mature. The data obtained from this species 

were few so the results are questionable. In both sexes. 

there isa tendency fora shift towards lower ratios (in 

mature. speci~e~si during the sp~ing/sum~e~ months April

August compared to the autumn/winter months of' October-

January. 

c) L.arcan~ . . 
. . 

In this species PL/SHT ratios )/.4 

and c + w/SHT' ratio's q 1.0 generally correspond with 

animals scored as mature •. The data obtained from this 
, ,~~ 

/! 

species showed a well-defined sequence of chango of the 



Figure ·35. 

1. rudi s C: Monthly f'requenc.y distribution of' 

penis size. 

.' 
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Figure 36. 

L. 'rudis C:, Monthly :frequency distribution of 

pallial oviduct size. 
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Figure 37. 

L.rudis B: Monthly ~requency distributiono~ 

penis size. -
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Figure 38. 

1.rudis B: Monthly frequency distribution of 

pallial oviduct size • 

. ' 

. . 



L. RUDIS (B) : MONTHLY FREQUENCY 

DISTRIBUTION OF PALLIAL OVIDUCT S~ 

Mar 
77 

Jut 

~ Ratio size class SHT 

Nov 



'figure 39. 
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1.arcana:~Monthly frequency distribution of 

penis·size. 
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Figure· 40.' 

• < 

L.arcana: Monthly frequency distribution of 

pallial oviduct size • 
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Figure 41. 

" . 

~.nigrolineata: Monthly frequency distribution 

ot: penis ,size. 
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Figure 42. 

. 
• 

L.nigrolineata: Monthly frequency distribution 

~f pallial oviduct size. 
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size frequency distribution indicating a marked 

seasonality of reproduction. It is also notable that the 

ma1esaro coming into reproductive condition in August, a 

month prior to the females, and aro mostly out of 

condition inJWle,whereas some females are still ma'ture 

at this time, ie. the periodicity of males and females is 

very slightly different. 

d) L.nigrolineata 

. In this species PL/sHT .}. 6 and 

c + w/SHT ratios ).8 generally correspond with anima~s 

scored as mature. As in arcana the marked seasonality is 

readily apparent·· and also males are corning into , 

reproductive condition sooner than the females. 

However the data do. not suggest that they also go out of 

reproductive condition earlier than females, unlike 

arcana. 

Discussion of section 2.4. 

The slight staggering of reproductive 

periodicity in the two sexes of both oviparous species is 

of particular interest, males of both species coming into 

season before the females and in arcana males also going 

. out of season earlier. This is probably related to 

differences in male and female reproduc.tive strategy (aee 

also sectio!l. 2.5., outlining a' similar· occurrence in 

neglecta). Males, by coming into season relatively early 

will. miss fewer opportunities of mating with females that 

come into season earlier than the main mass. 

In the two rudis popUlations there is no 
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comparable reproductive periodicity; both ecotypes .. 

exhibit a :fairly high level o:f activity throughout the 

year. However there is some suggestion o:f slightly lower 

rates o:f activity in January and February in rudis C and 

:from April to August in rudis B, but :for the latter 

ecotype the data are limited.' 

The other ovoviviparous species.neelecta. 

shows a marked cycle o:f reproductive activity with high 

activity in the summer months. It is notable that all 

the ovoviviparous species have the capability of' breeding 
. . 

in the hotter months of. the year and that these months 

are avoided by the oviparous species. This might·be 

traceable to the dif'f'erence in breeding method. Egg 

masses of' nigrolineata.and arcana are probably f'airly 

susceptible'to desiccation. The ovoviviparous method of' 

reproduction probably protects the developing young f'rom 

this. 

" . 

, . 
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£:.1. CHANGE IN THE POPULATION STRUCTURE OF L.NEGLECTA 

OVER A YEAR. 

The sources o£ major inaccuracy in random 

sampling o£ populations of arcana, rudis and nierolineata., 

notablY the interactions o£ habitat characteristics ( e~. 

crevice number and size),. animal size and weather 

conditions at time o£ sample, do not apply in the case of 

neglecta at Porth Swtan. The rock surface in its zonal 

range is so eroded as to be e££ectively crevice-less and 

barnacle shells, ,,'hich provide the main protective shelter 

for ne~lecta, are no protection from sampling. Also no 

migration to zones. outside the sample area has been 

detected in this species. L.nee-Iecta is there£ore unique 

amongst rough winkles in its avai~ability for studies of 

population structure since sampling can be unbiassed in 

reapect of sex, maturity or size, the only restriction to 

sampling being that individuals less ,than about lmm were 

difficult to c~llect as their shells are so small and 

fragile. 

Data from the transect 2 samples (see 

section 3.2. for details of coll~cting) were.combi~ed to 
" . . 

give an overall picture £or each month. Every individual 

of neglecta (over 2.0gushell h~ight, lmm =1.7gu) was 

. measured and scored £or sex andreproduc.tive status. The 

overall changes in population size structure and frequency 

ar~ plotted in' fi& 43 •.. For fig. 44 the sample was broken 

. down into subsections, mature males, mature £emales, 

immature males, immature fema~es and juveniles and the 
. 

frequency and size structure for each subsection in .. 



. . 

Figure 43. 

L.neglecta: Population size structure change&. 

:for the year April 197T to Marc.h 1978 • 
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Frequency and sizGstructure changes in sUbsections 

of the L.neglecta population • 
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successive months were plotted. The ~ata are eiven in 

table 10, Appendix B. The changes over tho year in oach 

subsection are outlined below., 

2.5.1. Mature females. 

Mature :females were at their maximum 

:frequency in May. In the £ollowing months not only did 

the :frequency decline indicating that'mortality exceeded 

recruitment but also the sub-population increased 

generally in shell height ie. increasingly high n~mbers 

were recorded in larger,size classes., compared to smaller 

size ciasses. Low levels o:f recruitmen~ were apparent 

:from October to January increasing in February and March. 

2.5.2. Immature :females. 

Very :few immature :femalos were collectod 

:from April to September' (inclusive).- Re6ruitment to this 

sub-population was apparent :from October to January when 

numbers in the small,est size classes were comparatively 

"high; therea:fter numbers declined as the animals attained 

reproductive maturity and were recruited to the mature' 

:female sub-population or alternatively were killed. 

2.5.3. Juveniles. 

., Few juveniles were collected :from April 

to June (inclusi~e). From July to November recruitment is 

higher and'this,sub-population reaches a maximum :frequency 

in October.: ,From December ,to March :few individua1s wore 
" . 

collected. The greater part of the juvenile sub-populat-
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.~ 

ion).too small to.col~ect, notably those below 2.0gu sholl 

height, which would nearly exclusively be juvenile and so 

no changes in size structure were apparent. 

2~5.4. Immature males. 

Few immature males were collec.ted :from 

April- to September and in February and March o~ the 

following year. Recruitment to this sub-population occur-

red principally from October to January, most espec,ially 

in October, and therea~ter frequency declined as the 

animals attained reproductive maturity or were killed. A 

slight change in size structure was apparent as animals, 

recruited in the autumn, grew larger. 

2.5.5. Mature males. 

Mature males were at a ~airly high ~req-

uency in April. In the following months, through to 

September numbers declined, indicating that recruitment 

was less than mortality. Rec,rui tment, increased in October 

and reached.a. maximum in November and December whon largo 
, . 

numbers in the smaller size classes were recorded., In' 
" 

subsequent months f;requency remained ~airiy high though 

there were changes in the size structure towards relativ-

ely more individuals in the larger size classes~ 

2.,.6. Overall features.' 

'It is notable that recru1 tmentTrom the 

juveniles to the immature' male sub-population' takes place 

earlier in the year than the equivalent recruitment to 
; . 



the immature female sub-population, and similarly to the 

mature male sub-population. This results in the main 

mass of. males coming into reproductive condition before 

the females. This is probably an important aspect of 

reproductive.. strategy as presumably a male that matures 

earlier than the main body of the females will be well 

placed. to c.opulate with any female that comes into 

reproductive condition earlier than average. It is 

probable that the attaining and maintaining of' sexual 

maturity early by males is achieved at the cost of growth 

and this may be the basis of the sexual dimorphism 

observed in this species. 

Since maleneelecta mature at a smaller 

shell height than females and the reproductive organs 

become sufficiently differentiated to detect this sex nt 

a significantly smaller shell height than in females, 

probably many of the juveniles recorded in October are 

in fact genotypically fema~e. 

Though the period of high production or 

young in neglect a can be expected 'to coincid~ with the 

period of high numbers of mature females, the data appear 

to indicate a lag between the period of m~ximum mature 

females and the period of high recruitment to the juvenile 

population~ This is probablY,anartefact due to the 
, 

non- recording of very small neglecta (those below 2.0gu). 

The pattern 01' change in size· structure, 

frequency and composition of the neglecta population (aee 

. f'igs..43 & 4.4) strongly suggests that this species is an 

annual, individuals leaving the brood pouch, reaching 
.. 

maturity, reproducing and dying or being killed within the 



space of a!year. The majority of the population scems to 

he at approximately the same stage of the life cycle at 

anyone time, and this is therefore the basis of the 

cycle of reproductive activity recorded in section 2.4 •• 

The-other rough winkle species are thought to.he 
- -

pe.rennial and the cycle of activity in these will be in 

part due-to individuals' cycle of activitYe 

" 

,,,'" !,' 

.. ,,;.-; 
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SECTION 3: ZONATION AND NICHE SEPARATION O]!' ROUGH' 

W'INKLE SPECIES 

The winkl.es of',British shores have l.ong 

been held up as examples of how closely-related species 

on the beach sho·.¥' vertical. zonation dif'f'erences, this 

fitting neatly with the ecological theory of competitive 

exclusion. Observations of the distribu'tion of rough 

winkl.e speciea at various l.ocalities suggested to me 

that vertical zonation differences wore not in fact so 

well-defined and two instances of major zonational over-

lap were f'requently seen. Firstl.y, at the majority of' 

sites ~here rudis and arcana occurred they appeared to 

be truly sympatric; not only was the vertical zonation 

apparentl.y similar, but also no evidence of habitat 
. 

speGialisation could be detected. i. a. one species was, 

.not associated in particular with, for example, rock 

pools, aspect or a specie~ ~r alga. Secondly, neglecta 

populations were not inhabiting the microcrevices created 

~.' by barnacles (both dead ~d a1i.ve) by themselves; along

side them, and of'ten outnumberin~ them, 'were juveniles of 

other species., most· frequently ~igrol!neata. 

The following section 'explores aspects of 

niche s~paration at one site, Porth Swtan, '-There a mor~ 

detailed study of the inter-relationships was made. It 

was hoped .that by concentrating on one;community at least 

some of the mechanisms of niche separation'might be 

understood. 
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..lL!. GENERAL SITE DESCRIPTION OF PORTH SWTAN. 

A~ter visiting a number o~ sites Porth 

Swtan was chosen as a suitable locality for the studies' 

proposed. 

Porth Swtan, Grid Re~. SH.299892, is on 

the north-west coast of Anglesey. It is a wide sandy 

bay ~acing west, with rocky shores north and south. A 

particu1ar rock (see Plate 31) in the southern rocky 

area was selected as the study site. It is also the '. 

type locality o~ L.arcana. 

The rock is large, about 4.m at the highest 

point and 15m square at the base. It is approximately 

wedge-shaped. The landward wall £acea east and is nearly 

vertical, the side walls slope steeply and the seaward 

side slopes gently down to a barnacle-encrusted rock 

platform which extends some way down the beach'. The 

majority o~ the upper part o~ the rock lies in the. 

Pelvetia and Verrucaria zones though a small pinnacle~. 

the highest part o~ the rock'~ surface, bears yel~ow 

lichen. The populations of rudis C and arc-ana which 

occupy these zones are isolated ~rom similar populations 

in crevices on nearby rock masses. by both the 'Wide 

barnacle belt, which. c.lothes. the base o~ the rock, and 

by broad bel ts. o~ unstable large pebbles on the landward·. 

and northern sides. 

The rock combines several other unusual 

and use£ul features which particularly :f:itted it as the 

main study site o~ the interactions o~ specieso~ the 



" 

PLATE 31. 

1.) .. Shell~. f':ro m Transect 1 sampl;es, top two rows 

L.arcana, bottom row L.rudis.C. 

2) .. Porth Swtan,. transect s were ai ted on the rock 

t. m~ss; ce~tret mi.ddle distance. 

I' 



1 

2 
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rough winkle community. The combination o~ its position 

low down the shore, with its height and approximately 
. ' 

£lat-topped shape determines not only that most o£ its 

sur~e is submerged at high tide, but also that a 

peculiarly large surface area lies in the Verrucaria/ 

Pelvetia zone (see fig. 45). Correspondingly this rock 

supports an unusually large population o£ rudis C and 

arcana which was a pre-requisite for a long-term study 

involving removal of large samples at regular intervals. 
, 

Other use£ul £eatures· are ~). alL £ourspecies o£ rough 

winkle were common on the rock, 2}. the crevice~ w~re 

comparatively shallow~ S~ that ,the winkles were fairly 

easy to collect, 3). the landward wall o£ t'he rock, 

being nearly vertical (see Plate 32), provided a' good 

site for work on zonation in the barnacle belt. 



Figure 45. 

Effect o£ a rock's position on surface area in 

major eCdlogical zones. 
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PLATE 32. 

1). Porth, Swtan} ',:fo~~gr9~'dt unstable boulder/peb,,?le 

habitat of L,rurlis B; miq.dl.e distance, etabl.e • '. ,'10. • 

rock mass, .,habi tat o:f L. rudi s C. . .. " . 

2) .' S~mpling tran~ec~ ',2. 
"., I , • 
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3.2. ASPF~CTS OF NICHE SEPARATION OF L.ARCA}TA AND L.RUDIS 

Attempts to £ind a definable difference in 

spatial habitat between rudi~ and arcrula were unsuccess-

£ul. No genera~ly app~icable pattern emerged from the 

study of a range of sites, though,at a few, tantalising 

sites some pattern was seen, e.g. at Abraham's Bosom 

where a rock ridge provided two distinct habitats (one 

sidefacingN.W.& nearly sheer, the other facing S~E. & 

stepped), one supported "an almost pure population of' 

arcana and the other almost pure rudis (respecti'vely); 

also at various, si.tes some vertical zonation di£ferences 

seemed to exist but there was no cons~stency in the 

relative zonations of' the species. At the majority of' 

sites the populations of' rudis and arcana seemed to be 

interminglod and truly sympatric. Thus the mechanism of' 
I' 

niche separation of' these species seems to be more subtlG 

than the expected adaptation to dif'f'erent exposure levels 

and might even di££er £rom site to site, as the'observat

ion o£ habitat di££erences can be made at some sites (eg. 

Abraham's Bosom). but n'ot at others (ag. Porth S'·Ttan). 

My ef£orts were concentrated on understan-

.• ding the mechanism( s) o£ niche separation of' the' rudis. C 

and arcana of the study population at Porth Swtan. The 

possibility of' seasonal dif£erences in vertical zonation 

patterns was the principal aim of the study since initial 

(1976-1977) work, aimed primarily at defining tho new 

speCies, arcan~ and studying reproductive periodicity, 

had turned up evidence of po~sible migratory activity in 
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arcana related to its reproductive activity.'" A fixed 

transect (nu~ber 1)" was establish'ed and visited· monthly 

~n order to follow the long-term movements of the rudi~ 

and arcana populations. 

3.2.1. Transect 1:- Siting and sampling 

Transect 1 ,was sited for sampling the 

winkle population in the Verrucaria, Pelvetia and,upper 

barnacle zones. The Pelvetia did not form a distinct~ 

belt. Its 'distribution was patchy, the plants usually 

occurring on the damper parts of the rock though not 

actually in the small permanent rock pools. 

A string marked at 50cm"intervals,de£in-

ing zoneso:f the transect, was laid between. fixed points' 

on the rock in a straight line, at right angles to the 

t~p of' the barnacle belt line.: The transect'zones were 
, ,,<:' ,,- ',< ';' 

, • "J ", ' 

nwnbered successively. In all, there were eleven zones; 

,zone 1 was at, the top of' the VeT'rucari~ belt and ~'one 11' 

in the barnac~e belt. Winkles la~ger than e6. Omm shell 

height within a zone u~'to 25cm on either side of',the 
" 

guide line were collected using f'orceps and,put into 

appropriately numbered plastic.. bottles. The profile' of" 

"the tran sect along the guide line is ',' shown in :fig.·, 46, 

with the estimated % cov
4

er o:f Pelvetia, Verru;aria, 

standing water and barnacles for each zone. 
. , 

The transect was sampled at approximately" 

,four week intervals. The considerable and unavoidable 

variation in topography in each zone, meant that th'e sur-' , 

, , 



· .. 

Figure 46. 

Pro£ile o£ Transect 1 • 

. . . 
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face area sampled in each zone was not equal. ,Analysis 

'of population" structure' and density was' therefore not 

possible. Furthermore the height of each zone above 

chart datum was not evenly sequential (compare with 

transect 2). Between visits large ,,,inkles in the trans

ect were replenished by recolonisation (in the short 

term) or growth of the remaining smaller winkles (in the. 

long term). However, it was noticeable in the final ,two 

months of collection that the numbers of large winklea 

appeared to be dropping"probably as a result of the 

. depletion, through prolonged sampling, of the population. 

3.2.2. Zonational patterns of L.rudis C and L.arcana 

along transect 1~ 

The analyseabelow'examine the zonational 

patterns of mature and immature, male and female animals 

of rudis C and arcana along the transect over the period' 

'Narch 1977 to February 1978. ;Since size and maturity are 

related and' the sampling cannot be, free of, size bias (aee 

section 2.4.1:)~ the'analyses concentrate on animals o:f a 
.. ' 

particular size range, 7.0-8.9.5mm shell height for both. 
- . . . . 

species. Records of all specimens collected in the -
- , , 

transect, .shelldimensions, reproductive status, etc. 

were made and the data obtained were used in various other 

analyses~ 

Results:-' 
I , ' 

3.2.2.1. Overall zonation patterns' 

'By combining the data colleciedover'the 

year :for each,sub-population (male or female, mature or 
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immature in the size range 7.0-3.95mm shell height) an 

overall pattern of the zonation of each sub-population of' 

rudis and arcana can be obtained. The data are given in 

table 1, Appendix C and are plotted in f'ig.'47. 

a) L.rudis C 

Both mature and immature animals of both 

sexes ge'nerally decline in numbers do'WIl the transect. 

The decline ,in mature males seems more marked than in 

mature females :for zones, 1 - 7. 

b) L. arcana. 

In both sexes,mature animals zone much 

lower than immature animals. Also mature females seem 

to zone generally slightly lower,than males. 

Discussion 

The numbers collected in successive tran-

sect zones in individual months tended to be comparatively 

low and were erratic in their distribution. Combining 

the data f'or the year shows more clearly the zoning 

, patterns for the species sub-populations. 

The overall zonation pattern o:f rudis C 

indicates that this is an ecotype of the Eelvetia/' 

Verrucaria zone, comparatively few being collected,:from 

the barnacle belt.' No distinctive di:fferenco in 

'zonation of mature and immature animals is apparent.,' ,In 
,-

contrast the mature and immature arcana. each prefer quite 

distinct sections o:f the transect, immature e.nimals being 

commonest in the upper transect zones and mature animals 
. " . 

in the, lower zones (concentrating just above and in the 

top of' the barnacle belt). Since mature and immature 

• 



Figure 47. 

. . 

Average zonation patterns: for mature and immature" 

m.ale and :female subpopulations. of' L.rudis C 

L. arcana., 
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animals are similar 'in all respects except their 

reproductive state it seems reasonable to suggest that 

migration related to the attainment o£ maturity occurs. 

In both species the data suggest that . 
mature males zone slightly above mature females. A 

similar situation is seen in neglecta (section 3.3.) • 

. This zonational difference between the sexes maybe 

related to the difference 'in costs and bene£its of living 

in.di££erent zones which might vary with the sexes, e.g. 

£emales may gain a' reproductive advantage i£ their young 

are released into the lower zones, i£ by this survival o£ 

the young is increased. 

3.2.2.2. Monthly zonation patterns. 

The monthly pattern o£ zonation o£ each 

sub-population o£ each species was also ,examined. The 

data appear in table 2, Appendix C and are plotted in 

£igs. 4.8 - 51. 

a) L.rudis C sUb-populations 

The zonation patterns are plotted in ~igs. 

48 &. 4.9.' The variation in the pattern o£ zonation £or 

each sub-population ·seems· to be £airly erratic and in view 

o£ the numbers collected £rom each. zone, there is no 

meaning£ul'deviation from the average pattern o£ zonation. 

b) L. arcana sub-populations'" 

'The zonation patterns are plotted in figs. 

'. 50 &. 51. Clear changes in the patterns can be seen.' In 

March, April and May mature £emales are £airly common and 

congregate in the lower zones o£ the transect. Immature 



Figure 48. 

Monthly zonation patterns: L~rudis C females 

.. 
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Figure 49. 

Monthly zonation pr..'tterns: L.rudis C ·males. 
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Figure 50. 

Monthly zonation patt,erns: L. arcana females. 
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Figure 51. 

Month1y zonation patterns: L.arcana males 

.. 
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females,in contrast, are congregated in the middle and 

upper zones.' 

In June mature females are relatively 

fewer ~~d immature females.are spread throughout the 

transect. 

In July and August mature females are very 

scarce,· and the immature females are congregated in the 

upper and middle transect zones. 

In September there is. a marked increase 

in numbers of mature females accompanied by a decline in 

immature female numbers and the mature females are spread 

throughout the transect. 

In October mature females are abundant and 

their zonation pattern has changed towards higher numbers 

'lower down the transect. 

From November '77 to February '78 mature 

females are commoner in the'lower zones, their numbers 

declining in successive months. Immature females are 

commoner in upper t;ransect zones. This pattern is similar 

to the months of, March to May. '77. 
, 

The changes in the zonation patterns of the 

male sub-populationsare similar to those observed'for 

:fema1es. 

Discussion 

In rudis C there is no indication of 

vertical seasonal 'movement .... In arcana, however, a clear 

pattern of vertica1 ,movement associated with reproductive 

activity is apparent. 

Mature arcana females congregate in the 

~ .' .. .:~ ..... 
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lower, and presumably damper, zones of the transect·where 

their egg masses will be less exposed to the.risk of 

desiccation. Immature females seem to prefer the higher 

zones. 

In June the numbers of mature females show 

a marked decline. Mortality may playa part in this but 

probably more significant is t~e regression of the repro-

ductive organs when animals that were reproductively 

active enter a phase of reproductive inactivity. Possibly 

as a result of this, immature animals (which includes both 

pre-reproductives and animals out-of-season) appear to be 

distributed throughout the transect. In July and August 

probably as a result of upward migration the familiar 

pattern of immature animals preferring' upper zones'is 
. ' 

re-established; zones 10,~d 11 are devoid of arcana. In 

September many animals regain or attain repro?uctive 

maturity and these are spread throughout the transect; as 

downward migration begins, zones 10 and 11 are re-occup-

ied. In October and November the downw.ard migration of 

mature females is more' apparent. and by December the ," 

majority o~ mature females are again collected rrom the 

lower zones of the transect. 

The changes, in zonation of male arcana 

follow a' similar pattern to the" females, . though they seem 

to mature slightly earlier. However, in this instance, 

this could be due to sexual dimorphism; males in the size 

range 7.0-8.95mm are probably somewhat older than females 

of a similar Size.' It has been shown (sect:Lon'2.4.1.) 

that older animals have a longer breeding season than 

younger ones. 
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3.2.2.3. Relative zonatio~ oiL.arcana and L:rudis. 

The data obtained show that at Porth Swtan 

the zonal range of' the two species is very similar; both 

species occur in all the zones of' the transect. ·,.This was 
. .'. . . . . . - . 

typical' of' the intermingling of' the two .species seen at 

" 
many' si tea. However by the detailed examination of' the 

zonation at Porth Swtan over the year a verticali'onation," 

dif'f'erence'has been sho~~ to exist, notablY that during 

its breeding season mature arcana individuals migrate down 

the transect and occupy the lower levels. This zonational 

dif'f'erence disappears when arcana is no longer breeding. 

This may account f'or observations of'.,' specif'ic zonational. 
. , 

dif'f'erences,noted at, some-sites, since.the observations 

were made atdif'f'erent breeding. 

cycle. The' reason f'or the migration.is probably traceable 

to .the method of' reproduction. The risk of' desiccation 

to the 'egg mass.-es is probably reduced.by laying,them'lower' 

down. the rock where they will be exposed f'or a shorter 

," period. However, this reproduction-related migration, is 

'tmlikely to,bethe only niche.separation m~chanism oper-' 

. ating and,f'urther research is needed in this f'ield." One' 

possible'line of' stUdy' w~uldbe e~amination of' arcana":. 

rudi s commtmi tie s f'or f'urther zonation'al dif'f'erence s which' 

may exist between the juveniles 



PLATE 33. 

11. &. 2) e, Mixed L.rudis and L. arcana in zono 2 . 

o:f. transect .1 • 
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3.3. ASPECTS OF NICHE SEPARATION OF L.NEGLECTA 

The identification of the barnacle belt 

as the habitat zone of L.neglecta was made by Heller in 

his paper (1975J in ,!,hich he also raised this form to 

specific rank. Before this date, no reliable ecological 

information is available ,as the species cannot be ful~y 

correlated t.o the subspecies L.·saxatilis nee-lecta as used 

by James (196~ and previous' authors. Raffaelli (1976) 

confirmed the barnacle belt habitat for this species at 

Llanddwyn Island • 

. A pilot study at Porth Swtan indicated 

that the barnacle belt was the habitat not only of 
. , 

neglecta but also of subs.tantial numbers of juveniles of 

other winkle species. ,Thus'it appeared that neglecta 
. . 

was co-existing with closely-related and ecologically 

si~ilar species. ". The principle of competitive .exclusion 

predicts that no two species can occupy permanently the 

same ecological niche. From this it can be suggested 

that there should be some part of the niche,e.e •. tempora~ 
'" ',. 

or spatial, unique to neglecta which might be revealed on 

closer examination. De~ining this area of non-overlap 
I 

with other species i~e. defining that part of the niche 

which was unique toneglecta, was therefore of particular 

interest. 

The"poss.ibility of food specialisation was. 

considered. However it seemed tIDlikely that the spatial 

overlap apparently observed could be explained thus. 

There is no direct evidence for or against s~lectivity of 

food items by any of , the rough winkle speCies, but it can 
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be inferred from the indirect evidence of the similarity 

of the shape of theradula cusps of neglecta and of 

juveniles of other species (see section 1.6.) that,litt~e 

food specialisation occurs (though the possibility of 

'differential digestion remains). Also ,the change in 

shape of cusps in nigrolineata, from the neglecta-like 

juvenile form' to the flat-edged adult form can be inter-', 

pretted as positively indicating that juveniles are 
'1(, • 

adapted to taking a similar food to neelecta. 
\ 

The other possibilities of resource 

partitioning considered included differences in specific 

zonation wi thin the ,barnacle belt" size zonation effects 

and dovetailing of the population: size-structure changes. 

The investiga~ion was concentrated at the PorthSwtan 

,site and for a year an intensive study of the relation

'ships of the barnacle belt. small winkle population, along 

a transect ( transect 2) was made. 

,.3. 1 • Transect 2: Siting and sampling techniques 

'The nearly smooth, vertical, landward'wall 

of the rock mass, on which transect 1 was also sited, 

provided a naturally suitable site for 'transect work on 

,the barnaole belt. '" Since the surface of the rock was 

worn comparatively smooth throughout the depth of the 

barnacle belt and for a little way above, there were no 

inacc~ssible crevices into which winkles might retreat. 

Thi.s made unbiassed collect'ing possible. Also since the 

surface was nearly vertical the transect sequence was 

'equivalent to an e'xposure gradient. If' a site had been 
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chosen on the shallower gradient of the seaward side the 

hummocks and pools would have resulted in mixed ecologic-

al areas in a single transect zone, or alternatively a 

non-continuous series of samples would have been necessary. 

The line of ,the transect was fixed and 

divided into eight zones running successively from zone 1 

(above the barnacle belj;) to ,zone 8 at the foot of the 

rock.' Each zone was~ 20cm~vertically by 60cm horizontally.' 
, '. , . 

Since the rock surface was nearly smooth, the area sampled 

in each transect zone was roughly equal (unlike ,transect' 

. 1). "The transect site rated' about 5 on 

exposure,scale. 
t,' 

The percentage cover of' barnacles in each .,. 

zone of the transect was obtained by using a point· 

quadrat technique on photographs ofa 20cm'square portion 

of the transect zone. A grid was laid over the photo-

graphic enlargements and random number 

the co-ordinates of ,,'100 points. Presence or absence, of' 

,barnacle at each 

of percentage cover, and" the results are plotted', 
') " ' .' ..... '. "" '" . 

. 52 '( see t,able 3~' . Appendix. C for thed~ta).' 

Once a month all the small winkles 

each zone,were collect~d ~ith fine fo~ceps and placed 
'0 

appropriately numbered 'tubes •. ' 
'> " . 

---" , . 
Samples were taken to the 

laboratory and killed by brief ~ immersion', in b'ailing water. 
. , ~ 

,Indivi.du~ls were id~ntified. and: shell' 
'" .. " ,,' "".... . 

length wasmeasur~din gr~ticule'un.its~aneyepiece ~atic-

le and binocular microscope. Specimens smaller than2.0gu, 

.(=1.18mm, which w~re ~oo small to c~liec·teas·il.y) ~d" 

larger th~ 6.4gu. (=3.76mm, which were thought not to be 
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in direct competition with neslecta) were discarded from 

the analyses. Information on the sex and reproductive 

state of neglecta individuals was also recorded. 

Juveniles of" all species (except mariae 

which was absent) were collected as well as neglecta. 

Individuals were identified to species where possible, 

using the char,acteristics described in section 1'.7. 

Separation o:f arcana and r1.1dis 'was largely impossible :for 

juvenile individuals. at this site because o:f the simil

ari ty of shell colour. However, wi thin' the rudi, s/arcana ' , 

category fragile, ridged, black shells sto6d out :from 
, , 

the rest which ranged in colour, white, yellow, :fawn, 

brown, grey and intermediate colours being represented.' 

Juveniles o:f the rudis/arcana'types' were kept in'aquaria 

,until they had grown su:f:ficiently :for the species to be 

identi:fied. Twelve of the black shell type grew and all 

proved to be rudis. O:f ,the individuals with other-than

black ~hells, 48 grew, of which three were arcana and the 

rest rudis. On the basis of shell colour it seemed lik-

ely the black-shelled, ,juvenile rudis were progeny of the 
. ' .' .. . " 

simil~ly coloured rudis C population, common in the 

zones above the transect, and the other-than-black shell

ed juvenile rudis were thought to be the'progeny of the' 

, rudis B population, common on the pebble habitat at the, 

foot o:f the rock. Since arcana juveniles and rudis. 

juveniles with ot~er-than-bl~ck shells were indistingui-

shable they are" treated as one, type in the:following. 

all;alyses and as the majority are likely to be rudis'B 

~'juvenUes (the aquarium experiment suggested that' 



Figure 52. 

Percentage cover of' barnacles along transect 2 • 
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Figure 53. 

. . 

Average zonation of' apeciesalong transect 2. 



SPE.CJFIC 'ZONAT10~r PA.TT~RN~ 

" , ALONG" TRANSECT" 2. 

'(1.1 
c:' ' 
o 
N 

" "'C 
(1.1 , .... , u 
(1.1 

':::: 300 
0, 
U 

'- ", 

'OJ • 
..0 .. -.' E ,. 200 
::J 
C:' 

, ' 

.' 

L. nigrolineatu 

. " 

L. rudis (C) L. rudis (B) 



-9.3-

pro~ably only 6.251».were arcana). they are for convenience 

given this name. 

2.3.2. Zonation'of' species within the barnacle belt 

Initial observations on the winkle popul-

ation of the barnacle belt suggested that juveniles of 

many winkle species (as well as juvenile and adult 

neglecta) wer~ common in the barnacle belt, indeed this 

habitat seemed to be a winkle 'nursery' ground. The data 

obtained in transect 2 were examined to see if there was 

zoning of the species within the belt, and to s~e if 

neglecta occupied a distinct spatial habitat. 

Results' 

By combining the data o.btained from 

transect 2 (see table 4, Appendix C) over the year April 

'77 to March '78 the average zonation pattern for each 

species can be more easily appreciated (fig. 5.3). 

Discussion 

Comparison of ~igs. 52 and 5.3 sholvs that"" 

neglecta are congregated above" and in the" upper part of,.' 

the barnacle belt. juvenile nigrolineata show a peak of 

frequency below neglecta and well within the barnacle 

belt. The two groups of rudis juveniles, split on' the 

basis of shell colour, most interestingly show very 

different zonation patterns. Those with black shells. 

are commonest above the barnacle belt and the other group 

are commonest"' ill the lowest ·zones. o£ the' transect. The 

difference in zonation pattern seems to confirm the 
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suggested difference in origin, black-shelled juveniles 

invading the transect from above and other coloured 

juveniles from below. It is probable that theinescap-

able error resulting from the mixing of arcana juveniles 

with non-black rudis juveniles will differentiall..yaff'ect 

the results, .the higher transect zones (1-4) probably 

having a higher percentage of arcana than the lower zones. 

(5-8) as, like rudis C juveniles, their adults live in 

zones above the transect. However if allowance is made 

for a probably differential arcana-error the preference 

of rudis B juveniles for the lower zonea would only be 

accentuated. 

Overall, itsaems that. the barnacle belt, 

which has often been regarded as .. a distinct and uniform 

~cological zone from a winkle viewpoint, is neither 

distinct (neglecta, for example,' are as common 'in zone 2, 

above the belt as in zone 4.,·, wi thin it) nor uniform, as. 

some differential distribution is seen. The zonation of 

neglecta, howev~r, is not asa distinct band sandwiched 

between other species of' winkle; neglecta, even in the ~ 

zone in which it is most common, is- outnwnbered 2 to 1" 

by other species juveniles~ -Thus it aeemsthat spatial 

zonation difference cannot be the only mechanism'of 

niche separation. 

3.3.3. Dovetailing o~population size structure changes 

Size is an important element in 

competition for food and space resources. Smaller 

winkles, by virtue of their size can exploit the shelter 
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and f'ood resources of' tiny crevices which are i.naccess

·ible to larger winkles~ However, though this may reduce. 

intra- and inter-specif'ic competition between winkles of' 

dif'f'erent sizes there will still be·the potential f'or 

competi tion .. between winkles· of' similar sizes as they are 

probably exploiting' similar resources. Rough winkles of' 

all species begin an independent existence at approximat

ely the same size (circa O. 6mm shell height to. 8gu) ." 

Hence competition between neonates can be expected f'or. 

all species and neglecta juveniles have no period when 

they are smaller than other species in which they might 

have access·to resourcesW1availabl~ to other species. 

One way in which interspecif'ic· competition 

between winkles of' the same size in the barnacle belt 

might be reduced is·through the staggering of' the 

breeding season, and it· has been noted previous~y (sect

ion 2.4.) that neglecta and nigrolineata do have seasonal, 

and different, breeding periods; rudis populations, at 

Porth swtan however do not appear to be markedly seasonal. 

Such a staggering o:r breeding season·might be expected 

to result in reduction of' juvenile interspecif'ic 

competition, juveniles of'one species growin.g larger 

. before juveniles of another appear on the beach. The 

populatio~size ~tructures of' the main types of' small 

winkle in the barnacle belt w&re examined to see if'any 

dovetailing occurred. 

Results 

Figure 54; shows the monthly size structure 

of'. the population~ of' the f'our main types of' small winklo 



Figure 54. 

Population size structure changes of small winkles 

in the barnacle belt. 

.,~ 

.' .. , 





-96-

over the year April ·'77 to March '78. \ 
The data are given 

in table 5, Appendix C. 

The population sizo structure of rudis. C 

does not show any clear changes or dovetailing with the 

other species in the barnacle belt. However it is 

probable that the main bulk of the' juveniles' of this. 

ecotype occur in zones above the transect and so are not" 

. sampled. Also the , population is comparatively small,'so 

it is proba~ly not very important as a competitor to 

neglecta. 

The neglecta population shows a marked 

change in size structure with an in£lux into the,smallest 

recorded size" classes in the months o£ October and 

November. It is possible to follow this age class as· 

it grows larger through subsequent months;. 

The juveniles nigrolineata popu~ation also 

exhibi ts a change in size, struc.ture increasing in numbers 

and size £rom April to August, the numbers £alling o££ 

a£terwards. The age class responsible £ormodal numbers 

in sequential size classes can be £ollowed through ~he 

months, until August when. they presumably grow out o£ the 

" size range included in the analysis~Comparatively £ew 

nigrolineata in the size class 2~O-2.4gu·were.collected 

and this is thought to be due to the,£ragility o£ the' 

shells of this species in this size class which probably. ' 

results in more ,being crushed on collection.. The shells, 

,of' rudis B, rudis C. and neg-lecta are very much more' . 

robust at this size. 

The juvenile rudis B population suggests' 
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that there might be some reproductive seasonality in this, 

species or alternatively, survival'varies over the year. 

Two pulses o£ recruitment are'seen in May-June and 

November-February. 

Overall' the data obtained suggest that 

some dovetailing does occur. The peak o~ numbers in the 

smallest size classes ~or' neglecta comes in October 

shortly after the marked decline in numbers of nigrol:l,ne~ 

ata (which affects all the size classes) and when numbers -. -. , ' 

of rudis B in these small size classes is particularly 

low. 

Discussion 

The dovetailing of the size structure of 
. 

the populations o£ neglecta and the juveniles of other 

, ,species suggests that'temporal effects may be impor,tant 

in the niche . separation. It is particularly interesting 

that the population s,tructures o~ nigrolineata and 

neglecta are so distinctly dovetailed as at many sites 

these are the main species in the barnacle belt; the site 

at Porth Swtal1. is s,omewhat atypical in the high numbers 

of rudis juveniles present. The dovetailing presumably 

results from the difference in breeding season, neglecta 
, , 

br~eding in the spring and 'summer (March to September) 

and nigrolineata principally in August and September (see 

section 2.4.). The difference, in breeding method results 

in further staggering of the appearance of young on the 

beach, as the' eggs of' nigr~i:i,neatamay take an appreciable' 

time to reach hatching point (an a,rcana' egg "mass took 73 

days to reach hatching at 50 C). 
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,.3.4. Intraspecific zonation patterns in L.neelecta 

Competition occurs not only between 

species but also within them. From the view point of the 
. . 

individual winkle, its' greatest comp.eti tors will be memb- , 

ers of its own species. The possibility of such compe-

tition in neglecta being reduced by different components' 

of the population (young or old, male or female) occupy-

ing different niches was examined. 

3.3.4.1. Zonation of male and female L.neglecta 

The effect of sex on zonation stategy was 

examined in neglecta using data from transect 2 for the 

year April 1977 to March 1978. The ratio of males and 

females in'each zone of the transect was compared to the 

overall, ratio of males, to females using Brandt and'. 

Snedecor's formula for X2. 

Resul ts. 

X2 =21.47, degrees of freedom =7 which was, 

significant at 1<% •. Hence the null hypothesis that'male 

and female neglecta zone similarly can be rejected. 

'There is a si~ificant difference in the zonation of ,the 

two sexes. Examination of the data (table 6, Appendix C) 

an.d figure 55 indicates that males tend to ZOlle above' 

females, males preferring zones 2 & 3 and females zonea 

3 & 4 and to a lesser extent zone 5 also. 

Discussion 

The results show thatthere,ia. a signif

icantdifference in zonation pat'tern of, males and 



Figure 55. 

Zonation of male and female L~neglecta. 
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females. This situation may have arisen in ~everal ways. 

One possibility is that it is associated with difference 

in male and female reproductive' strategy. If juvenile.· 

survivorship is improved lower·do~l (perhaps as mortality 

due to desiccation is reduced) and adult survivorship is 

greater higher up, it may be advantageous t,o females to 

zone lower where the greater risk is more than offset by. 

the number of surviving young.,. 

Alternatively it may be that size is 

important, and larger neglecta have a better chance of 

survival lower down. Female neglecta since they grow 

larger than males would therefore zone below the males 

and thus the apparently sex-defined zonation, which has 

been observed, may arise • 

. , 
3.3.4.2. Size zonation in L.neglecta 

If a aize. zonation is imposed on neglecta 

by a size gradation:in.its habitat, notably the size of 

dead barnacles as suggested by Raffaelli.'s work (i978), 

then males and females. of the same size range should ~9n9 

aimilarly, the zonation related to s.ex. observed, could 

then derive from the marked sexual dimorphism. 

The ratio of males and females in each 

zone for each size clas~ was compared to the overall 

ratio of males to females in"the size class using Brandt' 

and Shedecor I s formula for X 2 • The data· from· transect' 2 

for the year were combined for this analysis. 

Reslll ts 

The data are given in table 7, Appendix C 
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and the results. a.re summarised-below,. 

Size class ;>(2 Degrees of' Signif'icance 

(gu) f'reedom 

2.0-2.4' 0.621 :3 Not signif'icant 

2.5-2.9 4.76 6 Not signif'icant 

3.0-3.4 ' 28.63 6 Sig. at 0.001 

3.5-3.9 13 •. 64 4 Sig. at 0.01 

The results show that there is. no dif'fer-

ence in zonation of males and females in the size cl::,asses 

2.0-2.4gu and 2.5-2.9gu,. but significant dif'ferences in 

zonation of males and f'emales occur·in the larger'size 

classes. 

Di scussion 

The possibility of' the difference' in male 

and f'emale zonation arising indirectly through the comb-

ined eff'ect of sexual dimorphism and gradation of' sizes_ 

with exposure level, 'can theref'~re be rejected. The 

observed dif'ference in zonation of' the sexes appears to be 

wholly a f'unction of sex. 

, 

, . . ; 
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SECTION 4: VARIATION IN, L.RUDIS. 

The species name L.rudiscurrently covers 

all the large ovoviviparous females (i.e. of greater size 

than neglecta).ane.. all the males of' similar size and 
. " -. , 

. . '. ' ~ 

shells, with penes which have tips longer than the width 

of' a penial gland. It occurs abundantly in an "unusually 

great variety of' habitats. It can be f'ound living in the 

extremely exposed conditions of'Rockall, f'or example,' .,. 
, " 

(5. Smith, pers~ comm.) yet may also be f'ound on shelter-

ed beaches such as Beddmanarch Bay (SH 275806) and in 

saltmarshes , eg. Aberlady Bay (NT 437768). The appear-

ance of the ,winkles living in, such dif'f'erent habitats 

,varies enormous~y. 

Examination of t.he winkles from a number' 

of' sites in Anglesey gave the impression'that two variet-
.,." 

ies commonly occurred. These varieties could be recognised . , 

at a population lev~l though not neccessarily on an 

individual basis. One variety generally had robust; tall-
t 

spired, murky-coloured shells and was typically found on 

more sheltered boulder-pebble shores. ,The other variety 

had more f'ragile, globose,' cl~a~~coloured shells and was 

typically found on more expoaed shores in the crevices o£, 

stable rock masaes.Whether the correlation of' variety 
, ," " 

with habitat is a correlation with substrate type or' 

exposure is uncertain as substrate and exposure level are 

themselves usually correl~ted in Anglesey." 

Unusually, at Porth Swtan both substrate 
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types are present and support these different varieties 

of L.rudis. In spite of their proximity (which can be 

measured ill inches) the two.varieties seem to maintain 

their respective identity. The fo11owing section 100ks 

at some of the differences, particu1ar1y concho1ogical, 

that distinguish these two varieties at Porth Swtan and 

compares the situation with that at another site, 

Rhosco1yn. At this site a cline, between two forms that 
, ' 

paralleled the Porth Swtan populations, seemed to' exist.' 

',The possibili.ty ofa further taxonomic division is brie:fly 
r 

considered in the light o:f the inf~ation obtained from 

these two sites. 

. ' 
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4.1. SITE DESCRIPTION S' AND SMfPLING .. 

4.1 .1. Porth S'~tan' 

The Porth" Swtan site is described, in 

general terma, in section 3.1. At this site two distinct 

substrates exist, stable rock masses and unstable bould-

ers and pebbles. These offer dissimilar habitats for 

winkles. The areas of ,unstable boulders and pebbles lie, 

between the outcroppings of rock (see Plate 32) so that 

the two habitats, abut. Although they are side by side it 

is probable that ,the two substrates experience different 

degrees of' exposure. The boulder-pebble habitats seem 

to be protected f'romthe full force'of' the,waves by the' 

rock masses, so the exposure levela experienced in the 

unstable habitat may be equivalent to that on a more 

obviously sheltered shore. This substrate also remains 
, ' 

f'airly damp at low tide. It is comparatively low-lying 

and shallow pools are often present. In dry weather tho 

winklesf'requently move down through the interstices 

between the pebble-s, and boulders, at low, tide." They 

apparently seek out the damper regions and avoid the 

desiccating heat of'the upper surfaces. In contrast the 

rock masses offer f'ewer damp refuges and even crevices 

under Pelvetia (which 'are 'generally damp) may become dry 

during sunny weather. Little free water is generally 

retained on the rock surface. 

,The boulder-living rudis popUlation (rudis 

B)'was sampled monthly by collecting about 200 individuals 

starting at a point and working outwards. These were taken 

from the same localityin,the'boulder_pebble habitat. The 
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crevice-living rudis population (rudis C) was sampled 

along a transect, (see, section :3.2.1.) 4 and' the data were 

amalgamated. For the rollowing analyses the data wero 

obtained from samples or the two populations taken over 

the year, March 1977 to February 1978, or from the 

November 1977 ~amples only. The data from the single 

month's samples were used in those analyses in which less 

data-was required. 
"' *' 

. The particular populationa from which the 

samples were taken were, in fact, not directly juxtaposed 

because of a belt of barnacles. This was atypical of the 

site in general. Most rock masses at Porth Swtan were 

positioned. higher up the beach and lacked the bolt of 

barnacles. However, ,adults (and juveniles, see section 

3.3.) of both populations overlapped~ the barnacle bolt 

on the rock mass used, and since the crevice-living 

population was similar to the populations on the other 
.' 

rock masses, where the two habitats and rudis varieties 

directly abutted, it was felt unneccessary to repeat the 

work already done on these study populations: 

4.1.2. Rhoscolvn. 

At Rhoscolyn there'iean inlet (Grid Ref. 

SH 2917h7) rormed by f\\ right-a:ngledspit of. land (see 
.. 

sketch map,.fig.,56)., The rock,s~rata of the spit lie 

nearly vertically, and in the intertidal zone the 'softor 

strata have been worn away 'leaving large,deep' clefts. ' ' 
,I _ 

The rock surface has many small crevices which are of 

appropriate sizes to harbour the abundant winkle populat

ion. The mouth of the inlet is mode~ately exposed, rating 



Figure 56. 

Sketch map of the Rhoscolynaite. 
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4 on Ballantine's exposure scale. The stable rocks here 

support 'a large population o:f rl.1dis (and also arcana) 

which appear to be similar to rudis C at Porth Sw'tan, and 

these are termed rudis.c. Moving :from the mouth to the 

base o:f the i~let (where sand. and small pebbles have been 

deposited) the· conditions become progressively more 

sheltered. The rocks along the side o:f the inlet are 

geologically similar to those at the mouth and o:f:fer a 

comparable topography to the winkle community. IIowever, 

they lie in more sheltered condition~,' rating 6 on 
, , 

Ballantine's scale. They support a £airly large popUlation 

o:f rudis (but verY,£ewarcana) which appear intermediate 

between rudis c-type and rudis b-type(see below} ~d are 

termed rudis I. Transecting the spit is a gully, 

apparently man-made. This is £loored with small b,?ulders 

and pebbles and, at low tide, shallow pools remain.,' This 

substrate resembles the unstable boulder-pebble habitat" 
.j 

'at Porth Swtan and supports a population o£ rudis,(but 110 

arcana} which resemble rudis B and are termed rudis b. 
'. 

These three populations were sampled in 
.. 

the same manner as the rudis B population at Porth Sl~tan, 

in November 1977; 
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4.2. COMPARISON OF SHELL CHARACTERISTICS 

The nature of' the shell secreted bY'an . 

animal is undoubtedly prof'oundly important in its 1if'e, 

since its survival depends, in part, on various charact-

eristics of' it~ shell: Shell colour and patterning are 

probable f'actors in predation (Reimchen 1974, Heller 1975b), 

its size, a f'actor in how it can exploit crevice shelter 

(Emson & Faller-F7itsCh1976, Raf'f'aelli & Hughes 1978), 

its mouth.shape, in, protecting it f'rom crab predation 

(Heller 1976) and its thickness in protecting it f'rom 

. crushing and attack by crabs (Raf'f'aelli 1978~. 

The dif'f'erences in the shells of' .the 

boulder-living and crevice-living rudis populations are 
- ,-

striking. The f'ollowing section'is aimed at quanti£ying 

some of',these'dif'f'erences and at examining whether or not 

the shells of'the sheltered-crevice-living rudis population 

(rudis I) are in f'act intermediate between the b-type and " 

. c-type. '. The .' characteristics of' the shell that are 

'examined here are shape, thickness and colour • 

. 
4.2.1. Shell shape. . . ( 

In general the shells of' the bou1der-

living rudis seem to have a smaller apical angle and larger .... , 

spiral. pitch than those of' thecrevice-livng rudis,i.e. 

the f'ormer have taller-spired,shel1s than the latter. 

Furthermore, the columellar lip seems to be.be~ter deve1':' 

oped and the aperture narrower in.the boulder-living 

populations. The f'ollowing analyses test whether there 
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are significant statistical differences in shell charact-

ers of the rudis populations studied. 

A number of measurements,' of the shells of 

the animals collected were taken, using dial calipers 

accurate to .0.5mm. These were" shell height (sHT) , shell 
• 

width (Sly), shell diameter (sD), internal aperture length 

(IA), external aperture length (EA) and internal mouth 

. ' 
I," 
~ ! 
f" 

,\ 

diameter (IMD). 
( 

These measurements are defined in fig.24~ 

Ratios describing shell shape characters were calculated 

from them viz:- sHT/sW,sW/sD, rA/EA, IMD/IA. These can 

be used to give an assessment of the relative tallness, 

symmetry (in spire view), degree of expansion of the 

columellar lip, and mouth shape respectively. The ratios 

were calculated on shells in the height range 8 • .5-9.95mm 

for Rhoscolyn. Thus,if shell shape varies with shell 

height, possible size bias in sampling should not affect, 

the' comparison. This was not possible for Porth swtan' 

material as the shell height' ranges of, rudis B and rudis C " 

in the sa~ples collected were so disparate., ' The shell 

height ranges used were 8.5-9.9.5mm for rudis C and 11 • .5-

12.9.5mm for ~~ B. The data were obtained from the 
, 

samples taken in November at Porth Swtan. 

Results. 

, , 

The results, are summarised in table 8. 

'a) Porth swtan. 

The results indicated that rudis B shells, 

were significantly taller-spired and more asymmetrical, 

and showed more expansion of the columellar lip than rudis 
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TABLE 8. Comparison of shell shape measurements using Mann-Whitney U test. 

Ratio 

SHT/SW 
SW/SD 

\ lA/FA 
IMD/IA 

SHT/SW 
SW/SD 
lA/FA 
IMD/IA 

SHT/SW 
SW/SD 
lA/FA . 
IMD/IA 

, SHT/SW, 
SW/SD 
lA/FA 
IMD/IA 

PORn! SWTAN 

L. rudis C L. rudis B . 

n median range of ' n median range of 
observations observations 

87 1.095 1.012-1.171 57 1.185 1.090-1.292 
87 .664 .610- .697 57 .714 .690- .829 
87 .661 .568- .722 57 .562 • 511- .646 
87 .781 .687- .926 57 .786 .689- .845 

RHOSCOLYN 

L. rudis c L. rudis I .. 

57 1.102 1.029-1.208 82 1.147 1.021-1.283 
57 .675 .605- .708 82 .689 ' .833- .742 
57 .605 .523- .718 82 .617 .511- .678 
57 ' .792 .714- .970 82 .795 .641- ,.959 

L: rudis I L. rudis b 

82 1.147 1.021-1.283 SO 1.192 1.090-1.329 
82 .689 .633- .742 SO .709 .677- .756 

. 82 '.617 .511-' .678 SO .562 .489- .652 
82 .795 .641- .959 SO .773 .722- .861 

L. rudis c L.· rudis b 

57 1.102 1.029-1.208 SO 1.192 1.090-1.329 
57 .675 .605- .708 50 .709 .677- .756 
57 .605 .523- .718 50 ' .562 .489- .652 
57 .792 .714- .970 50 .773 .722- .861 

NOTE: SHT: shell height 
shell width 
shell diameter 

SW: 
SD: 
IA: - internal aperture length 
IMD: - internal mouth diameter 

z 

9.19 
10.10 
9.9 

.85 

, 5.76 
3.38 
1.41 

.16 

6.38 
6.60 
8.02 
2.33 

7.88 
7.84 
6.91 
2.59 

These measurements are defined in figure 24. 

N.S.I - not significant 

two-
tailed 

2 

.00006 
• 00000 
.00006 
• 3954 

.00006 

.0006 

.1586 ' 

.8728 

.00006 . 
• 00006 
.00006 
• 0198 

.00006 

.00006 
• 00006 
.0096 

Significance 

Sig. at .01% 
Sig • at .01% 
Sig • at .01% 
N.S • 

Sig. at .01% 
Sig. at .01% 
N.S. 
N.S. 

Sig. at .01% 
Sig • at .01% 
Sig. at .01% 
Sig • at 2}6 

Sig. at .01% 
Sig. at .01% 
Sig • at .01% 
Si,. at 1% 
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C shells, but there was.no signif'icant dif'f'erence in the 

shape of' the aperture. 

b) Rhoscolyn. 

At this site rudis b were signif'icru~t1y 

taller-spired" more symmetric~l.!; showed' more expansion' of 

the columellar-lip. In these characters.they, therefore, 

paralleled those seen between rudis B and rudis C at Porth 

Swtan. However, they were, in addition, narrower-mouthed 

than either rudis I or rudis c, though the difference is 

not so marked in mouth shape as in the other characterist-

ics. The I-popul~tionare taller-spired and more 

symmetrically-shelled than rudis c but. are similar in 

mouth shape and degree of' columellar lip expansion. Thus 

the shell ~hapecharacteristics of' the rudisI population 

,seem to be intermediate between the b and c f'orms. 

4.2.2; Shell thickness. 

The degree of protection from crushing 

(either by boulders/pebbles or crabs) af'fordedbya she11 

will depend, in part, on the thickness of' the shell over 

the surface of' the,. animal. Observations sugge sted that 

the shel1~ of the crevice-l~ving variety were rel~tively 

thinner than those of the.boulder-living,type, 

In comparing the thickness of' the' shells ' 
. . 

produced by dif'ferent populations several factors' must be 

taken into account. Firstly, in general, shell thickness 

increases with age; older animals have thicker shells than 

younger ones. This relationship is,' however, unlikely to" 

" 1: 
'~ .' ,.' 

.,~ .. 

• 
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/ 

be linear and furthermore, it does not neccossarily mean 

that the relative investment in she~ production increases 

with age. Thus in comparing shell thickness between 

populations the age or size of the animals must be taken 

into account. Secondly, since one of the differences 

between the bou}der-living and crevice-living varieties 

is a difference in shell shape, winkles of the same height 

from the two populations will' probably be' of different '.'-

tissue weights. Or, put another way, a larger animal from 

the short-spired, crevice-living population could have tho 

same shell height as a smaller animal from the tall-spired, 

boulder-living population as they lay down shells with 

diffe~ent apical~gles and spiral.pitch. Thus the relat-' 

ionship between the size of the animal and .the shell 

.height is likely to differ in the two populations. 

In the following assessment of the 'relative ._ 

.' thickness of the shells produced by the five rudis popul-' 

ations studied, the ratio used is ALIT (AL=animal length, 

defined in fig. 10, and T=shell thickness measured about 

2mm inside the lip and through a ridge on ridged shells, 

defined in fig. 24). The use of the.measurement AL avoids 

,the problem~ involved in using shell dim~nsions (discussed 

above) but· a~sumes . that the proportion of the head mass to" 

the overall size of the animal (ie. soft tissue) is" 

equivalent in all the rudis populations examined. The 

relative shell th£ckness is ass~ssed from ~easurements of 

individuals in the shell height range 8.5-9.95mm from 

Rhoscolyn and 7.5-8.95mmfor material collected in November 

from Porth Swtan. Mar~-Whitney U tests were used to 
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Table 9. Comparison of shell thickness ratios using Mann-Whitney U test 

PORm SWTAN 

L. rudis C 

range of " 
n median observations 

"of. ALIT 

67 9.67 7.14-19.0 

RHOSCOLYN 

L. rudis c' 

82 10.29 , 6.4 -19.0 

L.' rudis b 

50 7.45 ' 5.55-10.86 

L. ~udi's c 

82 10.29 6.4 -19.0 

L. rudis B 

n , median 

51 ' ,8.09 

L. rudis b 

50 7.45 

rudis I 

100 : 10.0 

" 100 '10.0 

range of 
, observations 
of ALIT 

5.62-11.55 

. 5.55-10.86 

6.67-16.2 

6.67-16.2 

z' 

, 5.89 

6.27 

7~52, 

'.54 

two~tailed 
p 

.00006 

.00006 

.00006 

.5892 

Signi ficance 

Sig. at .1%, 

Sig. at .1% 

"Sig. at .1% 

N.S. 
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compare the ratios from the different populations. 

Results. 

The results of the compariaons between 

populations at the two sites are summarized in table 9. 

a) Porth·Swtan. 

The comparison of the ratio ALIT from the 

two popu1ations showed that rudis C shells are signific

antly thinner than rudis B shells. 

b) Rhoscolyn. . . 
At this site the 'shells of the rudi~ b, . 

population are significantly thicker than those o'f either 

rudis c or rudis I. The shells of rudis c and rudis I· 

are of similar thicknesses. 

4.2.3. Shell colour. 

At the risk of generalising,. it often seems'·· 

that the ecotypesof rudis exhibit rather different 
- . 

qualities of shell· colour •.. The crevice-living rudis often·· 
. . 

seem to have· a: variety of well-defined, attractively-. . . 

coloured shells ",-hile the boulder':'living rudis often have 

.. rather murky and dull coloured shells. The frequel{cies of . 

shell colours in the different rudis populations. studied 

are given in.table 10. No attempt has been made to score 

quantitatively the· shell colours of the populations consid

ered, (as has been done by Pettitt,197~ as a descriptive 

.list of colours and,frequency seemed to convey the point 

more simply here. 



Table 10:- Frequencies of shell colours. 

Colour of shell. 

Bright yellow: 
Pale yellow, 

Yellow":white 

'Y.ellow with (1 ,or 2). brown 
bands 

White 

~rey-white 

Whit~ with purple bands 

Fawn-whi te ' " 

Pink-white 
, ",Brown 

Pale brown 

.Grey~br9wn 

Fawn-brown 

Dark brown 

Fawn 

Yellow-fawn 

Fawn with brown bands 

with white atripe 

Grey',· 

Dark"grey' 

Dark grey 

Black 

Orange 

Brc;>wn-purple 

Peach 

Pale purple 

L.rudispopulation: 
Porth Swtan RhoscQlyn 

" 

B C 

:.'" -
- -

- -

,-

6 
'6 ,', -' 

2 12 

'3,8 -. 

2 

.. 1 - -. ' 

10 

45 
2 -

,- , 

.. "," 

b I' c 

67, 

7', . 44 
1 

,,5 

- -, 
6 .5: 
1 4 

4 
16 

3, 6 
8 

52 
16 

'I, ' 

-

1 

J: -

121 

10 

,5 
1 

2 

1 

--

y 
; , 

" . 
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Results 

a) Porth Swtan. 

The rudis C population exhibits a very 

limited range of colours with only black and dark brown 

shells (see Plate 31). The rudis B population shows a 

wider range of.typica1ly dull colours, most common o£ 

which are fawn and dark grey. 

b) Rho scolyu •. 

The colours of the rudis c and rudis I 

populations are yery similar. In both populations yellow 

and white are the commonest shell colours and in both 

there are individuals with the dramatically-coloured, 

pro~~-banded yellow shells. In contrast the rudiS'b 

population tend to have dull-coloured shells which are , 

'predomi~antly fawn and yellow-fawn. None of' the animals 

taken from this popu1ati.on had shells.that were. bright 

yellow', white or yellow with brown bands~ 

SUJviMARY OF SECTION 4.2. 

The 'data collected support the observed" 

differonce in shells of crevice-living'and boulder-living 

varieties of rudis •. Boulder':'living rudis tend to have. 

thicker, ta11er- spired, more symmetric'al, duller-coloured 
.- .. 

It 
I: . 

shells with more expanded colwnellar lips than the crevico-

living rudis. A significant difference in mouth shape was, 

. however," observed only at Rhoscolyn and not at· Porth Swtan. 
. , 

At Rhosco1yn the shells of the intermediate' population, ,'. 

rud±s I, bridge some, but not all, ~f these differences~ 

They tend to be intermediate in shape characteristiCS, but 
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in both colour and shell thickness they show greater 
. It· 

affinity to the crevice-living population. The:interpret-f 
~~ 

at ion of these results is discussed in section 4.5. 
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4.1. PENIS CHARACTERISTICS. 

Significant differences in the form of the 

reproductive. organs. are· good species-markers, . and penial' 

. form often differs between species of winkles. With 

L.littoralis the initial indication that this was a mixture 

of two species '( obtusata and mariae) was. the. observation of 

two penial forms (Sacchi, 1966). Between the crevice-" 

living and boulder-living rudis however, there appears to 

be little difference in penis form, except in overall size; 

the boulder-living form, being generally larger, has 

correspondingly larger penes. 

Comparisons were made of the penial 

proportions between the populations at each site using the 
, . - ' 

Mann-Whitney U test. The ratios compared were relative 

tip length (TL/PL), relative slze of the penial gland 

region (PGL/PL), relative base length. (BL/PL) and relative 

size of the penis (PL/AL). The measurements TL,PGL,PL,DL 

and AL are defined in fig. 10. The frequencies of penial 

gland number and arrangement were compared for the Porth 

Swtan populations. With the Rhoscolyn population,only the 
<', , • "" • 

frequency distributions .. of penial gland numbers were 

compared as the samples. were too small for comparison.of··· 

frequencies of arrangement pattern. 'The data given for 

Porth Swtan.populations"were derived from material collec-

ted over the period of a year. 

Results. 
'. 

The results of the comparisons' of peni.s 

proportions are summarised in table 11 and the frequency 



Table 11: Comparison of penis proportions using Mann-Whitney ~ test 

PORnI SWTAN 

Ratio L. rudis C L. rudis B 

n. median range of n median range of z two-tailed Significance 
observations observations p 

PL/AL 100 1.120 .776-1.568 78 1.100 .750-1.577 1.38 .• 1676 N.S. 
TL/PL 94 • 236 .134- .365 80 .171 .061- .369 7.19 . .00006 ail. at .0196 
PGL/PL 95 .606 .375- .780 80 .620 .230- .842 .77 .77 N.S. 
BL/PL 93 .171 .000- .275 80 .220 .000- .500 2.89 . .0038 si,. at 1.0% 

RHOSCOLYN 

L. rudis c L. rudis I 

PL/AL 38 1.059 • 781-1.328 69 1.055 .754-1.397 ~48 .6312 N.S • 
TL/PL 38 .253 .191- .339 69 .224 .128- .304 3.48 .00046 sig. at. .0196 
PGL/PL 38 .618 .495- .759 69 .627 .461- .786 .13 .8966 N.S., 
BL/PL 38 .117 .000- .253 69 .150 .000- .333 ' 1.89 .0588 N.S. 

L. rudis I L. rudis b 

PL/AL 69 1.055 , .754-1.397 27 1.061 .890-1.441 .71 .4778 N.S.' 
TL/PL 69 .224 .128- .304 27 .• 224 .155- .319' • 31 .7566 N.S • 
PGL/PL 69 .627 .461-.786 27 .625 .439- .775 • 07 .9442 N.S • 
BL/PL 69 .150 . .000- .333 27 .151 .000- .337 .25 • 8026 N.S • 

L. rudis c L. rudis b 

PL/AL 38 1.059 .781-1.328 27 1.061 .890-1.441 .06 • 9522 N.S • 
TL/PL 38 .253 .191- .339 27 .224 .1.5.5- .319 2.38 .0172 si,. at ~ 
PGL/PL . 38 .618 .495- .759 27 .625 .439- .775 .24 • 8104 N.S. ' • 

, SL/PL 38 .117 .000-.253 27 .151 .000- .337 1.42 • 1556 N.S • 
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Figure' 57. 

Frequenc.ie 5 of penial gland.' number (and arranb'ement 

where,applicable) in the L.rud'is populations at 

Porth Swtan and Rhoscolyn. 

" 
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distributions or penial gland numbers and arrangement (the 

latter for Porth Swtan material only) are given in table 1, 

Appendix D, and plotted in fig.57. 

a) Porth Swtan. 

The penes of the rUdis' C individuals had 

relative tip lengths that were significantly longer and . 
, , 

relative basal lengths tha't wer.e significantly shorter 

than those of the rudis B individuals. There were no 

significant differences in the relative length of the 

penial gland region, nor in the proportions of penis to 

animal size. Though the frequencies of the different 
, . 

; ',' . . 
modes of penial gland arrangement are closely similar in 

the two populations it appears that males of the rudis B 

type,t,end to have more penial gl~ds. 

b) Rhoscolyn. 

The penes of the rudis cindividuals had 

tips that were significantly longer than those of,rudis I 

or rudis b individuals. No other significant differences: 

in proportion were noted. Only penial" gland numbers were 

<?ompared between the popUlations. (fig. '57) as' too Ii ttla 

material was available for a comparison of arrange~ent to 

,be made. The data suggest that the rudis I population 

may have more penial glands than either c or b populations 

but ,the difference is relatively slight and is probably' 
/ , 

not significant. . , 
Discussion, 

" 

,Overall, the differences noted, which 

'mainly, concern' the Porth Swtan populations, are far less 

extensive ,than those seen between rudis and arcana (see 
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.. on~ , 

table 3'" p.l9A) ,and 'are not suf'f'iciently marked to be 

regarded as indicative of' separate species. It is inter-

esting that the percentage of' single and irregular penial 

gland arrangements are, in the rudis B populat~on, 49% and 

49% and in the rudis C population 50% and 49% (re:specti

vely) • Thus tlie distribution of' patt.erns o£ arrangement 

is nearly identical though rudis D individuals tend to 

have more penial glands (see f'ig. 57). Hence the 

arrangement of' the penial glands is not purely a f'unction 

of' number as suggested by Raf'f'aelli (1979). Since the 

relative length o£the penial gland region is no dif'f'erent 

in the two populations, this suggests that the relative 

size of' the glands may be slightly different. 

, . 
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4.4. SIZE FREQUENCY Ao\fD AVERAGE NATUHATION SIZE. 

The average size above which winkles are 

generally capable of reproducing varies in different 

populations and appears to be related to the size frequ

ency of ~he population. It is noticeable that winkles cii 
.boulder-living rudis populations. seem to grow much larger 

than crevice-living rudis, and are generally larger when 

.they come into reproductive condition. These population 

characteristics can be seen by looking at a) the size 

frequency and size range of the population, and b} at the 

percentage mature in successive size classes. Only 
. I 

animals greater than 6.5mm (shell height) were considered,'" 

si~ce small animals (less than about 6.0mm) are disproport-

ionately more difficult to collect. For the Porth Swtan 

populations data collected over the year were used for the 

comparison. 

Results. 

. The data are given in table 2, Appendix D • 

. The size frequencies of animals' from the dif'ferent· popul- .' 

ations are plotted in fig.58. and the~ ~ mature in' 

successive size clasaes.are plotted in. fig. 59. The 
\ . 

smallest size .class in which 50% or more are matureis:-

POPULATION 

Porth Swtan: L.rudisC 

L.rudis .. B 

Rhoscolyn ·L.rudis c 

L.rudis I 

L.rudis b 

; - . . 

Smallest size clas~-in which. 

50% or more are mature. 

7.0-7 .45mm .. 

11.0-11' .. 45mm 

7.5-7.95mm 

8.5-8.95mm· 

9.5-9.95mm 



Figure 58. 

Size frequencies in L.rudis populations.B,C,b,c.& I •. 

-. 
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.a) Porth Swtan. 

Individuals o£ the rudis C population tend 

to mature at a much smaller size than rudis B individuals, 

The data also show (see £i8'.58) that Tudis B individuals 

generally grow much larger than rudis C and may achieve 

nearly twice the shell height o£ even the tallest rudis. C 

individual •. 

bJ Rhoscolyn. 

Individuals. o£ the rudis c population tend 

to mature at smaller shell heights than'either'rudis I or 

rudis b. The di££erence is less marked between b and c 

types than between the comparable Porth Swtan populations, 

C and B. The maximum size is largest in rudis b, less in 

rudis' I and least in rudis c. The lower values. £or % mat~ 

'ure in size class 11.5-11.95mm and above £or the rudi~ b 
.. 

population could be due either to a local reproductive 

cycle e££ect at the time o£collection, or to senoscence 

of. these large animals. Parasit~smis not suspected, as 

paras.itized animals. were not included in. the data used. 

Discussion. 

Theae di££erences noted in the size frequ-

encies'and average size of maturation.suggest important 

di£ferences in the ecology o£ the populations living in 

the different habitats •. Several suggestions haveboen 

made, as to how such di££erences. may have arisen, by ,'. 

previous autho~s. Raffaelli and Hughes (1978) working on 

similar populations of rudis, and also neritoic1es, have 
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shown that.as crevice size increases, so does the maximum 

size of the wink1es sheltering in them. These authors 
. 

have suggested that in exposed crevice habitats, larger 

wink1es will have an increased risk of mortality since 

. . ' 
they ~re less likely to f1nd suitable crevices in which 

to shelter, and this will produce a selection pressure 

:for· maturation at comparatively small .. shell heights •. On 

sheltered shores they :found that size :frequencies of 

L.rudis and crevices were not related. Emson and Fal~er-

Fritsch (19761 working on rudis populations from exposed 

and sheltered bou1der habitat shores have suggested that 

larger size is se1ected :for especially in exposed condit-

ions. They argue that in such habitats small winkles are 

at greater risk of crushing or predation and they have 

. suggested. that the winkles are selected for rapid growth. 

to large sizes, thus outgrowing size ranges at greater r 

·riskbe:fore becoming mature~ Thus th~ selective pressures 

of the habitat could be of considerable importance in 

affe~ting. the size frequency and maturation siz.e of the 

anima1s at a ··10cality. The authors of these' studies have 
. - . . . .. 

suggested that there is a genetic basis for the adaptation 

o:f rudis to di:f:ferent environments. Ho,,,,ever, it is also 

possib1e that the differences may result from phenotypic 

. adaptation, or through heavy selection • 

. . 

f. 
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4.5. DI SCUSSION AND TAXONOMIC IMPLICATION S OF SECTION 4. 

At Porth s.wtan the habitat typos are 

,clearly demarked. The substrate for winkles is either 

stable rock masses 'or unstable boulders and pebbles. ,The 

populations of rudis which inhabit these different 

substrates are shown to, differ markedly in shell and 

populat~on structure charac-teristics and there 'are no 

obvious in~~ediate popUlations. At Rho~colyn, vopulat

ions that parallel those at Porth Swt.an can be seen. 

H9wever, there appears to be a clinal situation between 

these forms at this site since, in an area int~rmediate, , . 
. ' 

both geographically and in exposure, level, there are 
l 

rudis exhibiting intermediate characteristiC?s. 

Several interpretations could be put upon 

the observations made. The data could Stlpport arguments 

for. the exi stence . of a). sympatric species (it. coul'd be 
. . 
suggested that the intermediate population at Rhoscolyn 

. repre'sents a sheltered form of the stable ~·habi tat' type 

and the differences between I and c types could be 

interpreted as phenotypic or as the result of differing 

'selective pres~ures),'b). genotypically-adapted forms c 

,(ecotypes), c). Pheno'typ:i.~ally~adaPted forms 0; d). ,as 

the result of heavy selection against inappropriate 'forms 

in each habitat. 

Certainly L.rudis is a species in which 

sympatric speciation 90uld easily occur. Its biology 

fits the theor~tically-predicted optimum requirements 
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(Ma~ardsmith, 1966) ~or sympatricspeciation to occur,viz:

a) It lives in a heterogeneous ,environmen:t in which 
. 

density-dependent '~actors regulating population size 

operate independently in the two niches. 

b) There is likely to be a low interchrulge o£ genetic 

material (the size di~£erence at Porth Swtan probably 

makes it mechanically di~£icult ~or inter-varietal matings 

to occur). 

c) The species is one in which the ~emnles lay eggs in 

the habitat in which they, themselves, grew up. 

In view o£ the lack o£ anatomical di~£erences which the 

animals,themselves, might use to recogniseconspeoi~ics 

(which,are especially likely to exist in sibling species 

when they are~ympatric, Cain,1978) the interpretation, 

that, the variation is a re~lection o~ distinct species, 

seems unlikely. ,Ra~~aelli '& Hughes (1978) have'sugg~sted 

that these ~actors (a-c) in the biology of .!:1!2is'have res~ 

ul ted in" an ecotypic s1 tuat ion, which could 0.1 so accow'l t ~or 

the variation observed. However, the other possibilities 

cannot be discounted. Clearly the simple examtnation of 

the physical appearance o~ the winkles cannot provide a 

solution to the question o~ how the variation arises. 

Critical experimentation, designed to answer this question 

is needed. 

Since any ~ormal-taxonomic recognition,of 

these £orms would imply ~ genetic basis.~orthe variation, 

" to describe tho forms studi:ed herein, as ~or example, 

varieties, would be premature. However, some nominal 

recognition o£ the variation in rudis w~uld be helpful 

as an aid to ecologis~in view o~ the pronounced differences 

in biology that can be observed. 
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GENERAL DISCUSSION, 

!!XONOMIC AND FUNCTIONAL ASPECTS, 

lieller (1~75a) sp~it the rough winkle 

L.saxatilis into four species, patula, rudis, neglecta 

. and nigrolineata, using primarily the shell,and penial 

form as diagnostic characters, For each species he also 

,noted the breeding ha?i t, ?~terase· pattern, radula 

appearance and habitat, 

It was initially intended to examine, in 

greater detail, the ecology of' these four sibling species,' 

However, it was, fOlUld ,that two of the species, 'rudi s and -,' 
patula ha~,been descr~be? from mixed-species material 

(Hanna£ord Ell:is, 1979) ,and furth'7rmore,that the current 

descriptions were inadequato for, identifying the juvenilos, 

and immature individuals. Thus it was n~c~ssary,to alter 
I' ,- , 

the taxonomy o~~he rough winkles ,(H~nafo~d E~lis, 1978' 

~ ,1979) . and to expan~ .. the descriptions ,of the species to' 

. include juveniles and i~l\'~ature animal~ before exam~nation 

of tho ecolc;>gy, o~ .. the sp~cies could, be undertaken, 

Those aspe<?ts of the identificatio~ of ,rol.~gh 

winkles which h~d not. been described adequately by other 
. '.. . 

authors aro'described in section 1~ . , Thus particular.atten-
" .. .. \" .... ' , 

tion was p~id to,defi~tn~ th"characters that could be used 
, " .' ',. . 

to i~entif'y. juVeIl:ile,~ (in.which sex, cannot be disce~ed) and . 
i~ma~~re i.ndividuals ,of, ,the four ~pecies, and the adults of 

I:'udis and~rcana, .. It, was ':-1I1nccess~ry to define the 
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characteristics of' adult nie-roli_neata and nee-lecta as, 

descriptions of the characters used for identifying them 

were alreadyav'ailable (Heller, 1975a,Sacchi, 1975). 

When samples of juvenile rough winkles ~ere 

collected, juveniles of the other winkle species, mariae, 

obtusata, littorea and neritoides, were often mixed with 

them and so these had to be identified before the rough 

winkles were examined. Despite the fact that somo 

ontogenetic changes are seen in obtusata and mariae 

. (Reimchen, 1974) and in Ii ttorea (s>ection 1.7.2.), all 

f'our species have species-specific shell characteristics 

at all,ages which can be used to identifythem~ 

'Specific diff'erences, which would allow 

separation of the ,four rough winkle specios, were looked 

f'or in the'shell, pallial' ovi'duct, penis, prostate" 

ciliated field, sub-opercular pattern and radula~ The' 

ciliated field and prostate were only examined in rudis 

and arcana since the more readily quantifiable shell and 

penial characters were not diagnostic. By using 

combinations of' 'these characters 'all individuals except 

juvenile arcana" and rudi fJ, which defied s.eparatio~ from 

each other, ,could be identified. 

Besides their taxonomic application,the 

functional as,pects of' the structures are important and 

observations made on ,them have posed many questions that 

need to be. answered. Both taxonomic and functional' 

aspects'of each structure are considered below. 

. ' 

.' .' 
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1). Pallial oviduct 

The appearance of the mature pa11ia1 

oviduct has been shown to distinguish rudls and nitaro1in

eata fema1es bySacchi (1975). Though he, and other 

authors (Linke, 19.3.3, Fretter & Graham, '1962) 'have' , . 

figured the externa1 appearance of the mature oviducts, 

'these f'igures have not made clear the anatomy of' thi's 

complex struct,ure. The structure of' both immature and 

mature oviducts in arcana (oviparous) and rudi s' , {ovovi vi

parous)wer'e examined in detai1, and the d:lfferences' noted. 

The oviducts of these species are different in immature 

as we11 as mature states and these differences can pe 

used to diagnose the fema1es. 

Since reproductive mode is the same in 

rudis & n~glecta (ovoviviparous) and in arcana & 

nigro1ineata (oviparous) general oviduct anatomy is 

insufficieht to distinguish between these p~ir5 of species. 
" ' 

However, since the shell characters of both nigro1ineata 

and neg1ecta are, diagnostic, pallial oviduct 1 "dif'f-erencea, 

are not needed to identify them. ' 

Examination of the oviduct may also point 

to inter- and intra-specific differences in life history 

tactics~ When comparing interspecifica11y the oviduct 

contents of neglecta and rudis. it was noted that the form-

ar have fewer, re1ative1y larger embryos (pers.obs.). 

This suggests, if the rate of embry6deve1opment is 

simi1ar in the two species, that neglecta has a lower 

percentage mortality to ':reproductive age. Comparable 

intraspecific differences have been found in different 

'. 

,-.. 
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populations ofrudis. Faller-Fritsch (1977) examined 

boulder-living populations and found that in shelter, 

females produced fewer, larger embryos, and Hart (1978) 

comparing crevice- and boulder-living populations, fotUld 

that crevice-living females produced fewer, larger 

embryos. 'It is possible that these may represent an 
ecotypic difference as these'authors suggest, but as 

Stearns(1976) points out unti~ the genetic basis of the 

differences has been established through laboratory 

stUdies,' any assertion that a difference obse~ved in the 

field has evolved .and is an adaptation must be viewed 

with suspicion. 

2) Penis.' 

Penial form can be a useful taxonomic 

character as Sacchi & Rastelli (1966) showed ,for obtusata 

and mariae. Ho~ever"ofthe rough winkles only 

nigrolineata has a diagnostic penial form and this has been 

'described by both' Heller (1975a) and Sacchi (1975).' The,' 

use of the ,penis in identific~tion is furthe~ complicated 

by the'regression (Bergerard, 1971a &b) or shedding 

(Pettitt, '1973b) of the' penis which occurs . wilen the animal 

goes out of breeding condition. . Thus for rough winkles 

penial form is not particularly useful taxonomically. 

Cain (1978), drawil~g on. such examples as 

mariae, obtusata and nigrolin~~.b:i. has suggested that 
!r 

. penial. form may play an important role in the. re'cogni tion 

of conspacifics and the prevention of hybridisatio~ between 
. 

~ related species. Since a) the penes of rudis and arcana 

appeared to be so similar in form, b) the species are 
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'widely sympatric and c) they are of similar size, it 

would be reasonable to suppose that tho chance of' hybrid-

isation is greater f'or these species than for any other 

pair of winkle species.. Furthermore, rudis and arcana 

may on occasion attempt copulation:as, in genera~ winkles 

seem to be f'airly indiscriminate and do not;always 

copulate only with conspecifics: Raffaelli (1977) 

reviev.ecl observations by other, authors and gave. examples. 

of males of rudis and nigrolineata with their penes 

engorged and inserted into ,the ,mantle cavity of conspeci-

fic males and individuals of other species, apparently 

attempting copulation. However, he also noted that 

reduced time was spent in attempta at copulation between 

'unnatural' pairs and suggested that sperm release does 

'not'occur. Since rUdis-arcana'hybrids have not been 

observed {pers. obs.)it seems that reproductive' 

isolatiou' is maintained (or hybrids. are so uncompeti tive 

that they do not su;'vive) des~ite the po'ssibility ot: 

interspecific coup~ing. The mechanism of isolation has 

still to be clearly defined and 'in spite of the apparent " 

similarity of the penes, it may have a mechanical basis. 

For example, the length of the bursa copulatrix may be '" 

an important stimulus' (section 1.2.2.1.). 

J) Prostate. 

The prostate has not been used previously 

in diagnosis of winkle species. It was examined here 

only in arcana arid rudis and its appearance was found to 
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di:f:fer slightly in these two species. It is generally 

more puckered and of'_greater width relative to length in 

arcana. The diff'erences are not, however, diagnostic 

so it is only o:f use as an ancillary character in -

separating the males o:f these species. 

In rudis and arcana histological examin-

ation of' _ the prostate showed that at .least two sorts o:f 

secretory product are present in.the·cel~s. The :functions 

of these are unknown. 

4) Ciliated f'ieldj 

The ciliated f'ield in winkles has not been 

recorded by previous authors. It can be a di:f:ficult 
, ~-' 

character to use in identi:fication aa it is obvious only 

in :freshly~killed animals. The structure was examined in 

detail in rudis and arcana and speci:fic di:f:ferencesin

size and 'posi tion o:f the f'ield were seen. These dif':fer~·- - -

_ once s. are particularly usef'ul :for diagno sing male rudi s 

-and arcana. 

The :function o:f the ciliated :field 

remains. obscure'. The direction o:f beating o:f the cilia 

would serve to drive something out o:f the mantle c·avi ty 

-and-there are many.possiblo candidates :for. expulsion, 

e.g. water, particles and :faecal pellets, but there is 

no evidence to indicate , ... hich, i:f any, are expelled. 

Any hypothesis suggesting its :function should, however,· 

take into account the variation in size (and th~ro:fore, 

presl~abl~ importance) in the di:f:ferent species and why 



-127-

it appears to. be absent in other winkles such as 'li ttorea 

(Dr.V.Fre~ter, pers. comm.)~ 

.5) Sub-opercular pattern. 

This character was noted and used in 

identi£ication o£ winkles £or the £irst time in this 

thesis. It was examined in the rough winkles and also 

littorea and neritoides. O£ .the rough winkles only the 

sub-opercular pattern in neelecta was signi£icantly 

different from those of other species·. L.rudis, arcana. 

and nigrolineata patterns are very:variable and in these 
; 

species a similar range of patte~ns are seen. The 

pattern of neglecta can, however, be useful as an .aid in 

distinguishing it from juveniles of other species. 

The reason £or its pr~cise form in 

neglecta, littoreaand neritoides and why these specific 

differences occur still needs to be elucidated. It is 

feasible that it has a ·tUnction in camouflage but there· 

is no evidence to. support this or any other speculative 

suggestion. 

6) Radula. 

The radula is the ·least accessible of all 

the structures that were considered as a basis :for making 

identi£ications •. Its application to diagnosis is 

. complicated by both the ontogenetic chanees and the 

.general variability of'cusp shape arid number that have 

been £ound (section1.6.). These results indicate that 
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the littorinid radulais not 'such a reliable taxon~mic 

character as Bandel (1974) suggested, and that his key 

to a worldwide range of littorinid species, which 

extensively employs cusp number is unworkable; certainly 

:for the species that occur in Britain. 

Only in the radula'o:f nigrolineata adults 

(theirradular c~sps are'b1tint-edged) is there any 

signi:ficani; di:f:ference from other species. "This species 

can,- however, be identi:fied much more easily on other 

characters such as the ,shell and reproductive organs. 

The shape of radula cusps can give clues 
. I 

to the general nature of the diet of a species.(Solem, 

1974, provides an overall account). It would be interest

ing if the finer dif:ferencesin cusp shape and the 

ontogenetic changes could similarly be corre1ated.to 

:finer specialisations. The changes in the radula,l-;hich 

are most marked in nigro1ineata, mariae and .2.2.ll1sata may .. · 

poss'iblY "indicate. some impor'tant eco10gi'~a1 differences, 

in the feeding of juveniles,' and adults. Compari son, of 
. ':., 

the gut contents may reveal differences in food resource 

exploitation which could be important in the ecology 01' 

these species and would be an interesting field for 

:future research. 

7) Shell.' 

The shell characters o:f nigro1ineata and 

neglecta are diagnostic (He11er,1975a) so individuals of 

. these two species can generally be identified by their 
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shells alone. The penial f'orm and pallial oviduct. type 

are usef'u1 to conf'irm the identif'ication especially when 

the shells are eroded or otherwise damaged. 

The shells of' rudis and arcana, though 

dif'f'erent f'rom those of', other rough winkle;specics, are 

not suf'f'icient1y dif'f'erent f'romeach other to be .used 

diagnostically. The lack of' diagnostic she11'dif'f'erenccs 

between these ·species and the observation of' ontogenetic 

changes (section 1.7.) serves. to under1ine the' caution 

that is required in the sole use of' the shell in taxonomy 

and palaeontology; . 
The f'unctional aspects of' the shell deserve." 

detailed examination. Like the radu1a, the shell can . 

undergo ontogenetic changes which may ref'lect changing 

demands, perhaps mechanical or energetic,.on 'the. shell as 

the animal grows. The most dramatic ontogenetic change 

is seen in the development of' 1i ttorea:. The juveniles 

haveextraordinar~ly" tall-spired and heavily-ridged 

shells and the adult shave. shell's' lV'hich are medium-- or s.hort-:' 

spired and almost smooth. The other impressive 
'. . 

ontogenetic' change i~ in the ridging of' nigrolineata 

shells. ,The juveniles have markedly trirulgu1ar-ridged' 

she11s and the adults have low, f'lat ribs. The adaptive 

signif'icance Of,Buch changes' may be related' to the 

hydrodynamics of' waterf'low over the animals and needs to 

be explored. 

Shell colour in winkles is a line of' 

study that has long f'ascinated researchers (e.g. Fischer-
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Piette, Gaillard and James, 196,3, Heller, 1975b, P~ttitt, 

197Ja, Ra££aelli,1976 , Reimchen,1974). Unfortunately 

most of' these studies were probably ba'seu on, mixed 

species and 80 the results must be regarded with suspic-

ion. Much remains·to be discovered about how colour is 

controlled. Reimchen (1974) in breeding experiments on 

mariae>showed that there is a genetic basis f'or'shell

colour in this species, and that dark reticulata was 

dominant'to ci trina. 'Whether shell colour in' other "~', 

species,'particularly the extraordinarily variable 
. ,-

colours of rudis and arcana shells,is genetically 

controlled remains untested. There is also much to be 

discovered of' the importance of' the variation in ,shell 

colour. ,In some cases the' colour appears to camouf'lage 

the animal and protect it f'rom visual predation. In an 

experiment on predation of mariae by the fish, Blennius 

pholis,'Reimchen (1974) demonstrated that both citrina 

and reticulata werecamouf"laged by their colour on 

f'ucoids and avoided predation by the f'ish, depending on' 

whether the light ~hone through the lamina of' the alga 

or wasref'lectedf'rom i~.' He also showed that white-

shelled juveniles appeared to avoid'visual predation as 

'their colour and size mimicked that of'the tubes of' the 

polychaete, Spiror~is. 

, In rough winkles f'~equent examples of' 

camouflage are also seen, e.g.' Heller(1975b) describes the 

occurrence of high'pr?portions of' red-shelled rud:ls and 

nigrolin'eata on red rocks, ~hilst in'neighbouring 

populations' on other coloured rocks there "ere, :few red-



shelled animals. However, by no means all populations of' . 
rough winkles are cryptically camou£laged." For'instance, 

on the grey and dull purple rocks o£ Llanddwyn Island 

(SH 38662'8) the majority of' rudis f'ound had brilliant 

or~ge or yellow shells, and at Lligwy Bay (SH 497878) 

the rocks are deep red and all the nierolineata bright 

y~llow (pers. obs.). ~y some populations o£ a spe~ies 

are camouf'laged and ot,hers are not, is not apparent., 

A comparison of' the shell colours that 

. occur in arcana and rudis may also aid in discovering the 

signif'icance of'" shell colour. These, two species are 

commonly sympatric, yet the range of' colours exhibite.d 

is quite dif'£erent at,some,sites, but not at others 

(Hannaf'ord Ellis, 1979). If' colour is selected through 

visual predation, as suggest~d by Heller (1975b) f'or 

nigrolineata and'rudis,the colour dif'f'erences between 

these very similar-shelled species. at some sites is 

theref'ore particularly intriguing.' Furthermoro,' since 

the range of' shell'colours in these two species is of'ten 

,dif'£erent, colour can be of' use in identif'ication, once 

the colour. dif'f'erences at -a site are known. . For example, 
.- '. . 

at Abre.ham':s Bosom (SH 215813) the specie~ have no shell 

colours in common and so can be distinguished on this 

basis,. 

. . 
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ECOLOGICAL ASPECTS. 

Littorill.ids are one of' the commonest 

molluscs of' rocky.. shores' and the genus'isropresented 

throughout the littoral zone. They play an important 

role in littoral f'ood webs: Their herbivorous habit can,' 

influence the community structure of the algae (Castonholz, 

" 1961) and they. are a food source for many species of' bird, 

f'ish, crab and mammal. (Pettitt, 1975). Thus understanding 

winkle ecology is important to the comprehension of' the 

littoral ecosystem. Such inf'ormation could have wider 

applications; for exampl~,in ~stimating the rate at 

which radio-active waste, disposed of' in coastal waters, 

might be returned to the land (Odum, 1971). 

Winkles live in a rigorous environment 

and have to be capable of surviving the extremes ot:phys,ica~ 

conditions experie~ced in the intertidal zone, as well as 

the biological pressures exerted by other organisms. 
, . 

Apart t:rom the predation pressure, they have also to 
-

compete for the resources of their habitat. For individual 

winkles competition pressure is likely to be greatest from 

other winkles, both ot: the same species and other species 

and how the effects of this pressure are reduced or 

·avoided are critical questions in understanding their 

ecology. ,. 

The comparatively recent identification 

of the species of rough winkles has introduced an extra 

dimension'into the problem of understanding 'the processes 

of rocl<y' shore ,ecology. There is much to be learnt of tho 
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dif':ferences in b:io1ogy and ecology of each species •. 

Various aspects'o:f the biology o:f rough 

winkles ,yere stucii~d,'notably a) dimorphism, b)ontogenetic 

changes in neglecta shall'colour c) reproductive season

ali ty and d)' the popu1atioll composition 'and' size 

structure changes of neg1ecta. In addition, since these 

species are commonly sympatric and appear to have 

similar ,requirements f'or shelter and food, how these 

resources are partitioned are important :features of' their 

ecology'and some aspects of' niche separation were ~xamined. 

Spatial and temporal inter- and intraspecific zonation ' 

di:f:ferences were :found which could be important in 

resource partitioning. Each aspect o:f the ecology of the 

, rough winkles that was investigated is discuussed below. 

1) Dimorphism. 

The observation of sexual dimorphism in,' 

all the rough winkle 'species, parallels similar results 

recorded :from f'lat' winkles, by" Sac'chi(1968)Reimchen (1974) 

and Goodwin & Fish (1977). The common occurence of 

dimorphism in size in wink1es,( females growing larger 

than m~les) may be related to diff'erences in male and 

female reproductive strategy. In neglecta, asa 

consequence of' its apparently annual 1if'e cycle (section 

2.5.) a diff'erence in rate of maturation of the sexes 

can be seell; males reach maturity sooner than :females. 

,'I£, males are" diyerting 'energy from 'growth to reproduction 

at an earlier,age than :females, this may be the underlying 

, " ~ 



·-J 34-

cause of dimorphism. This. asswnes that no unusual factors. 

are involved, such as the sex oi' the progeny being related 

to parental ago, with males. being produced early in the' 

s.eason and females later. There may be equivalent 

differences. in rate of maturation o:f males ~nd females in 

the other species ("\vb:lch. are perennial) and this may 

resul t in the observed dimorphism. An alternative .. ..:. 

possibility, that cannot be dismissed, is that males and 

females may ~iffer in their 'efficiency of food 

utilisation. 

In crevice-living species srilallersize may-

be advantageous. " Raffaelli & Hughes (1978) and Emson 

& Faller-Fritsch (1976) have shown ,that larger winkles 

are barred :from ~aking advantage of the shelter of a 

greater proportion of crevices than smaller ones, because 

of their size and so, having a smaller shelter space. they 

have ahigher risk of mortality. Hence in being smaller, 

males may have a lower risk of mortality. than fom~les • 

. For. females the risk of larger size could be more than 

offset since larger females probably produce moreoffspr-· 

ing (Faller-Fritsch, 1977). Thus the dimorphism may be 

seen as the sexes occupying different positions in a size 

continuum, controlled by selection for increasing 

reproductive success and decreasing mortality. In 

addition dimorphism may reduce intra~specific competition 

through partitioning the resource of living 'space, 

Dimorphism has an extra dimension in 
. . 

nigrolineata at Porth Swtan where there is also a 



-1:35-

dimorphic ~ifference betwee~ the yellow- and white

shelled morphs; the rarer white morphs tending·to be' 

smaller and to mature at smaller shell heights. The co-

existence of the morphs makes comparison of their biology 

particularly interesting as they are living in the same . 
habitat, yet appear to show differences in their biology 

which seem to be mediated'by their shell colour (section 

2.2.4,.). The smaller size of.the white morph sUg'a-ests 

that its females might be less fecund than those of the 

yellow morph. If.so, it would be interesting to know 

how the white morph is maintained in the population. It 

is possible that lower fecundity may be offset if its 

smaller size gives it more possible sheltering spaces and 
- ... : 

so enables it to survive for longer which would effectlve-

ly increase.its reproductive life. Alternatively, 

selective predator pressure may prove to be the important 

factor, either through apostatic selection, in'which 

predators adopt specific search images and ,tend to ignore 

other prey ( theme·chanism described by Clarke,' 1962,' for' 

the origin and maintenance of distinct visual types in 

populations ofCepaea) or through crypsis, the white 

morph being possibly better camou£laeed. Zaret (1972a &: b), ' 

has shown how a. less fit" sm~ll-eyed f'orm of' the' 

cladoceran, Ceriodaplmi~ . .£.2.!.!!~ is maintained in the 

population by the disproportionate predation pressure of 

the f'ish Melaniris chagresi, .which selectively predates 

the more f'it, large-eyed f'orm. 



2) Ontogenetic change in the shell colour of' L.ne/ilecta. 

An ontogenetic change in the shell colour 

pattern of neglecta was found,' Juvenileneglecta often 

have banded patterns and adults tessellated patterns. 

No comparable change was seen in any of' the' other rough 

winkles though shell colour was occasionally soen to have 

altered from the older to the younger parts of the shelL 

in ,other species (pers. obs.). Reimchen (1974Talso noted 

that in mariae,juveniles in a population were 'often white 

whilst adults were either the citrina or reticulata 

colouring and so ,suggested that ontogenetic changes may, 

occur in this species. -For neglecta the ,signi:ficance of 

the change in pattern is not readily apparent. One 

pos~ibility is that it aids in predator avoidance, but

thore is no evidence to support this suggestion • 

.. . \ 

J) Reproductiveseasonalitx. 

,Very marked seasonal cycles of reproduction 

,were seen in neglecta, nigrolineata and'arcana (section 

2.4.) Interestingly,although there were indications of a 

cycloin rudis this was lesa marked than that observed by 

.' other 'authors {Bergerard,1971a &: b, Be,rry, 1961, James, 196~. 

'Possibly there may be differences, in the expression of a 

reproductive cycle from popu~ation to population, which 

would-be worth exploring. ~he well-defined cycles of the 

other species can have important implications for their 

ecology. The different timings of reproductive effort in 

nigrolineata andneglecta, species that co-occur in the 

" 
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barnacle belt, contribute' to reducing interspecific 

competition between juveniles for rood and living space 

(section 3.3.). 

4) Population composition and size structure changes 

in L.neglecta. 
" -, 

The data obtained, though limited by only 

being collected for a one year period, suggested that 

neglecta,mayhave an annual life, cycle with most of the 

animals reaching maturity, breeding in the summer months 

and then disappearing. Thi's contrasts with rudis which is 

known to be iteroparous,i.e. capable of living and breeding 

over several years (Bergerard, f971a &b). If, a.s the data 

suggests, the adult neelecta disappear from tho population, 

it is possible that this species is semelparous,i.e. tho. 

adults invest so ,much energy in reproduction that they 

cannot survive ~ Ra££aelli (1978~) has suggested that 

neglecta,~volved from a rudis-type species. If this is 
'. 

so, then-these observations suggest that the life history 

tactics have also diverged. 

5) Zonation di£rerences. 

The basic vertical zonation pattern of 

rough winkles, with arcana and rudis in the Polvetia

Verruc~ria belt' ( or equivalent high zones on more 

shel~ered beaches) an~ nierolinea~a and negtecta in the 

barnacle-£ucoid(lower) zones, is complicated by factors 

such as a) tho seasonal migration of arcana adults'( see 
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section 3.2.), b) a vertical ~onation difference between 

neglecta and juvenile nierolineata (see section 3.3.) and 
\ 

c) temporal effects in nigrolineata and neglecta juveniles 

(see section 3.3.). Indeed it is probable that these are 1 

only part of the niche differences between these related 

sympatric species. 

For rudis and arcana the zonational patterns 

of the adults only were compared and thoy were found to be 

sympatric except during the arcana breeding season ","'hen 

mature arcana migrate down the 'beach" The sympatry and 
'. 

similarities of size and radula of these two species 

suggest, that tliey are compe'ting for food and space resour

ces. However, t'his is not nece'ssarily the case. The 
- " ,..' , 

work of Emson & Faller-Fritsch (1977) showed that crevices,· 

and not food, were limiting the rudis population at 

Newhaven. Since the study rock at Porth Swtan is crevice-

rich,ther~ may be sufficient crevice and food resources 

to ,support both adult populations, if their population 

sizes were independently controlled at the juvenile stage. 

This would occur ,if juveniles.of the two species zoned 

differently and so encountered different selective forces. 

Such a zonation difference is possible and is made more 

likely by the observed segregation of ~he breeding females. 

Hence the zonation of juv'eniles could be critically 

important. in the . ecology and niche separation of thes.e 

species. 
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INTRASPECIFIC VARIATION. I 

The general occurence of different forms 

in winkle's::>ecies isof note. Particular attention has 

been paid here to two forms of rudis 'that were common in 

Anglesey, one living in boulder habitats, the other in 

crevice habitats. L.rudis however, exhibi~s many more 

types (some of ~hich h~ve been given variety names by 

S. Smith, 1978). Comparable variation can be seen in 

other species, e.g. the dwarf and normal forms of mariae 

described by Reimchen (1974), crevice- and boulder-living' 

types of nigrolineata ( Naylor, 1978), and crevice- and . 

boulder-l~ving types of arcana (pe~s. obs.) • Tho' 

hypothesis generally put forward by previous authors ( the 
, , < , '. 

abovo, and also Faller-Fritsch,1977, Raffaelli & Hughes, 

1978) is that these forms are the result of localised. 
, , , ." c" 

adaptation of the g~nome resulting fr~m different select-

ive pressures in the different habitats. 'However, this 
" . 

is still to be critically tested. It is possible that 

the differences may' have no genetic' basis or that a'" 

complex of sibling species are still being confused. 

The existence of different forms in 

dif£e~ent habitats makes understanding the ecology of the 

winkle species even more c~mplex,' siI1;ce what may be true' 

of one form will not necessarily apply to another. Some 

nominal recognition of the different forms would be 

useful as an aid in 1 eco ogy, although much more work is 

needed on the basis of the variation before any taxonomic 

recognition o~ the different forms 'can be contemplated. 
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AI'l'l!l:DIX A 
TAdLE 1. Nwnbor and arrang<'l1Iont or ponial glanda in L. rucli. , 

Site 

!'euial gland 
arrangemont 

Penial glAnd 
nunlbf'r ,. 

.5 
6 

7 
8 

9 
10 
11 

12 

I) 

14 

15 
16 

17 
18 

19 

20 
21 
22 

2) 

24 

25 
26 

YUY. Sell Porth Abrah_' 
aellt Rock. :>wtlU\ 110.0111 

5 I 0 T S I IJ T S I D T :s I D 'f 

I 
--- - - -- - - - - - - -- ---- - --- - - - - - --- ---- - 2 -- 2 1 - - 1 1 -- 1 

2 -- 2 --- - 4 - - 4 :I 1 - 4 
1 -- 1 1 -- 1 10 - - 10 - -- -
.5 - .5 .5 ~I- 7 28 2 30 7 1 8 - - -
5 1 - 6 10 "1- 12 55 9 - 64 5 1 - 6 
8 -- 81 9 

7 - 16 57 21 - 78 :I 4 - 7 

" 2 - 6 10 :3 - 1) II~I )9 - 82 " 2 - 6 
4 2 - 6 1 2 - :3 )6 46 - 821 , 

7 - 8 
1 2 - ) 1 2 -

~I 
25 Jl:I - 6)1 - 5 - 5 

- 1 - 1 - :3 - ",51 - 62
1 

- 2 - 2 

- 1 - 1 - 2 - 5 211 1 ,,, --- --1 - 1 -1 - :1 1 24 1 26 - 4 - ,. 
--- - - -- - .5 1 6 - 1 - 1 

--- - --- - - 8 - 8 - -- ---- - --- - - 2 1 ;1 - -- .-1 --- - -- - - - J 1 --- ---- - -- ~ - - - - - --- ---- - --- - - - - - - -- ---- - -- - - - - - - - - - ---- - --- - - - - - --- ---- - -- - - - - - - - - - -
)0 10 _ 4c )512 4 - 6) 27& 1272 .5 ~~J I 24 12 8 - 52 
Penial gland arrangomental_ S. 8ingl. roy 

1'. total. 

I. irr.gular roY 

D. double roY 

Dunbar 

:> 1 II T 

1I 
1 - -

~ !! ---- - ---- -
2 -- 2 

1 I 
1 --

2 -- 2 

:I :3 - 6 
2 " - 6 

.5 :3 - 8 

--- -
- 4 - 4 
1 3 -

,. 
- 2 - 2 

- :3 - ) 

- 2 - 2 

- 2 - 2 

- 1 2 , 
--- -- 1 - 1 

- - - ---- --- t 1 
1712<: :3 48 

O .... rall 
total. 

S 1 D T 

-

r - 1 

- -- " 91 . 1 - 10 

141 • - 14 
46 ~ - .51 
77 1 - 90 
80 :I! - 115 
6) 5C - 113 
47

1
60 - 107 

27 "7 - 7" 
11 61 - 72 

6 30 1 37 
1 3~ 1 ,4 

· ~ 1 10 

· '~ _ 10 
~ 1 .5 .. ~ , 7 

· . - - i 

· 1 - 1 

· -- -
· . - -- - 1 1 

'Jl:!t }o. 8 75b 
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.A1'P],l(IlIX A 
l'AllLE 21 Numbar and arrangement. or penial gla.oda in L.arcana 

Sit.e Tnya ~ Hell Porth Abraham'. Dunbar Overall 
Wellt Rock svt. ... , Iloaom totala 

~~~~~r-rl-r~-'-r:-~-r-.-r--~rI-r-1~-rIr~~r-~r---
Penial gland SID T S I \) T :; I D T SID T SID T SID T 
arrange",ent. 

Panial gl and 
number ,. 

. , 
6 

7 
8 

9 
10 

" '2 

" , .. 
15 
16 
11 

18 

'9 
20 
21 

22 2, 
-' 24 

25 

26 
27 
28 

29 ' 

3" 

" ,2 
3' 
34 

: :: : : :1: : _ 
_ _ _ _ - _ - - 1 

- _ _ _ - - - - 1 

._----- .. - . -- - --- -,._-_._-
1.----1-1 

1 - -
1 1 -

1 

2 
____ 1 __ 11 __ 1 --- .-_ 2 __ 2 

- - - - 1 1 - 2 6 '1- 7 - - - -. - - 7 2 - 9 
,. - - 4 2' - , 6 .5 - 11 1. - 4 2 - _ 2 1 ~ 6 _ 24 

, 1 - 4 3 1 - 4 12 4 - 16 • - 2 ~ ~ - 7 23 10 _ " 

2 4 - 6 2 6 - II 11 19 1 31 ~ - 7 1 ~ - 10 25 42 1 68 

1 3 - 4 3 3 - 6 12 30' 43' , ~ - 3 • ~ -I 4 '7 42 t 60 

- 6 1 7 - 8 1 . S 7 38 1 46 '1 - 7 • ! - 5 7 64 , 74 

2 5 - 7 1 6 - 7 6 51 2 59 e - 8 l 2 4 ~ 72 " 8, 
- 4 1 5 1 4 1 6 7 49 5 61 1 - 2. 1 ,. 5 61 8 18 

- 1 - 1 - 7 - 7 6 45 6 57 e - 8 1 4 E 64 7 77 
- 3 2 5 - 3 1 ~ - 3) 2 35 E - 6 • 1 1 2 • 46 6 52 

- .. 1 5 - 4 - ~ - 25 7 32 • • 2.5 : 1 , .)8 11 49 

3 - 3 1 1 1 " - 10 4'4 1 1 2 - - 1 15 6 22 

• 2 1 , - 2 1 a, 11 - 1 1 1 -, " 6 '9 
• 2 1 ) -, - ~ - 8 ~ 11 • , - 1 - _ • 14 4 18 
_____ 21" 2~ 7 11·.11 .4B 12 

• • 2 2 - 1 - 1 - J ~ 7 • 1 1 •• 2 2 4 9 13 
______ 11 12, ._-_._- .134 
____ 112 1 ·4. ___ -- _ 246 

--------- 11 -".--- -22 --------- - 2 2 - __ , 1 - - , 
- 1 

1 ______ _ 

- 1 
- - - _ - 2 - 2 - - 2 

2.- ___ _ - 2 2 
- ____ 1_1_ - - ------_ 1_ ------- ._.,-:! 11.--_ --I 

- -. - - - - -t - - - - - -I - - - - - -• ____ 1_1 ___ -11 __ 11 ~12 

Penial eland arrangementa,- S. ain~l. rov 

T. total 

I. lrre,;ular rov 

[0. double rov 

:3 , 
" 1 

1 
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APPI!NDIX A 

TABLE 31 OntoK~n~tie declin~ in cusp number 

~~ ~ L. ni ~ro- t. n('FIt'<ta 1.. nultoict ... 

SHT M SHT 

11.95 6 10.4 
11.85 .5 14.2 
11.1 5 14.2 
10.9 ~ 13.2 
10.7 .5 12.45 
10.55 5 11.2 

9.65 5 11.15 
9.55 6/5 10.4 
9.2 5 9.15 
9.15 5 8.85 
9.05 5 8.5 
8.95 7 8.2 
8.7 6 7.4 
8.65 ,. .5.15 
8.45 (. 4.95 
8.4 6 4.2 
8.3 6 4.1 
8.2.5 6 2.3 
8.1 6 1.5 
7.9 7 1.1 
7.7.5 .5 
7.6.5 6 
7.5.5 6 
7 • .5 6 
7.4.5 6 
7.4 6 
7.3 7 
7.2$ 7 
7.2$ 6/S 
6.n 6 
6.45 6 
5.85 8 
.5.85 6 
5.7 6 
5.4 7 
5.35 7 
S.3 6 
3.8 8 
3.7 7 
3.45 9 
3.1 • 2.5 7 
2.0 6 
1.7 7/8 
1.3 8 
1.2 10 

NOTE:. SHT 
M 

1M 
I 
L 

~ 

M SlOT M SHT M SHT M 

5 16.6 5 3.0 7 7.0 5 
5 15.65 5 3.0 7 6.5 7 

5/6 15.6 5 2.85 7 6.4 7 
5 15.55 5 2.8 6 6.35 6 
5 13.2 5 2.6 7 6.15 517 
5 14.7 5 2.6 6 6.0 6 
5 13.15 5 2.5 6 5.9 6 
5 13.1 5 2 • .5 6 .5.9 7 
5 12.25 6 2.45 6 5.7 7 
5 11.45 5 2.4 7 5.45 7 

5/6 11.25 6 2.4 7 5.4 7 
6 11.25 5 2.3 7 5.35 7 
5 11.0 6 2.2 7 .5.2 f 
6 11.0 5 1.9 8 5.2 /) 

5 11.0 5/6 1.8S 7 S.l 6 
6 11.0 5 1.7 8 4.0 7 
7 10.5 .5 1.7 7 4.75 8 

7/8 8.5.5 6 1.3 8 4.7 7 
8 8.1 6/7 1.1 7 4.2 8 
7 7.45 6 .85 8 3.8 7 

6.7 6 3 • .5 ,7 
6.6 6 3.1 8 
6.0 6 2.75 8 
5.35 6 2 • .5 8 
4.6 6 2.4.5 7 
4.4$ 6 2.3 • 4.3 6 2.25 • 4.2S 7 2.1 7 
3.S 7 2.0 8 
3.45 7 2.0 8 
3.35 I> 
3.05 7 
3.0 6 
2.9 7 
2.8 8 
2.7 7 
2.7 7 
2.3 7 
2.2 8 
2.1 7 
2.0 7 
1.8 7 
1.3 8 
1.2 6 
1.0 7 

• .he~l heieht in mm. 
• out~r marginal tooth ~usp number 
• inner marBinal tooth cusp number 
• rachidian too th cU"p number 
• lateral tooth cusp number 

to 11 ttorea 

SIlT M 

30.8 5 
24.5 5 
24.05 5 
22.05 5 
19.55 " 16.95 5 
16.75 5 
U.S 5 
14 • .5 5 
14.1 5 
13.3 4 
13.15 5 
10.5 6 
10.0 ;i6 
9.7 .5 
8.6 5 
7.5 5/6 
6.2 /) 

.5.8 6/7 
5.65 6/7 
4.1 6 
2.4 6 
2.4 7 

L. obt" •• ta : \ L. 1I1ar •. lC! 

" 

SHT R L 1M' M SHT R L HI M 
, 

14.6 3 5 .5 " , 10.7 3 4 .5 /) 

13.6 3 4 .5 0 10.35 3 " /) 7 
13.2 5 4 5 I, 6 9.7 3 4 5 6 
12.55 3 4 51 6 9.3 l 4 5 7 
12.4 3 4 5", 6 8.8 3 4 5 7 
12.25 3 4/5 5\ 6 8.2 3 4 .5 8 
11.8 3 .5 ", ·7 7.65 3 4 5 /) 

11.6 3 .5 5;' ,6 ':'.5.5 l 4 5 7 
!l.5 3 4 5:\ 6 ().9 3 4 S 7 
11.5 3 4 51 6 6.7 3 4 5 7/S 
11.35 3 " 5',5 5.7 3 4 5 8 
U.2 3 4 .5~~~ 6 5.35 5 ./5 6 7 
11.05 3 4/5 .51 /) 4.4.5 3 5 /) 9 
9.0 ,3 .5 ',7 4.0 3 .5 6 8 
8.25 3 5 5', 6 3.75 .5 .5 6 a 
6.9 3 .5 5 7 3.7 3 ' /) 6 8/9 
6.5 3 " 5 '7 3.5.5 .5 .5 7 9 
4.95 3 4 5,7 3.1 5 4 6 8 
4.8.5 3 6 5,: 8 
4.6.5 3 4 5 ,8 
3 • .5 3 4 SF. 
3.2 3 5 6 :11 
2.9 5 6 6,10 
2.0 3 5 5:,8 
1.85 3 6 6 ,9 
1.' 3 , !. 9 

!l 

'"' 
" 

- ,~, 

; 
: 
~ 

' ~ , 

I/~' .. 'I~ 
:;~ 

'l 



APPE!~DIX B 

TABU! 1 SEXUAL DIMORPHISM IN SHELL HEIGHT 

Shell Height L. rudis C L. rudis B L. arcana L. nigrolineata 
Class I • T"tal !,2 I • Total !,. I , T"tal !.. I • Tt.llill !O • 
(-) . (a) (n) n (a) (n) n (a) (n) n (.) (0) 0 

6.S-b.9S 325 109 I>l~ 166.6 149 115 324 68.52 131 106 231 12.41 
1.':>-1.45 322 411 135 141.07 ~ 21 1.72 119 237 416 77.02 120 123 243 ~fj.2f) 

7.5-7.95 339 369 708 162.32 6 190 228 418 86.36 105 120 225 4~.0 
8.0_8.45 251 306 557 113.11 8 12 20 3.2 151 20b 356 .63.~7 101> 92 191; ~/I. 75 
d.5-~.95 155 211 3/16 Cl5.c.4 15 13 211 8.04 111 179 296 46.25 92 107 199 42.53 
9.0-~.45 8':> 97 177 36.16 17 22 39 7.41 63 142 205 19.36 116 96 212 0.47 
9.5-9.95 38 39 77 18.7S 22 16 38 12.74 32 87 119 8.61 89 97 ISb 42.Sg 

10.(\_1<).45 15 23 38 5.901 28 22 50 IS.!>8 12 68 HO 1.8 93 1"8 ~"I .) .. '.1'\ 

1I> • .5_1u.95 II 8 16 4.0 31 36 67 14.34 2 2~ 32 .28 82 87 169 3'l.~? 

11.0-11.45 48 36 84 27.43 1 55 . 93 14~ 2·:'.44 
11.5-11.95 42 SO 92 19.17 78 82 lou 3S.~2 
1.2.('-1.2.45 45 61 101> 19.10 51 i.f'l 11', 21.;':/. 
1l.5_1;:.'l5 58 72 130 25.118 ~4 43 &7 22.25 
13.v-13.45 63 80 143 27.71> 35 52 b7 14.v~ 

13.5_13.95 SO 1>3 113 22.12 34 33 1>7 17.25 
1"."_14.~5 41 !>5 10!> IS.H6 :'2 20 42 11.52 
14.5-14.95 26 41 1>7 10.09 20 21 41 9.76 ... 
15.':>-15.45 10 36 41> 2.17 9 18 21 3.0 +:-15.5-15.95 8 23 31 2.06 2 10 12 .n 
lQ._'-lo.4' 9 17 26 3.11 8 ~J 24 4.17 f' )16.5 2 18 2Q .20 2 

~AIS IS33 177S 3308 113.S7 S29 698 1221 238.09 896 1351 2247 372.01 1294 13?lJ 2'~1;4 611.~1 
A~ 

iii 710.43 228.01 357.28 623.&6 

X· 3.14 • lZ.63 10.02 • 40.86 14.79 . 61.68 7.I>~ • 30.64 
.':4~oJI .2452J9 .239799 ~ 

l'.<olr" ... "f 
fr .. edoa 8 N.S. 18 siS. at .01 8 sig. at .001 19 siC. at .OS 

Sh"l1 lIeiilht 
L. o .. glecta 

Class I , Total !.a 
(Ii'''') , (a) (0) 0 

2.0-2.4 64 38 102 40.16 
2.5-2.9 ISO 107 257 87.55 
3 •• )-3.4 117 160 337 92.96 
3.5-3.9 33 143 196 14.33 
4.v-4.4 11 92 103 1.17 
)4.5 2S 2S 0 

Nelfl" Ni.S •• n°.lt siB"i f iCiII. t 

lUTALS 455 565 1020 23b.17 ~a • 33.2 • 134.37 sig •• significan~ 
::;47Os"4 

Aa 202.97 i ~, d of F • S 
sig. at .001 



APPE.'1DIX B 

TABU! 2 SEXUAL DIMORPHISM: _ SHELL HEIGHT AT MATllIlITY 

Shell Height L. tools C L. tOOis B L. arcana L. nigrolin<:ata 

Size Class Mature Mature Total ,!' Mature Mature Total ,!' Mature Mature To.tal ,!2 Mature Mature Total ,!2 
C .... ) I t n 4 • n 4 t n 4 t n 

Ca) (n) (a> (n) (a> (n) Ca) (n) 

6.5"6.95 186 93 279 124.0 78 46 124 49.06 19 5 24 15.'J4 
7.0"7.43 ljo 230 492 133.2 107 101 208 55.04 22 12 34 14.;:4 
7.5"7.95 303 307 610 150.51 • 125 111 236 66.21 21 12 33 13.20 
8.0"11.45 226 256 482 105.97 1 

11 

99 117 216 45.37 24 11 35 16. 46 
8.5_8.95 145 190 335 62.16 2 24 1.04 81 110 191 34.35 30 27 51 15.n 
9.0"9.45 74 90 164 33.39 44 116 130 14.89 44 27 71 27.27 
9.5-9.95 33 38 71 15.34 3 22 51 79 6.13 29 30 .59 14.25 

10.0.10.45 14 21 35 5.6 7 7 46 53 .92 38 31 M 20.'",.3 
10.S-hl.95 8 !) 24 7.04 IS 11 26 1.65 2 

1:1 
26 .is 41 33 74 22.72 

t 1.0-tl.45 5 30 23 53 16.98 211 42 7'1 11." 
11.5-11.95 31 30 61 15.75 54 43 97 30.C6 
12.0-12.45 37 44 81 16.90 38 41 79 IP..H 
11.5-12.95 51 52 103 ,25.25 32 25 57 17.96 
13.J-IJ.4S 56 71 127 24.69 29 37 ,.,. 12.74 .... 
13.5"13.95 44 56 100 19.36 29 22 51 16.49 +:" 
14.0-14.45 39 , 60 99 15.3" 20 ' 1~ 3~ If,. ~"! \J1 
14.5-14.95 25 39 64 9.77 18 II! 3" 9.(,.. I 
1~."_'!i • ..a5 10 35 45 2.U II IS ;,; 2.1': 
15.5"15.95 8 23 31 2.06 2 10 12 .33 
Jo.().J6.A5 9 16 25 ' 3.24 I n 23 4.35 

')10.5 2 18 20 .20 2 

roTAL 1242 1250 2492 637.81 , 310 489 85~ 167.41 565 698 1263 272.12 536 472 1008 2')3.78 
A~ 

627.01 159.37 252.75 285.02 N 
X" . 10.8 • 43.20 8.1 • 33.03 19.37 • 78.36 8.76 • 3S.71} 

:2499% :mzJ9 :wm :244764 
Degress of 
Frel!.1oa 8 sig .001 13 sil .01 8 sil .001 19 sig .05 

L. neglecta 
Shell Height Mature Mature Total !.2 
Class (lI.u.) 4 t n 

Ca) (n) 

Z.t.:1 .... 2.4 111 2 20 16.2 
2.S-2.9 92 12 104 81.38 
3.0-3.4 IS6 75 231 105.3S 
3.5-3.9 49 116 165 14.S5 
4.'-'.4.4 11 87 98 1.23 
")4.1' 21 21 0 

x. " . 52.39 • 209.65 d of f • S :::m- ,sil .001 
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APPENDIX R . . 
TABLE 3 . 

Species Shell Height Mean ZE n 
Range -x 

L. rudis C 7-7.95 mm ~ 7.41 .035 71 

. ~ 7.45 .039 66 

L. rudis B 11-12.95mm ~ 11.94 .072 70 

~ 12.12 .063 7S 

L. arcana 7-7.95 mm r1 7.42 .032 69 

~ 7.44 .033 70 

L. nigrolineata 8-12.95mm r1 10.36 .219 59 

~ 10.33 .155 58 

L. neglecta 2.5-3.5gu ~ 2.98 .073 85 

~ 3.08 . .075 59 



-147-

APPENDIX B 

TABLE 4 

Size Class Yellow White Total a 2 

(a) (n) -Ilm n 

6.5-6.95 237 35 272 206.50 

7.0-7.45 243 40 283 208.65 

7.5-7.95 225 33 258 196.22 

8.0-8.45 198 22 220 178.20 

8.5-8.95 199 18 217 182.49 

9.0-9.45 212 19 231 194.56 

9.5-9.95 186 12 198 174.73 

.10.0-10.45 201 13 214 188.79 

10.5-10.95 . 169 7 176 162.28 

11.0-11.45 148 5 153 143.16 

11.5-11.95 160 5 165 ··155.15 

12.0-12.45 119 3 122 116.07 . 

12.5-12.95 87 2 89 85.04 

13.0-13.45 87 3 90 84.1 

13.5-13.95 67 67 67.0 

14.0-14.45 42 1 151 141.17 

14.5-14.95 41 

15.0-15.45 27 2 

15.5-15.95 12 2 

16.0-16.45 17 

~ 16.5 7 

. TOTALS 2684 222 2906· 2484.11 .. 

A2 
N 2478.96 

2 = 5.15 = 73.34 
.070224 

d of F = 15 

sig. at .001 
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APPENDIX B 

TABLE 5 Porth Swtan (Date of sample collection: 13.8.77) 

Size Class Number in Pattern tlass Total in ~ in Size Class 
(g.u.) '. 1 2 3 Size Class 1 2 3 

1.5-1.9 52 5 57 91 9 

2.0-2.4 50 20· 1 71 70 28 1 

2.5-2.9 28 39 7 74 38 53 9 

3.0-3.4 38 47 19 104 37 45 18 

3.5-3.9 17 39 19 75 23 52 25 

4.0-4.4 6 4 6 16 

4.5-4.9 1 2 3 

TABLE 6 Porth Diana (Date of sample collection 17.7.78) 

Size Class NUr.1ber in Pattern Class· Total in ~ in Size Class 
(g.u.) 1 2 3 Size Class 1 2 3 

1.5-1.9 4 4 

2.0-2.4 18 2 20 90 10 

2.5-2 .. 9 14 7 1 22 64 32 .5 

3.0-3.4 11 16 13 40 27.5 40 32.5 

3.5-3.9 6 25 14 . 4S 13 56 31 

4.0-4.4 2 28 32 62 3 45 52 

4.5-4.9 1 7 29 37 3 19 78 

5.0-5.4 4 13 17 

5.5-5.9 3 3 
• 

6.0-6.4 1 1 2 



AI'I'ENDIX B 

TABU! 1 

Shell lIl'ight 
Size Clau 

(IIUII) 

6.5-6.95 
7.0-7.45 
7.5-7.95 
8.0_8.45 
8.5-8.95 
9.0-9.45 
9.5-9.95 

10.0-10.45 
10.5-10.95 
11.0-11.45 
11.5-11.95 
12.0-1;.!.45 
12.5-12.95 
13.0-13.45 
13.5-13.95 
14.0-14.45 
14.5-14.95 
15.0-15.45 
15.S.15.9! 
16.0-16.45 
16.5-16.95 
17.0-17 .45 
17.5-17.95 
18.0-18.45 

She 11 Hd eh t 
Size Class 
(I.u.) 

2.0-2.4 
2.5-2.9 
3.0-3.4 
3.5-3.9 
4.0-4.4 
4.5-4.9 

5.0 
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" MATURE OF TOTAL IN SIZE CLASS (DATA AMALGAMATED FR~I SAMPLES COVERING YEAR APRiL 1977 TO 

MARCH 1978) 

L. rudis B L. rudla 

M T %H M 

352 280 
6 6 240 489 

15 15 94 614 
19 1 20 5 70 469 
24 4 28 .. 30 334 
38 1 39 3 13 164 
34 4 38 11 6 69 
36 14 SO 28 3 30 
41 26 67 39 1 16 
31 53 84 63 1 9 
31 61 92 66 2 
25 81 106 76 
27 103 130 79 
16 127 143 89 
13 100 113 88 
7 99 106 93 
3 64 67 96 
1 45 46 98 

31 31 100 
25 26 96 
9 9 
5 5 
4 4 
2 2 

L. neglecta 

1 M T %M 

82 19 101 19 
132 109 241 45 
86 207 293 71 
26 139 165 84 

4 85 89 96 
4 18 22 82 

2 2 

lEY 

C 

T ~ 

632 44 
729 67 
708 87 
539 87 
364 92 
177 93 
75 92 
33 91 
17 
10 

2 

1 • JlIIIII&ture 
M • Mature 

• Total 

L. 

~OO 

209 
180 
141 
106 
74 
40 
27 

4 
2 

arcana 

M T %H 

124 324 38 
208 417 50 
218 418 57 
216 357 61 
190 296 64 
132 216 61 

79 119 66 
' 53 80 66 

20 24 83 
6 8 

T 
%M • Percent aBe .ature (M x 100) 

i' 

L. niirolin ... ta 

M • T 

159 12 171 
155 21 170 
146 24 170 
102 21 123 

84 29 113 
79 52 . 131 
84 42 126 
80 45 125 
60 48 1011 
57 47 104 
47 66 113 
28 57 85 
24 43 07 
15 49 64 
11 39 50 

2 31 33 
2 27 :.l9 
3 17 20 

9 9 
11 12 

2 2 
1 1 

~+t 

7 
12 
14 
17 
2(> 
40 
33 
36 
44 
45 
511 
67 
64 
77 
78 
94 
93 
85 
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ArrENOIX 8 

TABLE 8 REPRl'DUCTlVE PERIODICITYa " MATURE IN !'IUCCESSIVIl ItlNTHS 

L. rudia 8 L. rudia C L. arCana L. ni,rolinea ta Date of 
Collection III 1 ~ III 1 ,~ M I 96M III I ~ 

23th JWle 1976 

11 th July 

9th August 

5th September 

3rd Octot-cr 

Is t November 

6th December 

16th Jan 1977 

12th February 

19th March 74 42 

16th April 38 16 

14th May 32 25 

12th June 38 14 

10th July 33 21 

16 

10th September 34 11 

11th October 100 10 

12th November 68 22 

10th December 52 5 

7lh Jan 1978 63 13 

4th February 47 8 

5th March 

64 17" 

56 180 

73 186 

61 145 

79 156 

76 171 

91' 168 

76 151 

91 178 

83 15.5 

85 91 

45 

33 

37 

39 

3.5 

37 

43 

47 

34 

80 68 61 

78 .56 71 

85 38 114 

79 9 111 

80 2 

80 30 

81 170 

83 177 

80 111 

81 83 

77 76 

73 31 

63 

77 

44 

23 

42 

49 

27 

53 

44 

25 

13 

46 

20 

10 

12 

8 

13 

18 

10 

16 

7.5 17 

3 65 

39 11.5 

79 .53 

88 33 

73 .52 

63 20 

61 ·22 

.53 12 

5 

33 

29 

16 71 

11 81 

57 

8 56 

14 

25 36 

42 31 

75 19 

14 

87 16 

:59 22 

45 59 

32 7. 

12 82 

6.5 44 

43 32 

3.5 39 

37 24 

38 

in chosen she 11 

he! '" t ranle 

(see p. ".. ) 

III • total , •• aature 

. I • totd I •• !JI1Ill&ture 

"'4 • percental" aature 

L. ne,lecta 
III I ~ 

42. 19 

45 3 

89 

84 13 

.53 13 

40 9 

33 11 

15 • 

25 61 

50 .57 

45 47 

38 45 

48 34 

59 24 

09 

94 

88 

87 

80 

75 

65 

29 

47 

49 

46 

59 

71 



APPE~DIX B 

TABLE 9 

PL 
SiIT 
Ratio Size Class 

.0-.09 

.1-.19 

.2-.2<;0 

.3-.3;1 

.4-.4<;0 
• .5 ... S~ 
.6-.69 
.7-.7<;0 
."-.89 
• C'j-. (19 

1.0-1.09 
1.1-1.19 
1.2-1.29 

.0-.19 
.2-.39 
.4_.59 
.6-.79 
.8_.99 

1.0 

.0-.09 

.1-.11 

.2-.29 

.3-.39 

.4_4.9 

.5-.59 

.6-."9 

.7-.79 

.8-.89 

.~-.~? 

~c 
Month of Sample 

'77 
M A M J J A 

1 2 
3 3 4 3 
4 2 2 2 6 2 
5 6 1 5 1 

5 10 1 3 3 
2 3 5 3 3 
7422079 

31 8 21 31 29 IS 
33 37 31 23 23 39 
12 12 31 14 12 19 

2 5 5 1 1 

.b.....L!!ili B 

7 
8 

11 
16 
17 

1 
3 
5 
1 
7 
2 

L. arcana 

3 
10 

6 
8 

,2 

4 1 
'2 

5 4 
7 13 
6 5 
2, 

1 

1 
1 
7 

18 
8 
6 

S 0 

2 1 
2' 2 
1 2 
2 2 
2 3 
1 4 

14 12 
35 42 
29 24 

3 2 
3 

1 3 

2 2 
9 13 
4 34 

1 

'7~ 

N D J 

3 
222 

2 
3 

234 
873 

12 14 14 
28 31 24 
24 29 24 
10 4 II 

2 3 

113 
212 
445 

13 12 10 
19 11 14 
I 

1 
143 

13 
10 

2 
2 
2 
5 

14 
11 

4 

25 27 5 
20 19 8 
14 4 10 2 2 

7 
2 
2 

17 
8 
2 

3 
2 

17 
6 
1 
1 

1 ' 4 
1 1 1 
5 
3 
3 2 
1 

7 3 1 1 
13 5 1 2 1 
17 18 10 3 4 
10 52 41 14 16 
I, 27 45 20 20 

2' 2 4 2 

2 
22 
IS 

c • W 
SiiT 

F Ratio Size Class 

2 .4_.49 
4 .5-.59 
5 .6-.69 
1 .7_.79 

.8-.89 

.9_.99 
2 1.0-1.09 
6 1.1-1.19 

18 1.2-1.29 
19 1.3-1.39 

4 1.4-1.49 
1 1.5-1.59 

1.6-1.69 
1.7-1.79 
1.8-1.89 
1.9-1.99 
2.0-2.09 
2.1-2.19 

2 .4-.59 
1 .6-.79 
2 .11-.99 

10 1.0-1.19 
11 1.2-1.39 

2 1.4-1.59 

1 
1 
1 

1 
!i 
5 

1.6-1.79 
1.8-1.99 
2.0-2.19 

.J-.39 

.4-.49 

.S-.59 

.6-.69 

.7-.79 

.8_.89 

.9-.99 
1.0-1.09 
1.1-1.19 
1.2-1.~9 

1.3-1.39 
1.4-1.49 , 
1.5-1.59 
1.6-1.69 
1.7-1.79 

~C 
Monti. of SaDlple 

'77 
M A M J 

1 1 
4 6 1 1 
9 563 
8 858 
9 2 5 10 
3 216 
5 7 1 2 
8 7 8 9 

13 6 6, 12 
15 21 18 15 
18 20 21 18 
15 20 16 19 
10 8 15 14 

4 1 3 4 
1 3 1 2 

1 
1 

~B 

13 
7 
5 

10 
16 

5 
1 

6 
6 
2 
7 
8 
3 
2 
1 

L. arcana 

5 
2 

1 
4 
3 
2 
1 

3 
2 
2 
2 
9 
8 
2 

J A 

1 
2 5 
5 10 
4 6 
3 6 
1 3 
3 6 
4 7 
8 10 

18 14 
20 12 
15 9 

4 8 
2 5 
1 1 

1 
6 
7 
1 
6 
4 
2 
2 

1 
6 
2 
8 
9 

10 
1 

3 
15 
12 

4 
1 

5 
6 
7 
9 
3 

7 
IS 

6 
3 
1 
5 
5 
7 
8 
7 
3 
1 

321 
20 13 6 
15 22 12 

4 16 11 
224 
3 1 Z 
6 3 1 
7 • 

3 
8 

14 
IS 

I> 
7 
3 
1 

1 
Z 

4 1 
5 1 
6 
1 
2 
1 

S 

1 
2 
3 

,5 
9 
7 
3 
3 

14 
9 

12 
15 
12 
10 

7 
5 

o II 

1 
2 3 
4 1 
5 6 

10 9 
6 9 
2 2 
6 6 
7 7 

12 15 
16 9 
14 15 
12 8 

4 3 
4 4 
3 
1 
1 

2 2 
4 3 3 
4 6 10 

3 6 
5 14 6 
8 14 16 
476 
l' 4 3 
1 2 

'78 
D J 

1 1 
2 2 
4 6 

14 , 
8 7 
J 7 
5 6 
4 6 

11 12 
12 14 
Z2 14 
1·9 13 

8 8 
8 8 
5 6 

3 
1 
9 

11 
4 

1 

2 
5 
3 
9 

19 
4 

1 
3 4 
3 I> 
7 ;, 
3 1 
5 2 

4 5 
9 II 
9 1Z 
6 8 
4 S 
3 4 

1 
9 

13 
14 

1 
3 

10 
10 

6 

11 6 
24 15 
22 24 
16 26 

8 8 
2 4 

1 

5 ,5 
13 9 
32 8 
Ie. 14 
4' 4 

2 
8 

F 

2 .. 
6 
4 
3 
4 
3 
3 
8 
4 

12 
5 
2 
2 
1 

3 
3 
5 
9 
7 

1 
7 

12 
3 
1 

2 
5 

.7 
1 
4 
1 

~ 

\Jt 
~ 

I 



APPEXDIX B 

TAI".E 9 (XJNTD. 

~o!ine4ta (yellow-shelled individuals only) 
C + W 
::m- '76 '77 '78 

~atio Size Class J J' A S 0 N D J f M A M J J A S 0 N D J F M 

.0_.09 1 

.1-.19 

.2-.29 

.3-.39 2 1 1 1 3 4 7 9 6 4 2 3 2 5 4 1 7 1 

.4_.49 3 10 1 .2 4 2 9 11 24 17 22 11 4 7 3 7 23 14 10 17 8 

.5_.59 7 18 6 1 , 1 4 4 12 6 12 6 9 S 11 8 13 9 1 14 

.• 6_.69 3 4 1 1 1 1 :>. 1 :>. 3 6 3 2 :>. :>. :>. 3 

.7-.79 S 1 1 3 3 6 2 2 3 1 1 

.~-."'? 2 3 2 3 1 1 3 2 1 9 17 1 Z 1 :>. 1 

.9_.99 :>. S 3 3 3 2 3 1 :>. S 18 3 7 3 3 3 1 1 

1.0-1.09 1 4 7 6 S Z 3 Z Z Z :>. S 17 S 1 8 3 4 1 

1.1-1.19 3 4 7 3 :>. 1 2' 3 1 3 9 2 8 1 1 

1.2-1.29 3 2 4 Z 2 1 4 1 

1.3-1.39 2 1 1 

1.4-1.49 1 
PL .... 
niT U1 
~atio Size Class P\) 

.0_.09 1 1 1 1 1 1. 2 2 3 3 ' I 

.1-.1'1 4 Il 2 <! 2 6 3 11 10 10 " 11 1 3 1 III 10 S 9 7 4 

.2-.29 S 3 3 1 1 4 2 4 7 14 12 9 S 2 4 3 4 11 S 3 2 3 

.3-.39 2 2 1 1 1 3 2 12 6 6 3 2 , 2 :>. 

.4_.4'1 2 3 1 1 a 3 2 3 , 1 2 1 1 

• S-.~? 2 Z 1 Z 1 1 4 11 6 
.b_.69 3 5 6 1 3 1 4 9 12 1 1 3 2 1 

.7-.79 3 , 4 5 3 2 2 2 4 4 17 28 12 S 12 3 4 1 2 

.1:1-."9 " 7 8 3 4 3 1 3 4 S 1 3 9 11 14 9 12 7 4 1 

.?-.?? . 1 I, 4 1 a J 3 2 1 1 1 3 6 5 1 1 

1.0-1.09 2 2 1 2 1 1 

1.1-1.19 1 

1.2-1.29 
1.3-1.-;~ 1 
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APPEl'IDIX 8 

TABLE 10 POPULATIl1N SIZl! CflANGE AND ECOLOGICAL AGE STRUCTURE 

SIZI! CLASS 1977 1978 
(g.u.) Apr 'May Jun .Iul Au, S~pt Oct Nov o.-c Jail Peb .Mar 
Mature • 

2.0-2.4 
2 • .5-2.9 3 1 3 2 3 
3.0-3.4 13 13 3 l • 1 3 3 3 8 9 .. 
3.5-3.9 18 25 11 13 13 1 1 4 1 4 8 
4.0_4.4 15 12 13 14 3 ~ 4 3 2 3 2 2 
4.5_4.9 5 5 3 1 2 2 
5.0_5,4 2 

IlIIlIIature • 

2.0-2 •• 2 .. 14 6 4 3 
2.5-2.9 2 3 • 1 2 8 18 17 19 6 , 
3.0_3.4 6 3 1 2 3 S 10 13 10 15 10 
3.5-3.9 2 1 2 7 1 1 2 7 1 
4.0_4.4 1 1 1 
4.5_4.9 1 1 2 
Juveniles 

2.0-2 •• 2 2 1 10 a 11 1 4 2 
2.5-2.9 1 2 Z • 4 2 2 
3.0_3.4 2 1 1 

lnlll\atoJre # 

2.0-2.4 1 1 Z 3 21 10 3 4 1 1 
2.5_2.9 2 3 4 1 3 16 3 3 4 2 Z 
3.0-3.4 1 1 2 Z Z 
3.5_3.9 1 

Mature I 

2.0-2.4 1 1 1 9 2 2 1 
2.5-2.9 7 3 1 3 1 11 18 18 a 15 12 
3.0-3.4 18 15 15 6 6 3 6 14 10 17 13 21 
3.5-3.9 1 11 Z 1 6 1 3 1 3 4 
4.0-4.4 2 2 1 1 
Overall total 
in size class 

2.0-2.4 3 3 4 9 13 10 44 40 11 14 3 6 
2.5-2.9 15 11 10 7 4 a 39 41 40 34 27 Z4 
3.0-3.4 37 31 20 12 12 9 11 27 28 32 3a 40 
3.5-3.9 27 37 13 16 20 1 8 4 8 4 14 13 
4.0_4.4 17 12 16 15 5 6 5 3 3 3 2 Z 
4.5-4.9 5 5 4 1 2 1 4 
5.0-5.4 2 
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APPENDIX C 

TABLE 1. Avera~e zonation Eatterns of the subEoEula tions of 

L. rudis C and L. arcana. 

Transect L. rudis C L. arcana 

zone iM iI " OM erl $1M iI crM erI 

1 143 61 160 25 18 44 20 21 

2 141 30 131 18 32 60 . 28 31· 

3 120 31 131 24 24 58 21 41 

4 132 38 106 22 28 56 38 40 

5 101 26 109 31 34 55 26 32 

6 116 43 9S 18 24 50 35 25 

7 103 27 82 12 41 44 51 33 

8 68 30 58 11 56 30 62 30 

9 33 10 30 .7 78 30 69 16 

10 11 8 18 5 S3 10 . 31 S 

11 7 4 9 1 51 13 31 1 

N~te:- M = Mature 

1 = Immature 



-155-

APPE)iDIX C 

TA8Ll1 2: ~nthly zonation patterna o( the aubpopulationa of ~ C and L. ar('~ma 

Transect Month of sal1Iple 

zone loIar Apr May 'Jun Jut AUG Sept Oct Noy o.-c Ja'l Feb 
'77 '7. 

~Iature L. arcanl U 

1 3 8 4 a 1 
2 a 1 8 10 6 3 1 
3 13 6 '1 2 1 1 
4 a 1 3 6 4 .5 4 2 1 
.5 1 1 1$ 6 .5 1 , 
6 2 6 6 .5 1 1 2 
1 3 1 1 a a .5 6 3 
8. 9 4 4 6 11 1 8 .5 2 
9 8 3 ,8 3 8 19 11 IS 6 4 

10 3 8 1 1 1 1 2 1 4 9 4 

11 9 11 2 1 4 1 14 4 2 3 

J"",,.ture L. arca.na .t 
1 9 1 J J 3 4 4 4 4 6 3 
3 4 7 4 4 1 , 4 .5 .5 9 .5 1 
3 3 2 4 8 9 14 1 4 3 4 3 3 
4 4 3 .5 2 .5 8 S 3 4 6 4 7 
S 6 3 10 7 , (I 2 1 S 3 .5 :I 
6 4 7 11 4 , , :I 2 2 , 3 
1 3 4 8 9 1 6 1 , :I 4 1 
IS 1 4 , 6 1 4 2 1 2 3 1 
9 3 2 9 a 1· 2 3 6 1 1 

10 2 ' 1 , 1 1 
11 3 1 3 4 1 

Mature L. arcana U 

1 , 6 3 4 1 1 -
2 1 1 6 11 4 3 2 
3 2 1 2 7 , 2 2 
4 2 1 4 10 12 3 3 3 , 1 U 4 4 2 3 
6 1 1 2 , 1 9 2 3 4 
1 , 1 , 1 22 1 .5 • 4 1 
8 11 , , 2 10 13 6 .5 3 1 
9 9 9 3 13 11 , 1 6 4 

10 1 3 1 3 6 1 .5 4 1 
11 4 6 1 4 .5 8 3 

JlIIJI1ature L. arcana -18 

1 .5 4 4 1 2 :I 1 1 
2 2 8 7 7 3 .5 - 4 

, 3 , , 6 4 8 2 4 1 3 2 1 
4 3 6 6 4 .5 9 2 2 1 1 1 , 4 3 6 8 3 2 4 1 1 
6 2 2 7 6 1 3 1 1 1 1 
1 2' 4 6 , 4 , 2 1 1 2 1 
8 3 2 11 .5 1 2, 2 2 1 1 
9 1 .5 6 1 1 1 1 

10 1 1 1 2 
11 1 
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TAlllE 2 Contd. 

Transect Month of sample 

zone Mar Apr May Jun Jul Aug S .. pt Oct Nov Dec Jan Feb 
'77 '78 

~taturt' I.. rlldl. C U 
1 9 14 1v 7 11 8 6 16 17 16 021 8 
2 11 12 12 11 1.5 14 14 1() 10 9 12 11 
3 12 9 11 12 9 11 .5 1() 9 13 10 3 
4 18 10 14 15 5 

'" 
19 13 4 7 13 6 

.5 9 9 8 13 4 15 '1 7 9 10 7 4 
6 10 10 10 10 1.5 12 14 2 9 13 6 , 
7 10 14 . 12 10 8 6 12 7 6 12 .. 2 
8 11 8 .5 9 .5 3 ~ 6 3 7 7 
9 .5 6 3 4 3 1 2 3 4 2 

10 3 5 2 1 1 4 1 
11 2 2 1 

lr:unatur .. l.rudis C U 
1 J .5 J C> 3 6 5 6 4 ., 7 6 
2 7 2 3 2 1 2 3 4 1 1 1 3 
3 3 2 3 1 1 3 , 2 4 1 3 3 .. 2 2 4 3 3 1 3 3 4 6 5 2 , 1 3 .. 1 2 . 5 2 2 3 2 1 

.6 9 3 4 8 2 2 2 5 2 1 5 
7 4 2 3 2 2 2 1 1 4 .5 1 
8' 2 3 1 1 .5 1 1 6 5 3 2 
9 1 1 1 1 1 1 2 1 1 

10 . 1 ·2 ,.,1 1 1 1 1 
11 1 1 1 

Mature L. rudis C U 
1 . 15 7 11 7 16 12 16 15 16 20 13 12 
2 14 () 13 10 9 9 9 7 16 14 15 9 
3 14 13 8 15 7 13 ' 13 12 12 8 10 6 .. 8 .. 10 13 9 6 9 13 9 11 9 , 
.5 12 8 13 10 10 13 8 16 7 10 1 1 

·6 7 8 10 7 9 16 12 8 6 ., a 3 
7 13 7 8 11 3 2 7 ., .5 .5 11 3 
8 3 6 .5 8 4 6 4 4 , 3 , .5 

'" 
, 7 , 4 1 1 2 2 3 

10 2 3 3 1 1 2 2 3 1 
11 1 1 3 1 1 1 

I ... ature L. rudis C U 
1 2 .5 3 3 3 1 3 2 1 2 
2 2 3 1 1 1 1 a 2 1 2 1 1 
3 1 3 .. 1 .. 2 1 1 .5 2 
4 1 3 1 3 6 2 2 1 1 2 
.5 2 4 3 2 3 2 1 4 3 1 3 3 
6 3 1 1 2 2 1 '. 2 2· 1 2 1 ., 1 1 2 1 1 1 3 1 1 
8 , 1 1 2 2 2 1 2 
9 1 1 2 1 2 

10 1 1 1 1 1 
11 1 1 
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APPENDIX C 

TABLE 3. Esti~ated % cover of harnacles in transect 2 

(April 1977) 

Transect % cover 
zone 

1 2 

2 25 

3 73 

4 70 

5 . 76 

6 72 

7 64 

8 S6 
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APPENDIX C 

TABU! ., Zonations in transect 2 in successive months 

Transect Month of Collection T<>tal 
zone Apr.' ~Iay Jun Ju1 Aug Sept l'ct N"v Dec Jan Peb Nar ill zone 

'77 '78 

~C jU'veniles 

1 2 7 3 12 13 10 18 H 20 19 17 135 
2 2 1 4 6 14 18 16 15 10 10 9 105 
3 3 4 2 4 8 14 8 7 4 11 5 1 71 

• 4 2 3 2 7 5 4 3 8 2 3 2 45 
5 3 5 1 3 7 1 3 9 . 32 
6 2 1 5 5 4' 2 4 1 3 27 
7 3 2 3 2 1 I> 2 3 1 4 27 
8 3 3 1 3 1 3 1 1 1 11 

~ B juveniles 

1 3 32 18 7 35 44 26 25 33 21 27 43 314 
2 16 34 24 15 39· 30 21 41 24 25 32 41 342 
3 21 24 30 22 35 45 21 34 26 24 27 35 330 
4 11 38 34 21 35 26 43 44 20 311 .29 40 377 
5 14 32 48 32 26 34 44 3J 37 22 27 56 4(15 

I> 35 57 45 34 41 56 34 .9 43 27 44 60 5Z5 
7 33 22 57 35 46 41 48 39 49 44 50 64 534 
8 18 39 44 54 54 29 58 62 44 SO ~6 67 575 

L. ni srolinea ta juveniles 

1 9 8 13 8 1 I> 3 1 1 5(1 

2 .5 20 12 18 22 4 /I /I 3 5 4 9 114 
3 5 16 20 24 19 13 /I .. 9 4 3 13 136 
4 18 22 2S 36 17 18 8 11 .5 6 9 6 181 
5. 25 33 27 2') 42 19 11 10 13 16 13 10 248 
6 20 19 32 34 31 20 10 11 13 10 17 6 223 
7 11 19 18 31 24 19 11 16 15 6 6 2 184 
8 1 10 23 19 16 3' 7 II 10 6 .5 1 107 

L. neslecta 

1 3 11 7 .5 6 6 15 8 6 10 9 8 94 
2 14 7 18 15 11· 9 21 13 11 12 1a 21 164 
3 28 20 18 ~ 10 .5 28 29 22 16 22 18 236 
4 19 13 16 5 12 U 13 10 23 14 20 22 119 
.5 22 18 .5 6 11 1 9 2.5 14 20 12 1 1~0 

6 9 16 2 7 4 2 14 11 10 12 6 4 103 
7 .5 7 1 2 '4 11 8 3 2 4 47 
a 4 7 2 1 4 2 1 1 22 
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APPENDIX C 

TABLE 5: Popula Hon size structures 

M~nth of collection 

Size class Apr May Jun .Iul Aug Sept Oct Nov Dec Jan Feb Mar 
(gu) '77 '78 

L. nisrl..,\lineata 

2.0-2.4 12 l' 10 9 7 2 4 12 , '1 II 2 
2.'-2.9 20 32 20 26 14 8 '1 I? 14 10 , 
3.0-3.4 19 32 32 40 2U 12 II , 12 8 19 9 
3.5-3.9 17 33 27 39 37 18 10 11 9 11 12 , 
4.0_4.4 12 15 27 42 43 17 12 11 9 3 , 9 
4.5-4.9 , 13 26 20 _ 28 I. 12 7 , 3 3 10 
5.0-5.' 5 3 17 19 20 18 11 a 5 /) 1 '1 
5.5-5.9 1 3 3 , 8 8 1 • 1 
11.0-6 •• 2 3 • 2 8 1 2 1 2 

L. rudis C 
2.0-2.' -1---J 6 1 11 17 6 14 12 10 10 11 
2.5-2.9 2 1 ~ 6 3 1;: , 5 9 U /) 9 6 
3.0-3.4 1 4 4 , 11 12 12 12 /) I. 11 II 
3.5-3.9 2 3 2 2 a , '1 '1 a " 

4 , 3 
'.0-4.4 3, 3 2 3 3 3 " 6 7 7 8 11 • 
'.5-4.9 2 1 3 1 6 2 , 9 4 6 2 
'.0-5.4 1 1 3 1 1 1 2 , 2 
5.5-5.9 1 3 2 1 1 1 
6.0-6 •• 1 1 2 

h..!.!!1i! 8 (. L. arc~na) 

2.0-2.4 21 59 " 29 31 20 22 63 67 73 67 108 
2.5-2.9 37 58 52 51 59 34 37 43 52 45 65 125 
3.0-3.' 39 '60 71 49 70 75 51 53 .7 '1 SO 86 
3.5-3.9 '0 .5 .• 7 39 62 68 83 56 40 36 40 32 
'.0-•• 4 9 35 42 34 48 61 SO '3 37 24 30 28 
'.5-4.9 4 14 22 15 24 28 36 36 17 16 21 9 
5.0-'.4- 1 5 7 • a 16 15 16 8 8 11 13 
5.5-5.9 1 4 1 1 7 , , , 3 4 • 6.0-6.4 1 ,2 2 2 3 3 4 1 

L. neElecta 

2.0-2.4 3 3 • 9 13 10 ,44 40 11 14 3 /) 

2.5-2.9 l' 11 10 7 • 8 39 '1 40 3. 27 24 
3.0-3.4 37 31 .20 12 12 9 11 27 28 32 38 '40 
3.5-3.9 27 37 13 16 20 1 8 • I • I' 13 
'.0-4.4 17 12 16 ' 15 , 6 , 3 3 3 2 a 
'.5-•• 9 5 5 4 1 2 1 4 
5.0-5 •• 2 



APPENDIX C 

Table 6. 

Transect 
zone 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

-160-

Zonation of male and female L. neglecta 

Number of ~~ 
in each zone 

(a) 

44 

63 

119 

.102 

94 

48 

27 

11 

A = 508 

Number of ~~ Total in a2 -in each zone zone n 

en) 

42 86 22.51 

80 143 27.76 

104 223 63.50 

58, 160 , 65.02 

49 143 61.79 

47 95 24.25 

15 42 17.36 

10 21 5.76 

405 N = 913 ' 287.95 
A2 0' 

N 282.65 

)(2 = 5.3 = 21.47 
.556 x .444 

degrees of freedom = 7 

significant at .01 
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APPEII/DIX C 

TA~LE 7 

Fomale 'late 
TranstJ'ct. Size class.:. (gu) 
zone 2.0- 2.5_ 3.0- 3.5- 2.0- i.5- 3.0- 3.5-

2.4 2.9 3.4 3.9 :.4 2.9 3.4 . 3.9 

1 3 9 

l , 12 

3 9 26 

4 5 22 

5 6 12 

6 3 9 

7 I 3 5 

8 - 2 

34 . 97 

X' tests 

. Transect 2.0- . 
zone 2.4 

11 7 7 

12 10 6 

27 32 19 

33 21 S· 

32 31 13 

14 13 10 

10 7 3 

4 7 2 

143 128 6.5 

!'for each size clasa 
n 
2.5- 3.0-

2.9 3.4 

13 

2S 

35 

19 

19 

18 

9 

3 

141 

17 

39 

35 

28 

11 

15 

3 

.5 

153 

3.5-
3.9 

1 }3.05 3.68 4.32 } 9.32 
2 3.89 2.82 
3 2.89 11.08 11.76 22.76 

5 • 4.65 23.81 26.69 

6 1 7 3.0 } 6.76 1 ! . 1 ~2.58 8.91 J24.3 

5 

9 

13 

5 

5 

3 

--
40 

4 14 17 11.80 17.85 16.96 

--------------------------------------------------------------. 
<" !' 
L n 11.82 40.68 76.23 100.03 

A' 
ii 

X' • 

• 
delrees of 

11.68 

.14 
.225351 

.621 

freedo. 3 
NS 

39.,53 

t.t5 
.241530 

4.76 

6 
NS 

69.08· 

7.15 
.249711 

28.63 

I> 
aiC •• 001 

97.,52 

2.51 
.181350 

13.84 

4 
ail •• 01 

Total in zone 

2.0- 2.5- 3.0- 3.5-
2.4 2.9 3.4 3.9 

10} 22 28 IZ} 
11 37 51 19 

28 61 62 4' 

1°1 41 61. 26 

19 31 43 36 

1:1 

27 29 

1~} 14} l:J .5 

99 238 296 168 

Note 

NS. not aisnificant 
aill ailnifiCknt 

, .~ .. 
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APPENDIX D 

,,~ 

. Table 1. Frequency distribution of numbers and arrangements (where possible) Of. 

penial glands. 

Porth Swtan Rhoscolyn . 
L. rudis C L. rudis B L. rudis c L. rUd!s I L. rudis b 

Penial gland 

arrangement S I D S I D 

Number of 
....•.. ,. ' 

:"{ 
penial glands 

~~ .. ."."..:, 

4 3 

" , 2 ~,,' ..... , 
'. 

6 1 3 ':'1'''; 

7 4 3 1 

8 10 4 3 1 ',; 1 

9 ' 28 2 , 3 2 .. ,e 2 3 

10 .55 9 9 5 8 7 6 

11 57 21 8 2 4 .' .5 4. ,., 

12 43 39 18 3 10 . 7 4 

13 36 46 22 12 10 11 4 

·14 25 38 31 9 8 
,,,~. 

8 6 . " 

1.5 11 .51 28 16 3 14 

16 , 24 1 21 19 3 7 

17 1 24 1 11 17 3 6 

18 .5 1 11 24 2 

19 8 1 17 2 
',,--

20 2 1 6 19 1 

21 3 1 3 13 2 

.22 2 10 

Z3 2 10 1 

24 .5 1 

25 4 

26 

Total 276 272 .5 193 

% in each 
, 

category of, 
penial gland. 

50%49% '196 49')6 49')6 arrangement 
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APPENDIX D 

TARLE 2: 'ecGentase .. ture in successive eiM. ~la.se. 

Rhoseo11h (data froa a sample t.k~n in NoveMber 1971) 

Size class . L. rudis t L. rudiS 1 ~ b 

4M '" .n '1 T ~ . ,IN 'M 11'1 t,.... 1M 'M II 'I T ~ 
• 6.5-6.95 ~ 1 4 5 13 31 .. - ". a 6 0 - - 6 3 • 0 

, .0-1 • 45 '4 5 5 18 44 1 _ .. 6 11 9 - _ 1 .. , 0 

'.5-7.95 • 8 4· 9 %7 5% -' 4 3 7 10 0 _ - 1 3 4 0 

8.0-8.45 '. lZ ~ 1 23 87 5 3 • 19 32 22 - - 5 4 9 0 

'.5-8.95 . 11 10 1 • 23 91 6 5 4 6 21 52 2 a 3 7 14 29 

9.0-9.~5 1%' - '- 20 100 11 10 2 6 29 72 1 2 6 6 15 20 

9.5-9.95 5 . 8 _ 2 15 87 12 15 5 1 33 . 82 10 3 5 4 22 59 

10.0-10.45 1 5. - _ .. 100 14 12 - - 26 100 • 9 a 1 18 83 

10.5-10 •• 5 1 3 4 100 21 11 - - 3% 100 • • 3 4 23 70 

11.0-11.45 a 2 - - 4 100 5 5 - - 10 100 12 11 - ~ 23 100 

1l.5-11.9$ . 1 _ 1 100 3 5' - .. 8 100 14 14 2 - 30 93 

12.0-12.45 2 - 2 100 7 6 2 1 16 81 

i~5-U.95 4. - .. - 4 100 '10 2 1 20 85 

13.0-13.45 1 1 - - 2 100 11 5 3 4 23 70 

13.5-13.95 • 8 2 4 20 70 

14.0-14.45 

14.5-14.95 

15.0-15.45 

15.5-15.95 

16.0-16.'" 

16.5-16.95 

17.0_17.45 

17.5-17.95 

. 18.0-18.45 

1 - - - 1 100 .. 6 1 6 17 59 

5 4 1 10 50 

13-4850 

1.331743 

1 - 1 0 

1 _ .. - 1 100 

-2_24100·· 

1 1 0 

Iiot.l- M: _ Me t ..... 

II - t-tur. 

Porth Swtan (data froa •• mples taken over the ,ear 
March 1977 - February 1978) 

.!:.:...£!!!!! C .!:.:...£!!!!! 8 

1M 'M en 'I t ,c... 1M 'M 11 '1 T ~ 

186 93 139 216 634 44 

2S6 236 66 177 735 67 - - - 6 6 0 
303 307 36 62 708 86 _ _ 6 9 1~ 0 

226 256 25 50 557 87 1 - 7 12 20 5 

145 190 10' 21 366 9% 2 2 13 11 28 14 

'. 74 90 6 7 177 93 _ 1 17 21 39 3 

33 38 5 1 77 92 3 1 19 15 38 11 

14 21 . 1 

IS 7 

5 4 

.. 

2 3. 9% 7 7 21 15 40 28 

1 16 94 15 11 16 25 67 39 

1 10 90 30 23 18 13 84 63 

31 30 11 20 92 66 

37 44 • 17 106 76. 

51 52 7 20 130 79 

56 71 , 9 143 89 

44 56 6 1 113 88 

39 60 2 5 106 9): 

25 39 1 2 67 96 

10 35 - 1 46 98 

8 23 - - 31 100 

9 16 • 1 26 96 

:I 7' 9 100 

, •• 5100 

4 

:2 

4100 

2100 ," 

" 

.' .... 
0\ 
VJ 
I, 
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