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BRITISH ROUGH WINKLES: ASPECTS OF THEIR ANATOMY, TAXONOMY

AND ECOLOGY, Ry Celia Jane Hannaford Fllis,

..Abstract: The characters.used, to identify rough winkles
.were.described and the following assessments of their tax-
.onomic,usefulness were made; 1).Pa]]inl oviduct, The struc-
ture is diagnostically different in rudis and arcana
females, 2).Penis. The form is diagnostic in nigrolincata
(Helle?,197535 but not in rudis and arcana and also possibly
not in neglecta {cp. Heller,1975a). 3).’rostate, The appear-
ance can aid in identifying rudis and arcana males, but is
not diagnostic, 4).Ciliated field, The size difference
between rudis and arcana is diagnostic and is used to ident-
ify males, 5).Sub-opercular pattern. This is useful in iden-~
tifying neglecta cnly. 6).Radula., The radulae show cusp
number decline and, in some species,changes in cusp shape
with age. They are of little use in diagnosis, 7).Shell,
L.neglecta and nigrolineata shells have diagnostic features
1Heller,1975a),so these species can be identified on this
basis, L,rudis and arcana shells are too similar to be used,
By using combinations of these characters most animals can
be diagnosed,

Various aspects of the biology and ecology of
the four species were examined: 1).Sexua1 dimorphism was
observed in all the species. Females are generally larger
than males, usually maturing at larger shell heights and are
sometimes more globose, In nigrolineata size dimorphism rel=-
ated to shell colour was observed; yellow-shelled animals
generally grow larger and mature at larger sizes than white-
shelled, 2).0Ontogenetic changes in shell colour pattern of
neglecta were observed: Young neglecta usually have banded
shells, older animals' shells are usually tessellated,3).The
reproductive seasonality of the four species was examined,
I..neglecta,arcana and nigrolineata show marked periodicity,
but rudis shows little., 4), The population size structure
and composition changes of neglecta suggests that this
species is an annual.S). The spatial and temporal zonation
patterns of rudis and arcana in a community at Porth Swtan
were examined, For much of the year the species seem iruly
sympatric; but arcana adults in breeding condition were
found to migrate down to the top of the barnaclec belt. 6).
Spatial zonation differences were found between the species
of the small-winkle community in the barnacle belt,though
there were wide overlaps between specics. Temporal effects
may also be important: The breeding periodicity differences
resulted in some staggering of juvenile production by the
different species, so that the juveniles were of slightly
different size ranges, This could be important in resource
partitioning, Male neglecta were found to zone higher than
females,

The intra-specific variation in rudis is
particularly striking and two types commonly occur in Angle-
sey. One type is abundant in boulder habitats, the other in
crevice habitats. Unusually at Porth Swtan both types (living
in their respective habitats) can be found and appear to
retain their identity in spite of their proximity. At anotiher
site a cline between the forms scemed to exist, The observ~
ations could support arguments for the existence of pheno-
types,ecotypes or sibling species. Though some recognition
of the different forms is desirable for ecologists, before
any formal taxonomic recognition is given to any form of

rudis (or any of the forms of other species), experiments,
to discover if there is any genetic basis for the observed
variation, should be undertaken,
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GENERAT, INTRODUCTTION

In 1975 Heller resolved the British rough

winkles of the Littorina saxatilis complex into four

species, L,rudis, L.neglecta, L.,nigrolincata and L,patula,

distinguishing them on a combination of shell and anatom-
ical characters, Though this classification was mainly
welcomed by littorinologists, the distinction of patula
from rudis has been questionned, since Heller's diagnosis
of this species did not make it possible to separate a
high percentage of specimens encountered into one or otﬁer
species, This problem has been highlighted in Raffaelli's
recent paper (1979). In this he concludes that the
characters used by Heller to define patula are not suffic-
iently distinct from those of rudis to warrant its
separation as a species, and that patula must be regarded
as a synonym of rudis, Like Raffaelli's, my early
attempts to distinguish patula and rulis also failed in
the face of the apparently continuous variation in shell

and penial characters, Most ovoviviparous individuals

seemed to be intermediate betweeﬁ rudis and patula sensu
Ileller in at least some characters and coﬁld not be
assigined to one or other species with any degree of surety,
Thus, I, likewise came to regard patula as a synonym of
rudis.,

Concurrently a second taxonomic problem
emerged., Females were found that exhibited pallial

oviduct structure like that of nigrolineata, mariae and
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obtusata ie, of oviparous design, which is quite distinct
from ovoviviparous pallial oviduct structure., These
females combined oviparous reproductive mode with shell
characters that ranged from patula to rudis,

For a while it appeared that the two
problems were unrelated, that patula was probably a
variet& of rudis and that a new, second oviparous rough
winkle existed which (excepting Seshappa's observation
(1947) ) had evaded previous discovery., Lowever 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 of the males correspohding 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 ovipgrdué 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 shells and
'L.unknown' for the remainder, Thus it seems probable
that he used primarily the shell and penial characters
for distinguishing rudis and patula, and at such sites
as Abraham's Bosom where rudis and arcana exhibit very
different shell types, the penial differgnces would

support such a division,

Despite the probability that patula was
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described mainly'fyom individuals of‘thc oviparous
species, it would hgve been inappropriate to re-describe
patula as an oviparous species; the patula form of rudis
undoubtedly exists, in as much as there are rudis
ipdividuals ﬁith the penis form and shell shape associated
with patula by Heller (which, inpidently he derived from
Jeffreys' (1865) description and not the original
description published in 1844 by Thorpe). TFurthermore none
of the other variety names in existence could be used as
these all relate to shell ﬁypes, and might have been
secreted by individuals of either species, So I described
L.arcana, 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 1is of some importance and took a considerable
amount of time, the work undertaken was not intended to
be primarily taxonomic, The main objective was to examine
the egqiogy of the then newly-described rouéh winkles
generally,

Section 1 deals mainly with‘the identific-
ation of rough winkles to species and while especial
attentioﬁ is paid to.the separation of rudis and arcana,
it also covers the identification of juveniles which is
usually omitted from species désériptions. Identificat-.
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



of the oviduct in particular is described in detail,
Some new observations were made of this and'alsp certain
other structures, such as the ciliated field, sub-operc-
ular patterns, prostate and radula, and these are
described here,

Section 2 covers aspects of the autecology
of the different rough winkle species, looking at sexual
dimorphism, ontogenetic changes in the colour patterns
of neglecta shells, reproductive seasonality and the
changes in the structure of neglecta populations,

Section 3 looks at the synecology of rough
winkles, Considerable overlaps in habitat are apparent espcc-
ially rudis with arcana and neglecta with juveniles of other
species and questions arise about the niche separation,

In both sections 2 and 3 some of tho
ecological differences between the look-alike species
rudis and arcana are described.which support the separat-
ion of these two species,

Section 4 is rather more speculative., It
considers the variability observed in L.rudis, perhaps
the most variable of the rough winkles and points to some

of the many problems encountered with this species,



OUTLINE OF THE CURRENT CLASSIFICATION OF BRITISH WINKLES

The winkles of British shores are currently referred to one
of eight species which between them exhibit 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 (1964), L.

nigrolineata Gray (1839) redescribed by Heller (1975 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.). The latter name,having page

precedence in Linnaeus' 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
L. neglecta Bean (1844) redescribed by Heller (19759 and L. rudis
(Maton, 1797). |

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

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

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

was the rough winkle. Consequently these four species are cften
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




groups them with the flat winkles, mariae and obtusata, rather than

the ovoviviparous species rudis and neglecta.




SECTION 1: USE OF COMPARATIVE ANATOMY AND SHELL

CHARACTERISTICS FOR TDENTIFICATION OF

BRITISH ROUGH WINKLE SPECIES.

Identification and separation of winkle species has, until
comparatively recently, relied primarily on shell characteristics.
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 idéntification. Shells can be easily examined and
measured without necessarily killing the animal, and they are also
easily preserved. lowever accessibility cannot be equated with
reliability as a species marker. Speciafion can occur without
involving a distinctive change in shell characters and conver-
sely separate species may show convergence. Furthermore the
considerable variation that exists in shell characteristics within
a species can obscure the Aivision between species. For example, amongst
the four species that were lumped together as sayatilis, two

nigrolineata and neglecta in fact have diagnostic shell charac-

teristics but the distinction was obscured by the wide variation
in arcana and rudis shells. Alsg ontogenetic changes can further
complicate the task of identifying individuvals to species e.g. in
littorea which is commonly regardecd as of uniform shell type, the
uniformity is applicable cnly to adults; juveniles have shells which
are totally dissimilar. Shells are none-the-less very useful markers
provided the limits of their usefulness are known.

For the rough and flat wirkles anatomical characters have been

shown to be more reliable for distinguishing the species (Sacchi
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& Rastelli, 1967, Sacchi, 1975, Hel;er, 1975Q. These 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
differencé;. 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 uséfulness 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 will
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 coinbinations
of characters have to be used for diagnoses.

Six anatomical features are considered,‘pallial oviduct, penis,
prostate, radula, and two characters previouslyfunused in
littorinid taxonomy, the ciliated field and sub-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 their
age range and in all stages of their reproductive cycle cannot be

overstressed. A great deal of work on winkles has been, and is



being, wasted through lack of care in identification, or through
inability to recognise Jjuveniles or adults out of reproductive

condition,
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1.1 PALLTIAL OVIDUCT CHARACTERISTICS

The pallial oviduct is that part of the oviduct lying withiq
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 struﬁture can be a diagnostic character useful
in identification of species.

The three reprodﬁctive 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 palliai oviduct is relatively unimportant for identifying

them. In the case of the flat winkles,obtusata and mariae, 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, especiaily in separating rudis
and arcana females from each other. Since rudis reproduces ovo-
viviparousiy 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 and rudis and

compares them. The oviduct structures of these species can bé 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 (EEQiE
by Eretter & Graham 1962, Sacchi, 1975, Sneli & van Marion, 1979;

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

has not been describéd by previous authors. Since the appearance

of the oviparous and ovoviviparous oviducts in the immature condition
is as diégnostically 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
immature, as well as mature, arcana from rudis is a prercquisite

for any ecological study of these species since aréana has a
narkedly sgasonal reproductive cycle (see section 2.4) and outside
the reproductive period the majority of arcana on a beach will be

in an immature condition.-

1.1.1. Homology of Oviparous and Ovoviviparous Pallial Oviduct

The homology of tiese two oviduct structures has been pointed

out by Sacchi (1975). The pallial oviduct of littorea and neritoides
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 basis it seems probable that oviparous and
ovoviviparous species are more closely related to each other than

they are to the planktotrophic species littorea and neritoides.

1.1.2. Features Common to the Oviducts of Oviparous and Ovoviviparous

SEecies.

Oviduct anatomy has been studied by dissection and histological

techniques in arcana, 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 oyiduct are so
elaborated and folded that the structure appears fairly complex.
The anatbmy is most easily understood by examining immature specimens,
in which the lqbing is relatively obvious (see Plate I, figs 2 & 6).
The Giagrammatic sections of fig. 1 should act as an aid to
understanding how the duct is constructed. Where it énters the
mantle cavity the oviduct is more or less tubular (the tubular
coiled oviduct, Tco, ) and in the mature animal its walls aré
swollen with glandular cells. The pattern of coiling is fairly
uniform. The largest locp is not visible in riggt lateral view
(the view observed when the animal is removed from the sheil) as
it is overlain by the lobed walls of the next section of the duct
(fig. 3). VWhere the tubular coiled oviduct expands into the lobed
second section (which is currently krnown as the albumen gland (see
below) the receptaculum seminis (rs) cpens and it is presumably

in this area that fertilisation occurs.



Figure 1.

Diagrammatic sections through the proximal
convolutions (based on an immature L.,arcana oviduct).
The positions of the sections are indicated in the

central diagram,

Key: cg:- capsule gland
Oag:~ opaque albumen gland
pcge—~ passage to capsule gland
rs:—~ receptaculum seminis
S:= septum
Tag:- translucent albumen gland
Tcot- tubular coiled oviduct |

vc:= ventral channel



SECTIONS

DIAGRAMMATIC




FPigure 2,

Right lateral view of the immature oviduct of

L.arcana,

Key: see figure 1, also:-
Beci~- bursa copulatrix
Jgi~ jelly gland
Jgs:i- jelly gland septum






Figure 3,

Left lateral view of the proximal convolutions

of L.arcana.

Key: see figs. 1 & 2,
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The next section of the oviduct, the so-called albumen
etand (Linke, 1933; Sacchi, 1975) h;s an enormously expanded,
flattened lobe which is folded once, into a characteristic
shape. Howeves 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
cpaque albumern gland (Oag) and the translucent albumen gland
(Tag) (see fig. 2); possibly they are responsible forbsecreting
respectively the fluid albumen and viscous albumen layers round
the zygote. Ths albumen glands are succeeded by ancther
laterally flattened lobe, thé capsule gland. This probably -
secretes the ezgg membrane which surrounds the zygote and its
zlbumen layers. Owing to the shape of the passage from the.
albumen gland, (see section D-D fig. 1), eggs coming down the
oviducy are directed'into the lumen of the capsule gland and
thence enter the most distal pa;t of the oviduct, the brood
pouch or jelly gland, dgrsally. Structurally the brood pouch
and Jjelly gland are very similar, both having a complex of
incomplete septa extending into the lumén.

The oviduct is also adapted for the reception and storage of
sperm prior to fertilisation. The 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 ciliated gutter in the ventral part of the



-1ha

distal oviduct., They pass ventrally into the albumen glands

and thence to the receptaculum 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 representative

Oviparous and Ovoviviparous species, L, arcana and

I.. 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 secti;n (Jjelly 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 giand.
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 secticn 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,



Fipgure 4,

Right lateral view of the pallial oviduct of a

mature J.. arcana female.

Key: see figs,.l &‘2, also:
' Cf:- ciliated field

Cms=~ columellar muscle
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Fipure .

Right lateral view of pallial oviduct of a

mature L,rudis female,

Key: Bc:- bursa copulatrix
- Bp:=- brood pouch
Bps:~ brood pouch septum
Cf:~ ciliated field
Cg:=- capsule gland
Cm:~ columellar muscle
| E:~ embryo
Oag:- opaque albumen gland
Rs:~ receptaculum seminis

Tag:~ translucent albumen gland






Figure 6,

Right lateral view of immature pallial oviduct

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

Key: see figs.2 & 5






PLATE 1.

Pallial oviducts of immature females
1) & 2) L.arcana, 3) & 4) L,rudis C (&
explancdion  of Liudis € YaPE - vec ¢ 49






Figure 7.

Figures traced from Plate 1,

A). & B).

Key: see
F:=

Hs: -

K:-

M:-

O:-

S:-

Te: -

Tco: -

L.arcana C). & D)._L.rudis

figs, 2 & 5, also:=-
foot

hepatopancreas
kidney

mantle

operculum

stomach

tentacle

tubular ceciled oviduct



Tco il < i
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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 arcana, 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,
The ccmparatively large proximal convolutions and

Plate 1).

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.

Variations in the Oviduct seen in the other Rough Winkle

1.1.4,

Species.

Though the oviducts of nigrolineata and neglecta resemble

those of arcana 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 average

ratio, C/Bc, of jelly gland length (c) to bursa copulatrix length

(Be) is 3.1, compared to 1.7 in arcana (see fig. 27). 1In rudis



PLATE 2,

Pallial oviducts of mature females

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






Figure 8.

Figures traced from Plate 2,
A). & B). L.,arcana, C). & D). L.rudis C

Key: see figs:2,5 & 7
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Oag




PLATE 3.

1) L.rudis B on boulders at Porth Stwan,

2) Pallial oviduct of L.rudis B female.
(fr uvh.rn‘““‘ f Lorodls Q0 ﬁ@. Sas Pk—%)
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this ratio is 4.0, i.e. also much shorter than in arcana. This
factor may be of significance in species recognition (see section

1.2.4). In other respects the pallial oviduct of nigrolineata and

arcana seem very similar.,

The oviduct of neglecta is likewise similar to that of rudis;
however, there is probably a functional difference. 1In neglecta the
eggs are almost certainly produced individually since embryos in- the
brood pouch are usually at different stages of development.
Interestingly the embryos, unliké the parent, are not scaled-down
versions of those of rudis. Indeed they are of an approximately
equivalent size, so that the physically smaller brood pouch of .
neglecta rarely holds more than 10 embryos. Females of rudis
of ten have 100 or more embryos in the brood pouch. Thus 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 the distal sectioﬁ as
either brood pouch or jelly gland, in which the funhtional significance
is readily apparent, there is also the previously unexplained
difference in relative size of the preoximal convclutions., These
I think secrete the nutritive layers and protective egg mcmbrane
which surround the embryos of both oviparous and ovoviviparous species.,
One possible explanation is that tﬁe difference in size of the

proximal convolutions is related to differences in the pattern of
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egg production.

Oviparous species may lay egg masses containing 100-300
eggs. Plate 4 shows an egg mass of arcana photcgraphed shortly atter
it was laid. As this shows, in this egg mass ( as in all egg masses
I have seen) the eggs are very close in age. Assuming no inliibition
of development occurs, it.can be inferred from this that the
pattern of egg production is such that all the cggs 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 seems 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 different.
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. Assuning
that the gland cells of the proximal convolutions operate at
similar rates in oviparous and ovoviviparous spe;ies, then for an
oviparous species to coat quickiy 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 scecretory 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 4,

1). Maternal L.arcana and recently laid egg mass,
2), Close-up of egg mass (scale in millimetres).

Note the pink coloration of the developing eggs.
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PLATE 5.

1). Embryos from the brood pouch of L.rudis.

2). L.arcana egg mass, eggs at 1-,2- & L-cell stages,
(about two hours after being laid).

3). Ciliated field tissue,

4). L.neglecta, 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 obtusata and
mariae these characteristics are diagnostic, obtusata having penes
with tips considerably less than half the total length of the penis
and rore than 16 penial glands arranged in two or more rows, mariae
having penes with tips approxima£ely 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 considered one species, littoralis, that first drew the atten-
tion of Sacchi and Rastelli (1967) to the possibility that two
species were present.,

Heller (19759 examined the penial forms of the rough winkles
looking for equivalent diagnostic differences. He described
differences in the four species he recognised, though as Raffaclli

(1979) has pointed out the differences between rudis and patula

were not diagnostic. Of the four species only nigrolineata has

indisputably diagnostic penial characteristics. These have been
adequately illustrated by Heller (19759 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, Naylcr (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 neglecta I, likewise, have examined for possible diagnostic

* coodwin & Fish (1977).
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penial characteristics, 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 neglecta and rudis
on penial characters. In the future,however 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
five sites were 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
¢) 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 pcnial
glands in a row parallel to the main row); very rarely triple rows
were seen in arcana only. The data obtained from the five sites
were lumped for each species and plotted in fig. 9 (see Appendix A,

tables 1 &2 for data from individual sites).



Figure 2

Frequencies of patterns of arrangement of penial
glands, and number of penial glands,

A) L.rudis C B) L.arcana
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Figure 10,

Definition of measurements of penis,

Keys: AL:- animal length
BL:~- basal length
Ti= eye
O:- oesophagus‘
P:~- penis
S = sneuvt:
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 reiative size of the regions, tip length /
penis length (TL/PL), penial gland region lJength / penis length
(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-Whitney U test (Siegel, 1956), against the null hypothesis
that the ratios obtained from EEQEE and arcana are similar. The

measurements, TL, PGL, BL, PL and AL are defined in fig,10,

Results

a) Number and arrangement of penial glands.

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 differences between the two species were found.

In arcana the basal length / penis length ratio is frequently
zero, i.e. the penial glands of ten continue to the basal curve
(see fig. 1), This occurred in two of every fivé arcana males
exanined compared to one in 72 in £ggi§L

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

c¢) Size of the penis reclative t¢ the animal

At each site arcana males had significantly smaller penes



TABLE . %1 -

Conparison of penial shape characteristics of L. arcana with L. rudis -

using Monn-Yhitney U test.

L. arcana . . L., rudis
. ‘ ‘!‘ange of . range of two-tailed
Ratio |Site} n jmedian| ooy tions| P |7 | gbservations| & p
pr/AL |P.S. | 86].886 [.650-1.275 | 100 | 1,120 | .776-1.333 | 9.39 {<<.00006
| AeBa | 611 .895 |.64B-1.143 50 | 1,066 | «+800-1.349 | 4491 | << .00CCH
B.Re | 6814922 " |4712-14156 721 1.091 | 810-1.346 | 6.89 |<.00C06
YoWe | 60} .821 |.683-1.014 40 [ 1,051 | J840-1.328 | 7479 | < 00006
D. 371367 461314137 32] 1,071 | o877-1.500 | 5458 |<<400006
/el | P.5. | 84| .2 ‘ .155-.385‘, k| o235 | o13he.365 2.72 | <0066
A.Bo | 61 .20 " [.172-0321 ~bg§ ,250 | +147-.352 78 | o354
| BuRe | 79,222  [e150=e381. | 73| e242 | 0159-0386 . | 278 | 0054
YoWe | 60].250 Ja143-.353 Th) G2k | o145-.347 23] 8160
D. Lo} .2t . Je15k-362 3| o239 | 4169-.249 84| L4010
PGL/PL | PuSe | 89 .735 ' |.520-.823 95| 606 | +375-4780 9.23 | < .00006
ABe | 61] 4716 ].560-.815 C50] 600 | JH48-.740 6.48 |< 000056
BeRe | 79 o723 |.455-4875 73] +603 | 292-.725 8.46 |< .CO006
Y. | 60} .732 [.600-.831 41| o577 - | JH18-o 74 Z.a; <00&oz
D. 471729 5710821 3514576 | «2H1-a735 o753 |< +CC0
BL/PL | PeSe| 91} o000 [.0C0-.2352 93| .1711 | .000-.7750 ~ 10.31 | <.00006
A.B. 61} 0385 |.0C0- 1655 " 49 ] J1HC8 | J000-42529 6.47 | < 400005
BuR. | - 79| #0333 [.CCC-.2860 72] #1714 | 00C-43750 | 7434 | < 400008
Y.\, 60| 000 |.000-.16CC 44| 1710 | J012-.389C 7493 | < 405006
D. 431 .0385 |.0CC-.1224 251 41429 | CT705-.4084 | 7.06 |« 0000
Sites:i~ P.S. - Porth Swtén; k‘uB. -‘Abraha.'n's Bosom; BeRs = Bell Rcc‘{;

Y.V, - Ynys Vellt; D. - Dunbar

}Zeasuremerits:- A.L. = length of nead mass; B.lL. - base length;

P.G.L. - length of penial gland zone; P.l. - length of penis;

T.Le - tip length



‘Figure 11, -

'Typidalzpéhig.férms.
) A). L.rudis

B). L.arcana -

 Key:-  Mt:- mucronate tip
- pg:- penial glands
) sg;- swelling |

i tté-ttapering'tiﬁ ‘






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, 5 penial gland number and‘arrangement

differ 1n the two species, the dlfferences are not dlagnostic.

. ceam b

Thus for exampie,waf a male has a penls w1th 19 glands arrangedAxn
‘a double rod)1t.cannot be ascrlbed on thls basxs to one species or
the other, though‘it is more likely to be an arcana male than a
Similariy'though the pfoportions‘of the oenis (With'the‘
;exception of the‘tip length ratio)‘and the reiative size show_h
| significant differences in the two species (aicana‘males‘havihé;
von average,}a larger penial gland reglon, smaller (or no) basal
reglon and generally smaller overall penls ‘size than EBQLE males) it
’the ratlos obtalned from the two speC1es overlapt» This means that,
as w1th pen1a1 glands, the dlfferences can only be regarded as |
4typ1ca1 not dxagnostlc. Hence though certaln types of penls shape:
(see flgs 11& 12, Plate 7) ‘are more usually observed in one specxes
~or the other, rudis males can have penes very 11ke the typ1cal
arcana form and vace_versa.: These penas’cha;aete:1st1cs cannot

‘therefore be used diagnostically.‘T‘

1,2.2. Other Features of the Penis of Possible Use in Speciesl

idehtifieatioh;il,’

1.2.2. 1 T1p shag_

In rudis the t1p of ‘the penls is frequently of a mucronate;dA



PLATE 7.

Penis and prostate appcarance.,

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






"Figure 12.

,Figures traced from Plate Te . ‘
~A). & B). L.arcana C). & D). L,rudis C’

Key: see figs., 4 & 10,;also=1
o F:- foot .
H:- hepatopancreas
‘K:- kidney"
M:- mantle
- Ot~ operculum
. Pri- prostate

St~ stomach
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shape i.e.'tt is as if there is a tip on the‘tip (see fig.11). «This/i
: has’never been observed in‘arcana, in which the tip tapers gradual.
"lyh'=Since;during‘copulation the penis tip is thought to'be :
1nserted into the bursa copulatrlx 1t is possxble that thlS compar-
' atlvely subtle d1fference 1n t1p shape may be of some. 1mportance ;
in recognrtlon of conspeC1f1cs, and may be actlng as a pre-matlng

- 1solat1on mechanlsm. | | .

It is 1nterest1ng to note that the mucronate t1p of rudls is

very 11ke the short t1p of n1grol1neata and 1n both these species

the bursa copulatrlx is also short., In arcana the tlp tapers and

e perhaps a greater length is 1nserted 1nto the comparatlvely much

1onoer bursa copulatrlx (see f1g. 13).'

That the mucronate t1p 1s not always seen 1n rud1s penes could”

‘be due to the kllllna technrque affectzng the contractlna of certain‘a, .

muscles.‘ Alternatlvely it is possxble that 1t only develops when
‘ the penls is fully functronal and penes Wthh are scored as mature

‘may not necessarlly be so.

1.2. 2. 2. P1gmentat10ns of the penls

At some srtes the populatrons of rudis and arcana show

specxf1c dlfferences in surface plgmentatlon of the penls. Plgment_j¥{- R

» . B

a”atlon of arcana penes 1s usually conflned to the sperm groove,ﬁr>-

ﬂ whereas rudls penes rarely have p1gmented sperm grooves but

i frequently have plgmented dorsal surfaces, the pigment belng malnly 'th‘*f

;11m1ted to the basal area but extendlng towards the t1p betwcen the o
- pen1al glands and the swelllng on the head mass s1de, coverzng a t:

roughly trlangular area.‘ﬁ_l B



‘Figure 13. ,Hi-v

Suggested relationship between penis tip length

and bursa copulatrix 1ength.
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'f'xkhIn ne 1ecta the number of penlal glands range from 2-6 and are

' ence in penls separatlna rudis and neglecta is overall size.'-rgzzgvj‘

| ”fl;'smalltessellated rudls or large neglecta w1thout the dlst1nct1ve e_;

,zjiw1de band on the Shell, ’_s,ffiu‘*w”:
,ﬂgf:rudzs, sampled at Esk Mouth (Scotland) an estuarlne sxtuatlon, Whlchv,

'lfk;neslecta were found. Peter van Marlon (pers. comm.) has also found;

"7f'd1ff1cu1ty 1n ass1gn1ng anlmals from some horweglan srtes to one

In some respects the penls of(neglecta 1s very like that of
‘EHQlé- It usually has a mucronate tlp and the penlal glands are }it'k

"f51m11arly posxtloned. It dlffers 1n absolute szze, 1n howing a

';»more llmlted range of varlatlon 1n penlal gland number and arrange;;r

slment and apparently relatlvely larger penlal glands (Heller 19750.‘355d hlf

S always 1n a s;ngle row.l However,thls 1s not outsrde the range of

'varlatlon seen ln rudls hence the only descrlbed dlagnostlc dxffer- f

htHeller (1975) 1nd1cates that the largest mature neelecta penls 1s

vfcon51derab1y smaller than any mature penls of rudls.

: Thls, however, only applles to the sltes v151ted 1n Angelsey. b
Ai”other 51tes even the 51ze dlst1nct10n breaks down.: For eXample g}mk
\f:some spec1mens from Eddrstone hock, a\very eXpOSed s1te, were E;_

,»Jdlfflcult to assrgn deflnltely toone specres or the other. On the

(s

‘f, ba51s of present knowledge they could elther be a populatlon of

Furthermore a populatlon, of what on shell characters Were

f-!were 1nhab1t1ng barnacle shells, mature anlmals no larger than o

pecres or the other.v»

As an addendum to the problem of the usefulness of the penrs'

“5»1n dlstlngUIShlng rudls and neglecta, 1t 1s 1nterest1ng to note wf*




: Hﬁghes' paper (1979).‘71nvthis herdesﬁxibes a‘popqlation of iﬁﬂié
; from'saltﬁgrsheg in South Afriéa, in thch the penes a11 hédv6 -
penial glands in one row;.‘Not only ié this a mo;f uﬁusuélklack
of variation buf also placgs the pdpulation‘at 1eastv6nifhis

character between the two;spécies."
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' 1.3.  PROSTATE CHARACTERISTICS

The appearance of the prostate can be a useful ancrllary
characterlstlc for d1st1ngursh1ng rudls ‘and arcana males. Prostate
appearance in other spec1es was not examlned.

In rudis the prostate often looks longer, stretchlng in an: arc

round the c111ated fleld, and is relatlvely smooth (Plate 7, fig. 12).

In arcana the prostate usually appears puckered w1th transverse
folds and comparatlvely short.,i

‘, Though of no taxonomlc 1mportance, an 1nterest1ng observatron,
apparently prevxously unnoted, was made.v In many speclmcns 1t was
'L‘p0551ble to detect a trssue dlfference (fzg. 12) between a small»‘

; part of the prox1mal end and the rest of the prostate. Th1s proxi-

. mal sectlon appears translucent plnk in freshly kllled anlmals .
and the dlstal (larger) sectlon appears‘opaque plnk.' On hlstosn#“
.lloglcal examlnatlon the <ecretory cells of the prox1mal sectlons
- were found to produce a secretlon Wthh stalned blue wzth modlfled
anallory-Heldenhaln staln and was formpd in round packaves. ‘Tﬁé‘
cells of ‘the’ dlstal sectlon producedixrregularly shaped packagés -
: of an orange-starnlng secretory product (Plate 8) The pre¢1se
”;chemlcal nature and the functlon of these’ secretlons is unknowntih

»

)
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Obllque sectlon through the prostate (L.arcana)
showing the two types of glandular tissue, cells.
"‘\with round blue-staining packages on the left

: _V ~and cells with _eregular, ,orange-staining
: ‘vipackages on the rightr : '






3.4,  CILIATED FIELD CHARACTERISTICS

: In all rouéhlwinkle species there is a localised'field of
' heav11y c111ated eplthellal tlssue whlch lies between the genltal
tract and the columellar mdscle. The posrtlon and extent of thls

\ c111ated f1e1d (cf f1gs 48, 12, 14 -17 & Plates 1-3 5 & 7) shows
o characterlstlc dlfferences in arCana and EHQLE and has been of

;great 1mportance in . the dlagn081s of arcana.v' . |
The c111ated f1e1d is only readlly apparent 1nran1mals
- freshly kllled (by briefly borllng them) when usually it is plnk :

| :and stands out agalnst the ‘white or black of surroundlng mantle

"?tlssues. In preservatxon it loses ltS colour and traC1ng 1ts true :

L ”extent can be dlfflCUlt- In males, because the prostate ls

"slmllarly plnk, the clllated fleld appears to be an exten51on of '

this gland.‘p

1.4.1. Histology -

. Specimens‘of the ciliated field and some1surrounding'tissues\,-’i‘

were d1ssected from 11ve rudls, arcana and n1grol1neata, placed inf

HBouln s flxatlve, embedded, sectloned and stalned w1th modified

Cou

thallory-Heldenhaln staln (Cason 1950). "bf i L

-i Examlnatlon of the sectlons showed that the crllated fleld 1n ,f: '

(?all three spec1es and both sexes appeared to bc composed of
,densely c111ated eplthellal cells W1th a few goblet cells (Plates ;}e,“
9 & 10 & flgs 16 & 17) k ' | |

Thls tlssue was dlscernlble in sectlons of arcana 1nd1vidua1s '

“in Wthh the c1llated fleld was not seen durlng dlssectlon under"t> "

'~x 30 blnocular mlcroscope.



h‘f,fThe”ciliated field of»hegiectaywas hothstudied'histologicallﬁ.f'r“

*11;4.21"Fuﬁction"of the ciliated field .

Tests madekon the dxrect1oh of beatlng ofvthe c111a of rgg£§5,,"'
:;showed that small partlcles are carrled towards the openlng of

*U,the mantle cav1ty, thus thelr'actlon appears to be to drlve j:;hf,;wfrt"“

':isomethlng out of the mantle cavrty.v There are a number-of b
y7p0551ble candldates for such expulsron e g. water, partrcles, }ff‘
~bpheromones, faecal pellets, embryos, sperm etc.r One fact .

";rsuggests that the expu151on of partlcles may bc 1ts pr1nc1p1e

'2funct10n.« The f1e1d 1s largest and therefore presumably most

““171mportant 1n rudls and thlS 1s the only rough wrnklc specxes

"f{,regularly found in muddy habltats where partlcles are: 11kely tof;jf,f:fr;rf

‘fﬂfyenter the mantle cav1ty. L arcana, 1n wh1ch the C111ated f1e1d

"ifilles adJacent to the dlstal end of the prostate between the L
:d'iavprostate and the columellar muscle (f1g.;14A and Plate 9).

.‘,rggarcana 1t 1s generally 1nconsp1cuous, usually formlng a narrow

i 1s faxrly small has not been recorded from muddy areas.‘“

”7afi{4.3, Nature of the c111ated fleld in L. rudrs and L arcanav?;h

:yfand 1ts use in speC1flc 1dent1f1cat10n.a.,h*<f

”ffti.4.3;i‘Maies°"“,,‘j}”ffeia~1aé‘«*~»”»~V~ﬂw 5

In rudls the crl1ated fleld 1s comparatlvely extensrve and‘

: band,aess than the depth of the prostate) besrde the ventral ‘




lﬂFigure Th,

lCillated fleld ‘and prostate characteristics.
A) L.rudisfc B) L. arcana"f

. Key: Ai- anus.
 Cf:- ciliated field '
“1Cm:;'colume11ar muscle >
‘Fpé"faecal pellet
,Hm’:-r-‘head mass
‘vfr:-(prostate
: R:e‘rectum

k'ﬁpb:;‘unplgmented band
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"aCillated fleld position and extent in females‘
A). Lerudis B) ‘L.arcana |

 Key: see figs. 1;2;5,”&ﬁ1h;., ‘







"Transverse sections through the rectum, Prostate‘*i~‘
and ciliated field. 5 ol '

1) .arcana; 2) L. rudis   14'







‘"  rFigures traced from Plate 9.

'" §fiKey'f;  cf?; clliated field

i rigure 16 b

7A); L arcana = B) L;fﬁ&i§>? ;1

AR Cm'-'columellar muscle‘; G I T
3, wf,vM: 'mantle<;f‘ ' :

‘f;‘PrEe7prostate

'H% Ré;hrectum: ‘  ‘







 PLATE 10.

Transverse sectlons through the oviduct and

2 ciliated. field.

1) L. arcana  ' 2); L.fudisﬂ  1f







. Fipure 1

Figures,traced from Plate 10.

A) L.arcana T,,' B) L. rudis
Key:v‘  Bc:-;bursa coPulatrix

‘Bp:= brood pouch ,
Cfi- ciliated. field:
.>Cm:-‘columellar muscle,

'(v;E:-‘embryo
"Fp:- faecal peilét'
"‘ Jg:;,Jelly gland
VInM:JMmantlef“ﬁ”
R:=- rectum

Vc:é vehtralvchannel,
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edge of the prostate (flga 14B and Plate 9). Because both
C1llated freld and prostate appear p1nk the field'can‘often'
be detected only hlstologlcally 1n arcana. The dlfference in
extent of the cxllated f1eld can frequently be seen through the‘
mantle (Plate,? ‘and f1g. 12). |

The.character of the ciliatedfleldis independent of'the .
| presence of thebpenls andﬁis apparent in males without penes”
(through sheddlng or para51t1c castratlon) and in males w1thout
fully developed penes._ It is crucxal in 1dentlfylng and separQ
ating males of,these specles srnce they;can be confused on:_‘,e"
7ﬂ'pen1a1 morphology. Malesfof the other related taxa can bert

dlStngUlShed on shell and penis characterlstlcs (Heller 19750.5Quﬂ-

1.4.3.2. Females,

“The c‘iliated‘field'in femaleurudis! like "that in the male is. o

[ very exten51ve (flgs 5 8 & 15A, Plates 1- 3) and is frequently

thrown 1nto folds Wthh may be seen through the mantle. In
arcana the c1l1ated f1e1d is very small uhen compared to that
e
:of rudls.‘ Often 1t 1ncludes a small part of the mantle covering R
jthe Jelly gland (flgs 6 8 & 15B, Plates 1 3) : As in the males,

,_the fleld is scarcely apparent externally and thc pallial

'f_ ov1duct appears to lle adJacent to the columellar muscle

throughout 1ts 1ength. In‘rudlsz the large c1l1ated f1eld
separates the dlstal end of the palllal OV1duct from the o
4colume11ar muscle.;;b ‘ O

The extent of the f1eld can, of course;/vary from‘lndrvldual’

:f:,to 1nd1v1dual and also from populatlon to populatron. For example,b



‘f*29“

Ain the arcana populetion at Porth Swtan, the ciliated field is
barely dlscernlble in most speclmens, whereas in arcana from
 Dunbar it is readlly apparent although small.~

Female rudis and arcana can usually be ea51ly dlst1n0u1shed

“on palllal ovrduct structure, even when 1mmature. However, the
»{'c111ated fleld characters can be useful in conflrmlng or maklng
: ,spec1f1c dlagnoses. Females of other related taxa can be easrly -

'dlstlngulshed by thelr shells. :
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1.5 SUB-OPERCULAR PATTERNS .

ihe opercullgerous_disc of:certain Britlsh 1ittorlnid specles g
develops;distinct}black and grey markings. _This was first observed
’;durlng‘work‘for this;thesis in neglecta,hand in:this‘specles, as
Well as several others;lthe pattern oftpigmentatlon:is species-
vspeciflc;b There is no previous‘reCOrd of’these sub-opercular>
patterns in the llttorinlds.‘However, it was subsequently found
’that Dav1s (1966) had recorded a similar feature in szrobla
tottenl.v The pattern can be seen through the operculum, except
1n ‘large speclmens of the blgger specres 1n wh1ch the operculum ll

415 very th1ck._ lee tentacle prgmentatron, the pattern 1ncreases
"bkln 1ntensrty w1th age. vl f-‘. - 1« -

Slx specles were examlned in detall from several srtes.' Of

'."'these three had dlstlnctlve patterns, 11ttorea, ner1t01des and

"‘neglecta. The patterns observed in rudis, arcanafand nrgrolrneata

were Very similar and very Variable'and not distinct'enough‘to‘beli;,”,t
‘useful in dlStlngULShlng SpGCleS.‘
The pattern can be broken down 1nto three elements, an Upper

f'crescent, a lower llne and a central r1ng or bar.-

"l.S.l. L. neritoides . .

Specrmens examlned from Flley Brlgg,‘Porth Swtan and Abraham s
e Bosom all showed the followrna type of pattern (fxg. 188) frhe‘?;d;;ﬂd

’h_upper crescent 1s typlcally darkly plgmented w1th a smaller 1nner
:grey crescent. The lower 11ne 1s contlnuous w1th the upper crescent,!d

d extends across the opercullgerous drsc and turns sharply to



\””k3pfesent (flg-VlSA) ThlS is usually completely black.; SpeClmenshfu

“idif'Brlgg, Porth Swtan and Porth Dlana.‘jgﬁge;.'

r”f;i(a rlng) are the maJor components of the pattern.v The lower llne

*“l_u’-may or may not be present and all parts of the pattern are very

'run parallel to the crescent for about 5rd of 1ts length. Short S
““parallel lrnes frequently Jorn the upper crescent to the reflexedwiy[pl'w

',qpart of the lower llne,‘g1V1ng a ladder-llke effect.‘ The central?};q
plh}element is typlcally a black bar often w1th a grey area above 1tr!

| A large area of the 0percu11gerous dlsc 1s thus heavrly prg-”
“'mented and, when the w1nkle 1s wrthdrawn, 1ncreases the dark

;appearance of the aperture.,lpl3’~

L 1.s.2. L‘.‘ lit'torr'ee’“;, s

In thrs specres only one element, the upper crescent, is. G

'hh.from three s1tes, Rhos-on-Sea, Frley Brlg and PorthGSwtaaneréf,gjg(n“,gﬁ

P exam1ned and all showed thls pattern.)~”

The upper crescent 1s usually only poorly marked 1n this
vY/specxes., However, the central element, an angled rrng, 1s heavmlyg;“
hfmarked and 1s JOlned bY a dark lrne to the lower 11ne whrch 13" Sty

7islmrlarly dark (flg. 18C) : Specrmens were examlned from Frley k_

" 1.5.4. L. arcana, L.:rudis’andkL.wniérOIineeta;pffphoi,ﬂcw”"L"

In these three species the upper crescent and central element
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Vvariable in degree of pigmentation.' The upper crescent ls
rfrequently split 1nto zones of dlfferlng greys or black. The

rlng is also very variable and is not always complete (fig. 18D-F). "

k1.5.5. Use of the Sub-Opercular Pattern in SpecificbDiagnoses

: Thevsubéopercular pattern is not particularly'useful-for speci-'f'
- fic 1dent1f1cat10n, with one exceptlon, L. neglecta. ItAcannot be -

‘used to d15t1ngu1sh arcana, rudls and n1grol1neata from one another,

and 11ttorea and ner1to1des are easrly 1dent1f1ed by thelr shells. 1;:Hi""

, However, in the 1dent1f1catlon of neglecta, 1t is of some use.‘
‘Though the dlst1nct1ve tessellated or banded patterned shells of
‘:,neglecta can be recognlsed as such, some neglecta have c0mplete1y
2 black or badly eroded shells and are dlfflCUlt to separate from '
’Juvenrles of rudis and arcana.. The sub-opercular pattern can be‘
"useful 1n 1dent1fyrng these neglecta. ANot only do the Juveniles
'Hiof other species4either:1ach'a‘snheopercnlar‘pattern ordit'is Very‘
‘fifalnt, but also the dlstlnctlve neglecta pattern 1s a good marker._
1In the 51ze range below Smm, only neglecta 1nd1v1duals have a well- ‘f;f
:t:developed pxgment pattern. v |
| Though the character of the sub—opercular pattern is only of

11m1ted use w1th Brltlsh wrnkles, it is possxble that such patterns

i may be of use in the 1dent1f1cat10n of llttorlnlds from other parts hﬁy;‘

of the World.



- Figure 18,
v Sub-operéularfpattefns.'f;;
| ,‘A).:Lliittorea'L ‘

B). L.neritoides

'¢). L.neglecta

,‘D)‘;~F), Some of the patterns seen in L;rudis,wfh

1,.arcana and‘L;nigroliheata.',«
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 1.6.  RADULA CHARACTERISTICS -

h The thtorlnlds have the taenloglossan pattern of radular

:‘;.structure.‘ The b11aterally-symmetrical central tooth, the

k«rachldlan, is faler larae and robust., It is flanked on either %

'*r,f51de by three other teeth, a large lateral a smaller 1nner

o margxnal and a dellcate outer marglnal tooth (flg. 19).

v“ﬂf'Structurally the 1nner marglnal tooth seems much closer to that Jf

’fbf the 1ateral than to the outer marglnal.t The maln p01nts of

: sm,of the sxze sequence of the cusps. 'ffc‘

f;h:Rosewater (1970) has suogested that 1t is of llttle value helow,f'

'C‘afflnlty are the exrstence of a blfurcated base and the sxmllarlty

The usefulness of the llttOrlnld radula as a taxonomlc

t:-character has been assessed very dlfferently. At ono extreme

hfthe generlc level, and at the other extreme Sars and Tellman- :Eﬂ e

prlls (quoted in Johansen 1901) separated 11ttor1n1d spec1es on fﬁ;

[ mlnor dlfferences such as cusp nunber.~ The scannlng electron'f

v‘mlcroscope (SEM) has proved partlcularly useful for the study of .

"i.lnter- and 1ntra-’spec1f1c varlatlon in molluscan radulae.,‘

;?tBandel (1974) applled 1t to the examlnatzon of 1nter-spec1f1c Tft'

;Hvarlat1on ina worldnw1de range of L1ttor1n1d specles and he was 'lsﬁf

”able to dlStlﬂgUlSh all the 18 spec1es he studled on thelr radula Gy L

d'fjfcharacterlstlcs, thus re- establlshlng the 11ttor1ne radula as a .

tfuseful taxonomlc character.f ¥fff~‘\‘

E ‘h;llttorea,'saxat1lls, obtusata (Sensu 1ato) and ner1to1des and he

‘ Of the spec1es whlch occur 1n Brrtaln, Bandel looked at

I\noted several spec1es-spec1f1c dlfferences.l In v1ew of the recent




Figure 12.

" Radular. teeth of Littqrinids\.:.i ,
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&ﬁ?;adand unworn teeth, requlred for study of cusp shape.v It xs essentralfft,*

“f,ijito use only these fully mature teeth, preferably from freshly

k"gbradula from a specrmen, Wthh had been preserved for several years

”‘Tffremoved by chemrcal maceratlon., The maceratrng agents most

J'kdbi1972, Radwrn 1070, Meeuse 1950, Carrrker 1943) However,‘ai;@:’

changes 1n Brrtrsh lrttorxnrd taxonomy it was thought that a.
s1m11ar survey on the elght currently recognlsed specres mrght
»provrde not only 1nformatlon of specres-spec1f1c d1fferences’“
’(potentlally useful 1n spec1f1c 1dent1f1cat10n especaally of
drrmmature or otherwase d1ff1cult 1nd1v1duals) but also show

< drfferences that mrght be correlated w1th feedrng habrts. ”,fh”

1.6. 1 Preparatlon of the Radula

1. 6 1 1 Dlssectlon and cleanlng of radulae Eh:

‘. The buccal mass 1s drssected out complete wrth attached

o radula, enveloplng tlssues and radula sac. It 1s then cut into
‘1 three pleces.‘» One cut is made posterror to the buccal mass and

i the other anterror to the c01led reglon of the radula (see fag. 20).dﬁ

' Thrs separates the older worn teeth and the younger‘ffﬁf"l'"“

,,}1mmature teeth from the central sectron whach bears fully formed

‘kzlled specrmens.» Plate 11 1ncludes scans of a prece of n1grol1neata

q~‘1n formalln, from the more 1mmature part of the central sectlon. 9

'3f[The teeth show marked abnormal back-bendrng.dr?

The trssues whrch envelope the radula and obscure the teeth are

: ;Tfrequently used by prev1ous authors are KOH and NaOH (e g.,Solem

<fesolutron of 5% w/v sodrum hypochlorlte and 8 25% w/v sod1um

“4°f;chlor1de was found to be superaor-‘rt is faster at room temperaturef[-;““'




PLATE 11.

SEM photomlcrographs. o BE St . «
1). & 2) Abnormal backbending of cusps in a radula“

‘of L. nivrollneata which had been preserved for
: a long while in formalin, . - "‘ o
»v3) &. h) L. nerltoides, adult outer marginal teeth

| 5), L.nigrolineata, adult outer marginal teeth.r

'6). Apical cusps on the rachidian tooth in L, nerit-fa
. oides ' 59 PR - ﬂ-,-,’,!,‘
7). & 8) Slmilar, but 1ess developed apical cusps~r

«_1n Juvenile L.arcana and L obtusata respectively
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v',(5-30 mlnutes dependlng on srze of radula) and it is not caustic.5l.
f’_Its maln dlsadvantage is. that 1t 1s very corroszve to metal,,

’1nc1ud1ng sta1nless steel.‘ The solutlon 1s obtalnable at most

>‘”V2 chemlsts under the trade name of Mllton sterrllzlng fluld (whlch’f

:ifrequ1res dllutlon by Sd%).e The use of thls macerat1ng agent was |
}V‘:esuggested to me by Dr. J D Taylor (Brrtlsh Museum, Natural Hlstory).bf ”
The radula should not be left in the dxluted Mrlton solutron longer :

hnthan requ1red to macerate the surroundlng tlssues srnce ‘the raduladf
Vﬂ;membrane 1s softened after prolonged ( ﬁ-l% hours) 1mmersron.1 Thee}
‘ fi'radula 1s then rlnsed 1n a Jet of water and placed in 70A alcohol

‘H]ln wh1ch it can be stored untll needed.’

- 1.6}1.2t'Mounting’the radula for SEM
A dab of Durafrx glue placed on the stub is flattened and
erg 1eft brlefly to become sufflclently tacky so that the radula placed

'fflon 1t strcks to 1t but does not 51nk 1nto 1t. The radula is most

"'ea51ly mounted on the stub under a blnocular mrcroscope.: Often,. -

uf'hespec1ally w1th very small radulae 1t is dlfflcult to see whlch

- fslde of the radula membrane bears the teeth However, this can be‘f*"

'"fujascertalned by a qulck test' the radula rlbbon 1s held at one end

Vt7ffw1th fJne forceps and the free end lS pressed agalnst the stub. lt

l'f;VW111 then bend elther 1nto an ‘arc (flg. ZOB) 1n whxch case the ”!7i

‘.,'teeth are on the 1nsrde surface or fold back on 1tself (fig. QOC),,‘

"hwhlch prevent the radula foldlng back on 1tse1f when the teeth are

’7fi’out51de (flg. ZOB).r»;a;fféﬂf'r'

Thls effect 1s prlmarlly due to the shape of the lateral teeth gf

e the 1n51de surface (flg. ZOD) but not when they are on the ,,ﬁgfn c

‘ The mounted spec1mens and stubs were then coated thh




G Figufé 20: -

Mounting radulae for SEM work. -



A

buccal

cuticle

e Centri¥sectiont
of radula

buccal mass

B C radula sac
toothed
surface

: ~stub

E

radula
embrane ‘

/
lateral

tooth

D



-36;

E gold-patiadium‘ehd examined‘with e'Cambridge Mk IIa Stereoscad.-v

1;6}1.3.ﬁScanning4

The use andvusefulness of the oEM for radula studles has been ;_ze

rd1scussed at length by Solem (1972). The SEM proved partlcularly |
useful in the study of radulae from very small speC1mens. The )

appearance of each radula was recorded from six standard positions i
a) anterdor b) anterlor obllque c) lateral d) posterior oblxque»
| e) posterlor (these f1ve posxtlons v1ewed fromb 45° to the radula)”
‘3f) directly abovev(/==90‘). Thls permltted accurate count1ng of |
fhe number of‘cusps on each tooth and gave a good idea of the shape;sp

of the cusps.

41.64144; Preparing‘radulae for light microscopv t’

Though most radulae were examxned us1ng the‘SLM}some were
B exam1n°d u51ng a llght mlcroscope and the number of cusps per tooth B
';recorded.ip'v | | i |
Countlng numbers of cusps under axllghtrmlcroscope is~
fac;lltated by dlssoc1at1ng the teeth of the radula, sxnce 1f‘the

pradula is mounted whole, ne1ghbour1ng teeth obscure the cusp

o number of 1nd1V1dua1 teeth. Dlssoc1atlon is achleved by leaving

v the radula 1n Mxlton solutlon for several hours,'rlnslng’.and

"'subJect;mfr the softened radula to an ultrasonlc bath.

"‘1.6.2.’Ontogenetic Changes Affecting Radula Characters N

" The intensive study of the radulae of British Littorinids
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’covered‘the'age range of each species and,’as well as givlng
1nformatlon about spec1f1c characterlstlcs (or lack of them) also
‘led to the unexpected dlscovery of ontogenetlc change affecting gt~
such characterrstlcs as‘cusp shape and cusp number.‘ These onto- -
.genetic changes’affectrthe usefulness of the'radula for speclfich

identification."""

7 1;6.2;1.;‘0ntogenetic changes in cusp number L

- In all‘eight species some decline in cusp number With ‘age was
‘fbund, particular19 in the marginal tooth. The lateral teeth wereg

s;mllarly affected in both specres of flat w1nkle. mhe observatlons?

euter B
are summarlzed 1n Table 2, and shell helght agaxnstknarglnal tooth S

. ; cusp number is plotted (flgs. 21 23) for each species.r The data

‘ :t‘are glven 1n Appendlx A, table‘ 3. Intra-radula varxation in

’ cusp number was frequently observed ~suchradulae were omltted from

the data plotted 1n the graphs, .
o Decllne in cusp number affected partlcularly arcana and

Obtusatao

: l.6;2.2;rontogenetic‘changes'in cusp_shape

Radulae from the youngest to the oldest avallable sperlmens
t;of each specxes were examlned US1ng the SEM and the1r appearance

.,1 recorded from six standardlsed posrtlons (see sectlon 1.6.1. 3).51;;
| [‘3 Photographlc records of elght speclmens of each specres,l'

*j»selected to cover as w1de a range of ages as poss;ble, are reproer

‘duced in Plates 12 27. In the case of L. rudls radula 1 is from -



“ TABLE 2,7

Range of variation in cusp number observed

Sbecies -+ Cusp formu;a‘f 

- L. arcana
| oramr—a——————

L. nigrolineata i‘

3
L. rudis 3
e ————— -

3

3

L. neglecta

L. neritoides = 3+2

" L. littorea  3

L. obtusaté_ ,_‘3or5

foTE. M- oub‘mus'qa.l )

L

RN N O

o

IM M

L

4

510
5.8
5.8
6-8
5.8
47
4-6 5-6 5-10

L. mariae  -30r5 = 4-6 5-7 6=9

~ Number of -
. specimens
examined

a1
.20
e
2.
30
23
e
18

Number of specimens -
" showing intra-radula:
“variation in marginal
~tooth cusp number

3

N O A B O N W



. Figure 21,

Ontogeﬁetig'décline;in;dusp'hqmber.,”

B  I.'L;arcané, L.rudis and L.nigrolineata -
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 Figure 22,

Ontogenetlc decline in cusp number.
II. L. neglecta, L.neritoides and L, littorea
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Figure 2:§ .

Ontogenetic decline in cusp number,
III, L.obtusata and L.mariae
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a specimen‘extracted from‘the brood pouch.

In f1ve of the elght specres, arcana, rudis, n1grol1neata, K

obtusata and marlae, there 1s a drstlnct change in cusp shape
k from Juvenrle radulae, wrth sharp pornted cusps, to adult radulae,tied
w1th blunt cusps.' This change is partrcularly narked in obtusata,.uf

mariae and n1gr011neata.“’1n‘the three other species, littorea,_

e

. neritoides and neglecta ‘the sharp-pointed cusps are retained-

throughout'life.fr”

1. 6 2.3. P0531b1e reasons for ontogenetlc changes in radulae and

funct1onal srgnlfrcance of cusp shape

The sharp pointed cusps'of the raduiae of‘juveniles were at

frrst thought to be an adaptatron for escaprng from the egg membrane.;_at

The radula is used by Juvenrles of ovrparous and ovovxvrparous f:
specres to cut through the egg membrane and so escape.; Plate 6

‘shows such a young wrnkle in the act of hatchlng.: However,since

o sharp-p01nted cusps are produced for a consrderable perrod after .

hatchrng thls suggests that a drfferent . explanatlon is needed.
If the premrse is accepted that the shape of the cusps 15 not;mlh?
i merely an expre531on of phylogenetlc d1fference (as Bandel 1974

Epsu ests) but 1s 1mportant in efflcrency of food gatherrng, 1t

'"ftherefore seems lrkely that sharp andtﬂuntcusps are adapted for

| lefferent purposes, erther for collectrng drfferent types of food &)

o or for C°lleCt1ng f°°d from dlfferent textures of surface.r Ta&rng,.ff;

the f1rst su gestron, 1f the blunt cusps, of adult nrgrolineata,
t~mar1ae and obtusata, are 1nterpreted as shovels and the sharper ftV’*

) cusps, of Juvenrles and other specres, as rakes,a drfference 1n
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type of food captured hight'be’expected.: The ontogeneticvchange
“in cusp shape mightithen indrcate a difference in food source and
“,might be interpretedfas avoidance of intraspecific competition’forr
~ food erther through collectlon of dlfferent foods from one area or
through occupatron of dlfferent areas Wthh support dlfferent foods. N
Alternatlvely in the second suggestlon, sharper cusps may be advan-‘
- tageous for collectrng food from rough surfaces and blunt cusps
from smooth surfaces. The very sharp cusps‘common to Juvenrles'of ;;r‘
all specres,mlghtvthen‘be interpreted‘as a_reflection‘of the reiativel
. gizes of the animalband the tehture of the.food-bearing surface}zl._
’The t1ny, sharpvcusps might be able to extract food from the micro- 1g1
‘crev1ces 1nto whlch the larger cusps of the adult radula w111 not
frt. Ontogenetrc change mrght therefore be related to s1ze of the
' anrmals relatrve to the texture of the rock surface.;.ih .‘:,‘;
Furthermore, it can be argued from the or1g1nal prem1se that‘

A‘»51nce arcana and rudls, Wthh are of comparable size and habrtat,;

have very srmrlar radula patterns and show 51m11ar ontogenetrc "ii° T

changes, they are feedrng on slmllar foods and/or substrates.u'
Hence the possrbrllty of nrche separatlon of these species through

-‘food specralrsatron seems unllkely.

R
-
"

1t6.3; Assessment of the Usefulness of the Radula in Specific

(Identification ffp‘ffl‘r3f.i~?’

Few species -~specific charadteristics were found and onto- - n
genetrc changes compllcate the use of the radula for spec1fic
"‘1dent1f1catron. In general,radulae can only be descrrbed as of a :f’

- type whlch mlght be exhrbrted by a number of spec1es.
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" The radulae fall into three groups

a)tthe type exhibited by nigrolineata, rudis, arcana,
- neglecta and littorea, with spoon-like outer marginal - -

. teeth and maJor cusps 1onger than wrde. With the possible

"_exceptlon of adult nlgrolrneata, wh1ch have square-ended ST

/cusps, the radulae are nearly 1nd1st1ngulshable.

b) the type exhlblted by obtusata and mariae which have.i

spoon-llke outer marg1na1 teeth and maJor cusps w1der than o
long. leferences in the lateral tooth cusp number and
jshape of marg1na1 tooth cusps have been used as a taxon-

omic character by Relmchen (1974). However, as shown 1n,
sectlon 1. 6 2 both spec;es show varratron in cusp number.‘
~of the lateral tooth. Varxatlon ‘was also found by Goodwrn '
’fand Flsh (1977).‘ Also, though the shapesof the cusps of
: . the margrnal teeth do seem to be dlfferent in the adults of-> :
the two spec1es, the change 1n shape w1th age makes it a "
‘.‘,dlfflcult character to use.i,,"‘ K
"¢) the type exh1b1ted only by ner1t01des whxch has comb-lrkeyi
pmarglnal teeth and maJor cusps longer than wade. Tho;;"
' ;dlfference 1n marglnal tooth shape 1s 111ustrated in s
'trPlate 11. Also rach1d1an teeth of ner1t01des have ap1ca1 ,aﬁ
h.cusps (see Plate 11) which Bandel (1974) indicates do not.

‘ occur 1n other Brrtlsh specxes.p However, sxm11ar, thoughii"

though only in very young 1nd1v1dua1s.
i Hence the radula character 1s not partlcularly useful

1n spec1f1c 1dent1f1cat10n. B

'1ess well-deflned cusps appear in radulae of other specxes,777~3?



© PLATES 12 - 27

'SEM photomicrographs of radulae: Each'radu1a 13'7

vphotographed from six standard positions (see p 36)

Eight radulae of each species have been selected tolﬂffpf

“1llustrate ontogenetic changes and species charact-f;f

fistics.; The shell heights, of the individuals fromf* -

VV'which the radulae illustrated came, are given in’i:

the preceeding plate legend.



PLATES 12 & 13.
L.ardana.rédg}aé ‘

" Radula  Shell
"No.f- =_>;bhgights.
‘ 1.3mmi :
2.0mm
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PLATES 1k &‘15;1; ,j;

‘L.rudis radulae,

Radula  Shell
-No, ~‘ ;f_h§ight§;
'f.6m§ ;,."n
‘1.17"mm : B
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 PLATES 16 & 17.

‘ﬂL.nigrolinegta radulae,

'Radula  Shell -
o N9,>~<'» ‘,fh9ights -

1 .2 mm.
2.2 mmo
,“»2.8 mmf
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PLATES 18 & 19.

L.neglecta radulae;

. ,Radula . Shell

‘No, . heights
1 1.3 mm
' 2 1,9 mm
-3 - 2.2 mm
g 2.3 mm
5 2.5 mm
6 2,6 mm
T 2.8 mm =
.8' i

‘3.0 mm









" PLATES 20 & 21.

1,.littorea radulae.

Radula  Shell
~No. = '~ " heights

 ,2;2 mm
:2.3 mm

‘. 13.15mm

e I B LG BT SIR I VI

'-.22.05mmff

’ f7.5 mm L
9.7 mm o

17.3mm









. PLATES 22 & 23.

L.neritoides radulae.,

* . Radula Shell

" No. - : heights
| .19 mm
2z 2.0 mm
3 2.9 mm
A . 3¢1 mm
-3 3.5 mm
6 - 5.2 m:m
T 6.4 mm
- 8 7.0

mm









 PLATES 24 & 25.

, L.obfusata,radulae.'

© No. : . heights =~ .
2,0 mm

L 3;5 mnm

- h.85mm

,h.95mma v

6.9 mm
 :11.05mm  ,~,
13,6 mm

1h6mm
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* PLATES 26 & 27.
L;mariae,radulae.

Radula ~ ~ Shell
" No,. -~ = . heights

mm
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'~leven as recently as 1968 (James, 196&0 to set up ser1es of

i1~

1.7.  SHELL CHARACTERISTICS =~ 7" /78 i@ nf wiadh » niies

‘The shell by virtue of itspconveniencefanqupernanenee,hasﬁg
previously been given‘a'too prominent rolemlnﬁthe iQentlficat}onp
of winklekspecles. VEarlier classifications etg,;Jeffreys,El§65,
Dautzenburg & fischer,‘1912, wereubaseolprimarily“onjshellkgﬁéFacigr_,f

istics and did not»distlnguish specles whose,shells are,very similar,

notably obtusata and mariae, arcana and rudis. | ThlS pre-emlnence §‘~;
of the shell in’ class1f1cat10n also led to the grouplng together of -

n1gr011neata, neolecta, arcana and rudls as one. spec1es saxattlls,

in Whlch Varlablllty of the shells was a byword- any shell Wthh was .

not of the l1ttorea, ner*t01des or llttorells types was, labelled

saxatilis. Thusnthe distinctive natures of the‘shellsvofggggm

hinrolineatahand negletta were largely obscured both by the Vari-Lﬁé S

ablllty encountered w1th1n the shells of these two specxes and by‘._,

"the extraordlnary var1ab111ty of the shells of arcana and rudts.v_gj;pf'i

' This arcana - rudis varlatlon ' approached the shell types of i

'neglecta and n1gr011neata suff1c1ent1y closely for. taxonomlsts,

R
R YD AP

_tfsaxatllxs shells gradlng from one form to another,gwhlch in factﬂ

DAREE

‘traversed spec1es.,

Thouah overemphas1s on shell appearance has led to serlous ;l”

B A oo [PRTS ,n»..«,l,,.,,m o

r'errors in l1ttor1n1d taxonomy in the past the shell nevertheless’

SR et i N A et

L ;prov1des characters useful in spec1f1c 1dent1f1cat10n.' It 1s

J :partlcularly 1mportant in 1dent1fy1ng Juvenlles (in whlch the

reproductlve system is undlfferentlated) and in 1dent1fying ‘hlmals

_whlch are. requlred al:ve for experlments. It is therefore 1mportant

Y

- that the l1m1ts of rellablllty of shell character1st1cs are known -
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i.e. which shell characterxstlcs are dlagnostac of whlch specxes
,at wh1ch shell helghts. |

Prior to the work for this thes1s the shell characters of
.the adults of most species had been described,‘and it’has been
shown that in the‘majority of specles the adult shells have | |
species - pec1f1c characterastlcs, e. g. the sculpture pattern‘of

nigrolineata shells (Heller, 1975&.1 However there were two gaps in

the descrlptlons avallable. One was the descrlptxon of the shell
of the recently dlagnosed specaes, arcana.“ I have Dubllshed thls
descrlptlon in 1978, but for completeness reproduce it here, as 1t

is 1mportant that the sxmllarlty of the shells of arcana and rudis

(applying to both adult and Juven1le shells) should be fully
apprec1ated. The second gap concerns the lack of descrlptaons of
,‘Juvenlle shells for most specaes. Lake the radula, the shells of
rcertaln spec1es show ontogenetlc changes, and some, e.g. lattorea
:Juvenlles, would be unadentlflable from descraptlons of adult shellss

By worhlng through size series of shells 1t was possxble to connect

the Juvenlle shell form to the adult. The use of the Juvenlle shell: ftf

 for 1dent1f1cat10n of specaes was partlcularly 1mportant for the :

pwork on the ecology of small w1nkles (sectlon 3. 3).

. "
PR 4

~1.7.1. Shell Characterlstlcs of Adult L. arcana compared w1th Adult

' L; rud1s and Assessment of the Usefulness of the1r Shells

" in Identlflratlon o

" The shell of L. arcana 1s very 11ke that of L. rudrs and 1s
'equally varlable. There 1s no daagnostlc character that dlstln-,

o gulshee shells of thls spec1es from shells of L. rudis and no shell



" PLATE 28.

Shells, mos, 1 = 4, L.rudis, 5= 8, L.arcana







. Figure 24,

MeaSuréméhfs‘Qf shell dimensions,
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r;tvarlétyxseéms t° be PeCUllar to one specres or the other.',Plate 28€sdv
JShOWS the 51m11ar1ty of shells in the two specres.i ALL these
‘hshells were from the same srtet'ff; . N

At many srtes 1t is notlceable‘however, that thé shells of

B

ulyQHL arcana eXhlblt, more strongly than those of L. rudls, patulous

‘jQ shell characterlstlcs.} The Eatula shell type ls currently

‘regarded (Heller,l975& as exhlbltlng the characterlstlcs descrlbedlr;h £
dby Jeffreys (1865)-1 e. short-splred, asymmetrlcal 1n splre v1ew :
‘,and w1th a wrde, round aperture, shOW1ng llttle expansxon and
»angulatlon below.‘ The typlcal rudls shape ls medxum—splred,r

’tpsymmetrlcalyln splre v1ew, w1th an oval aperture consrderably

;7:"expanded and angulated below. These aspects of shell shape can

f:ebe estlmated respectlvely by the ratlos shell helght/shell w1dth,';

‘\fshell dlameter/sbell wxdth, 1nternal mouth d1ameter/1nternal ;"hé fﬂ"%flff‘

‘v,Vaperture length and 1nternal aperture length/external aperture

”)length (f1g.,24)., Measurements were therefore made on shells of

"ﬂanlmals of both speC1es collected from mlxed populatlons at f1ve'i7
‘3floca11t1es and ratlos were derxved from these data to 1nd1cate the ;

\'videgree of express1on of patulous characters 1n the two specxes at

sfiiéach locallty.~,743"lfﬁ~”“”»"»"”-*

Comparlsons between the ratlos of the two spec1es are glven S '}épﬂye
'iln Table 3 and 1t can be seen that shells of L arcana are rffil'»h

‘:?fsxgn1f1cantly more short-splred and asymmetrlcal than L. rud1s at

,”f'all s1tes.f At four sxtes out of f1ve the angulatlon and expan51on e

: ﬂ;bf the 11p 1s srgnaflcantly less developed but only at one sxte

'71f are the shells of L. arcana more commonly rounder-mouthed than fffh

“7?tthose °f E;.EEE&E;‘ OVerall the data conflrm the suggestlon that




TABLE 3

Comparison of shell shape measurements of L. arcana with L. rudis using the

- f&ann-'vlhitney I test.

. L. arcona 1. rudis
. . . range of : ' range of two-tailed
Ratio S:.'bg n mgdmn observations | 2 medi”‘fl observations | 2z - P
SHT/Sd | PaSa | 92 [1.092 | - 498314188 | 90 [ 1.095 1.012-1,171 | 1.71 .0872
‘ A.B. | 67 1.030 | 1.014-1.186 | 61{1.091 1.000-14177 | 1,00 | 3174
BeRe | 75 |1.112 | 1.041-1.243 | 63| 1.156 1.074-1.260 | 5.54 | «.00006
Y.We | 801,070 |  .966-1.175 | 80| 1.120 1.018-1.200 | 6,20 | .CO46
De 23 14,030 | «955-1.183 | 68| 1.099 ¢959-1.230 | 2-84% | 0046
SD/SY | PeSe | 92| o634 | o58k-.677 90 | 664 - +610-.697 | 6.94 | «,00006
A.B. | 67| 608 | - o574-674 | 59| L648 +606-.708 | 7.13 | <.00006
BuR. | 75| <6%1 «594-,639 63| .667 +626-.693 | 7.65 | <.00006
YoW, | 80| o618 | 45374699 80| .661 610-4712 |9.34 | <,00006
D. 731 .618 +568-.690 68) 4653 | - 4586-4712 | 6488 | «.00006
IAEA | PeSe [ 104 | 4662 | 4577-.832 | 87| 661 .568-.722 | .62 | .5352
AB. | 521 708 | . .608-,798 561 o551 |  +580-.719 | 5.96 | <<.00006
BeRe | 75| 6321 +576-.748 63) 4595 e552-.648 | 6,87 } <.00C06
Y.de | 50 o636 e595-4696 | 50| .625 «552%..650 | 3.07 »00022
D. 70| 4692 | - +590-4795 69| .64k e569-4727 | 6403 | <. 0CC0L
IMD/TA| PoSe | 103 | 771 | 4705-.859 85] 781 .687-.926 | 1.95] L0512
. AB. | 671 . " 057k o674 59| +648 060624703 | 7.13 | < 400006
BeRe | 78| o787 |  +714-.861 63| o787 e690-.855 | «11| 9124 -
ToWe | SO| 4797 | © 7034878 . | 50| 782 o71l=o874 | 1,04 «2984
D. 701 o780 |  .680-.862 681 771 581-.878 | 132 1868

 Sitesi- (See Table 1)

_ Neasurexentsi-

T

E.A. = ekternal operture; I.A, -'internal aperture;'
© IekMeDe - internal mouth diameter; S.D.= shell diameter;

SeHsTs = shell height,;ls.':l. = shell width
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L. arcana is more strongly assocxated W1th the patulous (sensu
Jeffreys) shell shape than is L. rudls.j Nevertheless both spec1es

can exhlblt shells w1th either rudis or patula characterlstlcs and

’as the overlap 1n ratlos observed in the two specaes 1ndlcate, it
’15 not possxble to separate.the specres rellably by the shape of
" the shell. v
In splte of this the shell can be used in 1dent1f1cataon under
certaln clrcumstances.‘ At many sates 1t is p0551ble to fznd that
"a particular shell.shape or colour is always assoclated with one orf“:
other spec1es.; For example at Abraham s Bosom shells of £22£§ are -
’,thlck, ‘smooth and orange and those of arcana are th1n, heav11y S
~,r1dged and multlcoloured w1th tessellatlons or bands. Once such an
assoc1at1on of spec1es W1th a partlcular shell colour or sculpture |
" . has been 1dent1f1ed (through k1111na a representatxve sample and -
-hexamlnlng the anatomy),-then the shell can be made use of in the o
- field. However at many s1tes no such assocratxon of shell charac-

'terlstlcs and speC1es can be found. B

'1.7.2. Identification of Juveniles from Characteristics of the

~ Shell

The followxng descr;ptlons are based malnly on Porth Swtan
5mater1a1 but appear to apply to other Anglesey 51tes. Below a
' shell helght of about 1. Oomn it 1s not often p0551ble to 1dent1fy

".Vspec1es from the shell.34;~;::
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1.7.2.1. L. nigrolineata

Juvenrles' shells, llke adults 'y have a.distinctive‘ridging
:pattern, but unllke the wide flat rldges and narrow grooves’of
. the adults',vthe rldges and grooves are trlangular in cross-sectlon.
f,Trlangular rldges are also seen in shells of Juvenlle arrana,‘“v
rudis and llttorea but unlrke these spec1es there are no mlnor

ridges runnlng parallel to the main rldges (compare nrgrollneata

5 & 6, Plate 29, with rudis and arcana l- 4 Plate 29 and llttorea

1, Plate 30), so the rldges appear clean cut. Also unlrke arcana - .

' :‘and rudis the rldarng pattern follows a graded srze sequence,

: small at the suture of the body whorl w1th the prevrous whorl, |
1ncreasrng in sxze to the w1dest part of the uhorl and declinlng
" in size to the columellar. The shell appears glassy compared w1th
vrggis and arcana shells, and is often sutf1c1ently translucent forvhh
black p1gment on the body to be seen through lt.,‘AS the anlmal'g,‘
4vages the rldoes change from trlangular to rounded and ultlmately

become flat, (see f1 25) The aperture is comparatlvely round fr~'>

._"(Plate 30 6) and the columella usually whrte. g

‘1.7.2;2.' b. rudls‘and.h;rarcanagtfzhf"

These are not dlstlngulshable at Porth Swtan. The shellpisg
"T_usually rldged to some degree (Plate 29, 1-4). Rldges can be
trlangular in cross-sectlon or more rounded, often with smallk
fihsecondary rrdges. They are usually 1rregular1y spaced and are
narrower than the grooves, and do not. show a regular size
sequence (flg. 25).* The aperture is often oval or sllghtly‘angled

(Plate 30, 5), and the columella usually has some p1gment.e The .



'_ Figuré ‘ 22. - .

.

. j,‘_"Shell’i sc;ulpt.t%llré :at 'the',_;‘ai)_e’r.ture. e




gt A=— Juvemle ngrohnec’ru ,
i B Adolescenf L nlgrolmearuf’ [
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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 -

Juvenilehshells:ofithls specles'resenble those‘of thevadults
' and are usually smooth shelled,pthough a‘tew slightly-ridged:; |
speclmens hare heen'collected.i The,body whorl isrusually

expanded’and the splre‘comparatlvely:small and short (Plate 295;—
- 7). The maJorlty of 1nd1v1duals from Porth Swtan can be 1denti-t

fied by the dlstlnctrve neglecta colour pattern, wrth a w1de dark

B band near the columellar 11p and tessellatlons or bands between

it and the suture (see Beller,’l9751and frg. 31).LrSome specrmens“ e
from forth SWtan‘have black or'near-white‘shell colours; These“o
':“'are 1dent1f1able by the smooth shell, the shape, and the opaque el

‘quallty of the shell- also the accessory character of the. |

sub-opercular pattern is useful here.

o~

1.7.2.4. L. littorea

‘Specimens of\this species of . 4nm'shell height'or\leSS haveya” ‘o

"7fpvery characterlstlc shell shape and sculpture (Plate 30, 1).~:The:

o shell is extremely hxgh-splred and heavxl) rtdged. Tne shells‘are ’
pale coffee coloured and darker plgment is sometlme la1d down in~ '

the r1does (g1v1ng a reverse pattern to nlgrollneated nlgrolrneata).';‘h
T IR L S 2

‘ 1;i.2.5.* L. mariae and L. obtusata

Juvenlles of both spec1es have the flattened splre and so ara

easrly separated from Juvenrles of other w1nkle specres. Rermchen -



PLATE 29.
SEM photomicrographs- Juvenile shells and close up
of sculpturlng pattern in- '
'1) & 2), L.arcana
3)..‘& 4), L.rudis C
5);‘&'6),'l;higrolineata
o T)e & 8) . L.neglecta







PLATE 30.

SDM photomlcrooraphs' ,
1). L. littorea,Juvenile shell,

2). L.neritoides, juvenile shell,

‘ 3)' Close-up of the periostracal sculpture of
’ L.obtusata, - ‘ PR '

'L). Close-up of the periostracal sculpture of
 -;7 L,mariae. o H » CETg
5). Aperture view of the shell of a L.arcana
‘ _vJuvenlle. » v ‘

6). Aperture view of the shell of a

L. nigrolineata juvenile,

‘) & 8) Protoconch of juvenile L,arcana.,
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»(1974)'has poinfed out a differencé'in‘the'peridstraéal ridging =
" pattern; obtusata juveniles have alternate high and low ridges .
running pafallel 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 adﬁlfS} j5‘  

(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 seasonalitv,'age-related c“olour'1
pattern changes- (in neglecta) and pOpulation structure
(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 noth‘
’therefore be of general applicability. The same speciesbhi
at 31tes of different character eg. in substrate," » |
herposure, etc. may ‘show quite different adaptive charact-iff
3 eristics. However, conccntration at this site has allowed
" a more detailed analysis than would otherwise have been
upossible and the results may provide a basis for future
icomparative work at a wider range of sites.” ‘ o |

- At Porth Swtan there are two populations

: iof rudis which differ in many respects and samples from

fthem have been given separate treatment in the analyses s

blv_below. One population consists of animals w1th large,

,.thick, smooth, narrow—mouthed shells._ This population is}f;#]

‘a55001ated with an unstable boulder/pebble habitat and

tthese animals are referred to as rudis B (boulders) Thgﬂtlla

other population is associated with the crevices of "flh‘wr

oA

'Zstable rock masses,and consists of animals with small,jf*i'a1“

”thin, ridged w1de-mouthed shells.~ These are referred to'f'

~as ;ggig c (crevice) - A fuller consideration of the:t

';'differences between these two rudis populations is given ry,u‘

:;*in section 4



5,1, 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;@f:jiii;”'ligii}
reproductive organs regress (Beroerard 1971a ) isting-
uishing the reproductive state of thevanimals'was‘
important for both the taxonomic.and ecological‘work A

undertaken,

Three terms, Juvenile, immaturekand mature;f"

are used here to describe the reproductive conditlon 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 sex is 1dent1fiab1e but either have not yet bred54-f

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.lfﬂ.

. The distinction between immature and mature animals is

_discussed in greater detail beloy]o males and‘,females .are Tulvoia

‘considered separately;

N

 2,1,1. Definition of maturity in male rough winkles .

The definition of a male winkle as mature

or immature is based on the state or the penis. Both ey

a.'qualitative and quantitative methods can’ be used and are‘i i

'compared here. On a qualitative basis a visual assessment

?_,of the state of the penis can be made and if it is well-ptﬁni

b formed and the penial glands are turgid then it is scored



; as mature.»FOn‘afquantitative,basis maturity can be défihédhb~7

using the relative penis length;rPﬂ/SHT (Vpéﬁis length,‘PL;b
is defined in fig, 1o and shell height, SHT, in fig. 2&).

A comparison of ‘visual. estimate and PL/SHT ratio is given‘
_in table &4 and plotted in fig.26A, u51ng data from |

nigrollneata (equivalent data ‘were obtained for arcana and

rudis). It is obv1ous that the ratio frequencies are‘}”;
: distributed in two groups and those with larger ratios
Vcorrespond with mature animals. The strong bimodality i
‘emphasizes the comparative rarity of animals with penes
in a transitional state, ie. if an animal has a developedfl*r
‘penis then it is likely to have a fully developed one. o
'iThus it seems that the qualitative, visual assessment
method‘is as satisfactory as the-quantitative method andrif
yphas .the added advantage of being quicker to use, Visual .
:assessment of maturity is therefore used in subsequent‘-tv\fi

_;analyses-f'

2.1.2) Definition of maturity in female rough winkles

In ovoviv1parous species (rudis and negle-'j
ta), mature females are defined as those with embryos infiji“

~the brood pouch In oviparous species the distinction "?v,77

b‘between 1mmature and mature females is not so easily made.ff"

U As in the males,‘qualitative or. quantitative methods can
bbe“used and these are compared below. On a qualitative
ibasis, females were defined as mature 1f the oviduct was:;f:t
teturgidly fleshy (see Plate 2) and on a quantitative basis“ffﬁv
l maturity can be defined on the basis of relative oviduct 5

'“size WhiCh can be obtained,fromrthe ratio-c+w/SHT_‘.,yfiv



 TABLE 43‘,Compafison’of visual estimate of matﬁrityibf males with‘PL/SHT ratio

PL/SHT ratio | W0= il .2« 3= 4= .50 6= .T- .B= .9

size class = | .09 .19 .29 .39 .49 .59 .69 .79 .89 .99

Visual . | Immature] 13 104 64 15 11 3 2 ..l oo

assg;sment Mature i ' ‘;,. B ‘,;" oL 3 21";_33 ::'49: _ 30

Total in size class [ 13 ~ 104 .64 15 11 .6 23 33 49 30

TABLE 5: Conparison of visual estimate of maturity of females with c+w/SHT ratio

c+w/SHT ratio | .3~ < 4~ 5. 6= .7T- .8~ .9-  1.0- 1l.1-  1.2-
size'class | .39 .49 .59 .69 .79 .89 .99 .1.09 1.19  1.29

Visual . -} Immaturej 85~ 235 .161 46 22 11 2 . = = . <

assessment ; Mature [ - - - - 7 43 71 76 51 . 20

Total in size class | 85 235 161 46 - 29 .54 73 76 . 51 20




Pigure 26.

~‘:Comparlson of qualltative and quantitative
. assessments of maturity-”' Soi T
A) Male L, nigrolinpata

B) Female L nigrolineata
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f(oviduct length, c, and width w, are defined in fig. 27, -
shell height, SHT, in fig. 2&) A comparison of ratio"

-frequency distribution'and the visual assessment.is made -

in table 5 and fig. 26B, using data from nigrolineata;'
comparable ‘data were obtained for arcana." w ’

’ As in the males, the frequency distributions
‘of the ratio shows marked bimodality which is strongly
‘ associated~with the visual assessment, Visual assessment,i
being quicker to ‘use, was therefore used in the following
?analyses to distinguish mature and immature fcmales and as"
“the data 1nd1cate comparatively few sPecimens were

: collected which appeared to be in a transitional state.



< ﬁKéYg;q‘./ Bcn- bursa copulatrix 1engthﬁiyﬂwgﬁ”‘

§ Menmmonsnts Of viduct alnemsione [0y

i é-- jelly gland or brood pouch 1ength
:f§,w'- jelly gland or brood pouch width
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2.2, SIELL DIMORPHISM . -,

It was noticeable in many samples, from .
a range of sites,'that“sexual dimorphism in shell size
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. Sacchi (1968)i

, 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 Vﬁ
V‘obtusata.' Reimchen (197“) in an intensive study of
British populations agreed that in both species, females
are larger than males and that the differences are:
greater in mariae' frequently sexual dimorphism was not ;-
';apparent in populations of 29323232, He showed that ’
dimorphism was most pronounced in populations of mariae‘
Ti;with relatively small adult size. Goodwin and Fish (1977)

also showed that sexual dimorphism was present in both

fspecies though wa3~less pronounced in obfueata than-mqriae.ff}’

They 1ikew1se agreed thdt 1t was greater in populations of
mariae from sheltered shores where adult size was'

relatiVely small. ,

,report) has noted sexual dimorphism of shape. As ‘in the S N
,'flat winkles, females are more globular. No other prev-iu
.'ious study of dimorphiom in the recently diagnosed

“5pe01es of . rouOh winkles has been made.

In nigrolineata Naylor (1978 unpublishedfﬂju;ht
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iThree_aspects"of sexual‘dimorphismiin‘thelt;o

rough winkle:species‘at Porth'Swtan are examined in

sections 2.2, 1 - 2, 2 3.. The'data used were amalgamated 7
from samples taken over a period of at least a year which
avoided possible seasonal influences.' In jgrolinent; at B
Porth Swtan not only was sexual dimorphism in shell size
apparent but also size dimorphism related to colour poly-Ah

“morphism, This is explored in’ section 2 2 4,

2.2.1. Dimorphism in shell'height relatedrto sex

Shell heights of males and females,

; :collected over a long period (one year, except for gr _ifqu

lineata which ‘was collected over 22 months) wero compared DR

In this comparison no account was taken of the reproduct-;;*‘b

ive condition of the individuals.. Brandt and Snedecor's

formula for a contingency table with n columns and 2 rows }_,’

/(Bailey,,1959) was used to compare the observations

against the null hypothesis that the ratio of males to%4jf;¢‘

‘7fema1es in each size class is homogeneous with the ratio

of total numbers of males to total numbers Of-females,”sh_*f

 Results ‘
- The data for the analyses appear in table

h1 Appendix B and the results are given below'f5ft

* Species’f'l o 2:2 Degrees of freedom Significance e
'L.rudis’C'V;kf: f12.63_v;;1 .8 . »Li Not significant |
L.rudis B. . 40,86 . 18 ”_{»”31g.~at 1,04

" L.arcana_ 61, 68 ) i,' 8 .dv .. sig. at 0.1% ..

‘,L nigrolineata: .30 64 'l'Q 19 v i,-g;sig,?atls.o%yéfiﬁaff

L.neglecta 134, 37. s sig.at 0.1%,



© . Figure 28,

 Sexual'dimorphism in shell height, ~ = . - .
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‘ In»four species,:rudis B,harcana, nigro;[,'ﬁﬂfy

lineata and neg lecta,.the null hypothesis can be
rejected. Examination of ‘the data, which are plotted in

fig. 28, shows that males do not grow as big(as females,

2.2.2. Dimo;phism in shell height related to reproductivev;

maturity,

A similar X? test ﬁas used‘as in the .
. previous analysis and a comparison made of mature males =
‘to females in each size class with the ratio of total
‘mature males to females." |

' Reshlts:'r 7

The data for the analysis are given in

table 2, Appendix B and the results are, given below*;}'

Species SR X? . Degrees of , f,fSignificancef*Tw
. ' .7 - freedom - e P
’,L.rudisuc . k3,20 zf 8~1", h'ify:Sig;;at.Otl% ;'.
"L.rudis B . 33,03 13 . sig., at 1,04
L,arcana .llf.‘73.361', - 8 ~’v_";f'“fSig.:at'O;1%ﬂ

L.nigrolineata 35,79 - 19  ~  Sig, at 5,04
L.neglecta - 209.65 LB \fiffSig. at 0.1%. -

The null hypothesis can be rejected7for?~‘w
every species.\ Dxemination of the data plotted in fig.:
“:v299 shows that males mature at a smaller size than "fuf,fiﬁé

females.

'2.2.3, Dimorphism in shell shape related to sex .
- This"analysis.eompares dimorphismrof»1“
,shape measured by the ratio shell height/shell width

( SHT & SW are defined in fig. 2&) between males and o



»

' Sexual dimorphism in’shell height at maturity,
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k females. The Mann-Whitneij test}was,usedﬂtotcompare
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,,T
yrange were used The shell heights of the males and
females were compared with a t- test to check that the,

fsamples were’ compatible (see table 3, Appendix B)

Results
The results are summarized in table 6 Thef v
nullihypothesis, that male and female shell shape do not

differ, can be rejected for arcana, nigrolineata and

rudis B, In each of these cases examination of the datar‘

indicates that females are more globose than the males.

Discu351on of sections 2 2.1, and ? 2. 2

The data obtained confirm thebexistence of
dlsize dimorphism related to sex in all species of rough
'ia,wink1e° males. maturing at smaller shell heights than e
"gfemales‘and,‘with the exception of rudis C not growing

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

“,bnigrolineata, females are generally more globular than

males and it is notable that nevertheless males of these

pecies are s1gnificant1y shorter than females. Theoret-;3?7"

'5u!ically 1f females are more globular this will tend toiuhibé?\

reduce their shell height, relative to males of equival-ftbff

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

‘dimorphism occurred, would appear shorter.ﬂ Thus thev,,uﬂc,

" size dimorphism, with males shorter than females,‘is morefft

tipronounced than the data reveal.;ﬁ

Why does s1ze dimorphism occur?

[}
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“;TABLEJ6:i C6mp£ri$on“6f“mé1é75hd”feméié shell shape using Mann-Whitney U test. .

S A ;f*fffVN“ﬁSér of ¢‘>Mj :Raﬁ'é 6f‘obsér§étioﬁ§ S  f'af!two-f?f7” SRR
- Species ' i .o .. individuals . 7 - 'ge o1 0Ps ST o oo.zo- tailed . Significance .

‘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 5%

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

. nigrolineata =~ 59 '~ 58 ° 1.083-1.258 = 1.048-1.223 2.790  .0052 = Sig. at % .

L. neglecta 85 .- 59 . .926-1:167 . 1.000-1.133 .340  .7320 'Not significant .
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’ For-winhles size is a critical factor,v
knownrto affect mortality, fecundity and reproductive ;
strategy.v Heller (1976) and Dlner & Raffaelli (1980)f‘
have . shown that winkle size is an important factor in'

crab predation, small vlnkles being more susceptible to

- attack, Faller-Fritsch (1977) has proposed that |
physical causes of mortality,'such as crushing or burial:
(in unstable habitats) and desiccation can be expected ;'
to act differently on winkles of differing size,'with
small'w1nkles at greater risk, In addition the food-~
resources avallable to a winkle may vary with its size.?c

_.Smaller W1nk1es presumably are able to penetrate deepermlrh
Jinto crevices ~than larger ones and also get into smaller.--:'~

crevices.; They may therefore have access to food

,resources 1nacceSSib1e to larger winkles.f Larger wink1es g

. may have the compensation of being able to range further

:from crevice shelter during feeding periods.f

T Raffaelli (1976) has shown that the number

fof embryos a female carries is influenced by her size,v;ii

:the 1arger the female the greater the number of embrYOSOItfwﬁ

.Size structure of populations of rudis, neritoides and ?"“”'T

prneglecta are known to be affected by microhabitat
‘tcharacteristics notably crevice size ‘and availability

‘f( Emson & Faller-Fritsch 1976 Raffaelli and Hughes 1978

4JcRaffaelli 19789 | In turn p0pu1ation structure is related%f”f

,to reproductive strategy in terms of size at maturation,
fetc. Faller—Fritsch (1977) has shown that exposed
'pOpulations on stable rocks tend to consist of small

f 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 individuals
to‘outgrow the size ranges in which highimortality‘rates
occur. A L e . ‘

| | t Since size is undoubtedly an. important :~
’factor in reproduotive success . and mortality, ‘differences B
in rate and pattern of growth in males and females,might
be correlated to reproduotive'strategy. Alternative-fb
hypotheses eg. that size is merely neutrally linked to fnl:
sex, or that males are smaller because they are more’ »
sensitive to- turbulence ( Sacchi,v1968) or that females.m’
are more globular to. accomodate the- reproductive organstbm
(Naylor, 1978 unpublished report) seem rather unlikely
'in v1ew of. the dominant importance of size in thelcf71
survival and reproductive rate of winkles, and thel

1ﬁinconsistency of expression of sexual dimorphism. -

"2.2.4; D1morphism related to colour;polymorphism in o RS

L.nigrolineata

At Porth Swtan L nigrolineata exhibitsp&}vx»,,_

:shell colour polymorphism.. It is either yellow- or ;ﬁ;i
v5}white-shelled. There ‘are mo intermediates and althoughwhA

uethe yellow shells show a’range of shades from very paleh”
”t”to primrose yellow, the distinction between white and o

o yellow is easily made, Of the 2906 nlgrolineata

'pycollected at the site between June 1976 and Pebruary

I

s 1978 222 (or 7 6&%) were the rarer white-shell morph.;*ﬂtd

’f It was noticeable that the commonness of



the»white-shell morph'dependedionisize}class?;there *
‘were relatively more white-shelled animals in the smaller
size classes than in the larger size’ classes. ’It‘was |
also apparent that white-shelled\animals were frequentiy;,t’
_ mature when yellow—shelled animals of 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 structure of the yellow-shelled |
| morph population was compared with that of the white |

using a.7(2 test - (Brandt & Snedecors formula) The R
observed ratios of white and yellow shells in each sizejiﬂ
‘class were tested for homogeneity with the overall

vi‘ratio of white- to yellow—shelled morphs. b

Results =

and are plotted in fig. 30, In brief >(2' 73 3 with |

f3degrees of freedom ;'15, which is significant at .001

The data are given in table 4 Appendix B :_il;

(or .1%);f As fig. 30 illustrates, there are. relativelyfi“iff
M . / i

vlfewer white-shelled morphs in the larger size classes;

inhe difference is highly significant. -:f? “_"i

2.2, 4 2. Comnarison of size at maturity of white and . -

yellow morphs.v';f

Yellow-'and white-shelled animals were,fféfuf”

o scored for maturity on the basis outlined in section 2 1.
_and the number of mature males and females and the

,;overall number ( females + males) in successive size o
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. classes were-recorded,. The percentage mature,in each

size class for the two colour morphs was then calculated.

Results

| The data are. given in table 7 and it is~‘
'clear, by comparing the percentage mature of white— with
yellow-shelled animals in successive size classes, thatf
white morphs are“much ‘more. 1ikely to be in a mature»«
condition at a smaller shell height than yellow morphs,7~]f~
| for instance in the size range 6 5 -7 45mm about 25
white-shelled animals were mature compared to about 12%i”$

of yellow-shelled.__ , o SR

Discussion | |
From the data it seems(that whito;shelli
is 1inked to maturation at a small size., This presumably

results from shell colour being linked to growth, either i

"~since white-shelled animals are slower growing (maturation‘}?

occurring at a set age) or since early maturation (withihﬂ‘ﬁf

its concomitant demand for energy) retards growth. It.g];;_y

'vrfwould be interesting to compare growth rates of white; T
f!and,yellow—shelled juveniles, ‘ . | .

| : Why this association of shell colour and ?,ﬁfv?
H,Size occurs has not been StUdied. ‘However since size |
pand fecundity are related, the differences between ;

.f»fwhite- and yellow-shelled populations will affect theirp?i-l
'rrelative reproductive success.i Theoretically white-j-Lit' "
H'-'i_Shelled anlmals, tending to be smaller, will be 1ess
.',fecund (fewer juveniles produced per unit time) than

'>their yellow counterparts. Thus ii the white shelled ﬂ,ai;ff
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TABLE 7. Size at

Size class

(mm) -

'White-;»i

shelled

Yellow;"'rMafufe :

shelled Total .

Mature TR
,Tdtal ‘.
9% Mature
in size -
class - -

% Mature

in size
- class

6.5~
7.45

ok

ﬂﬁ436

19
75

Maturit? of L;’nigrblinéata Colour Morphs L

7.5- 8.5- 9.5- 10.5- = -
8.45 9.45. 10.45.11.45 1.3
19 16 12 .9 15
55 37 25 12 18
C3%6 4% as% 7% 8

68 128 128 145 481
422 412 383 317 664

C16% - 3% 3 4e% T
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animals are not to be out;competed‘and so rendered
extinct, there must be some selective force(s) acting
differentially on the morphs- always assuming that the‘
colour polymorphism is stable and the white morph is not ,
in the process.- &'becoming extinct. This selective -
force must act in such a way that yellow morphs suffer '
higher mortality than white morphs. | -

So, though a'selective,force'can be

postulated ‘since reproductive tactics of white-eand ¥
yellow-shelled populations differ, what the selective

ﬂrforce‘is can onlyjbe'guessedvat. Possibly the colours
have noidirect significance, eg, if colour was related
-to strength of the shell and white shells were stronger ;f
‘than yellow but required more energy to construct, so f'f
‘that the extra protection would reduCe the risk of

mortality and so compensate for reduced size and

reproductive rate by 1ncreasing reproductive 1ife. f.iﬂ';?f?‘

However, Raffaelli.(1976) has shown that for L. rudis .
there is no difference in thickness of differently-
'coloured shells.i Alternatively, the visual polymorphism
might be of direct importance, white- and yellow-shelled
‘animals may be subject to different predator pressures
vjon‘account of their shell colour”and the two morphs mayri
f,be maintained either as they are cryptic on different : .
.fpbackgrounds or through apostaticiselection (Clarke, 1962)

- The difference in 51ze structure”and size at maturity

5,emight be further responses to predator pressure eg. if

e'flarge white-shelled animals were selectively predated
fax'this should encourage early maturation, probably with

‘jconcomitant slow1ng of growth



R band and the body whorl suture, plgment can be la1d down in a
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2.3. AGE-RELATED CHANGES IN L. NEGLECTA SHELL COLOUR PATTERNS

: In Anglesey neglecta shells have commonly a‘pale ground colourrlf"
: w1th dark brown prgmented patterns. More rarely all-over colours,y,M
whlte, off-whlte 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 -
‘e,varlety of patterns, notably as bands, bands and tessellations
or tessellatlons.r There is a w1de varlatron in shell ground coloury
'_whrte, biscuit and dull yellow are’common and the markrng plgment
B can be any shade of brown (usually) or yellow (less commonly). S
.Mlxturesofdafferentlycoloured markrng plgments on one shell arey;ll;{~
hvfrequent.," | -
Casual observatlons suggested that w1th patterned shells ;:A‘

the pattern is age related Small shells are frequently observed

: 'to have only complete bands, larger shells to have only tessellatlons ’ﬂ_

‘f1n addltlon to the w1de band. On some shells gradatlons from one *‘i e

‘pattern to another were seen e, g. complete bands were apparent on f[,-7?/

‘”:fthe oldest part of the shell, younger parts had mlxtures of bands

. in pattern was made.

‘and tessellatlons. An 1nvest1gatlon of possrble ontogenetlc change“

R

- Method -

Several'hundred neglec a were collected from Porth Swtan and

S Porth Diana,, For each 1nd1v1dual, shell helght was measured 1n

"gratlcUIe units (g u.) and the marklng plgment colour scored 1nto e

’:on the followrng classes (see f1g. 31).- o
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CLASS

‘i).completely:banded'- ‘; \:‘lf yﬁ_,ﬁi L 1
vdi)‘mixed bands (excluding wide band)'and :
‘tessellatlons .‘ ":‘v'-y:i 1,7“ :\: 2
’“ill)rcompletely tessellated (excludlng
= wide band) "(7lf;."t - _ : 5"

: Of the body whorl °n1Y the youngest Part (scored section, -

SS, f1g. 31) was scored for plgment pattern.
~ Results

The data appear 1n Appendlx B tables 5 and 6., The frequency
of each pattern class in each szze class 1s plotted in fig. 32.w
A'Graphs G and H 1llustrate the percentage of each pattern 1n each
srze class, omlttlng 51ze classes wrth less than 20 indlvrduals.

;.At both s1tes class l marklngs (all-over bands) are commonest
:ﬁln the smaller sxze classes, class 2 (mlxed bands and tessellationsl
1n the mlddle range of slze classes and class 3 (all-over

’ tessellatrons) 1n the larger size class.

: DISCUSSION :jff~,” _:’r:5‘f‘f. ;;:~'ﬂ [*“1“ ; ijij:‘ SR

Theoret1cally, the assocratlon of size and colour pattern could

)

arise through drfferentlal mortality related to COlour patterns atbi !f}f

partlcular sxzes. However, the scope for such an effect is restricted.'ﬁ

_by the very compressed s1ze range exhlblted by neglect .’ The'

g alternatlve hypothes1s, that the pattern of plgment lald down

| changes Wlth age, seems more llkely, in v1ew of the marked

o aSSOC1at10n of pattern type thh shell helght recorded here and

the frequent occurrence . of shells Whlch have bands on older parts
e , v _ ) 7 '

.
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o F‘req‘uer‘x‘cy of coAlour' patterns in L.n‘egleCta.f_
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'and_tesseilations cn yonnger (the reverse situation has never been

_observed);A:ItAis'cftcourse'possible»thatihoth diffefential mortality

randlsheli:pattecn‘change cccnc.“:v ‘ | 4

Marked changesrindsaze structhte and matufity structure of .

the neglecta bopuiation'at Pctth'$wtan indicate4that'this‘species

is an annual (see section 2.5). Since size structure of the i
populatlon changes seasonally the frequency of the colour patterns‘
“1, 2 and 3 must also be expected to change. Thus the overall

i peccentage of strlped shells in a populatlon must be expected to‘k
”'alter over the year. Anderson (1974) when correlatxng percentage f‘
'j'of Strlped nlgrollneata w1th percentage strlped neglect and other:uiy

env1ronmental factors was unaware of th;s factor (pers. comm.). '11'
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. 4. REPRODUCTIVE SEASONALITY IN ROUGH WINKLES

‘ A common feature in the family Littorinidae
:is an . annual cycle of sexual maturity marked by the
tseasonal ripening and regression of the genital organs.

For L. saxatilis, periodicity of reproductive activity has

.been noted by Bergerard (1971a & b); Berry (1961) and
James (1968b). Bergerard found 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 particularly cold conditions at;ﬂ
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 gggig.‘ No previous studies'have been made ofjp

reproductive periodicity in nigrolineata, neglecta or ‘u'

arcana, 7,

v 2 4 1. Variables of the’ samples used for the assessment

?}of reproductive seasonality

Approximately every four Weeks (fortpreeiséf‘ﬁ'

dates see table 8 Appendix B) samples of arcana, rudis B,';Qf

’rudis C,'nigrolineata and neglecta were collected”at'f:y

vporth Swtan.; For each qnimal shell height sex,fmatur;.;
'iiity or immaturity (based on the visual assessmentfas'r'
7out11ned in section 2 1. ) and the size of the reproductivej"

vorgans (PL in males,-see fig. 10-'c and w in females, see
»sfig, 27) were recorded-'the size of the reproductiver

) organs in nee 1ecta, excepted.;
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| i«It‘was noticeable that size‘influenced
‘ithe likelihood that an animal would be collected in a
.mature condition' the larger the animal the more 1ikely
it was to be mature.,Fig.‘BB shows the perccntawe mature‘,

in each size class for each species. Since the data for

" thlS figure were amalgamated from animals collected over

a year (March 1977 - February 1973) the graphs indicate
that the 1arger w1nk1es are in reproductive condition'

, for a longer part of the year. A similar situation has*l
'been noted in 1ittorea by Williams (1964) In view of
'this, and also because the sampling is not free of bias
related to size, it was necessary to confine the/
examination of reproductive periodicity to animals‘of
some . defined 51ze‘range and not to use the monthly
:?,samples in their entirety. It is impracticable, if not,7

1mpossible to av01d size bias when sampling at Porth

Swtan (w1th the probable exception of neglecta) becauseffiﬁHyt

h of the nature of the environment in which the winklesl,’:

’live.' The crevices of a rocky shore, though accessible SR

‘-to winkles are not alwaya so to winklers and the

- conditions at the time of collection can affect the size'v:t'

vrstructure of the sample.* If it is hot and dry the‘
;winkles often move more deeply into crevices and conse-~r
rquently it becomes more. difficult to collect them, and
disProportionately more difficult to collect smaller

';v w1nkles as they can move further into crevices thanrw oa
1arger animals._ The environment from which samples of
u,'neg]ecta Were collected differs in that there are few if |

y crevices in the transect area chosen and the dead
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Péfdentage’qf mature individuélb in‘sucééssivé

- size classes, .
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a.shells of barnacles, which they favour for the shelter
they provide, are easily broxen open and the winkles
,collected.r‘lt is therefore rare for an individual of
neglecta to be naccessible.fzx{ : ;o X
o ‘ a_Since sampling bias is unlikely in ncglecta
vthe monthly sample of this species was used in its
entirety. For the other species, appropriate size ranges‘
were selected and the assumption made that immature |
‘individuals of size x were as 1ike1y to be collected as
mature individuals of the same size.j:The size rangeskaht
_used were:- | | | B

- 18.95mm

YL.arcanah‘ » . 7 o} ,
‘L.rudis € 7,0 - 8,95mm
L.rudis B 11,0 = 14,45mm
‘L.nigrolineata - 8,5 = 12,95mm 3 o
L;neglectal*Vg* }2.0gu,(1mm‘= 1.7gﬁ)(;df

" Two methods of assessing reproductire h;°
:jtperiodicity‘uere explored, a) percentage of animals, in
’selected size range, in mature condition b) reproductive
sorgan size frequency structure of animals in the selected*

h-sizevrange.»

' 2;#;2. Examination of reproductive oeriodicity based on hijp

, percentage of mature individuals.n"

In the chosen size range the percentage of:"
"mature animals, for each month and species was found.'

tDatalfrom males and females were combined. The results'
f}are plotted in fig. 3h ‘and the data are given in table 8,

‘dAppendix B.
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| _B_esults:‘vg ‘
a) L rudis C.
| No indication of any cycle of repro-
ductive activity was apparent The population .
ﬂmaintained a fairly constant and high level of reprode f
) uctive activity throughout the year with about 80%‘of'l
:-1nd1viduals in the 7 0~ .8, 95mm size range being mature,in .
T each month., O o E
A " b) L.rudis B
i The results from this)ecotype‘were
erratic and‘no clearly defined pattern was apparent. It -
kis notable that the lowest levels of activity were{y
recorded in May and July, corresponding with Berry s
’findings for Whitstable.‘ The population he studied lived
'in a habitat more similar to that of the rudis B population“
" than the rudis c population.' Like rudis C, the rudis B
appopulation generally maintained a high level of
reproductive activity throughout the year. i
Lo '_ c) L!arcana'f" |
| A marked cycle of reproductive.
F’activity vas apparent in this species, with 1ow percente:
tfages in reproductive condition (1ess than 30%) in May,
_June and July and higher percentages (more than 70%) inVT““;‘
p‘jSeptember, 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-rf"

;7,yion 3 2 2 ) observations indicated that a similar cycle'

tb"occurred in the previous year, 1976 1977.,
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‘ d) L nigrolineqta

| ' Data for this species were obtained
for'a period of 22 months and as in arcaua, cyclic
activity was apparent.’ Peaks of activity, with more
than 70% of the population mature, were observed in h
’August and September 1976 and 1977-‘ Activity fell below

h’BO% in June and July 1976 May to July 1977 ‘and May 1978

e) L.neglocta |
S v : CYclic reproductive aCtivity Wasyhf
T'aépareﬁt inlthis Species also._ The period of high
iactivity was comparatively long; frOm March to August“k: |
‘(1977) more than 70% °f the. P°Pulation wore in reproduct--'r ‘
: ive condition. The lowest level of activity was recordedip

.‘for October 1977.

2;&.3; Dxamination of reproductive seasonalitv based on

« :v-glii“ 1_~h'month1y frequencv distribution of relative .]

'T'freproductive orpan si?e.'

‘In successive months, Berry (1961) looked ;;":Q
dat the numbers of embryos in the brood pouch of 20 rudls‘*l
i”females of 10 -_11mm shell height and was able show a

saesonal cycle of embryo production. In gugig the , o
tf?‘numbers of embryos is paralleled by the size of the brood
‘?pouch (Hart,'1978 unpublished report) the bigger the‘ttl
")brood pouch the more embryos contained (also, the converse)
:_Thus the relative size of the reproductive organ may be
useful as a measure of the reproductive rate ie, a larger ﬁ‘;

i oviduct may indicate a higher rate,‘ A similar relationship'




’1, Results.
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' could‘apply 1n the oviparous species;fand perhaps an
equivalent relationship may occur in malea. |

Por females the relative size of tho
'reproductive‘organs was defined as the length of the'
‘brood pouch or jelly gland ( ) plus width (w) (see fig,
27) divided by the shell height.» For males this was
3'defined as penis length ( PL,’see fig. 10) divided by

the shell height.v,

| ’ The monthly frequency distributions of
’ithese ratios were plotted as. histograms (figs. 35 - 42)5
;v‘for each Species and sex.‘ The data appear in table 9,=sf;
Appendlx B,  As in the previous section the data used 8
~}were derived from individuals in the selected size range
as the sampling ‘was not free of size bias.i The data
lipresented have not been standardised on a percentage.k

“ba51s as this would obscure the relative reliability of

the data collected in a month- in some months comparativ-”

A ely few animals, in’ the size range ultimately adopted forijm

these analyses, were collected as the effect of shell

height on likelihood of maturity was underestimated.fﬁ”

'“fThis particularly affects the results presented for‘:

- rudis B and nierolineata, which both exhibit a wide range
'of shell heights so what seemed to be a large sample was?ff
not so satisfactory as appearance suggested. The

- histograms generally show bimodality which is due to the

‘vp'reproductive organs not increasing in size in step with

:w”the growth of the animal but rather showing a spurt of.

'y'growth from immature state to mature, and an equally
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marked regressionrat‘the end of the breeding season (see
’section 2.1. ) Variation in the position oi the socond
'1arger, ratio peak is of particular interest as this may o‘
eflect differences,in reproductive rate which may not
',-be apparent from calculating the percentage mature in-
‘succ9551ve months.z o
a) L. rudis C / S
| "h In this species PL/SHT ratios >'5j,j
énd é?;tw/SHT ratios >1 O, generally correspondnwith

m.animals scored as mature. For both'males and‘females no .

'*g'well-defined movement of the size frequency distribution S

) Ja.nuary. ,::’

i‘is seen, though there is some spreading of the - second peak,;f»

particularly in the females, in the months of January and o

ierbruary. This may indicate some lowering of the’

t:reproductive rate at this time of year.fm;‘“ d

| B b) L rudis B o

e In this species PL/SHT ratios > u

B and c + w/SHT‘}1 0 generally correSpond with animals B
‘scored as mature. The data obtained from this species’i
.‘were few so the resu1ts are questionable.~ In both sexes

lfthere is a tendency for a shift towards lower ratios (in ;

mature specimens) during the spring/summer months April-;f S

'August compared to the autumn/winter months of October-.

-

) L. arcana‘ ' 7
ﬁ In this species PL/bHT ratioa >/.

"Aand c + w/SHT ratlos }1 0 generally correspond with .

g animals scored as. mature., The data obtained from thisfﬁ:i§‘<

"Vp;species showed a well-defined sequence of chango of the
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i o Figuré 36. s

L. rudis C:iMontﬁly_frequency‘distributién Qf;

fpéliial oviduct size, -
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Figure 28.

"VL,fudis B: Mbhthly frequenc&ldistributidn of

} palliélloviduct size;l ,
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© Figure l4o0,"

L arcana- Monthly frequency distribution of

:'pallial oviduct size. )
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'L.nigrolineata: Monthly frequency distribution .

of pailial “oviduct size,
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size frequency distribution indicating a marked -
;,seasonality of reproduction.i It is also notable that the -
‘males are coming into reproductive condition in August,;
month prior to the. females, and aro mostly out of
;ycondition in June, whereas some females are still mature;
;at this time, ie. the periodicity of males and females ist«
very slightly different.

d) L.nigro]ineata

| A | In this specie PL/SIIT >/.6 and (
'c + w/qHT ratios ).8 generally correspond with animals
"scored as mature. ‘As in arcana the marked seasonality isf“
readily apparent and also males are coming into S
ireproductive : condition f sooner than the females.
iHowever the data do not suggest that they also go out of '
’reproductive condition earlier than females, unlike. '

arcana,

:Discussion'of'section 2.&.'

The slight staggering of reproductive

‘v:periodicity in the two sexes of both oviparous species is’n

“of particular interest, males of both species coming intO‘ o

‘ season before +he females and in arcana males also going o

| reout of season earlier.i This is probably related to o

B differences in male and female reproductive strategy (see"'-

also. section 2 5., outlining a similar occurrence in ?; ;‘»f.‘:f

zfneg1ecta) Males, by coming into season relatively early

’f7,will miss fewer opportunities of mating with females that

L come into season earlier than the main mass.

In the two rudis populations there is no‘
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,pédmparable‘reproductiVerperiodlcit&;ﬁ both ecotypes
v’exhlbit a fairly h1gh 1evel of activity throughout the~
year. However there is some Suggestion of. slightly lower
rates of activ1ty in January and February in rudis C and-
, from April to August in rudis B, but for the latter |
[ecotype the data are limited | A
| ' The other ovoviviparous species,ne 1ecta.
. shows a marked cycle of reproductive activity with high
_activity in the summer - months. It is notable that all
'the QVOV1V1parous species have the capability of breeding
o din the hotter months of the year and that these months |
are avoided by the oviparous species. This might be g

‘traceable to the dlfference in breeding method "Egg”

e masses of nigrolineata and arcana: are probably fairly
susceptible “to. desiccation.: The ovoviviparous method of
"reproduction probably protects the developing young from Iy

this.
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5.5, CHANGE IN THE POPULATION STRUCTURE OF L.NEGLECTA

"OVER A YEAR,

The‘sourceS'of.major inaccuracy in random

sampling of p0pulations of arcana, rudis and nigrolineata,

notably-the 1nteractions of habitat characteristics ( eg.,
crevice number and size), animal size and weather
conditions at time of sample, do not apply in the case of’
.neglecta at Porth Swtan.; The rock surface in its zonal
v‘range is so eroded as to be effectively crevice-less and

barnacle shells, nhich provide the main protective shelter

‘frfor neglecta, ‘are no protection from sampling. Also no

"*migration to zones outside the sample area has been h]["

detected in this species.,.L neglecta is therefore unique
'amongst rough w1nkles in its availability for studies of
' population structure 51nce sampling can. be unbiassed inb,f
‘respect of sex, maturity or size, the only restriction to
"sampling being that 1ndividuals less than about 1mm were?-~
vdlfflcult to collect as their shells are so small and
: fragile.‘ ; v. : ' |
| ._vi v Data from the transect 2 samples (see @"‘-
section 3.2, for details of collecting) were combined to'tf'
~fgive an’ overall picture for oach month. Every individual’_r
of neglecta (over 2. Ogu shell height, 1mm -;1 7gu) was
';measured and scored for sex and reproductive status. _The,‘
'Foverall changes in population 31ze structure and frequency'
4are plotted in fig 43.“ For fig. h& the sample was broken
‘down into subsections, mature males, mature females,

immature males, immature females and juveniles and the‘

Vﬂ frequency and size structure for each subsection in



 Figure 43,

i~ L neglecta' Population size structure changeaf'

for the year April 1977 to March 1978
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'Frequency,énd7size‘Strucfure changés in subsections

of the:L.néglecta population;;‘~
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successive months;were plotted The data are EiVen e
thable 10' Appendix B. The changes over the year in each -

subsection are outlined below.

‘2.5.1. Mature females.

Mature females Were at their maximum ;:"
‘frequency in May. In. the following 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 numbers E

‘were recorded in larger size classes compared to smaller o

size classes. Low levels of recruitment were apparent

,from October to January increasing in February and March.‘

2.5.2, Immature females,

Very few immature females were collected
iyfrom April to - September (inclusive) . Recruitment to this
htsub-population was’ apparent from October to January when

"numbers in the smallest size classes were comparatively '

ofhigh; thereafter numbers declined as the animals attainedyg.,q

‘h';reproductive maturity and were recruited to the maturei ff\

,female sub-population or alternatively were killed

‘2.5:-3.7'"Juvvelv’liles,‘f.‘*t

Few juveniles were collected from April e

o to June (inclusive) From July to November recruitment 13'

higher and this sub-population reaches a maximum frequency
’*hin October.. From December to March few individuals were

nivcollected. The greater part of the juvenile sub-populat-
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‘ ion\too small to collect, notably those below 2, Ogu sholl
. height, ‘which would.nearly exclusively be juvenile and 805

no changes in size structure Were apparent

2.5,4, Immature males,:

e s T

k S “Fewiimmature males were collected from ”
April to September and in Pebruary and March of the‘
follow1ng year.v Recruitment to this sub-p0pulation occur- fg
‘ tred principally fron October to January, most especially ,
‘in October, and thereafter frequency declined as the
‘.animals attained reproductive maturity or were killed;;tAn
bslight change in size 'structure was apparent ‘as animals,. -

Urecruited in the autumn, grew larger.

v 2-5'5.v‘Mature”males;
Mature males were at a fairly high freq-"
uency in April. In the following months, through to

September numbers declined, indicating that recruitment

. was 1ess than mortality. Recruitment increased in October

and reached a maximum in November and Decembcr whon largo,c“b

numbers in the smaller 51ze classes were recorded ' In
",subsequent months frequency remained fairly high though
m'there were changes in the size structure towards relativ-;"d'

e1y more individuals in the larger size classes. -

It 1s notable that recruitment from the

vjuveniles to the immature male sub-population takes place

’7. arlier in the year than the equivalent recruitment to



the 1mmature 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.f This 1s probably an important aspect of |
‘reproductive strategy as presumably a male that matureS>i
earlier than the main body of the females will be well
placed. to copulate with any female that comes into' |
r~reproductive condition earlier than average. It is
probable that the attaining and maintaining of sexual
- maturity early by males 1s achieved at the cost of growth
~and this may be the basis of the sexual dimorphism
observed in this species.»m » " | z J
“ Since male neglecta mature at a smaller f;if
:shell height than females and the reproductive organs
ebecome sufficiently differentiated to detect this sex at 55
‘ba 31gnificantly smaller shell height than in females,i*"
‘probably many of the juveniles recorded in October are
iiin fact genotypically female."v:' " - /
Though the period of high production of
“}young in neglecta can be expected to coincide with therijtds
Vlrperiod of high numbers of mature females, the data appear g
bto indicate a lag between the period of maximum mature‘bb'
b“females and the perlod of high recruitment to the Juvenilek’
| population. This is probably an artefact due to the‘irr;ﬁ'
Vinon- recording of very mall neglecta (those below 2, Ogu);*j
j" " | ‘ﬁl The pattern of change in size structure,L'
‘frequency and compos1tion of the neglecta population (aeeirb

rifige.AB & hh) strongly suggests that this species is an

u'dlannual, 1ndividuals leaving the brood pouch,-reaching

W

'a{imaturity, reproducing and dying or being killed within the
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i,kspace of a.year, : The majority of the population seems t0r, o

Vbe at approximately the same stage of the 11fe cycle at‘
: any one 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 be'

perenn1a1 and the cycle of activity in these will be in ]v,fr‘

:part due to individuals'-cycle of activity._
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SECTION 3: ZONATION AND NICHE SEPARATION OF ROUGH'

WINKLE SPECIES

The winkles of British shores have long
. been held up as examples of how closely-related species
on the beach show vertical zonation differences, this

‘fitting neatly with the ecological theory of competitive‘“v

kfiexclusion., Observations of the distribution of rough

rhwinkle species.at various localities suggested to me e
that vertical zonation differences were not in fact 8o H'“‘

‘well-defined and two instances of maJor zonational over-

,l 1ap were frequently seen. Firstly, at the majority ofvg ‘f;‘i

sites where _ggig and arcana occurred they appeared to'
”1be truly sympatric' not only was the vertical zonation 5
apparently similar, but also no evidence of habitat
dn'specialisation could be detected i e..one species was
not associated in particular with, for example, rock ﬁ:‘
- pools,’aspect or a species,of alga. Secondly,’neglecta E

p0pu1ations were not inhabiting the microcrevices created

ﬁ.by barnacles (both deqd and alive) by themselves' along-ﬁ;"v

side them, and often outnumbcrino them, were Juveniles of

other species, most frequontly nivrol‘neata.
The following section eiplores aspects of

'Aniche separation at one site, Porth Swtan, where a more T

fdetailed study of the inter-relationships was made. \It.j{j]g

. was hoped that by concentrating on one: community at least

‘some of the mechanisms of niche separation might be ,;ir«f

understood.,,
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3.1, GENERAL SITE DESCRIPTION OF PORTH SWTAN,

i After visiting a'ﬁumser*of'sites‘pogth’

". Swtan was‘chosen‘as'a’suitable 1ocality for:thedstudies,i‘
proposed.' ‘ h | e lw
B Porth Swtan, Grid Ref SH 299892 is on

the north-west coast of Anglesey.- It is a wide sandy

_,vbay facing west, with rocky shores north and south., A's]r i

particular rock (see Plate 31) in the southern rocky
area was selected as the study site. It is also the;”‘
itype 1ocality of L, arcana.<‘r " | }

The rock 1s 1arge,-about hm at the highest
point and‘15m square at uhe base. It is approximate1y~

wedge-shaped. The 1andward wall faces.east and is nearly

‘k_svertical, 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,: Thevvyg

. majority of the upper part of the rock'lies in the ..

Pelvetia and Verrucaria zones though a small pinnacle,rk

h the highest part of ‘the rock's.surface,_bears yellow.
'lichen. ~ The populations of rggig C and arcana which
occupy these zones are isolated from similar populationsrs
“in crevices on nearby rock masses by both the wide‘
~ barnacle belt,'which.clothes the base of the rock,’and e

éby broad belts of unstable large pebbles on the landwardev.\
'and northern sides., | | | | ‘ |

The rock conbines several other unusual

- and useful features which particularly fitted it as the L

"7;‘main study site of the interactions of species of the'



PLATE 31,

1). Shells from Transect 1 sampLes, top twd rows
'L.arcana, bottom row L.rudis‘c; ' '
2) . Porth Swtan, transects were sited on the rock

. mass cegtre, middle distance,
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rough'winkle commUhitj;' The combinetion ofvits position
" low down the shore, with its height and approximately
flat-topped shape determines not only that most of its
surface 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 of rudis C and
arcana which was a-pre-requ151te for a 1ong-term study'
1nvolving removal of 1arge samples at regular 1ntervals.
Other useful features are 1). all four species of rough
: winkle were common on'the‘rock, 2). the crevices were-
comparatively shallow, 80" that the w1nk1es were fairly .

easy to collect, 3). the landward wall of the rock,

being nearly vertical (see Plate 32), provided a good

site for work on>zonation in the barnacle belt, .

- v i e



.Figﬁre ﬁ§}y

Effect of. a rock's position on surface area in  + -

majof'ecologicaivzohés;'



EFFECT OF A ROCK'S POSITION ON_ SURFACE AREA
LN_MAJOR ECOLOGICAL ZONES

o Yerrwgrd®[ 0 L |
Eﬂﬂf‘—ﬁ‘l ?Oﬂe o

-R’eluhve surfuce crca ln Ee\ve’rm/Verrucurm zone» A B C 41 12 95 s
;j!»Ryeluhve surface oreu m Barraclo zone ‘, A B C 215 95 o




1.

'PLATE_32.
Porth Swtan;.foreground, unstablé boulder/pebble

habitat of L.rudis B; middle distance, stahle

-, rock mass, habitat of L.rudis C,
2).

Sampling_trangecﬁgz.
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3.2, ASPECTS OF NICHE SEPARATION OF L.ARCANA AND L.RUDIS =

&

Attempts to find a definable differenco in -

c.?spatlal habitat between rudis and arcana were unsuccess-l'>

ful, No generally applicable pattern emerged from ‘the

study of a range of sites, though at a few,‘tantalising o

‘~sites some pattern was seen, e.g. at Abraham's Bosom :

where a rock rldge provided two distinct habitats ( one
side faclng h W &.nearly»sheer, the other facing S.E. & ’
stepped), one supported ‘an almost pure population of u
',arcana and - the ‘other almost pure ggglg (respectively),
also at various sites some vertical zonation differences
seemed to exist but there was no- consistency in the

relative zonations of the species.f At the majority of

‘ sites the populations of rudis and arcara seemed to beiﬂliffj

1nterm1ngled and truly sympatric.f Thus the mechanism of

niche separatlon of these Spe01es seems to be more . subtle

. than the expected adaptation to different exposure,levels .

iand mlght even differ from site to site,‘as the obse vat-

ion of habitat differences can be made at some sites (eg.tﬂfﬁ

Abraham's Bosom) but not at others (eg. Porth Swtan)

; My efforts were concentrated on understan-'"'\'

' 5ding the mechaniem(s) of niche separation of the rudis C

' and arcana of the study population at Porth Swtan.} The ,gﬂﬁ.

possibility of seasonal differences in vertical zonqtion

1 patterns was the principal aim of the study since initial

»(1976 1977) work aimed primarily at defining the new _-'”

rrw8pecies,'g£gg§g and studying reproductive periodicity,

had ‘turned up. eVideHCe of poss1ble migratory activity in‘itff



' :;T_belt.' Its distribution was patchy, .the plants usually

= 'fpon the rocx 1n a straight line, at right angles to the

n:{,height within a zone up to 250m on either side of the

e pfguide 11ne were collected using forceps and put into

1°:?}four week 1ntervals.; The considerable and unavoidable

\h?i'széeifﬁ

Earcana related to its reproductive activity.; A fixed‘”'

d;transect (number 1) was established and vi31ted monthly o
fjlln order to follow the 1ong-term movements of the rudis‘i;

“;and 222222 populations._"fj 7

3.2.1.‘Transect51:- Sitingﬁahdlsgmpiing‘?;‘

( Transect 1 was sited for sampling therfhfg;

1w1nk1e population in the'Verrucar1a, P91VPt1a and upper&f'”

barnacle zones. The Pelvetia did not form a dlstinct’*‘”“;“

'.ioccurring on the damper parts of the rock though not

"factually in the small permanent rock pools.

A string marked at 50cm interVals, defin-‘ﬁ"?”

;iing 7ones of the transect, was ]aid between fixed pointsitp7

;‘ptop of the barnacle belt line.~ The transect zones were

o numbered successively. In all, there were eleven zones'*

:};zone 1 was at the top of the Verrucaria belt and zone 11%

/7.in the barnacle belt Winkles lareer than —6 Omm shell f

':*fapproprlately numbered Plastic bOttleS-’ The Pr°file‘°f

‘:fthe transect along the guide 1ine 1s shown in fig.,h6

'pwith the estimated % cover of Pelvgtia, Verrucaria,‘m
7;Rstanding water and barnacles for each zone. S

’d‘ The tr ansect was sampled at approximatelyj

‘”3.var1ation in topography in each zone meant that the sur
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face area sampled in’each zZone mas not‘equal.‘ Analysis
:of‘p0pu1ation structure and density was. therefore not
‘pOSSIble. Furthermore the heinht of each zone above
Achart datum was not evenly sequential (compare with .ff
,transect 2) Between visits 1arge w1nk1es in the trans-i”;xi
ect were replenished by recolonisation (in the short ;
,term) or growth of the remaining smaller winkles (in‘the
long term) However, 1t was noticeable 1n the final two;h
"months of collection that the numbers of large winkles ?dd
: appeared to be dropping, probably as a result of the :”ll’

ﬁdepletion, through prolonged sampling, of the pOpulation. ,

- 3,2,2, Zonational patterns of L.rudis C and L.,arcana = -

'along'tranSect'léih
'i The analyses.below examine the zonational

' patterns of mature and 1mmature,pma1e and female animals

of rudis c and arcana along the transect over the period R

'jMarch 1977 to February 1978. Since size and maturity are"

i‘related and the samp11ng cannot ‘be free of size bias (see;;_ti

“section 2 4 1. ), the analyses concentrate on- animals of a -
particular size range, 7 0-8 95mm shell height for both
species.' Records of all specimens collected in the fﬁ B

',transect,'shell dimensions, reproductive status, etc..ri'"A‘

" were made and the data obtained were used in various otherf,,f

e .

analyses.' -
‘ Results‘-“

Fel2.2. 1 Overall zonation patterns'

By combining the data collected over the

year for each sub-population (male or - female, mature °r'fjf}f,
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' immature in the size range 7. 0- 3. 95mm shell height)
overall pattern of the zonation of each sub-population of
'rudis and arcana can be obtained The data are. given in '
vtable 1, Appendix c ‘and are plott ed in fig. u7.
‘a) L.rudis C
" Both matufé:andpiamAturé:animalsfof both
sexes‘generally decline in numbers down the transecttb :i'
Theidecline»in mature_males'seemsfmore marhednthantini
mature females for'zonesily- 7. . e
| b)'L;arcana‘rf‘ -
4In hoth sexes, mature animalskzonelmuch e
1ower than 1mmature animals. Also mature females seemr

to zone generally slightly 1ower “than males._

Discussion4

. The numbers'collected,in‘successirertran-
sect zones in individual months tended to be comparatively.
-low and were erratic in their distribution.ﬁ Combining
the data for the year shows more clearly the zonino i”ﬁ;’
;patterns for the spec1es sub-populations.“ I

| | The overall zonation pattern of‘rggig C ‘ml"fi
-indicates that this is an ecotype of the Pelvetia/ |

Verrucar*a zone, comparatively few being collected from

the barnacle belt.; No dlstinctive difference inff‘

jzonation of mature and immature animals is‘apparent..iinp
contrast the mature and immature arcanaveach prefer quite,f;i;
‘pdistinct sections of the transect, immature animals being“
'rcommonest 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 immaturer



V'Q'-Average zonation pa.tterns for mature and immature,
*f ma1e and £ema1e subpopulatlons of L. rudis C and

L.arcanam' fV;5f‘aﬂf-n¢ '
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',animals are similar‘in all respects except their h’.
' reproductive state it seems reasonable to suggest that
. migration related to. the attainment of maturity occurs;
| - In both speCies the data suggest that
‘maturekmales'zcne slightly above mature females..‘Aef°di
similar’situation‘is seen in neglecta (section 3 3. )
lThis zonational difference between the sexes may. be“
"related to the difference in costs and benefits of living
: fin different zones which might vary with the sexes, e, g.:
l'females may gain a reproductive advantage if their young
"are released into the lower zones, if by this survival of

‘tl the young is increased.

3,2.2,2, Monthly zonationipatterns;'

The monthly pattern of zonation of each
vsub;population of each species was also examined »The,i‘.
data appear in table 2, Appendii C and are plotted in.l”;
lf1gs..48 - 51.';, = ‘ - : i

a) L. rudis C sub-populations‘

: The zonation patterns are plotted in figs.lp;j*

l‘h8 & 49.: The variation in the pattern of zonation forvlfu

each sub-population seems to be fairly erratic and in vieWI;f

"1'of the numbers collected from each zone, there is no

Zmeaningful deviation from the average pattern of zonation.“hfg

b) L arcana sub—populations

The zonation patterns are plotted in figs.g'57’

'f50 & 51;h.Clear changes in the patterns can be seen.j,lni,f’
March April and May mature females are fairly common and

“congregate in the lower zones of the transect Immature»?“ e



 ‘ Figuré ﬁB.'." 

" " Monthly zonation patterns: L.rudis C females
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Figure 51.

. Moin';thlymz onation patterns: L.arcana males
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‘females;in contrast,‘are congregated'in‘the‘middletand‘
upper 20nes;f'ﬁ : | | | |

In June mature femalesbare relatively
'»fewer and immature females are spread throughout the o
'transect. R | | ‘ | )

In July and August mature females are‘very
scarce,(and the immature females are congregated in the o
,lfupper and middle transect zones.; ‘ |
| o . In September there is a marked increase
,in numbers of mature females accompanied by ‘a decline 15'7
immature female numbers and the mature females are spreadv
',fthroughout the transect. : | | |
‘ In October mature females are abundant and
- their zonation pattern has changed towards higher numbers '
”lower down the transect.ft;‘”v“ | - :

| From November '77hto FebruarYnl78dmature,

females are commoner 1n the’ lower zones, their numbers7‘”:

”declining in successive months. Immature females are

icommoner in upper transect zones. This pattern is similarfp;{

'-to the months of March to May '77.;,'

The changes in the zonation patterns of the

male sub-populatiqnsare simllar to those observed for

,females. e

kDiscussiong':

In rudis C there is no indication of

'v.vertical seasonal movement., In arcana, however, a clear

'»pattern Of vertical movement associated with reproductive*“.

‘7activity is apparent

Mature gzgggg females congregate in theaifh‘fﬂl

Ceme R S ew e : ; RN L o . e
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:lower,:and presumably damper, éoué§°of’the“truuséétfwnefé7
‘their egg masses will be less exposed to the risk of
desiccation. Immature females,seem to preter,the higher‘
- sones;i“‘ SR | | | 4

In June the numbers of mature femalesrshow‘j%

a marked decline.v Mortality may play a part in . this but

h,probably more significant is the regression of the repro-‘wi

ductive organs when animals that were reproductively
vactive enter a phase of reproductive inactiv1ty.p Possibly
‘as a result of this, immature animals (which includes both

pre-reproductives and animals out—of-season) appear to bek‘

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 and 11 are devoid of arcana. ;In»féé;

»fSeptember many animals regain or attain reproductiverf

'maturity and these are Spread throughout the transect-‘as'T:x;

downward mlgration begins, zones 10 and 11 are re-occup-‘i wl?

‘.ied.f In October and November the downward migration of
vpmature females 1s more apparent and by December the
maJority of mature females are again collected from the

ilower zones of the transect.

The changes in zonation of male arcana wﬁj’ﬁwﬁ

'\follow a similar pattern to the females, though they seem i

. to mature sli°ht1y earlier. However, _n this instance,;

W37rtthis could be due to sexual dimorphism- males in the sizehv*i&

i'range 7 0-8 95mm are probably somewhat older than females]‘db

- of a similar size.h It has been shown (section 2 h 1 )
'?athat older animals have a longer breeding season than

' ,younger ones.~



t“ﬁfzonation at Porth Swtan over the year a vertical zonation if“

:hﬂddifferences, noted at some s1tes, since the observations

:eﬂﬂto the method of reproduction.} The risk of desiccation .
':;;to the egg masses is probably reduced by 1ay1ng them lower

(’f?down the rock where they w1ll be exposed for a- shorter

“1f>unlikely to be the only niche separation mechanism oper-m
f‘f;ating and further research is needed in this field

’wf;;possible 1ine of study would be examination of arcana .

p;SSsiitfq

'53,2,.2.3. Relative zonation ofwh.arcanaiandefrudis;gb##5“t

The data obtained show that at Porth Swtan &
,~the“zonal range of the two species is very similar- both :
”tspecies occur in all the zones of the transect This wasi;f
_typical of the intermingling of the two species seen at

,many s1tes.p However by the detailed examination of the‘

fidifference has been shown to exist,rnotably that during

izfits breeding season mature arcana individuals migrate downfﬁ

?”_the transect and occupy the 1ower 1evels.; This zonational_?

:fdifference disappears when arcana. is no longer breeding.‘ﬁ_,

i This may account for observations of specific zonational

;'were made at different stages of the arcana breeding

f.cycle.g The reason for the migration 1s probably traceable’

V‘}period.: However, this reproduction-related migration is;_

ibﬁél

e

t;rudis communities for further zonational differences which

vfimay ex1st between the juveniles of the sPecies.ﬁ




PLATE 33, . =

. 1). & 2). Mixed L.rudis snd L.arcana in zomo 2

of -tranSeE:t A
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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 neplecta"was made 5y,ﬁéilerwin;

" his paper (1975 in‘which he also raised this form to |
’,specific rank VBeforekthisbdate,bno reliable ecological L
'information is available as the specics cannot be - fully

‘,correlated to the subspecies L. saxatilis neglecta as used

ﬁ'by James (19689 ‘and previous authors. Raffaelli (1976)
,~conf1rmed the barnacle belt habitat for this species at
ileanddwyn Island | | ; | w | | |

A pilot study at Porth.Swtan indicated _' k
f;that the barnacle belt was the habitat not only of

n eglecta but also of substantial numbers of Juveniles of

“ " other winkle species. Thus it appeared that neglecta

i'was co- existing w1th.closely-related and ecologically
similar speCies. The principle of competitive exclusionifi
'ipredicts that no two species can occupy permanently the‘ri,iv«"‘:*f1

;'same ecological niche. From this it can be suggested

V'Vhthat there should be some part of the niche,e.g. temporal

j';{:interest.

7'_or spatial, unique to neglecta which might be revealed on
f?closer examination.:Defining this area of non-overlap
’ V5with.other species i. e. defining that part of the niche"

f,which was unique to ne lecta, was therefore of particular

The possibility of food specialisation was‘

rfr‘considered. However it seemed unlikely that the spatlal 3

‘Q_Hoverlap apparently observed could be explained thus.

hb-There is no direct evidence for or against se]ectivity of

";“food items by any Of the rough winkle species, but it can .
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a'be inferred~from the”indirect‘evidence”of the‘similaritY.jv“°”

Aof the shape of the radula cuSps of neglecta and of
Juveniles of other species (see section 1. 6 ) that 1itt19f
food sPecialisation occurs (though the possibility of |

'differential digestion remains) Also the change in

'lshape of cusps in nigrolineata, from the neglecta-like

juvenile form to. the flat-edged adult form can be inter-‘:a~‘

pretted as positively indicating that Juveniles are
~jadapt2d to taking a similar food to neglecta.,

A The other possibilities of resource o
rvlpartitioning considered included differences in sPecific,iiy

1_zonation within the barnacle belt gsize zonation eff‘ects‘k,’fi

and dovetailing of the population size-structure changes.;fg;d'

: e*The 1nvestigation was concentrated at the Porth Swtan.f'i ;

f,site and. for a year an intensive study of the relatiOn_rh,

,lﬁships of the barnacle belt small winkle population, along’it,:t

a transect ( transect 2) was made. e

j3.3.1, TranseCt ZQJSiting and‘sampling;techniouesvi“'”

The nearly smooth, vertical landward walljtffkf

'.of/the rock mass, on which transect 1 was also sited,
jprovided a naturally suitable site for transect work on‘:w
”%the barnaole belt Since the surface of the.rock was
c;worn comparatlvely smooth throughout the depth of thezlf
'frbarnacle belt and for a little way above, there were no‘tk

cﬂllnaccessible crevices into which winkles might retreat..;..

BATR

o This made unbiassed collecting possible. Also since thers

,vssurface was nearly vertical the transect sequence was;‘

ttequivalent to an exposure graoient.. If a. site had beenl_‘g E



“*rzone of the transect was obtained by using a point

‘tt€¢igraphic enlargements and random number‘tables used to fix

ﬂ“fgof percentawe cover, and the results are plotted in fig

“rﬁfeach zone were collected with fine forceps and placed in ;
j"*-",-:appropriately numbered tubes.l Samples were taken to the

"aﬂfflaboratory and killed by brief immersion in boiling water.‘_

f’?]sff91;i;;'

:chosen on the shallower gradient of the seaward side the yjsp

hummocks and pools would have resulted in mixed ecologic-,l‘
al areas 1n a single transect zone, or alternatively a~f N

'fnon-continuous series of samples would have been necessary.;y

't«; The 11ne of the transect was fixed and
“'divided into eight zones running succe551vely from zone 1
(above the barnacle belt) to zone 8 at the foot of thef{;f°“

.rock.“ Each zone was 20cm vertically by 60cm h°riZ°ntally,pf

‘Since the rock surface was nearly smooth, the area sampled«sl7fu

“/1n each transect zone was roughly equal (unlike transect

1) The transect site rated about 5 on Ballantine s

’-‘exposure scale.lgfff'f:'\

The percentage cover of barnacles in each

‘dttquadrat technique on photographs of a 200m square portion'

;“,of the transect zone. A grid was laid over the photo-li

’1tthe co-ordinates of 100 points.; Presence or absence of a

bﬂfbarnacle at each point was recorded to give an estimate

'flh@52 (see table 3, Appendix C for the data)

Once a month.all the small winkles in

Individuals were identified and shell
ST N

*qf;length was measured in graticule unitsAan eyepiece gratic-“anﬂ

V*Q!( 1. 18mm, which were too small to collect ea51ly) and

,71e and binocular microsc0pe.a Specimens smaller than 2 Ogu;:;a,

: ViLfklarger than 6 hgu ( 3 76mm,,which were thought not to be ifjfi&
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k".in‘direct‘competition with:neglecta) were discarded.from o
the‘analyses,' Inforhation‘onlthe sex andrreproductive
state_of neglecta‘individuals was‘also recorded
Juveniles of all: species (except mariae
‘,Mwhlch was absent) were collected as well as neglecta.,>
Individuals were identified to species where possible,ebb
‘using the characteristics described in section 1 Te ’
tSeparation of arcana and rudis was largely 1mpossible for f’
‘juvenile indiv1duals at this site because of the simil-te

arity of shell colour. However, within the rudis/arcana‘j~

category fragile, ridged black shells stood out from g
.:the rest which ranged in colour, white, yellow, fawn,
brown, grey and 1ntermediate colours being represented

'Juveniles of the rudis/arcana types were kept in aquaria S

.unti1 they had grown Suffi°1ently for the species to be :Qr'

Veidentified f Twelve of the black shell type grew and all

uproved to be rudis.’ Of the individuals with other-thane'

black shells, h8 grew, of which three were arcana and the tt]“'k

‘frest rudis, On the basis of shell colour it seemed lik-
ely the black-shelled juvenile rudis were progeny of the

s1milarly coloured rudis C population,scommon in the,uf

- zones above the transect, and the other-than-black sholl-};f;ﬂ{f

1Zed Juvenile rudis vere thought to be the progeny of the~ .

'3rud1s B population, common on the pebble habitat at the

'[foot of the rock.,‘Since arcana juveniles and rudis }:-f.?%tf‘p

juveniles with other-than-black shells were indistingui-;Vf7vi

pcshable they are treated as one type in the following
:’analyses and as the maJority are. likely to be rudis B .

.rfduveniles (the aquarium experiment suggested that\t



Figure 52,

Percéntage érover of barnacles alorrxgi transect 2. ‘
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'Aﬁerage zonation of spécies:al6ng transect 2.
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N

probably only 6.25%_were'arcana),they are for convenience
given this name,

SN

© 3.3.2, Zonation of species within thefbarnacle belt»itﬂ

Initial observations on the winkle popu1-~’5d'”

~ation of the barnacle belt suggested that juveniles of R
'many winkle species (as well as Juvenile and adult

neglecta) were common in the barnacle belt, indeed this‘fﬁ

,habitat seemed to be a winkle 'nursery ground \ The dataklx

‘obtained in transect 2 were examined to see if there was ﬂ"
: dzoning of the species within the belt, and to see if .

.neglecta occupied a distinct spatial habitat.

Resultsf»~ vr : ‘

e - By combining the data obtained from {:‘:/7

:transect 2 (see table b, Appendix C) over the year.April
t77 to March '78 the average zonation pattern for each

‘-'species can be more easily appreciated (fig. 53)

Discussion

Comparison of figs. 52 and 53 shows that

neglecta are congregated above, and in the upper part of ;?}jga

‘;the barnacle belt.; Juvenile nigrolineata show a peak of

k*bfrequency below EEELEEEE and well Within the barnacle 7;d**7;'

- belt. The two groups of rudis Juveniles,‘Split on the

basis of shell colour, most interestingly show very

' different zonation; patterns. Those with black shellg»rm¢p

v?f~are commonest above the barnacle belt and the other group

are commonest in the 1owest zones of the transect,1 The

. difference in zonation pattern seems to confirm the‘V'bf“



ke

hnsuggested difference in origin, black-shelled juveniles .
1nvading the transect from above and other coloured
juveniles from below.v It is probable that the inescap- a

able error resulting from the mixing of arcana Juveniles'

with non-black rudis juveniles will differentially affect° :

~ the results, the ‘higher transect zones (1-4) probably

hav1ng a higher percentage of arcana than the lower zoneS»ﬁV‘”

(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 Eggig B Juveniles for the lower zones,would only be

accentuated.v

Overall, it seems that the barnacle belt, Do e

which has often been regarded as. a distinct and uniform-5‘-r,

_ecological zone from a winkle viewpoint, is neither

distinct (ne 1ecta, for example,‘are as ‘common in zone 2 ;955

above the belt as in zone U4, within it) nor uniform,'aa SO

some differential distribution is seen._ The zonation of

EEElSEEE however, iS not as ' a distinct band sandwiched L

.between other species of winkle neglecta, even in the:pﬂ_7

zone in which it is most common,ris outnumbered 2 to 1
1by other SpeCles Juveniles., Thus it seems that spatial
..zonation difference cannot be the only mechanism of

‘,niche separation.‘ f 1\-"< ;,*fhf'; h_jtpﬁ.*

. 3.3.3. Dovetailing of population sizeistructure chanéesifh"ﬂ

Size is an important element inid

'-.competition for food and space resources.l Smaller ﬁfgﬁ»'

e ,winkles, by virtue of their size can exploit the ehelter ;4“l;
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and food resources of tiny crevices which are inaccess-h'

ible to 1arger winkles. However, though this may reduceh,lzg;v

1ntra- and inter-specific competition between winkles of d
different sizes there will st111 be- the potential forrf"f"

competition between winkles of similar sizes as they are .

probably exploiting similar resources. Rough winkles ofﬂF o

all species begin an independent existence at approximat_,{lf

ely the same size (circa 0. 6mm shell height to. 8gu)
Hence competition between neonates can be expected for

- all spe01es and neglecta Juveniles have no period when o)
'they are smaller than other species in which they might

have access to resources unavailable to other species.}f

One way in which interspecific competition:-"

between winkles of the same size in the barnacle belt

- might be reduced is through the staggering of the f“

‘breeding season, and it has been noted previously (sect-g fff-

'-‘ion 2. h ) that neglecta and nigrolineata do have seasonal,

-”and different, breeding periods- zgglg populationa at
bPorth Swtan however do not appear to be markedly seasona1>
| :Such a staggering of‘breedlng season might be expected
hto result in reduction of juvenile interspecifici
‘competition, Juveniles of one species growing larger?iv
Vpibefore juveniles of another appear on the beach. The
'\:population size structures of the main types of small
: winkle in the barnacle belt were examined to ‘see if any
“dovetailing occurred.’f | - |
B Figure 54 shows the monthly size‘structuref'

of the populations of the four main types of small winklo;felf



"””POpulation_size structﬁre éhanges of small winklest’ R

in the barnacle belt.,
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over the year Aprii '77 to March "78, The data are given -
in table 5, Appendix C.(_. ' | '

| The p0pulation size structure of rudis Cc

does’not’show any clear changes or dovetailing with the ,”ﬁ f

other:species‘in the barnacle belt. However 1t is
'iprobabledthat the main bulk of the Juveniles'of this:d P
ecotype‘occur in zones above the transect and so are not'
,sampled.f Also the population is comparatively small,
z.iit 1s probably'not very important as a competitor to
neglecta._]7' o . ‘ . 7’
| | - The neglecta population shows a marked yb:

'change in size structure with an influx into the smallest"l*

‘recorded size classes in the months of OCtober and
November. It is possible to follow this age class as-

: it grows 1arger through subsequent months.

The juveniles nigrolineata population also i

‘exhibits a change in size: structure increasing in numberS‘f

“and s1ze from April to August the numbers falling off

afterwards.' The age class resPonsible for modal numbers,fiv

“in sequential size classes can be followed through the‘gf7’17

months until August ‘when they presumably grow out of the Co

'size range included in the analysis. Comparatively few‘ifif

‘ 7>n1grolineata in the size class 2 0 2, hgu were °°119°t°d

””"and this is- thought to be due to the fragility of ‘the w,:'

shells of this speoies in this size class which probably B

_pjresults in more being crushed on collection.. The shellsrﬁ o

_of rudis B, rudis o] and neglecta are very much more

‘robust at this size.

The juvenile rudis B populatlon sugsests
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that there might be some reproductive seasonality in this
species or alternatively survival varies over the year.;
Two pulses of recruitment;are-seen'in May-June and -
November-February. | ”‘ o | V ‘

| Overall the data obtained suggest that

some dovetailing does occur. The peak of numbers in the“
smallest size classes for neglecta comes in October , ‘
~shortly after the marked decline in numbers of nigroline-,a
ata (which affects all the size classes) and when numbers'
' of rudis B in these small size classes is particularly
‘lou.i. L | |

Discussion

f[ The dovetailing of the size structure of

j the populations of neglecta and the juveniles of other

‘;species suggests that temporal effects may be important if]ﬂfhf

S in the niche separation. It is particularly interesting

rthat the population structurese; f nigrolineata and

. neglecta are so distinctly dovetailed as at many sites"

v‘these are the main species in the barnacle belt- the site,jid‘;?

at Porth Swtan is somewhat atypical in the high numbers

fi of rudis juvenlles present. “The dovetailing presumably

results from the dlfference in breeding season, neglecta ?fffi

breeding 1n the spring and summer (March to September)

and nigrolineata principally in August and September (see \

' _} section 2 h ) - The difference in breeding method results pu

- in further staggering of the appearance of young on the

o rbeach, as the eggs of nigrolineata may take an appreciable”iﬂili

‘time to reach hatching point (an arcana egg mass took 73

'”days to reach hatching at 5 C)



‘k;‘and figure 55 indicates that males tend to zone above e
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3.3.4, Intraspecific zonation patterns in L.neglecta

: Competition occurs not only between :; e

s

SPGCieS but also within them.' From the view point of theﬁipt?

individual winkle its greatest competitors will be memb-,;f
ers of its own species. The possibility of such compe- )
‘tition in neglecta beino reduced by different components‘Th
‘of the pOpulatlon (young or old, male or female) occupy-wg

1

ing different niches was examined

43;?.&.1. Zonation of male and female L.neglectai
The effect of sex on zonation stategy wasf;f{
examined in neglecta using data’ ‘from transect fer theifﬁi
year April 1977 to March 1978 The ratio of males and,[f ’
ifemales in’ each zone of the transect was compared to thezg’
overall ratio of males to females using Brandt and
hSnedecor's formula for'Xz
,nésultS'}‘,‘;f.;

VX -21 h7, degrees of freedom -7 which was -

; ‘31gnificant at 1% Hence the null hypothesis that maleft%ff;

‘and female neglecta zone similarly can be rejected.

k'There is a significant difference in the zonation of the:Q‘fo

’gvtwo sexes. _Examination of the data (table 6 Appendix C)hti‘b

vﬂfemales, males preferring zones 2 & 3 and females zenes

*3 & h and to a 1esser extent zone 5 also.;gift -

“~Discussion"¢",H'

The results show that there is a signif-;f;”“J

- icant difference in zonation pattern of males and



Figure 55.

Zonation of male and female L.neglecta.
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rfemales. This situation may have arisen in several ways.‘””

One poss1bility is that it is associated with difference (s

in male and female reproductive strategy.« If juvenile'

surv1vorship is improved lower - down (perhaps as mortality;"‘

‘due to de51ccation 1s reduced) and adult survivorship is_'.,A

greater higher up, it may be advantageous to females tO"
zone 1OWer where the greater risk is more than offset by"
‘the number of surviving young. /i o b
| Alternatively it may be that size is
]important5 and 1arger 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 r_j'j

O L g Ao

‘ -been observed may arise., f f,ﬁ'

R

3.3.4;2; Size zonatioun in L.neglectabl“rf

If a s12e zonation is imposed on neglecta

: by a size gradation:in its habitat, notably the size of

,f‘adead barnacles as suggested by Raffaelli's work (1978),; et

‘then males ‘and females of the same size range should Zonefig

”31milarly, the zonation related to sex. observed could
'xvthen derive from the marked sexual dimorphism;tv
S The ratio of males and females 1n each
‘~zone for each s1ze class,was compared to the overallv.
ratio of. males to females in the size class using Brandtr
dand Snedecor s. formula for .X? ; The data from transect 2;}

'wfor the year were combined for this analysis.i"

7 Results~

'f]The'data are'givenfin,table,Z;prpendiwa’f}i“}:
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and the results are summarised below:-\

Size classi 1‘?(2 e Degrees of : "Significance?
(gu) s L freedom - . . | i'
2,0-2,4  0.621 - 3 f'l‘ Not significant S
2,5-2,9 . k.76 6 . Not 31gnificant &k
'3.0-3.4 28,63 . 6 . 'sig. at 0,001
"3.5-3.9" 13.‘.5‘4 ERN

t?Sig. at 0.01 RN

" The results show that there is no differ-szi.

'ence in zonation of males and females in the size classes SR

2, 0—2 hgu and 2 5-2 9gu, but significant differences in
zonation of males and females occur in the larger size ff

’classes.'

Discussion

" The possibility of the dlfference in male‘?f.{i

and’ female zonation arlsing indlrectly through the comb- -
'ined effect of sexual dimorphism and gradation of sizes L'

with exposure level, ‘can therefore be rejected | Thea

: observed difference in zonation of the sexes appears to belﬁ@

'~kwholly a function of sex.
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SECTION 4: VARIATION IN. L.RUDIS. .

The species name L. rudis currently covers )
all the large ovoviviparous females (i e.‘of greater sizes' B
than neglecta) and.all the males of similar size and
5shells, with ' penes which have tips 1onger than the width
‘4of a penial gland ‘ It occurs abundantly in an unusually |

hgreat variety of habitats.* It can be found 1iving in the

extremely exposed conditions of Rockall for example,;“'

(S.”Smith, pers. comm, ) yet may also be found on shelter 7!iﬁ"i

ed beaches such as Beddmanarch Bay (SH 275806) and in
saltmarshes ,‘eg. Aberlady Bay (NT h37768) ' The appear- S
o:ance of the w1nk1es liV1ng in such different habitatslag
tavaries enormouslv.“ | |

Examination of the winkles from a number

of sites in Anglesey gave the 1mpre531on that two variet- S

fiies commonly occurred f These varieties could be recognised

'~fat a population level though not neccessarily on an

1ndiV1dua1 basis.” One variety generally had robust, tall-»?Vl

'f:»Spired, urky-coloured shells and was typically found on

,,fmore sheltered boulder-pebble shores. The other Variety f@ﬁﬁh

had more fragile, globose, clear—coloureo shells and was_iﬂf'

’ typically found on more exposed shores in the crevices ofl:

f;stable rock masses.» Whether the correlation of variety

. with habitat is a correlation with substrate type Or iff:tt{ff7

'wexposure is uncertain as substrate and exposure 1evel arel
‘themselves usually correlated in Anglesey.'

Unusually,_at Porth bwtan both substrate‘
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types are present and support these different yarietieSh
of L. rudis.ﬁ In spite of their proximity (which can be .
'measured in inches) the two . varieties seem to maintaine'ff"‘
their respective identity. The following section looksli.
at some of the differences, particularly conchological’i,f
i’that distinguish these two Varieties ‘at Porth Swtan ando;
:eycompares the situation with that at another site,'}v';f}
y'Rhoscolyn. At this site a cline,hetween two forms thatd };{;
yparalleled the Porth: Swtan populations,ﬁseemed to existpiﬁgij
‘,The possibility of a further taxonomic division is briefly |

: considered in the light of the infdmation obtained from

: these two sites."u
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h,1,"SITE DESCRiPTIONS‘ANDKSAMPLING.‘

4,1.1. Porth Swtan °

The Porth Swtan site is described in

 general terms, in section 3.1, At this site two distinct o

substrates exist stable rock masses and unstable bould_”pﬁ e

ers and pebbles.‘ These offer dissimilar habitats forr
7W1nkles.. The areas of unstable boulders and pebbles lieA
1'between the outcroppings of rock (see Plate 32) 80 that
the two habitats abut. Although they are side by side iti];
1‘15 probable that the two substrates experience different
xdegrees of exposure.f The boulder-pebble habitats seem
'-to be protected from the full force of the waves by the»f
-rock masses,:so the exposure levela experienced in the
fiunstable habitat may be equivalent to that on a more't
obv1ously sheltered shore. This substrate also remains
fairly damp at: low tide.' It is comparatively low-lying

'and shallow pools are often present » In dry weather the

winkles frequently move down through the interstices}d7;p“~‘“5'

;btbetween»the pebblesvand boulders at low tide.r Theyr~

l apparently seek out thefdamper regions and avoid the_;fz
desiccating heat of thepupper surfaces.' In COntrast thetﬁfikn
.frock masses offer fewer damp refuges and even crevices 1;w;i
1'under gglzgtig (which are - generally damp) may become dry
vFEduring sunny weather.h Little free water is generally

‘{retained on the. rock surface.g

The boulder-living rudis pOpulation (rudis.ﬂ

'v=B) was sampled monthly by collectlng about 200 individuals

ystarting at a point and working outwards. These were taken’

,"from the same locality in the boulder-pebble habitat The-
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;crevice-living rudis population (rudis C) was . sampled f*ﬂ
along a transect (see section 3 2. 1. ) and the data were‘
famalgamated.f For the following analyses the data were
btained from samples of the two populations taken over“'
;the year, March 1977 to February 1978 »or*from the‘v

: November 1977 samples only.: The data from the single'b
“month's samples were used in those analyses in which lesagwf
:data was required 'A | . : |
| The particular populations from which the‘
'samples were‘taken were, in fact, not directly juxtaposed
because of a belt of barnacles. This was atypical of thebn
‘site inrgeneral. Most rock masses at Porth Swtan were. N
' POsitioned higher up the beach and lacked the belt of bilt‘

f'barnacles.' However,‘adults (and Juveniles,‘see section ;[

3. 3 ) of both populations overlapped in the barnacle beltrjf

o on the rock mass used, and 31nce the crevice-living

'rpopulation was similar to the populations on the other,'7
o rock masses, where the “two habitats and rudis varieties
i directly abutted, it was. felt unneccessary to repeat the

‘work already done on these study pOpulations.’té'

v;:h 1 2 Rhoscolvn..

x | At Rhoscolyn there is an inlet(Grid Ref._j%iel
V:»SH 2917&7) formed by a right-anoled spit of . land (see “b"f
‘T'sketch map, fig._56) The rock strata of the spit 11eif}i‘
»nearly vertically, and in the intertidal zone the softer
strata have been worn away leaving large,deep clefts.fa
‘_dThe rock surface has many small crevices which are ofi
}iappropriate sizes to harbour the abundant Winkle populat->{

liion. ‘The mouth of the inlet is moderately expOSed rating‘



“‘F:vlguvre 56; o

~ Sketch map of the Rhoscolyn site.
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4 on BallantinéﬁslekPOSﬁré”Scalé.:‘The stable'rochs herefi
supportpa’largeppOpulation'of rudis (and also arcana)

iwhich appear to beisimilar to rudis c at Porth Swtan, and Vli

‘*("thesefare termed'zggigﬁc. Moving from the mouth to the

. base of the 1nlet (where sand and small pebbles have been

deposited) the conditions become progressively more‘::'

"sheltered. The rocks along the side of the inlet are

'['geologically similar to those at the mouth and offer a
fcomparable topography to the winkle community.« However,
‘:they lie in more sheltered conditions, rating 6 on |
rBallantine s scale.’ They support a fairly large populationid
V‘of zggig (but very few arcana) which appear intermediate )
:Tbetween rudis c-type and rudis b= type(see below) and are"‘j‘*»“"’i

termed rudis I.' Transecting the spit is a gully, B

;apparently man-made.' This is floored with small bouldersvsﬁ

‘4T(and pebbles and,at low tide, shallow pools remain.? This sf;f

i'substrate resembles the unstable boulder-pebble habitat
:at Porth Swtan and supports a population of rudis (but no s;(
7 arcana) which resemble Eggig B and are termed gggig b G
| These three populations were sampled in’

' the same manner as the rudis B pOpulation at Porth Swtan,

_(,in November 1977. :
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4,2, COMPARISON OF SHELL CHARACTERISTICS

The nature of the shell secreted by an'i”3~f'
' animal is undoubtedly profoundly important in its life,
since its survival depends, in part, on various charact-

eristics of its shell-f,Shell colour and patterning are

probable factors in predation (Reimchen 1974 Heller 1975b)’:,;v

.dits siza a factor in how it can exploit crevice shelter

“.(Emson & Faller-Fritsch 1976, Raffaelli & Hughes 1978),
'pits mouth shapa in protecting it from crab predation o
‘t{(Heller 1976) and its thickness in protecting it from if
i'crushing and attack by crabs (Raffaelli 19789 | 4
' ‘ ‘ | The differences in the shells of the LH
boulder-living and crevice-living 22213 populations are':
striking.' The following section is aimed at quantifying
‘some of these differences and at examining whether or not 7
[ffthe shells of the sheltered-crevice living rudis population ,Vi*
‘i(zgglg I) are in fact 1ntermediate between the b-type and :

fc-type.' The characteristics of the shell that arei,fffVP-ﬁ

a,:fexamined here are shape, thickness and colour. -

o h.2.1, Shell‘shape;_“ f.'r ;jfyg !cg¢61;xv_'°
- In general the shells of the boulder-7’f~rf3*

'iliving rudis seem to have a. smaller apical angle and larger f?t

fspiral pitch than those of the crevice-livng rudis,pi.e,fhff~*f:

.sthe former have taller-spired shells than the latter.~,t;”+;ft
EFurthermore, the columellar lip seems to be better devel-ﬁi“
ped and the aperture narrower in the boulder-living

' prpulations. The following analyses test whether there
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~are significant statistical differences in shell charact-<_h?h
‘ers of the rudis pOpulations studied. - | »
A number of measurements of the shells of
'thevanimals collected were taken, using dial calipers

’accurate to .05mm. These were shell height (SHT), shell

width (SW), shell diameter (SD), internal aperture length EEh

:s(IA), external aperture 1ength (EA) and internal mouth e
diameter (IMD) These measurements are defined in fig.24
rRatios describing shell shape characters were calculated
‘from them viz:- SHT/SW, sw/sn IA/EA IMD/IA. These can'v’

: 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 L

*’for Rhoscolyn._ Thus,if shell shape varies with shell

o height, possible size bias in sampling should not affect

»’the comparison.k This was not possible for Porth Swtan

) material as the shell height ranges of udis B and rudis C;‘a“h

in the samples collected were so disparate.t The shell

’1f height ranges used were 8 5 9 95mm for rudis C and 11 5-»yf_?i:

‘ <u>12 95mm for rudis B. The data were obtained from the

T’samples taken in November at Porth Swtan.
:Results.hvi“ .
R The‘results are summarised in table 8
a) Porth Swtan. . " |
| The results indicated that gggig B shells

{»were significantly taller-spired and more asymmetrical,' :

and showed more expansion of the columellar lip than rudis“
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PORTH SWTAN -

: TABLB 8. Combarison of shell shape measurements usinnganh-Whitney ) test;l

ittt ¥ it bt shanch

Sha deh W i

Ratio L. rudis C . SN L.rmisB‘fi’
FRR n median range of . . _n " median range of L twoe : ‘
observations . observations z ' tailed Significance
: , ‘ Co R .
SHT/SW 87 1.095 1.012-1.171 - 57 1.185 1.090-1.292  9.19 ,00006 Sig. at .01% ,
SW/SD 87  .664 .610- .697 - 57 . .714 = ,690- .829 10.10 .00006 Sig. at .01%
C IA/EA’ 87 7 .661 .568- (722 .57 . .562 - .511- .646 - 9.9 .00006 Sig. at .01% .
" IMD/IA - 87 .781 .687- .926 57 . .786  ,689- .845 - .85 .3954 . N.S,..
- RHOSCOLYN
L. rﬁdis ¢ T . L. rudis I -
SHT/SW - $7  1.102 1.029-1,208 82 -1.147 1.021-1.283 5,76 .00006 - Sig. at .01%
"SW/SD 57 . .675 ~.605- ,708 . 82 .689 - .833- ,742 3.38 .0006 = Sig. at .01%
" IA/EA . ST .605 .523- .718 82 .617 .511- .678 - 1,41 ,1586 . N.S. S
TIMD/IA 57 0 .792 - 714~ .970 . 82 .795 .641-..959 . ° . ,16 .8728 - N.S.
L. rudisI - . L. rudisb
SHT/SW .82 1.147 1.021-1.283 50 1.192 1.090-1.329 . 6.38 .00006 ~Sig. at .01% =
SW/SD 82 .689 ,633- .742 50 ..709  .677- .756 ' 6.60 .00006 - Sig. at .01% i
IA/EA 82 T.617  .511-7.678 50  .562 .489- .652 - 8.02 .00006 - Sig. at .01% . -
. IMD/IA- 82 .795 .641- .959 50 .773 ,722- .861 - 2,33 .0108  Sig. at 2% -
’éL. rudis ¢ _.. "L, rudis b
_SHT/SW 57 1.102 1.029-1.208 50 1.192 1.090-1.329 - - 7.88 .00006 Sig. at .01%
SW/SD 57 .675 " .605- .708 - 150 ~ (709 .677- .756 7.84 .00006 - Sig. at .01%
" IAJEA - 57 - 605 ~ .523- .718° 50 .562. .489- ,652 6.91..00006 . Sig. at .01% . - = -
<. IMD/IA 57 - .792 .714- ,970 - 50 773 . .722- .861 . . 2.59 .0096 ~ Sig. at 1% - :
_ NOTE: . SHT: = shell height ;
’ : SW: « shell width = o
. SD: ' - shell diameter . -
JA:  ~ internal aperture length
IMD: - internal mouth diameter

-~ These measurements are defxned in fxgure 24,

- N. S.x - not sxgnxf;cant
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C shells, but there was no significant difference‘in the‘
shape of the aperture.‘ f L

, b) Rhoscolyn. : | o e

| o At this site rudis b were significantly
R taller—Spired, more symmetrical&:showed more expansion of

- the columellar'lip., In these characters they,therefore,

'paralleled those seen between rudis B and rudis C at Porth ;;f”

Swtan., However, they were, in addition narrower-mouthed

than either rudis T or rudis c, though the difference is

e tgek S

‘ not so marked 1n mouth shape as in the other characterist-_l,sh

ics. The I-population are taller-Spired and more L

symmetrically-shelled than rudis c but are similar in ;j.,i'

*;mouth shape and degree of columellar 1ip expansion._ Thusf'

© the shell shape characteristics of the rudis I population

";seem to be intermediate between the b and c forms.s

4.2.2. Shell thickness;'(

The degree of protection from crushing

(either by boulders/pebbles or crabs) afforded by a’ shell'pfs“\

1will depend,in part, on’ the thickness of the shell over

"‘i”thersurface of theeanimal. Observations suggested that

';ithe shells of the crevice-living variety were relatively ;fﬁ‘*

‘,thinner than those of the boulder-living type,‘a

In comparing the thickness of the shellsgh

prroduced by different populations several factors must beiﬂ;*i”

,f,taken into account. Firstly, in general, shell thicknessi'EI{*

fincreases with age° older animals have thicker shells thanvy

~,,younger °n95it-This relationship is, however, unlikely to‘\k”
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_tbe linear and furthermore, it does not neccessarily mean o

that the relative investment in shell production increases’i
V‘with age.: Thus in comparing shell thickness betwaen
,’populations the age or size of the animals must be tahen
i’into account. Secondly, since one’ of the differences
;’between the boulder-living and crev1ce-living varieties”
iis a difference in shell shape, winkles of the same height“
.iefrom the two populations will probably be ‘of different
dvtissue weights. iOr; put another way, a larger animal from~
iithe short-spired, crevice-living population could have the
~same shell height as a smaller animal from the tall-spired
boulder-living population as they lay down’ shells with
: different apical angles and spiral pitch.“ Thus the relat-ir
hiionship between the ‘size of the animal ‘and the shell

ffheight is 1ike1y to differ in the two populations. bV

In the folloW1ng assessment of the relative fEa S

.5thickness of the shells produced by the five rudis popul-‘f&df

ﬁfations studied the ratio used is AL/T (AL:animalvlengthgsf{'
defined in fig.,10, and T—shell thickness measured about :
vif;2mm 1nside the 1ip and through a ridge on ridged shells,-
: defined in fig. 24) The use of the measurement AL avoids
"the problems involved in using shell dimensions (discussed

4

f;abOVe) but assumes that ‘the proportion of the head mass to

:‘Ahthe overall size of the animal (ie. soft tissue) is'f

h equiValent in all the rudis populations examined.; The aeg;?,a

'rlrelative shell thickness is assessed from measurements of

S individuals in the shell height range 8. 5 ~9.95mm from

L Rhoscolyn and . 7 5 8 95mm for material collected in November

from Porth Swtan., Mann—Whitney U tests were used to



e

' PORTH SWTAN =

‘L. rudis C ,f,7{, ~, y” jff:@f;L;'rudis‘B‘ffj“g;;f |
S : R "‘7'»7,~‘rangéj°f S e ran'ge"'bf i o e LS e S e R e e
"n median - observations . © n. ' median " observations =z " ,*‘;‘Vtwo-ta}lyed  Significance .

L7 oeT maewdlo 51800 S.62ILSS 589 00006 Sig.at .k

RHOSCOLYN ~

s 10.29 6.4-19.0 50 7.5 5551086 .21 00006 Sig. at .5

50 7.45  5.55-10.86 1100 6.67-16.2 7.2 00006 - Sig.at %

o rudis I,

,vL; fudig'c j g%;is j; ; I RN .
52 10.29  6.4-19.0 100 100  6.67-16.2 .54 5892
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 compare theAratios'from the different populations,
Results.

The results of the compariqons between

hpopulations at the two sites are. summarized in table 9.

a) Porth Swtan. | ‘ ) : _
TheAcomparison of the ratiO' AL/T from the
:two populatlons showed that rudis c shells are signific-t‘
’tdrantly thinner than rudis B shells.5‘ |
b) Rhoscolyn. o

| At this site the shells of the rudis b

population are significantly thicker than those of either Lo

 rudis c or rudis I.' The shells of rudis c and rudis I

. are of similar thicknesses.;?:*

h;2,3. Shell colour.,«

At the risk of generalising,"it often .seems: SR

. that the ecotypes of rudis exhibit rather different

' kqualities of shell colour. The creV1ce-living gugig oftenk;f\
ie_seem to have a variety of well-defined, attractively—:- i
:{:coloured shells mhile the boulder-living gggig often have'i
'“rather murky and dull coloured shells. The frequencies of i
'shell colours in the different rudis populations studied
,vare given in table 10.” No attempt has been made to score-
fquantitatively the shell colours of the populations consid-;f
‘i ered (as has been done by Pettitt 1973Q as a descriptive e

'rilist of colours and frequency seemed to convey the point

,_more 31mp1y here.'”ff



‘f Yellow-fawn'»fw,x’

‘Tablé_1O;Q:Fréquéhdie$“offshéil ¢6lduf§;h{“"h"‘

' Golour of shell.

Bright°ye116w?{y7’v

- Pale yellow -

- Yellow-whlte’

Iellow w1th (1 or 2) brown }ith,,_

Whiteik‘ i
Grey-whltéi

‘White with purple bands . =

Fawn-whitegffYPYVS e e
Plnk-whiteghhf:ffﬁ4rvhv

Browni,i'[!hh‘ )
" Pale brownhi}f“u
Grey-brown;?h

Fawn-brownfajf:{5xh.37}?ﬂ?‘ﬂw:h“

Dark brownh7h‘“ﬁ

'Fawn'»“

Fawn with brown bandsi“};
Grey e s e S

Dark grey

Dark grey with white stripe; |

Black
v'£0range h -
Brown-purple.'
Peach } e
Pale purple e

ol

b

f%:‘L.rudls population-l"*'
Porth Swtanf Rhoscolyn

ome I
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| Resultsr
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 p0pulation shows a~fv:1,*'*3

w1der range of typically dull colours,)most common of
which are fawn and dark grey.- ﬂ | |
b) Rhoscolyn.w:
The colours of the gggig c and rudis‘I
"populationsbare very similar. . In both populations yellow
and white are. the commonest shell colours and in both '

'bthere are individuals with the dramatically-coloured,

| ‘brown-banded yellow shells. In contrast-the rudis"b>

‘i';fpopulation tend to have dull-coloured shells which are

Jtpredominantly fawn and yellow-fawn. None of the animalsi“
taken from this population had shells that were bright

yellow, white or yellow with brown bands.rj

| SUMMARY OF SECTION l+ 2,

The data collected support the observed

7,,:difference in shells of crevice-living and boulder—living

'varieties of rudis.r Boulder-living rudis tend to have

{"thicker, taller-spired vmore symmetrical duller-coloured

k‘shells with more expanded columellar lips than the crevice-ﬂhifﬁ

',11ving rudis.i A Significant difference in mouth shape was,i:y‘

‘however,‘observed only at Rhoscolyn and not at’ Porth Swtan.:;i"'

At Rhoscolyn the shells of the intermediate pouulation’.v..,
rgglg I bridge some, but not all, of these differences.i S

They tend to: be 1ntermed1ate in shape characteristics, but -



in both colour and shell thickness they show greater S
'affinity to the crevice-liv1ng population.' The interpret-

ation of these results is discussed in section h 5.‘

e K
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4.3, 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 1ittoralis the initial indication that this was a mixture 1.7‘

"of two species (obtusata and mariae) was the observation of
two penial forms (Sacchi,'1966) Between the crevice-f i

1iving and boulder-living rudis however, there appears to"A

',‘be 1ittle difference in penis form,fexcept in overall slze°,;j

‘the boulder—liv1ng form, being generally larger; has\“
:correSpondingly larger Pen93° ;A/f

| v Comparisons were’made of the penial
‘“iproportions between the populations at each site using the?
) Mann-Whitney u test. The ratios compared were relative5fa'm

'rtip 1ength (TL/PL), relative size of the penial gland

i region (PGL/PL), relative base length (BL/PL) and relativeii,sw:

‘Jksize of the penis(PL/AL) The measuremcnts TL PGL PL BL

'Gvand AL are defined in fig. 10. The frequenc1es of penial fffﬂ»i

Tvgland number and arrangement were-compared for the Porth f )
.rwatan populations.‘ With the Rhoscolyn population only thevff"
:nfrequency distributions of penial gland numbers were ;
ltcompared as. the samples were too small for comparison of
'f”frequencies of arrangement pattern;, The data given for
“fPorth Swtan populations were derived from material collecei*fi

ted over the period of a year.

. Results.,

The results of the comparisons of penis

'”piproportions are summarised in table 11 and the frequency



Table 11: Cdmparisbn of pénis proportions‘using Mahn-Whitney U test

. POR

TH SWTAN

CBL/PL ¢

38 .117

.000- .337

- 1.42

Ratio L. rudis C. - ".L. rudis B
n . median range of n median range of Lz 'ktwo-tniled 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 - sig. at ' .01% °
" PGL/PL . 95 ©.606 .375- ,780 . 80 . .620 .230- .842 .~ .77 .77 ©ON.S. -
CBL/PL 93 171 .000- .275 - 80 .220 '.000~ .500 2.89 .0038 . sig. at 1.0%
RHOSCOLYN
o Lerwisc L.rudis T |
- PL/AL 38 1,059 © .781-1.328 - 69 1.055 < .754-1,397 . .48 6312 NS,
CTL/PL 38 .253  .191- .339 . 69 .224 .128- .304 = 3.48 00046  sig. at .01%
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- ,3190° .31 7566 N.S.
- PGL/PL 69 .627 .461-.786 27 .625 .439- J775 . . .07 .9442 N.S.
" BL/PL < 69 .150 .000- .333 . - 27 .151  .000- .337 .25 .B026 N.S.
L. rudis ¢ . o L. rudis p o
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 .155- .319 - 2.38 .0172  sig. at 2%
PGL/PL . 38 - .618  .495- .759 ~° 27 .625 .439- .775 . . .24 .8104 . . N.S.-
.000-.253 27 .151 1556
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;Fréqﬁenéies of peniél“gland'number (and.arrangéménf
:‘where applicable) in the L rudis populations at

Porth Swtan and Rhoscolyn.»
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distributions of penial gland numbers and arrangement (the
latter for Porth Swtan material only) are given in table 1,‘
Appendix D, and plotted in fig.57. j, ' ‘
a) Porth Swtan.r~" o .
The penes of the rudis C individuals had
relative tip lengths that were s1gnificantly longer and B
.relative basal lengths that were significantly shorter_'u,~
than those of the rudis B individuals.' There were no o
fsignificant differences in the relative length of the
"penial gland region, nor in the proportions of penis to';xb
A7an1ma1 size.g Though the frequencies of the different i‘f
vmodes of penial gland arrangement are closely similar in
" the two populations it appears that males of the Eggig B
4type tend to have more penial glands. B .
b) Rhoscolyn.~ |
| '; The penes of the rudis c. individuals had
_vtips that were significantly longer than those of rudis I

”lor zggig b individuals.. No. other significant differencesée."

'_in proportion were noted. Only penial gland numbers wereii?7"l

compared betweea the populations,(fig.,57) as- too 1ittle.

':fﬁmaterial was available for a comparison of arrangement to«;*

fbe made. The data suggest that the rudis I population

"may have more penial glands than either c or b populations f;.'

:vbut the difference is relatively slight and is probably

o ety

finot significant vlf j;:,T~‘

7DiscuSSion; o S
Overall the differences noted which
,hfmainly concern the Porth Swtan pOpulations, are far less EE

..extensive than those seen betWeen rudis and arcana (see
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‘ ooud'& ; '
table 3L p.1gp and ‘are not sufficiently marked to be

regarded as - indicative of separate species.. It is inter-d“j;;p

. esting that the percentage of single and irregular penial
pgland arrangements are, in the Zggig B population, 49% andl‘
‘f49% and in the rudis C population 50 “and 49% (reSpecti-‘“‘ '

”‘vely) | Thus tHe distribution of patterns of arrangement |

, is nearly identical though rudis B individuals tend to l*fi

‘.:have more penial glands (see fig.k57) ‘ Hence the’

arrangement of. the penial glands is not purely a function,nf;
of number as suggested by Raffaelli (1979) : ince the |
“.relative length of the penial gland region is no differentfﬁ

Uin the two populations, this suggests that the relativesf

| size of the glands may be slightly different.



4,4, SIZE FREQUENCY AND AVERAGE MATURATION STIZE.

' The average size above which winkles are
generally capable of reproducing varies in different, .
A'populations and appear° to be related to the size frequ—..fb

| ency of the population.~ It is noticeable that winkles of

.

,Yboulder-living rudis populations seem to grow much larger,,;#w(,

'_than crevice-living rudis, and are generally larger when
’,they come into reproductive condition. These population e
characteristics can be seen by looking at a) the sizei>

: frequency and size range of the population,and b) at the -;

.'ppercentage mature in successive size classes. Only

‘animals greater than 6 5mm (shell height) were considered,.:
‘,since small animals (less than about 6 Omm) are disproport-'h
i ionately more difficult to collect. - For the Porth Swtan‘-
'pOpulations data collected over the year were used for the =

comparison.

‘ Results.*i“'

= The data are given in table 2 Appendix.D. !»i,f

“The size frequencies of animals from the different popul-il}{fﬁ,

v"ations are plotted in fig.58 and the % mature in

:successive size classes are plotted in fig.;59.~ The

vwsmallest 31ze class in which 50% or more .are mature is:-,f,Vjﬁ

o POPULATION ".x.ﬂ“f f[*‘Smallest size class in which

50% or more are mature. SR

~Porth 'Swtan:’*‘x;.maisc_j { o f7 0-17. h5mmy .
L e f‘L.rudiszBie~'ﬁuv 11, 0-11 h5mm i
'Rhoscolyn‘ fqﬁL.rudis”c”{f t 7 5 7. 95mm i

c - L,rudis I z'*b* 8.5-8,95mm -

- L.rudis b ,f 9 5= 9 95mm f"v
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‘a) Porth Swtan.;,'

to mature at a. much smaller size than rudis B individualsv

The data also show (see fig.SS) that rudis B individuals~f

'generally grow much 1arger than rudis C and may achieve‘i

e @R

Individuals of the rudis C population tendiV“

' snearly twice the shell height of even the tallest rudis Ch

findividual. <

k“_:b)‘Rhoscolyn.e ‘

jto mature at smaller shell heights than either rudis I or“

'}rudis b. The difference is less marked between b and c'

Individuals of the rudis c population tend i-

rltypes than between the comparable Porth Swtan p0pulations,

c and‘B.’ The maximum size is largest in rudis b, less in

"rudis I and least in rudis.c. The lower values.for % mat- f,"’
" ure in size class 11, 5-11.95mm and above for the rudis b
“ﬂipopulation could be due either to a local reproductive

'ffcycle effect at the ‘time of. collection, or to senoscencc-'

of these large animals.t Parasitism is not suspected,

e' para51tized animals were not included in the data used.ﬂ;iq, o

-

| ”Discussion.:.

These differences noted in the size frequ-'f-f

encies and average size of maturation suggest important

"differences in the ecology of the populations living in

the different habitats.. Several suggestions have been ﬁ;jitg

kpmade,as to how such differences may ‘have arisen, by .

previous authors.' Raffaelli and” Hughes (1978) working on

NS similar p0pulations of rudis,and also neritoides, have f-;“

e e e el TR Vi

SRR S S ST S S



shown that . as crevice size‘increases, so does the maximum
'_size of the W1nk1es sheltering in them. These authorsf:r
‘have suggested that in exposed crevice habitats, larger
.fwinkles will have an increased risk of mortality since
l :they are 1ess 1ike1y to find suitable crevices in which B
to shelter, and this will produce a selection pressure N
for maturation at comparatively small shell heights, ‘On
sheltered'shores thevaound that‘size frequencies of *"

\‘L rudis and crevices were not related Emson and Faller=

','Fritsch (1976» working on rudis populations from °XPOSedK»:~7f\‘

'yand sheltered boulder habitat shores have suggested that‘YCJ‘V“"

larger size is selected for especially in exposed condit-ift‘iy

aions. They argue that in such habitats small winkles are‘;:vl
l‘at greater risk of crushing or predation and they have;f‘
~lsuggested that the winkles are selected for rapid growth |
éto~1arge s1zes, thus outgrowing size ranges at greater r

({risk before becoming mature.l Thus the selective pressures;'“‘
:yof the habitat could be of considerable importance in |

Q'affecting the size frequency and maturation size of the‘;.f

vianimals at a: 1ocality. The authors of these studies have J}VVf‘

h"isuggested that there is a genetic basis for the adaptation

. of rudis to different environments. However, it is also

;’possible that the differences may result from phenotypic \id“,,z

‘;adaptation, or through heavy selection. -
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4,5, DISCUSSION AND TAXONOMTC TMPLICATIONS OF SECTTION L.

o ‘ At Porth Swtan the habitat types arej:
,clearly demarked. The substrate for winkles is either
rstable’rock masses,or unstable boulders and pebbles. ,Theé)
: populations'of rudisrwhich'inhabit”these different

‘substrates are shown to differ markedly in shell and

‘population structure characateristics and there ‘are nob

)obvious intgzmediate populations.~ At Rhoscolyn, populat-l
‘iions that parallel those at Porth Swtan can be seen. |

’However, there appears ‘to be a clinal situation betweenik"

'these forms at this site since, in an area intermediate,
"iboth geographically and in exposure level, there‘are o

, ¢
' rudis exhibiting intermediate characteristics.

Several interpretations could be put uponi;f:'

- the observations made. The data could support arguments ff;f[ff

; for the existence of a) sympatric Species (it could be‘lfﬁ-"‘

'«suggested that the intermediate population at Rhoscolyn

,{represents a sheltered form of the Stable"habitat tYpe T

',and the differences between Iandec types could bef" -’
'interpreted as phenotypic or as the result of differing

h'selective pressures), b) genotypically-adapted forms
~(ecotypes), c) phenotypically-adapted forms or d)

- the result of heavy selection against inappropriate forms
’”in each habitat, ) | s

Certainly L rudis is a species in which

_isympatric speciation could ea31ly occur., Its biology

A.fits ‘the theoretically-predicted optimum requirements-ﬁ~{3?"i'
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(Maynard Smith, 1966) for sympatric speciation to. occur, via-e:?'
a) It lives in a heterogeneous environment in whichf' )
_.density-dependent factors regulating population size
operate independently in the two niches.;,c
b) There is likely to be a low interchange of genetic,l
material ( the size difference at Porth Swtan probably
"“makes it mechanically difficult for inter-varietal matings f 2
_ to occur), ' : '

AN

',C) The species is one in which the females lay eggs in E

B the habitat in which they, themselves, grew up.~.£

‘?;chat the variation is a reflection of distinct species,1*5~' '

'_the phy51ca1 appearance of the winkles cannot provide a.

In view of the lack of anatomical differences which thc
inals, themselves,'might use to recognise conspecifics
Ee (Wthh are especially likely to exist in siblino'species

‘when they are sympatric, Cain 1978) the interpretation,'f1~-

-‘seems unlikely.‘ Raffaelli & Hughes (1978) have sug gested vé}. !

a’that these factors (a-c) in the biology of rudis have res-f,ff,v
: ulted in an ecotypic 51tuation, which could also account for

the variation observed However, the other possibilities‘hfa,h

Wcannot be dlscounted Clearly the‘simple examination of

"fsolution to the question of how the variation arises.;?”ﬂf°i°ffé
.:Critical experimentation, designed to answer thls questionif'ffﬂ
| ﬂis needed.,fli‘i

-Since any formal taxonomic recognition of ‘fiii”

v*»th‘ese f°r’“~°' W°uld lmply a genetic basis. for the Variation;‘““:
ﬂ,to describe tho forms studied herein’ as for example" R
i,varieties, would be premature.. However, some nominal
4'2recognition Of the variation in rudis would be helpful

;‘as an aid to ecologistsin view of the pronounced differences‘

]in biolOgY that can be observed
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. GENERAL DISCUSSION,

TAXONOMIC AND FUNCTTONAL ASPECTS,
Heller (1975a) split the rough winkle

‘L. saxatilis into four species, patula, rudis, neglecta,

4‘nand nigrolineata, using primarily the shell and penial

,_dform as diagnostic characters. For each species he alsokplpy

o ;noted the breeding habit, esterase pattern, radula

appearance and habitat., | | 4 |
| It ‘was initially intended to examine, in'”’
'T.xgreater detail, the ecology of these four sibling sPecies;:

However, it was found that two of the species, rudis and ;

-patula had - been described from mixed-species material gv.""

'_(Hannaford Fllis,v1979) and furthermore that the current

;descriptions were inadequate for identifying the juvenilos.’i’b

ana immature individuals.: Thus it was necessary to alter o

[

»the taxonomy of the rough winkles (Hannaford Dllis, 1978 f‘ L

s‘& 1979) and to expand the descriptions of the species to

,1_1nclude juveniles and immature animals before examinationk?¢ﬁ5”

f the ecology of the species could be undertaken.‘

' Those aspects of the identification of roughffﬁﬂ:

w1nkles which had not been described adequately by other.

ffauthors are described in section 1.” Thus particular atten-?.}}

"tion was Pald t0 defining the characters that could be usedff?h

.Lto identify Juveniles (in which sex cannot be discerned)andi»uk

*

,immature indiV1cua1s of the four species, and - the adults ofigti

_-rudis and arcana. It was unnecessary to define the;
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:characteristics‘of adult‘nigrolineata andvneglecta‘as

descriptions of . the characters used for identifying them’j
were already available (Heller 1975a,5acch1, 1975)

| ' ' When samples of juvenile rough winklestuere
'collected ;juveniles of the other winkle Species, mariae,?

obtusata, 1ittorea and neritoides, were often mixed with

" them and ‘so these had to- be identified before the rough
winkles were examined. Despite the fact that some )
;ontogenetic changes are seen in obtusata and mariae
'(Reimchen, 1974) and in littorea (section 1.7 2. ) all

‘ four SpecleS have species-specific shell characteristics '

: at all ages which can be used: to identify them. )fﬁ*i‘

Specific differences,twhich would allow T

separation of the four rough winkle species, were 1ooked o
for in the shell, pallial oviduct penis, prostate; |
: ciliated field,vsub—opercular pattern and radula.» The

';0111ated field and prostate were only examined in 22g12~
.and arcana since the more readily quantifiable shell and“f'
'ipenial characters were not diagnostic.‘ By using ;f‘:k.

‘combinations of these charac&ms all individuals except

7Juvenile arcana - and rudis, which defied separation from;ﬂ?"ﬁ

ﬂ‘each other,\could be identified.ll; : o

| Besides their taxonomic application,,the

‘functional aspects of the structures are important andii-

observations made on them have posed many questions that'h
eed to be answered.i Both taxonomic and functional

. aspects of each structure are considered below.»
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o 1). Pallial'oviduct'ﬁ
The appearance of the mature pallial

'oviduct has been shown to distinguish rudis and nigrolin-

eata females by Sacchi (1975) Though he, and other

authors (Linke, 1933, Fretter & Graham, 1962) have
figured the external appearance of the mature oviducts,‘
‘these figures have not made clear the anatomy of thisl
_complex structure.f The structure of both immature and.v
mature oviducts in arcana (oviparous) and rudis (ovovivi-

Vi'parous) ‘were examined in detail and the differences noted,

| AThe oviducts of these species are different in immaturo igmef.i

as well as. mature states and these differences can be-,.bf
: used to diagnose the females.';fldr_

Since reproductive mode is the ~same in

"rudis & neglecta (ovoviviparous) and in arcena &

'nigrolineata (oviparous) general oviduct anatomy is

finsufficient to distinguish between these pairs of Species..sfjf

t:However, since the shell characters of both nigrolineata'j-V
'x‘and Bsslsszs are diagnostic,pallial oviduct differences |
Niare not needed to identify them..f : i

. Examination of the oviduct may aiSO pointwii

‘ito inter- and intra-specific differences in 1ife history

bvytactics. When comparing interspecifically the oviduct

}ccontents of neglecta and rudis it was noted that the form_*ﬁw._
‘er have fewer,vrelatively larger embryos. (pers_ obs ). :

t:'ThiS suggests, if the rate of embryo development is if%

'n51milar in the two sPe°1ess‘that neglecta has a lower

- percentage mortality to reproductlve age. comparable

,1ntra3pecific differences have been found in different
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kpopulations of rudis.? Faller-Fritsch (1977) examined
'xboulder-living populations and found that in shelter,
" females produced fewer, 1arger embryos,and Hart (1978)
vcomparing crevice- and:boulder-living populations,found
‘that crev1ce-1iving females produced fewer, larger»l
' embryos. It is possible that these may represent an
ecotypic difference as these authors suggest, but asvi
| Stearns(1976) points out until the genetic basis of the
differences has been established through laboratory
f studies,nany assertion that a difference observed in thefix

field has evolved and is an adaptation must be viewed

" with suSpicion.‘,p ”,s

hi2) Penis,

| ‘fenial’form can beua'useful taxonomic

L character as Sacchi & Rastelli (1966) showed for obtusata -
and mariae., However, of the rough winkles only ff et

“fﬂnigrolineata has a diagnostic penial form and this has been”"

*described by both Heller (1975a) and Sacchi (1975) ‘ The

' ‘use of the penis in identification is further complicated

5 by the regression (Berverard 1971a &b) or shedding

”;'(Pettitt, 1973b) of the penis which occurs when the animal T

: goes out of breeding condition. Thus for rough winklesfv
“penial form is not particularly useful taxonomically.'
3f Cain (1978), drawino'on such examples as }‘b

;f,mariae, obtusata and nigrolineata has suggested that

':ypenial form may play an important role in the recognition‘if':

lliof conspecifics and the prevention of hybridisation betweeni;fi

i related species. Slnce a) the penes of rudis and arcana

’;-appeared to be 8o similar in form, b) the species are



:gg125;ff_,~'

1widely sympatric and c) they are of similar size, it = v

ould be reasonable to suppose that the chance of hybrid-

1sation is greater for these species than for any other pﬁ'"

pair of winkle 5pecies.‘ Purthermore, rudis and arcana
may on occasion attempt copulation as; in _general, winklest
seem to be fairly indiscriminate and do not always'
: copulate only with conspecifics: Raffaelli (1977)

,'revigmﬁ,observations by other authors and gave; example&.i‘

e of males of rudis and nigrolineata with their penes

engorged and 1nserted into the mantle cavity of conspeci—

”fic males and individuals of other species, apparently R

"f‘ attempting copulation., However, he also noted that

‘reduced time was spent in attempts at copulation betwaen:"

'f'unnatural' pairs and suggested that sperm release does

‘not‘occur. fSince rudis-arcana hybrids have not been

iiobserved (pers. obs, ) it seems that reproductive

f.7isolation is. maintained (or hybrids are S0 uncompetitive

that they do not survive) despite the possibility of

e interSpecific coupling. The mechanism of isolation hasft;‘ig

‘{still to be clearly defined and in spite of the apparentiilii:h

"similarity of the penes, it ‘may have a mechanical basis.jfi~:"'

’For example,vthe 1ength of the bursa copulatrix may be

',fan important stimulus (section 1, 2 2. 1. )

'3) Prostate.
The prostate has not been used previouslyv
“in diagnosis of w1nkle species.f It was examined here

ionly in arcana and rudis and its appearance was found to‘
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differ slightlv in'theseltwo species., It is generally
more puckered and of greater width relative to length in
arcana.r The differences are not, however, diagnostic
so it is only of use as an ancillary character in
separating the males of these species.

: In rudis and arcana histological examin— o
ation‘of the prostate showed that at least two sorts of

'secretory product are present in. the" cells. The functions

'of ‘these are unknown.'

) Ciliated'fieldt

T

recorded by previous authors. It can be a difficult L
h_character to use in identification as it is obvious only
in freshly-killed animals. The‘structure wvas examined in S
T_detail in EEQEE and arcana and specific differences in

;51ze and position of the field were seen.» These differn'ic

:ences‘are particularly useful for diagnosing male gggig_?lfi
‘<:and,prc%§a.‘~:ft:' ’ L S et

The function of the ciliated field

The ciliated field in w1nk1es has not beenrityj

'?'remainsfrobscure.~ The direction of beating of the ciliav;ﬂi'H

would serve to drive something out of the mantle cavity
~and there are many possible candldates for expulsion,
':.e,g.jwater, particles and faecal pellets, but there isii
no ev1dence to. indicate which, if any, are expelled

; Any hypothesis sug esting its function should however;

';itake 1nto account the variation in size (and therefore,A;fp4v

';*presumably;importance) in the different Species and why
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: 1t‘appearsytorbe abSent in other'winkles such‘asvlittorea’

(DI‘.V .“~ Fre_.t‘ter,b pers. comm.) .

5) Sub-opercular pattern.‘h

This character was noted and used in
_identification of winkles for the first time in this
'thesis. It was examined in the rough winkles and also

= 1ittorea and neritoides.r Of the rough winkles only the

H'sub-opercular pattern in neglecta was significantly

different from those of other Species. L rudis, arcana

and nigrolineata patterns are. very variable and in theseiil

, ;species a 51milar range of patterns are seen. The‘gj‘
.’~‘pattern of neglecta can, however, be useful as an aid in
,distinguishing it from Juveniles of other species.‘av:sw,sm,

The ‘Teason for its precise form in

:neglecta, 1ittorea and neritoides and why these specific‘f»fw\

‘hi“differences occur still needs to be elucidated.' It isv

2 fea81b1e that it has a function in camouflage but there

l"dis no evidence to. support ‘this or anY other speculative;7o7f”'

P suggestion. pj'

-

; The radula is the least accessible of all
1plthe structures that were considered as a basis for making

‘qeidentifications.{ Its application to diagnosis is./,f, '

V:complicated by both the ontogenetic changes and the‘vf‘_i,v

.general variability of cuSp shape and number that have ,?t:

‘been found ( section 1. 6 ) These results indicate that



'the littorinid :adeiafis not ‘such a reliable taxonomic

_ character as Bandel (1974) suggested, and that his key
to a worldwide ranéefof 1ittorinid species, which |
:extensively employs cusp number is unworkable, certainly
' for the spe01es that occur in Britain. |

Only in the radula of nigrolineata adults

~(their radular cusps are blunt-edged) is'there any .
’significant difference from other species. _This species,
. can{ however, be identified much more easily on other |

‘ characters such as the shell and reproductive organs.’f;*r-
| | Sy Theishape of radula cusps can give clues -

P

to the general nature of the diet of a species (Solem,‘

:~1974 provides an overall account) It would be interest-v.7

- 1ng if the finer differences “in cusp shape and the'

e ontogenetic changes could similarly be correlated to o

- finer Specialisations.l The changes in the radula,‘which 11’}‘

‘are most marked in nigrolineata, mariae and obtusata may

:1possibly indicate some important ecological differenceay;Efidf

in the feeding of Juveniles and adults. Comparison of~

'pthe gut contents may reveal differences in food resource

lidexploitation which could be important in the ecology oi f;f]i-

’Lthese ,Species and would be an interesting field for

~ future research.~_>’

.3"7)‘She11;‘*"

The shell characters of nigrolineata and

4enegiecta are diagnostic (Heller 1975a) so individuals of

,f}these tWO sPecies can generally be identified by their R
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”shells alone.:vThe penial form and nallial oviduct type

.are useful to confirm the identification especially when
- the shells are eroded or otherw1se damaged.

' The shells of rggig'and arcana; though
differentlfrom those ofuother‘rough winkle'species,:are‘
‘ not sufficiently different from each other to be ‘used B
“‘diagnostically. The 1ack of diagnostic shell differencesth
'-between these species and the observation of ontogenetic
changes (section 1 7 ) serves to underline the caution'
~ that is required in the sole use of the shell in taxonomy %;:
v'and palaeontology. | ‘ | »
| L t The functionallaspects of the shell deservefdfﬁf

detailedvexamination.. Like the radula, the shell can
‘undergo ontogenetic changes which may reflect changing
(;demands,‘perhaps mechanical or energetic, on the shell as
}the animal grows.':i The most dramatic ontogenetic change
is. seen in the develoPment of littorea-~ The Juveniles'ff
‘have extraordinarily tall-spired and heavily-ridged 1f=
: shells and the adults have shells which are medium-or shorteijs

spired and almost smooth 1 The other impressive"

_VontOﬂenetic change is in the ridging of nigrolineata

shells.f The juveniles have markedly triangular-ridged
shells and the adults have 1ow, flat ribs.( The adaptive N g

f~sign1ficance of such changes may be related to the

fiu hydrodynamics of waterflow over the animals and needs to

be explored,»{fj-n-g:,,,,
Shell colour in winkles is a line of

—study that has long fascinated researchers (e g. Fischer—
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plette,' Gaillard and James, 1963, IIeller, 1975b, Pettitt,
1973a, Raffaelli 1976 Reimchen 1974) . Unfortunately e
Tmost of these studies were probably based on- mixed
'species and so the results must be regarded with suspic-;
ion, Much remains to be discovered about how colour is
r'contro11ed.' Reimchen (1974) in breeding experiments on ;Zi
mariae . showed that there is a genetic basis for shella
‘colour in this Species, and that dark reticulata waS‘j
‘rdominant to citrina. Whether shell colour in other ~r;
: species, particularly the extraordinarily variable 2
‘colours of rggig'and arcana shells,is genetically
ontrolled remains untested There is also much to bet77
discovered of the importance of the variation in shell
o colour., In some cases. the colour appears to camouflage"
che animal and protect it from visual predation;: In.anel L
‘:experiment on predation of mariae by the fish, Blennius
r‘pholis,kReimchen (197&) demonstrated that both citrina

~and reticulata were camouflaged by their colour onf‘

k“'v fucoids and avoided predation by the fish, depending on5

-Hiwhether the 1ight shone through the lamina of the alga'
5'or was reflected from it He also showed that white-»
shelled"Juveniles appeared to avoid visual predation as;

’their colour and size mimicked that of the tubes of the»»

o ,polychaete, Spirorbis.

W~j In rough winkles frequent examples of
camouflage are also seen,e.g. Heller(1975b) describes the,_

occurrence of high proportions of red-shelled rudis and

5>n15rolineata on red rocks, whilst in’ neighbouring B

p‘ populations on other coloured rocks there were fow red-’

. . -
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shelled animals;f However, by no means allypopulations‘of -
rough winkles are cryptically camouflaged For'instance,
on the grey and dull purple rocks of Llanddwyn Island
(SH 386628) the maJority of rudis found had. brilliant
orange or: yellow shells, and at Lligwy Bay (SH_497878)

’ the rocks are deep red and all the nigrolineata bright

yellow (pers. obs ) Why some populations of a species
- are camouflaged and others are not is not apparent.- |
| A comparison of the shell colours that

'.occur in arcana and rudis may also aid in discovering the‘g
significance of . shell colour. These two species are - |
t commonly sympatric, yet the range of colours exhibited
is quite different atusome sites but not at otherst ”

l(Hannaford Ellis, 1979) : If colour is selected through

~.v1sual predation, as suggested by Heller (1975b) for

i“*nigrolineata and rudis,the colour differences between L

"‘these very similar-shelled species at some sites is

v_.vtherefore particularly intriguing. Furthermore,‘sinCG‘.,,‘

"the range of shell- colours in these two species is often g_fb"

M"pdifferent, colour can be of use in identification, once fVlfT

“xothe colour differences at a site are known. For example,;'fgff

at Abraham's Bosom (SH 215813) the species have no . shell

.'ycolours 1n common and so can be distinguished on this

»basis.1:
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ECOLOGICAIL ASPECTS,

| Littorinids are one of the commonest
molluscs‘of rocky«shores and the genus is represented
~throughout the 1ittoral zone.d They play an important
role in littoral food web8° Their herbivorous ‘habit can
1nf1uence the community structure of the algae (Castenholz,
1961) and they are a food source for many species of bird, :
‘flsh, crab and mammal (Pettitt 1975) Thus understandingyv
winkle ecology is important to the comprehension of . the
'1ittora1 ecosystem.ijuch information could have wideryig”i
applicat10ns~‘for enample, in estimating the rate at i
which radio active waste, disposed of in coastal waters;i
"might be returned to the land (Odum, 1971) E

W1nk1es live in a rigorous environment

Vand have to be capable of surviving the extremes of physical e

' nconditions experienced in the intertidal zone,'as ‘well as
/the biological pressures exerted by other organisms;;lrti

fdApart from the predation pressure; they have also to -

lkfcompete for the resources of their habitat.! For individual
JW1nL1es compctitlon pressure is likely to be greatest from ;.
other winkles, both of the same Species and other species e
”and how the effects of this pressure are reduced or . S

¢iavolded are critical questions in understanding their S

‘Sjecology.f*

The comparatively recent identification
'iof the species of rough winkles has introduced an extra‘
agadimension into the problem of understanding the processes:

'}OfIUCkY shore ecology. There is much to be 1earnt of the"
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'differences»in biﬂogy.and ecology of each-species;

p / Various aspects of the biology of rough
winkles were studied,notably a) dimorphism b)ontogenetic
'changes in neglecta shell colour c) reproductive season- o
ality and | d) the population composition and size
‘structure changes of neglecta. In addition, since these"“‘
,«species are commonly sympatric and appear to have’
‘51milar requirements for shelter and food how these

resources are partitioned are important features of their

ecology and some aspects of niche separation were examined{;hﬁf

'Spatial and temporal inter-'and intraspecific zonation

differences were found which could be important in 'ff

resource partitioning,, Each aspect of the ecology of thed7';”‘

;frough W1nkles that was investigated is discuussed below.

d":1) Dimorphism; “f

The observation of sexual dimorphism in

-dall the rough Winkle species parallels similar results-f"'fpfﬁ

. .recorded from flat winkles, by Sacchi(1968)Reimchen (197&)

"wand Goodwin & Fish (1977) The common occurence of

'b’f dimorphlsm in size in winkles ( females growing 1arger

:.than males) may be related to differences in male and
' female reproductive strategy.f In neglecta, as a

.f_consequence of its apparently annual life cycle (sectionr

'*;n2 5. ) a difference in rate of maturation of the sexes

'7‘can be seen° males reach maturity sooner than females.e
JIf malea are diverting energy from growth to reproduction

o at an earlier age than females, this may be the underlying -
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cause of dimorphism. Thisyassumes that'no»unusual factorsi” .

are involved such as. the sex of the progeny being related
to- parental age, with malcs being produced early in the
'season and females later. There may be equivalent
rdifferences in rate of maturation of males and females in 7y
‘the other specios (which are perennial) and this may
result in the observed dimorphism.f An alternative !.ge[y
possibility, that cannot be dismissed is that males and
“females may differ in their efficiency of food . B

“utilisation.

In crevice-living species smaller size may--

4

1'be advantageous . 'Raffaelli & Hughes (1978) and Dmsonfﬂ}ff

& Faller-Fritsch (1976) have shown that larger winkles |

are barred from taking advantage of the shelter of a

o ngreater proportion of crevices than smaller ones, because

-f’of their Size and so, having a. smaller shelter space they o

- have a higher risk of mortality. Hence in being smaller,;ayﬂl]

A"males may have a lower risk of mortality than fomales.‘{'ff"‘

2EFor females the risk of larger size could be more than’j=if”

'offset since larger females probably produce more: offspr-}fif‘H

. iing (Paller—Fritsch, 1977) Thus the dimorphism may be “

f.seen as the. ‘sexes occupying different positions in a size ajﬁ”(

"dcontinuum,controlled by selection for increasing

;~reproductive success and decreasing mortality..-In’
addition dimorphism may reduce intra-specific competition¢ir.
‘through partitioning the resource of llVlng space,>.'“'

Dimorphism has an - extra dimenSion in

niGrolineata at Porth Swtan where there is also a“
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‘ dimorphic difference between the yellow- and white-
i'shelled morphs° the rarer white morphs tending to be
‘smaller and to mature at smaller shell heights. The co-dli
‘eXistence of the morphs makes comparison of their biology

particularly interesting as they are 1iving in the same

- habitat, yet appear to show differences in their biology;“ |

,‘which seem to be mediated by their shell colour (sectionf"
'2 2.4, ) B The smaller size of the. white morph suggestsv
that its females might be 1ess 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

s possible that . lower fecundity may be offset 1r its
vsmaller size gives it more possible sheltering spaces and
‘b so enables it to survive for 1onger which would effectlve-p
sfly increase its reproductive life,f Alternatively, )
'-selective predator pressure mayiprove to be the important‘;

','factor, either through apostatic selection, in which~"
f-predators adopt specific search images and tend to ignore

i‘other prey ( the mechanism described by Clarke, 1962 forﬂfl"
;the origin and maintenance of distinct visual types in vft

populations of Cepaea) or through crypsis, the white

ﬁgymorph being possibly better camouflaﬁed | Zaret (1972a & b):i}

’ has shown how a less fit, small-eyed form of the~

"'cladoceran, Ceriodaphnie cornutw is maintained in the

y population by the diSproportionate predation pressure of

the fish Melaniris chagresi, which selectively predates,

_the more fit, large-eyed form.
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2) Ontogenetic change in the she11 colour of L, neglecta..l

An ontogenetic change in the shell colour}
pattern of neglecta vas found Juvenile neglecta often
have banded patterns and adults tessellated patterns.‘b

No comparable change was seen. in any of the other rough
Lwinkles though shell colour was occasionally seen to have<
'altered from the older to the younger parts of the shell

- in other species (pers. obs ) Reimchen (1974}halso notedx;
:that in mariae Juveniles in a population were often white}
'whilst adults were either the citrina or reticulata."
‘icolouring and‘so suggested that ontogenetic changes may

| occur in this species.‘ For neglecta the significance of
irthe change in pattern is not readily apparent.v One,'}

”7possibility is that it aids in predator avoidance, but -

" there is ‘no evidence to" support this suggestion.»apf

p3) Reproductive‘seasonality. :_f_‘

'fv;ry marked seasonal cycles of reproduction

q fiwere seen in neglecta,vnigrolineata and arcana (section

' _:2 4, ) Interestingly,although there were indications of a f?ifﬁ

aicycle in rudis this was 1ess marked than_that observed by
iv{other authors (Bergerard 1971a & b,fﬁerry,1981 James 1968Q
Qipossibly there may be differences in the expression of a’
ﬁffreproductive cycle from population to population, which d
Vfbwould be worth exploring. The well-defined cycles of the

bother species can have important implications for their B

]'ecology. The different timings of reproductive effort in.‘

’niprolineata and ‘ne 1ecta

sPecies that co=-occur in the‘-tﬂ‘i‘
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barnacle belt, contribute” to reducing interspecific
competition between Juveniles for food and living space ;

(section 3.3. )

h L) Population composition and size structure changes‘

~4in L.neglecta.fvib

N ’The'data obtained ‘though | 1imited by only
being collected for a one year period, suggested that ~
ineglecta may have an annual life cycle with most o£~thei
yianimals reaching maturity, breeding in the‘sumﬁéf nonthe:td"

“and - then disappearing., This contrasts with‘rudis which is-‘

known to be iteroparous,i e.’capable of living and breedingxl

i°Ver Several Years (Berserard 197 a &b) 1f, as the data

‘suggests,the adult neglecta disappear from the population,léi‘;
‘it is possible that this species is semelparous,i.e. the h‘
:adults 1nvest so . much energy in reproduction that they
jcannot survive.- Raffaelli (1978a) has suggested that
fneglecta evolved from a’ rudis-type species.. If this is
\:so, then these observations suggest that the 1ife history

‘,tactics have also diverged

. 5) Zonation'differences.lf":
The basic vertical zonation pattern of .;~Q7'

'rough winkles,‘with arcana and rudis in the Pelvetia-"

‘rverrucaria belt ( or equivalent high zones on more

fsheltered beaches) and nigrolineata and neglecta in the

barnacle-fucoid (1ower) zones, is complicated by factorsv ‘

«fesuch as a) the seasonal migration of arcana adults ( seo

.
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‘ ;section 3 2 ), b) a vertical uonation difference between

~_‘neg1ecta and Juvenile niprolineata (see section 3 3 ) and

yic) temporal effects in nigrolineata and~neglecta Juveniles

(see section 3. 3 ) [ndeed it is probable that these are
only part of the niche differences between these related
sympatric species.i : | o R
. ' For gggig and ‘arcana therzonational patterns‘i}

v,of:the‘adults only were compared and they were foundvto be y
ympatric except during the arcana breeding season when
mature arcana migrate down the" beach.‘ The sympatry and
V'similarities of size and radula of these two specieS‘
suggest that they are competing for food and space resour-
ces.‘ However, this 1s not necessarily the case.t,The,:b"

f'work of Emson & Faller-Fritsch (1977) showed that crevices,v"

s and not. food,were limiting the rudis population at

! Newhaven.: Since the study rock at Porth Swtan is crevice-.

rich,there may be sufficient crevice and food resources

";fto support both adult pOpulations,if their population

'sizes were 1ndependently controlled at the Juvenile Stage,:;fj

w:-.".I‘h:x.s would occur if juveniles of the two species zoned
%;differently and so encountered different selective forces;{;ff
"fSuch a zonation difference is possible and is made more
v;"likely by the observed segregation of the breeding females.fil
ilAHence the zonation of juveniles could be critically
iimportant in the ecology and niche separation of thesei

VWspecies.‘
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| INTRASPECIFIC VARTATION, ' =«

,The generalyoccurence of different formsb~u

in winkle«soecies‘isiof note, Particular attention has. o

been paid here to two forms of rudis that were common in"wi“'

Anglesey, one 1iving in boulder habitats, the other ini
7 crevice habitats. L, rudis however, exhibits many more t
- types (some of which have been given variety names by :
S. Smith, 1978) Comparable variation can be seen in :_ o
other species, e.g. “the dwarf and normal forms of mariae,

| described by Reimchen (197&),'crevice-’and boulder-living |

htypes of nigrolineata ( Naylor, 1978), and crevice- and
‘i’boulder-liVing types of arcana (pers. obs ) '3Thev;f:"':
'thypothesis generally put forward by previous authors ( the‘
[fabove, and also Faller—Fritsch 1977, Raffaelli & Hughes,

1978) is that these forms are the result of 1ocalised

.adaptation of the genome resulting from different select_yggfwd

?.1ve pressures in the different habitats. However, this: o
:Fbis still to be critically tested.‘ It 1s possible that

the differences may have ‘no genetic basis or that a’

. complex of sibling species are still being confused.n: P

o v The existence of different forms in
;‘different habitats makes understanding the ecology of the‘ﬁ
”fwinkle spe01es even more complex, since what may be truer“

';of one form w1ll not necessarily apply to another. Some:‘”
mi;nominal recognition of the different forms would be

guseful as ‘an aid in ecology,. although much more work is-

i'needed on the ba31s of the variation before any(taxonomicﬁl.

: recognition of the different forms can be contemplated
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Ontogenetic decline in cusp number
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g APPENDIX B
. TABLE 1 . SEXUAL DIMORPHISM IN SHELL HEIGHT . )
R Shell Height - - L. rudis C ~ ’ L. rudis B L L. arcana - : T L. nigrolineata
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CTABLE 2

SEXUAL DIMORPHISM: o SHELL HEIGHT AT MATURITY

L ead99

sig .001

" Shell Height - L. rudis C i L. rudis B : : L, arcana L. nigrolineata -
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TABLE 3 .

Species

L.

rudis C
rudis B

arcana’

nigrolineata .

neglecta

-146~

Shell Height
Range -

7-7.95 mm &

11-12.95mm &

7-7.95 mm &

. 8-12.95mm &

2.5-3,5gu ¢

Mean

7.41

7.45

11,94

12.12

7.42

7.44

10.36

10.33

2.98

3.08.

035

.039

.072'
063
- .032
033
219
155
,.0?3 )

.075 "

71

. 66

70

75

69

70
59. 
58

85

59
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| TABLE 4

 Size Class Yellow White Total =~ a2
wm @ (W
| 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
8.0-8.45 108 = 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
110.5-10.95 169 - 176 162,28
11.0-11.45 148 153 143.16
11.5-11.95 160 165 15515
©12.0-12.45 119 122 116,07
12.5-12.95 87 89 85.04 |
13.0-13.45 87 3 00 841
13.5-13.95 67 - 61 67.0
14.0-14.45 421 151 141,07
14.5-14.95 41 -
15.0-15.45 27 . 2
o 15.5-15.95 12 2
 16.0-16.45 17 . -
316.5 ;\;; 1 57" p  _,‘['

TOTALS 2684 222 2006 248411 .
R T T T g 0g

2 =515  =73.34 e -

070224

dofF=15 .
sig. at L00L
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APPENDIX B

TABLE 5 Porth Swtan (Date of sample collection: 13,8,77)

Size Class: Number in Pattern Class Total in % 1h Size Class -

(g.u.) . 1 2 3 Size Class 1 2 3
1.5-1.9 52 s . 57 1 . 9 -
2.0-2.4 50 . 20" . 1 . m 70 28 .
2.5-2.9 28 39 7 74 3 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 23

TABLE 6 Porth Diana (Date of sample collectior 17.7.78)

Size Class Number in Pattern Class. Total in = % in Size Class

(g.u.) 1 2 : 3A Size Class 1 2 3
1.5-1.9 4 - - 4 : BRI
2.0-2.4 18 2 .- 20 % 10 -
2.5-2.9 - 14 7 1 . 22 _ es 32 s

13.0-3.4 11 16 13 40 27.5 40 32.5
3.5-3.9 | 6 25 14 45 13 s6 31
4.0-4.4 2 28 - 32 62 s a5 sz

4,549 1 29 37 3 19 78
5.0-5.4 - 4 13 . 17 ‘
5.5-5.9 = - 3

6.0-6.4 .- 1



APPENDIX B

a7

TABLE 7 % MATURE OPF TOTAL IN SIZE CLASS (DATA AMALGAMATED FROM SAMPLES COVERING YEAR APR/L 1977 T0
MARCH 1978) i ’
Shell Height L. rudis B L, rudis € L. arcama L. nigrolincata
Size Class =~ . .
(o) 1 N T %™ I M T %M 1 M T % 1 M T M

6.5-6.95 - - - 352 280 632 44 200 124 324 38 159 12 in 7.

7.0-7.45 6 - [ 240 439 729 67 209 208 417 - 50 ° 155 21 170 12

7.5=7.95 - 15 - 15 94 o614 - 708 87 180 . 278 418 . 87 ' 14e 24 170 14 -

8.0-8.45 19 1 20 5 70 469 539 87 141 216 - 357 [3} 102 21 123 17

8.5-8,95 24 4 28 4 30 334 304 92 106 190 296 .- o4 84 29 113 26

9.0-9.45 38 1 -39 "3 13 164 177 © 93 74 132 . 26 61 79 $2 . 131 40

9.5-9.95 34 4 38 11 6 69 75 92 40 79 119 66 . 84 42 126 . 13
10,0-10.45 36 14 S0 28 3 30 33 91 27 ‘53 . 80 . 66 . BO .- 4S5 128 7. 16
10.5-10.95 41 . 26 67 - 39 1. 16 17 4 .20 247 83 60 .48 108 - 44
11.0-11.45 31 53 84 63 1 9 10 2 6 8 57 47 104 48
11.5-11.95 31 61 92 66 - 2 2 47 66 113 - . SR
12.0-12.45 25 81 106 76 28 87 - 8% S 67
12.5-12.95 27 103 130 79 24 43 07 . 64 |
13,0-13.45 16 127 143 89 .18 . 49 . 64
13.5-13.95 13 100 113 88 11 39 50 78
14,0-14,.45 7 99 106 93 2 31 33 94
14,.5-14.95 3 o4 67 9% 2 27 29 93 :
15.0-15.45 1 45 46 98 3 17 20 85
15.5-15.95 - i 31 100 - 9 [ I
16,0-16.45 1 25 26 96 1 11 12
16.5-16.95 - 9 9 - 22
17.0-17.45 - 3 H - 1 1
17.5-17.95 ° = 4 4 :

18.0-18.45 - - 2 2

Shell Height L. neglecta

s{:‘_"f;“’ 1 " T %M

. .

2.0-2.4 82 19 101 19

2.3-2.9 132 109 241 45
. 3.0-3.4 86 . 207 - 293 71

3.5.3.9 26 139 - 165 84

4,0-4.4 4 85 89 96

4,5-4.9 4 18 22 82

5.0 - -2 2
KEY I = Immature
M & Mature
- T = Total :
%M = Percentage mature (M x 100



APTENDIX B

TAELE 8 . REPRODUCTIVE PERIODICITY: % MATURE IN SUCCESSIVE MONTHS

Date of
Collection
25th Juu; 1976
11th July
9th August

" 5th September
3rd October
1st November
6th December
16th Jan 1977
12th February
19th March
16th April
14th M;Y
12tﬁ June
10th Jﬁly
13th August
10th September

11th October

12th November

. 10th December
7th Jan 1978
4th February

Sth March

M

74

38

32

" 38

33

62

34

100

68
352
63

47

L. rudis B
1 HM
2 o4
16 73
25 se
141
Ta o«
16 - 79
11 7%
10 o
2 7
s o1
13 8
T

L. rudis C

[ 1 S
176 45 80
150 48 <78
180 33 88
186 49 79
145‘ a7 80
15 .30 80
11 4 81
168 35 © 83
11w 80
178 43 - 81
155 a7 M

o1 . 34

3

in chosen shell
hélght range
(see p. bb )

L. arcana
M 1
. 68 61
56 .7
38 114
¢ 11
2 63
30 ' 77
170 44
177 23 .
111 °
83 49
76 ’d9
3t .27

16 .

M

13

23

;w'

46

20

10

12

s

13

53 18

44 16
28

7.8 17

3 e

39 118

729 . s3

88 3

73 s2

63 20

61 22

sy 12

33

62

16

11

18

14

25

a2
75

6l

87
39
45

32

12

°

65

43

35
37 .

38

L. nigrolineata
%M

28
29
7
81
57
56
a6
36
n
19
14
16
22

59

- 78

82

“
44
32
39
24

12

M= total & ¢ ? mature '

-1 ® total ¢ » ¢ immature

%M = percentage mature

M

42 .

A48

89
84
53
40
33
15
23
50
43
38

[ 48

59

t

L. neglecta
1

19

12
13
13

11

61

57
47
.
34

24

‘

1] :f"

© 94

88
87
80
82
78
65
29
47
49
a

39

n



APPENDIX B

R . TABLE 9 |
A ud:s C X & n Le_rudis C .
rL_ s Month of Sample D I CeW Monti of Sample .
SHT Y 4 A T . . - *7R SHT . 77 . . . g %78
. Ratio Size Class. M A M. J J A S 0 "N ] J _F Ratio Size Class - M . A MNoJ J A S 0O F D 3
.0-.09 : w1 - =2 - e e e e -2 .4-.49 1 - e - - 1 -1 1 -
7 012019 '3 3 - 4.3 - 2 01 - e 30 4 W5-.59 4 6.1 1 1. - 2 2 3::2 -2 -2
T e24.29 4 2 2 2767 222 2020208 7 6,69 ‘9.5 6 3. 2.5 3. 4 1 4 6 .4
.3-,39 . 5.6 1 5.1 N R B R | .7-.79 8 8 5 8.8 10 .5 5 "6 14 s .6
4,49 - 81013 302 2 1.3 &+ e .8-.89 9 2 5710 "4 6 .9 .10 9 8 -7 - 4
.5+.5% 2.3 -5 3.:3.°2.,73.,2. 3. 4.« .9-.99 3 2176 376 76 --9:.3 1.3
S a6=.69 7 4. 2 20 7 9 -1 4 .8 7 3.2 1.0-1.09 s 7 17201 303 22 5 64
.7-.79 31 . 821 37 .29 15 14 12 12 14 14 6 1.1-1.19 8 7 -8..9 3 . .6 “3..86..6 ¢ 63
«5-.59 33 37 . 31 23 233935 42 ° 28 31 - 24 18 1.2-1.29 13776 6..12- "4 .7 147 7.1 23
9=299° 12 12 .31 714 1219 72924 24 29 24 19 © 1.3-1.39 15 21 18- 15 8. 10° 9 12 713 12 14 .8
1.0-1.09° 2 55 - 1.1 3 2.10 .4 .8 4 . 1.4-1,49 18 .20 21 18 18 - 14 " 12 16 . 9 22 144
1.1-1.19 - - 1 .- 3 a2 e 31 1,5-1.59 15..20 16 19 20 12 15 141519 13 12
7 1.2-1.29 - - . e - 1 . el e e w 1,6m1.69 0 -8 15 14 15 -9 12 ‘12°. 8 -8 8 S§°
: A : 1.7-1.79 4 1 34 4.°8- 10 4 387 8. 2
1.8-1.89 - 1 3 1 2 2 s .7 -4 4.5 6 ‘2
1.9-1.99 - - 1. 1.1 53 e a1 71
2.0-2.09 - - 1 e el - - 1 - - -
2.1-2.19 - P R S TR } SR
8 udj B ool L. rudis B : .

I, N0 T I8 7 1.3 4 151 1.3 11 3.2 .4-,59 - - - 1.1 2.2 - - - e
.2-.39 L8 310 - 7271 - - 2L 27T 0 W6=0T9 13 6.5 -3 6.6 4 -3 -3 a7 27 a
 JA-.59 1108 6 s 4 7 22 4 .4 5.2 .8-.99 . 7 6 2.2 .72 4 6 10 3 5 3
6,79 16 -1 8 7 713 189 13 713 12 10 10 . 1.0-1.19 - s 2 ... 2: % .8 =37 61 73 .3
.8-.99 . - 177206 8 8 "4 34 19 11 14 11 1.2-1.39 10 7 1 "2 6.9 5 714.6.--9.9..5
1.0 -2 - 2 e 6 e LT el e 2 1,4-1.59 16 8.4 0 "4 10 . °8- 14 16 11- 19 9

S : : P 1.6-1.79 $- 3.3 .82 1. 4. 7.6 .4 .47
1.8-1.99 1 272402 2. et & 03 et L
2.0-2.19 1 1 e e e 320 e e e e
- L. arcana - ‘ : . : L, arcana : :
© «0-.09 : 13 14257727 05 e eie e 1 S e ,32,39 2377003 2 1 el et el el e e .
11 S 10 - 11 . 2019 - B = e 1. 4703 7.1 e 15 15 720132 6 -3 1 - 485 1.1
T e2=a29 2 414 41027 27 el E e 2 1T 8el59 127 6152212 8.-3- 4 9 8 9 '7T.
L W3e.39 2 e e A3 e T T2 16m069 4 3.4 316 11 °14.3.°6 91213 12
.4-2.9 2 3 0171711358 1 .72 01 0 e w779 1 1 2 2 4,15 7 3.6 287 14 3 .
Ce5-.59 8.2 08 el e 17T 1810 34 o201 +8-.89 - s 371 2 63, 1. 4 S e Lk
669 17217 3 .- = 10..52 41 .14 116 722 "= § .9-.99 - 5.6 73 .17 "5 2. 3. 4. 1" &
7-.79 " 8 6.3 2 «..1.-27 45 20°.20. 15 . 57 1.0-1.09 . $ 7.7 6. - /377311 '6 -5 ..%.. 32
-89 E IR DR - e - 2772 42 e el 11-1.39 6 8 4 1.5« "31:./26715 13 .9 510§
G99 et e e e e el e e e e 1020429 ST 8. Y e e 22.24°-32.08 10 47
ROSRAS S G o ) 1.3-1.39 9:.37.6 e el o 16 220 16 14 6 1.
1.4-1.49 ; 3.1 1 - - - 8. -8 4 & .8B. .4
S 1.5-1,.%9 - 2 e e el A e T2 Y
¢ 1.6=1.69 P U TE T PR (PR TP FRATEE S I TAT g
S I R - - - - - m - -

O AT-RT9

B
-

S\t

ey
i




"APPENDIX B

FABLE 9 CONTD.

L._n_mmm (yellow-shelled individuals only)

*78

*77

*76
J .

" Ratio Size Class

" .0-.09

a9
$2-.29

" -152-

Lo I A T N N T I I I
e Nt b

OO N et Mt |}

THON NMmMRO® T}

57“22 LI B T S |

™~ w.zrn.ﬂ o~ -t
24,966vo.p551.., [
41633127.5. te
IR PN
L SRR
1t N -,-,.
mow ..‘XZ,ZI '
121..11llfa
- Nt . ]
,,.353 Ve
12.1,1. tmmon e
AL AN

NOXT=sNE™m i

1AMV E ™ t®m

©'1.0-1.09 © -

- oo o
020 0CRANNM
MmN 0N * v e
L I I I T Y - e~ et
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e anRNgensn

L N B Lo
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tet N =

1.4-1.49 .

PL

T

Ratio Size Class
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- . N
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- 1Mt I T O

«0-.09
S O L
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+3-.39

e4e,49 . T
52459 -
6a.69
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= 1.0-1.09

teTRANNNm®M

-

~N

1.1-1.19

1.2-1.29 .
T 131439
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TABLE 10 POPULATION SIZE CHANGE AND ECOLOGICAL AGE STRUCTURE
SI1ZE CLASS 1977 S 197
(g.u.) Apr  May ' Jun Jul - Aug~ Sept Oct . Nov - Dec . Jan ° Feb  Mar
Mature ¢ . . .
2.0-2.4 - - 1 . - - 1 - - - - -
2.5=2.9 3 - - - - - - 1 - 3 2 3
3.0-3.4 13 13 3 2 ) 1 1 3 "3 3 8 9
3.5-3.9 18 25 11 13 13 1 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 s 5 3 1 - 2 - - 2 - - -
5.0-5.4 - - ] - - - - - - - - -
Immature ® C . -
2.0-2.4 - 2 .. - - 4 14 ) 4 1 3
2.3-2.9 2 3 4 1 1 2 8 18 17 19 6 T
3,0-3.4 6 3 1 2 1 3} 8 10 13 10 1s 10
3.5-3.9 2 1 - 2 1 - 7 1 1 2 ? 1-
4,0-4,4 - - 1 1 1 - 1 - - - - -
4,5-4.9 - - 1 - - - 1 - 2 - - -

- Juveniles : ; L
2.0-2.4 2 - 2 7 10 s 17 ? - 4 - 2
2.5-2.9 1 2 1 2 - 4 4 1 2 - 2 -
3.0.3.4 - - - 2 - 1 1 - - - -
Immature &
2.0-2.4 - 1 1 2 3 1 21 10 3 4 1 1
2.5-2.9 2 3 4 1 3 1 16 3 3 4 - 2 3
3.0-3.4 - - 1 - A ) 1 - - 2 2 F] -
3.5-3.9 - - - - e - - 1 - e - -
Mature ¢ : .

| 2.0-2.4 1 - - - - 1 1 9 . 2 2 1 -
2.5+2.9 7 3 1 3 - 1 11 18 18 8 15 BT
3.0-3.4 .. 18 15 13 6 [] 3 [} 14 10 17 13 21
3.5-3.9 7 11 2 1 6 - - ) T 1 3 4
4.0-4.4 P2 . 2 T | - - - 1 - - -
Overall totatl :
in size class N ) . )

2.002.4 3 I | 9 13 10 4 . o 11 14 - 3 s
2.5-2.9 15 1 10 7 4 8 39 a1 40 - 34 27 L
3.0-3.4 37 31 L 20 12 0 12 9 11 27 28 32 0 38 4
3.5-3.9 - 27 7 13 16 20 - 1. .8 4 8 4 14 13
4.0-4.4 17 12 16 15 8 ) s 3 3 03 2 2
4,5-4,9 s 5. . 4 1 - 2 1 - 4 - - -

5.0-5.4 - - 2 - -
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APPENDIX C

TABLE 1. Average zonation patterns of the subpépulations of .

L. rudis C and L. arcana.

- ‘
o .

Transect L. rudis C ‘5:_355323
zone ™ 1 - M é1 ™ L) G M JI..,
1 143 - 61 160 25 18 44 20 21
2 147 30 131 18 32 60 28 37
3 120 31 131 24 24 58 21 41
4 132 - 38 106 22 28 56 38 40
s 101 26 109 31 34 55 26 32
6 116 43 95 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 6 16
17 8 18 5 53 10 31 5
11 ‘7 4 9 1 51 13 31 B

"Note:- M = Mature

Immature

B
fl
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APPENDIX C

‘Monthly zonation patterns of the subpopulations of L;‘ tudis C ind L, arc;\rﬁ S

- TABLE 23

Jan

- Feb oo

75
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Month of sainple
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‘Apr © May . Jun ~ Jul ~ Aug Sep§,~ Oct  Nov " Dec

Immature L.rudis C 98

77
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Month of sm‘npxev

.
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. APPENDIX C

TABLE 3. ‘Estimat‘ed % cov‘erko'f barnacles 'in transect 2
(Apri1 1977) . - e |

Transect o % cover
- zone e - :

a8
R
70
16
1 ,72 -
ErYa
56

. o M DWW
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APPENDIX C '

. TABLE 43 . Zonations in transect 2 in successive months

" Transect| Month of Collection .~ . R Lo e s T Total

. zone Apr.” May - Jun - Jul . Aug ~Sept. Oct | Nov. ® Dec " Jan * Peb: Mar { in zone
) 77 . . : . : ’ S8 . :
L, rudis C juveniles ' ) A
1 - 2 7 3 12 13 7 10 -+ 18 (14 7 20 .19 =717 f13s-
2 2 .1 4 = 6 14, 18 16 715710 0 10 9 108 S e S
3 3 4 T2 .40 8 140 - 8 7.4 11 - -5 1 L2 B T LT I e P
] -4 2 .32 7 s 4. .03 . -8 2 3.0 02 43 S
s 3 - BT TN T B 4 1 9 -] 732
6 - 2 e s 8 42 4 1° 73 .+ = 21
ST - 3 2.3 2 1 RN T B I | 4 27
.8 - 3.3 1 3 PR EET SIS S | 1 1 1 17
: L. rudis B juveniles - .. : R S : o
1 3 32718 7935744 :-.26 25 733 21 27 43 e
v 2 16 34 :°:247 15739 030 217 41 24 25 324 342 .
3 21 24 30 722 935 .45 27 34 .26 24 27 - 38 380 i -
4 11 38 34 217 35 - 2643 447 20 36 .29 4 - |arr
s 1432 48 32 0 26 34 . A4 38 o0 37 22 027 - %6 | 4o
6 35 . 87 .45 34 - 41 56 34749 - 43 27 44 60 | 528
7 33 22 57 735 46 47 . 48 39 .49 - 447 80 .. 64 534
8 18 739 .0 44 .54 854 29 58 62 44 50 L S6. 67 |518°
\ L. nigrolineata juveniles - : DL e s R
17 - 9. 8 .13 .0 BI.:1 ., 6 L IO ST N | 50
2. L] 20 2 127 18 22 4 ® 6 184 9 114
3 $. 16 . 20 .24 19 13 6 -4 9 4 -3 13 |13
4 18 22 25 036 17 - 18 . 8 185 -6 [ 181 .
S| 25 .33 27.°.29 . 4219 11 710 13 16 13 10 FL
6 20 0019 03234 31 2 .7 10 1113 1017 = 6 - 1223 -
7 177 19 18 31 <24 019211 16 0 18 6 .6 2 184 - i e
8 1 .10 23 419 16 0 37 6 10 6 s 1 107 R S I R
s ) Le neglecta . B
1 317 s 66 15 -8 6.2 10 9 9% -
2 14 7,18 15 . -11-°9 S 13 1212 o 21 164
3 28..20. 18 - .20 10 s 2829 221677 22 718 236 .
| 19 - 13 . -16 - 8 12 12 13107 23 14 © 20 23 {179
8 22..18 ' .S 6 11 1009 25 .14 20 12 7 150
6 916 27774 "2 14 917710 271200 6 4 103 -
7 L B U S - e 4511 8 324 a7
s 4 07 27 - - 1 4 02 et el 1 22
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TABLE 53  Population size structures

. ) Month of collection =
Size class . Apr

Sept

Feb

May -~ Jun . Jul -, Aug / Oct - Nov ' Dec - Jan Mar .~
o Cgud 77 . - : ) . . 78 ;
o L. nigrolineata i o L L
2.0-2.4 ¥ 15 10 -9 . 7 2 .4 12 5.7 7 6 2
2.5-2.9 20 32 20 26 0 14 . W 8 7 19 14 - 10" 8
3.0-3.4 19 32 .3 4 .20 12706 78012 . 8. 19 9
3.5-3.9 .17 33 27 0. 39 37,18 10 117911 12 .8
4.0-4.4 12 .18 2?7 42 43 17 7 12 11 79 "3 -8 9 -
4.5-4.9 s$ 13 26 20 . 28 14 12578 3.3 10
5,0-5.4 5 .37 19 - 20 18 1 8 59 761 7
5.5-5.9 1. -3 3. .88 .8 1. 4 1 - e el
©.0-6.4 - e 3 4 2 8 1 2 1 "2 | A
: - L. rudis € : : - - g EL
2.0-2.4 1 36101 17 6 - 14 12 10 5100011
2.5-2.9 2 s1otarTe 3R ¥ BRI RN PIE AT SR TSR I
© 3,0-3,4 1:.:4 . @ 5011 12700120712 e 147711 06
3,5-3.9 2 3 22 8 /-8 T T 8 A ] 3
4,0-4.4 .3, 3 2 7303 A ) 708 1 e
4.5-4.9 L2 1.3 162 T8 0 A e
5.0-5.4 el e - 10 .30 1701 2 %0 2
5.5-5.9 SR SN - e LIRTE R IR S TEERET S
L 6.0-6.4 - - + 1 ) SR 1 Lol - - - e TR
- L, rudis B (& L, arcana) EEI - ST -
2.0-2.4 21 59 88 .29 .37 20 22 63 67 . 73 . 67 ' 108
2.5-2.9 37 .58 52 517759 .34 37 43 s2 45 65 125
3,0-3.4 39 .60 .71 49 70 75 51 $3 < a7 41 5 .. 86
3.5-3.9 40 .- 45 47 39 62 68 83. 56 4 36 - 40 32
4.0-4.4 9 135 42734 48 61 80 83 37 24 - 30 . 28
4.5-4.9 -4 14 022 180 24 28 36 - 36 17 .16 21 9
5.0-3.4 1 s 7 4 8 16 15 7016 8 8 11 13
5.5-5.9 - 1 4 1 B 7 8 - 8 B I IR SR |
6.0-6.4 - 1 - - 2 2 2 - 3 3 4 1
; L. neglecta .- S P IEA D E .
2,0-2.4 3.3 4 9. .13 710 - .44 40 11 U140y g
2.5-2.9 . 15 11 10 .7 < 4.8 39 ¢ 41 40 34 .27 24 -
3,0-3.4. ¢ 37 31 .20 12 .12 9 11 27280 32 38 .40
3.5-3.9 ©27 0037 21316 2020 G101 8 4 508 -4 1401
4.0-4.4 - 17 12 01618 - 8. & $ L3y Ly g
4,5-4.9 s 8 K 1. -2 1 - ‘4 - - -
5.0-5.4 - - 2 eiia - - - - e a -
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_ APPENDIX C

'Table 6. Zonation of male and female L, neglecta

: Transeét * Number of 99 ‘vNumber of 8¢ Total'in,f" 23 j‘ e
zone . in each zone in each zone zone .. n

@

a4 ‘ ;42 ;j‘ .,4f7,;86 S 22051
63 80 . 143 27,76
119 104 223 63.50
S L1020 s8. 160 . 65.02
o4 49 143 61,79 -
4 a1 95 2425
2715 a2 17,36

013 287.95 - .
i |
N

Totals . A=58 45 N

282,65
- 556 x .444

R degfees“offfreedom, =7  ,'1

. significant at .01




" APPENDIX C »
_ TARLE 7
Lo Female : ) Mate i " | Total in zone
Transect | Size classes {gu) L
zone .. 2.0= 2.5« 3.0« 3.5« 2.0= " 2.5« 3,0~ 3.5~ 2:0- 2e5« 3.0~ 3.5
2.4 2.9 ‘3.4 39 |24 206 3.4 3,9 |2.4 29 3.4 39
1 EREF S RIS SR I EE NPT R A 10}'zzv~‘za"":z,
L2 s 12 12 .10 6 2% 30 e )l 1. 19
3 9 26 2t .32 119 38 35 - 13 28 61 .62 45
ca 5. 22 33 -2 $°.19 28 s m} ' 6L . 26
s 6 120320 313 19 o8 h1e) s Cas 36
6 3 914 13 l1o 0 a8 s 3 13) 21 29 16
0 3 o8 w1 3 0097 e o] 14 313}
) BT T TR 2R I TR TP B 2 s of =
34 - .97 143 128 ° 65 5141 - 183 40 99 238 . 296 168
- ), &l tcéts L S L
. S 22for each size class
- Transect ~2.0a 01 7 208w o707 3.0a i 3.5~
zZone 2.4 2.9 3.4 3.9
_— G 3.68 -t a2 Can .
2 }3.05 389 T 9.32 i :
3 2.89 . -7.11.08 .o 11,76 S 22,76
4 17 11,80 17.85 7 16.96
s . 465 .. 23.81 | 26.69
A «g L 30 s saa
: : L Nause T 18,01 s o [ERed
s
S &n - 11.82 140,68 o 76,23 £ 100,03 .
A2 AR B T
N 11,68 39,83 .00 069,08t 97,82
Xtoroe o _tas o 7as 2
«225351 ) «241536 . 'v 2249711 - +181356 . : .
Te .21 476 028063 0 13.84 . Note S
. degrees of TP R CUUUnT L0 0 Y NSy not significant
- freedom . -3 o 6 S N - sigs significunt RS
o S0 NS NS - ¢ sige 4001 o sig. .01 S




. APPENDIX D

" Table 1. Frequency distribution of numbers ahd'arfﬁﬂgéments (ﬁhere‘bossible) of i Ca

' penial glands.

.

: ‘ Porth Swfan»

e B T

Rhoséol}n u»

L. rudis C L. rudis B L. rudis ¢

Penial gland

'}vitrangemeht S8

; Number 6f LRI
penial glands = .

omqou;'<

10 Lss
s 2L
39
a6

38
”'5i5: ‘
s 24 1
24 1

a3

EER ST RENE DTS TS

TR S A
[ )

L

® 0 s W W N W

=
-]

Y Y
e b 00 e

NN W o e

W W e e

12

16
19
2qq
24
“717‘;f ‘:
;1§j 
1302 o

10 1

SN aa s W

-~ category of &
- penial gland :-

- Total =~ (1276 272
* 9% in each . Lld s

" arrangement - 50% 49%

3fi%;4qxi;§% Té%,j R

5193 194 10 T

; Note: $: - single row
o 71t = irregular -
~->. D3 = double row




" APPENDIX D .3

e TABRLE 2: rercentaée nturé in succéssive size clnise-

‘,Sue classk'l.. rudis ¢
; "mmnuﬂ(n M 9N JI 8T

6.5-6.95 :'; ‘1.4 313 31‘3‘_- 4'\3

9.0-7.45 0 4 4 5 518 44 1 .- 4 6
952795 "6 B 4.927 82 -va 37
78.0-B.45 - 812.2123 87°5 2 619
$.5-8.9% 1110 1 3123916 5 4 6
L 9.0-9.45 12 8 - '-201001110 2 o
 $.3.9.95 5 8.- 215 871215 5 1
110,0-10.45 S 1 $.- = 61001412 «. =
10.5-10.95 1 3 - .  41002111 - -
7 11,0-11.43 2.2 - - 4100 5 5 - -
CO11.5-11.98 L1 = = < 1100 3 5 - -
Y 12.0-12.48 Ui . e s
Cl2.s-12.95 ER Y
. 13.0-13.45 ¢ 1

. 13.5-13.95

 14.0-14.45
i 14,5-14.993
" 15.0-15.45
7 15.5-15.95 -

"5 26.0-16,45 -
 16.5-16.68 -
7 17.0-17.48
L aTse17.98
18.0-18.45

" L. rudis l )

- Lo rudis b

14

0.“"

‘;"; Rhoscolyﬁ (data from a samﬁlc taken in November 1977) =

83

70 -

100

93 .

81

85
70

70

59

50
50
a3
‘o
00

1

T aumnu'r '&4
$0 - =63
o9 i1
10°0 <« 13
32.22 .- 54
21 52 2 2 3°7
20 72 13 6 815
33:8210 3 5 422
26100 6.9 2 118
32100 8 8.3 423
10 100 12 11, = = 23
810014 14 2 - 30
21007 6°2 116
‘4100 710 2.1 20
7210011 5 3-423-
e e 8 2 420
61617
s 4-110
37 &
231
et -
Pl e e .

100

Porth Swtul (d‘tn from smples taken over the year
- Harch 1977 - February 1978) -

" L._rudis B

ot %ﬂmmuvxr ’GM

-

N -

L. rudis C o
“aM W4T
186 93 139 216 634 44
256 236 66 177 735 67 - -
303 307 36 62 708 86
: 226 256 25 S0 557 87
145 190 10 21 366 92
74 90 6 717793 ..
33 38 5 1.7792 3
14 21172 3892 7
8 7 <17 169415
U5 47«71 1090 30
37

213

7 21
11 16
23 18
30 11
a4

12
11
21

15

25
13

106

14

1
28
9
63
66
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