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| ABSTRACT'
Some aspects of the biology oﬁ‘Gibbula'cineraria(L;) with
observations on Gibbulla umbilicalis(da Costa) and Gibbula '
' pennanti(Phil:). (MOLLUSCA:PROSOBRANCHIA).
by D.A.S.SMITH |
The: primary aim of this study was to establish the breeding
f season, growth rate and life history of Gibbula cineraris in

north-east England; Sampling was carried out: over a period of
' 13 months on the rocky shore: at Whitburn, County Durham. The:
 population: was sampled at five different tidal levels and on
» different. substrata.

The: principal conclusions: were that breeding took place
over a long period from September to March. The young animals
- settled from the plankton mainly below tidal levels and moved
. up into the tidal zone at about 18 months of age when they
} became sexually mature for the first time:. Rapid growth
:.continued for about three years;'There was good evidence that
?ithe population at higher shore levels was derived by immigration
 from lower levels and it was also clear that there was a general
; movement of animals downshore in the sutumn and upshore in the

spring; The boulder areas of the beach supported a much higher
density of animals than the open rocks and this: was probably
due to greater protection from predators; Density also declined
with increase in level above Chart Datum. The rate of growth
was in every vase greater where the population density was low
which suggested that intra-specific competition for resources
was occurring.

G. cineraria populations, together with Gibbula umbilicalis

and Gibbula pennanti where they occurred, were examined at many

ii other stations between the Faeroe Islands( N.) and the Canary
%‘Islands(ZSON.); It was concluded that where two or three species

i of gibbula were present on.the'same shore intgp=-specific

. competition occurred which was variously manifested by a restricte
; distribution, slower growth rate or reduced density. Two biogeo-
i.graphical effects were also noted: a gradu®l size diminution and
'{Trestricted inteptidal range from north to south.
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1., .

I, . INPRODUCTION

Gibbula is a genus of proscbranch gastropod belonging to
the family Trochidse. Geillard (1953, 1954a, and 1954b) lists
18 species .for France of wf:ich 13 are confined to the Mediter-
renean whilst the other five occur on the Atlantic seaboard.
With the possible exeption of some eastern Mediterranean
species, Gaillard's check-list for France probably aspplies to
all BEuropean waters and certainly to the Atlantic coasts,

Of the five Atlantic sped.es, Gibbula tumida (uom:agu)

ranges from Iceland to the Mediterranean being found offshore
from 7-174 metres (4-95 ﬁthms). Gibbula Egu_sl (L.) occurs
fairly commonly between the British Isles and the Mediterranean
from the lowest level of equinoctial spring tides down to 73
metres (40 fathoms). The remaining three species of Gibbula
which are found intertidslly on the Atlantic coasts of Burope,
Gibbula cineraria (L.), Gibbula umbilicalis (da Costa) and
Gibbula pennenti (Phil.) form the subject of study. presemted
in this thesis.
Previous work, _

| The literature contains numerous references to these three
species in a w:l.de var:.ety of eontex'ts but the only reasonably
complete ecological study of any species is that of Williams (1964)

on G, umbilicalig. Other major works are Deshpa.nde s (1957) study




of British trochids which is meinly anatomical and Gaillerd's
(1952-54) publications which are for the most part taxonomic,
Obéervations on rel;roducﬁion have been made 'bj Robert (1902)

for G, magus, Gersch (1936) for G, tumida and G. cineraria,
Lebour (1937) for G, cineraria and G, umbilicalis and Gaillard
(1952) for G, ge.mémbi but none of these authors hes given .
‘anything like a complete account and the subject remains little
known. Compared with Littorina end Patells, Gibbula hes received
little attention from seashore ecologists.

Aims of tl;é work. _ | .

The primary aim of this study was to answer certain
questions regarding the 'ecoloy of G. cineraria, Far this purpose,
anarea of rocky shore at Whitburn, County Durham, inhabited by a
large population of G. cinera.ﬂ.a, was chosen as the main study '
' area. Investigations at Whitburn involved the collection of
G, cineraria at intervals of approximately three months from
areas of standard size in order to provide data for the elncidation
of the life history and growth rate, Collections were made
simultanecusly at several différent levels and from distinct
_substrata an the beaciz to investigafe differences in growth
rate, population density and population structure between
various habitats. Answers were also sought to the following
questions: What is the m.ean‘lii.’e expectancy? What is the
annual mortality rate in each age group? Do animals migrate
from one part of the shore to enother? What is their spatial

distribution and which factors limit density and growth rates?
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The secondary aim Wes to look at G. cineraria and the
other two littoral species, G, usbilicalis and G. pennartd in
' :a.'-wic_i:er conitext. Meny '.seash‘.:re ecologists e.g. Lewis (1953,
1954, 1957), Lewis and Powell (1960), Evans (19472, 1947b),
Soutimard (1953), Southward and Crisp (1954), Crisp and Southward
(1958), Crisp and Fischer<Piette (1959), Ballantine (1961), and
Moyse and Nelson-Smith (1963) recorded obser_vafi@s on the
‘habitat preferaﬁces of G:‘:.Sb\:.lla sféci% and it was clear from
these accounts and also from my own observations tmt all three
species had similar habitat preferencés which can be summarized
as follows:~ _ -
(1) M1 species are most _abtﬁxdanh in semi-exposed and sheltered
areas, ,
(2) ¢, cineraria and G. umi»incang extend further into shelte;-
than G, pennanti, though all are rare in extremes of shelter from
wave action. _. .
(3) G. clnerarie and G. umbilicalis extend further towards
exposure in the north, particularly on flat mussel dominated
shares snd Gs umbilicalis is less common in shelter.
(%) A1l species avoid 'extren:xe"s- of exposure to wave action.
' (5) All species are :I.t_1t91era.ﬁt of brackish water, particuiar.;ly

G, pennanti.




(6) an1 spe'cies,' but pa.rtictﬂ.a.r]y '¢, umbilicalis, are reduced

in numbers by heavy weed cover.

(7) 411 species prefer broken or flat rock surfaces and boulders

| -avoiding ve;'ticals and steepl faqes. _

(8) A1l species are intolerant of scour by sand or pebbles, and
of turbid water and mud, thc'vﬁ'gh;,hot to the same extent.

G, cineraria is the most tolerant and G, pennanti the least.

(9) A1l species avoid surf and strong tidal cirrents.

Here, G, umbilicalis is the most and G. penmanti the least
tolerant. | . '

(10) @, cineraria, G. umbilicalis, and G. pennanti (pergonél
observation) are comucn in pools, 'paz'ticﬁlarly near the upper
Iimit of their vertical range..

-Because of the simllar habitat prefezwenoeé ihtersp.eciﬁc
competition seemedl_theoretically probable where two or more
species occurred on the sa.m.e,shore and thedr verf:i.cal ranges
overlappedes I ha,ve a’ttempted to show tlnt interspecific
competition does occur in G-:.bbula a.nd that it affects such
matters as zonation, growth, and density. Observations were
a.lsc_: made on the predators of Gibbula and after a review of my
owm ard other author's cbservations, I advance an hypothesis to
expla:m the impc:rta.nce of G:Ibbula. habitats in rela.tion to
protection from predators. Final],y, visits. to a large number
of rocky shores between the Canary Islands (28°N.) and the
Faeroes (62°N ) have enabled me to observe all three species

bl
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~ over their entire g'éographical range. I :am therefaore able to make
some general points with regard to changes in zonation, habitats,
growth, competitors, predators and breeding seasons based on a wide
range of latitudes and climatic conditions.

Geographical range of the species studied. _

G, cineraria is described by Fretter and Graham (1962) as
nabundant Toeland to Mediterrancan", and Gaillard (1953) gives the
distribution on French coasts as "Atlantic and Channel". According
to Crisp and Southward (1958) the range is from northern Norway to
the Mediterranean. Thorson (1941) gives the northemn part of its
~ range in some detail reconaing its presence on the west coast of
Iceland and the Norwegien coast north of the Lofoten Islands, and
absence from the north, south, and east coasts of Iceland, from
Greenland and north-east America, .‘ Apparently the species is
rare and of spasmodic occurrence in Iceland and he suggests that,
although it may be tmnspa:-tea there from time to time through its
pelagic Jarval phase, it is not a regular member of the fauma. I
have found G, cinereris in northern Norway at Tromso (69°40'N.) ana
the dbundant populations in the Faerce Islands (62°N.) are discussed
in section VII (p.85 ). References to the occurrence of this
species in the Nediterranean are probsbly incorvect since Gaillard
(op.c;it.) excludes ment:l.:;n of :I."I.: there. I have searched extensively
. -myself from Spain to the Ie'ba.non and failed to find a single specimen.
The species is present on the At.lantic coast of the Ibeﬂ.a.n
Peninsular (personal observation), although rarely in the inter—:




t1da] zone, and north Africa (Crisp and Fischer-Piette, 1959).

Tt s possible that it oocurs in deeper water in the Mediterranean
and perhaps further south in the Atlantic though no record for the
latter has been found. It occurs on all coasts round the British
Isles. _ |

Gs cineraria is therefore a species of Bareal distribution
ranging from northern Norway (the exact northern limit is unknown)
to Atlantic North .Africa. It is probably no more than a casual
in Iceland.

The northern limit of G, umbilicalis is kmown in some detail.
Rendell (1956) records it in the Orkney Islands and Lewis (1951)
gives full detalls of its local distr_ibutim on the .nort-h cq;st of
the Scottish mainland. On the west coast of Scotland the specles
is more generally distributed and according to Lewis (1957) end
Lewis and Powell (1960) it occurs on most suitable beaches
southwards to the north shore of the Solway Firth. T!:e distribution
around the Irish Sea is intermittert. Crisp and Southward (1958)
studied its distribution in the English Channel and found thst,
along with several other littoral species including Chthamalus
stellatus (Poli), Monodonta. lineata (da Costa), Balanus perforatus .

Bruguiere, Patella aspera lamarck, Patella gg_ ressa Pennant and
Littorina neritoides (L.), it becimes locally scarce on the Darset

coast and reaches its easterh limit on the west coast of the Isle
of Wight., On the French side howevér it extends as far as Calais.

Apart from the areas mentioned G, umbilicalis is abundant on all




7.

sujtable shores in Ireland, Wales and south-west England. It is
entirely sbsent from the east coasts of the British Isles between
Caithness and the Isle of Wight and it does not occur across the
North Sea in the Low Countries, Denmark or Noc:,'wa.y.. The range
outside Britain includes the Chammel Islands and French coast
from Calais westwards and southwards and the whole Atlantic
coast of Spain and Pou-tugal. Nickles (1947) 'gives the southern
limit as Mauretania (approximately 20°N.). I have found it in
Tenerife (Canary Islands) and Madeira but was unable to ﬁ.nd it
in the Azores. Gaillard (1954b) makes no reference to it in

the Mediterranean and my own searches there bhave failed to
reveal it. _ |

Ge umbilicalis is therefore, a wamm t;anpemte species
showing a Imsitenean distribution, Tts British range shows
that it tolerates northem latitudes only where the influence
of the Gulf Strean/Atlantic Drift 1s strong.

The third species, G, pennanti, was only reéOgnized as
being distinct from G, umbilicalis in 1954 (Gaillard 195ks,
1954b). The southern limit of this species is unlmown though
it certainly extends south to Partugal (personal cbservation).

I was unsble to find it in the Canaries, Madeira or the Azores.
The northern limit is reached on the French side of the English |
Chennel at Alderney where it is sbundant (Crisp and Southward
1958 and personal cbservation). The eastern limit in the Chennel

is at Barfleur on the north-east tip of the Gherboizrg Peninsula,




The distribution of G, pemnanti is therefore similaf_to that of

G umbilicalis though not extending so far morth.

T, Qe
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TI. A POPULATION OF GIBBULA CINERARIA: GROWTH AND
LIFE HISTORY.

INTRODUCTION

Stu area '

The area of rocky shore c_hosen. for fhe study is situated
jmmediately north of Sunderland in County Durham (map ref. NZ
415615). The aspect is E.N.E. and although the shore is open
to the North Sea, the prevailing winds blow predoninantly
offshore and heavy wave battery is unusual. MNost of the locality

" conforms closely to the definition of a semi-exposed shore
(Lewis 196 p.289) though r'estr;ctea' areas might be called
sheltered. |

The shore offers two rather distinct types of environment
to its inhsbitants, The greater area to the north consists of
boulders and pebbles, more or less unsorted both as regards
size and origin. The majo‘rii%y are derived from magnesian
limestone which outcrops in the cliffs, but there is also a
great quantity of rock of ca.rbon:l.ferous origin and some cretaoeous
and Devonian fragments which have been transported considerable
distances. Igneous and meta.morphic peb'bles also occur, prcbably

- derived from local boulder claar. .The ma;jonty of the boulders
are small. enough to be thrown by & heavy sea and sufficient]y
soft to be smashed in the processe.

Iying to the south of the boulder bank, between it and a
sandy beach, is an area of magnesian limestone reefs, much broken

and pitted, and of very uneven profile. This area 1s quite

9t




distinct ecologically from the boulder bank, though boulders
have accumilated in depressions in some places.
Both areas are backed by low cliffs, consisting of
nagnesian limestone overlain by boulder clay. Both deposits,
though partioularly the latter, are much subject to marine
_erosion. 'After equinoctial spcriné tides, the whole shore may
be covered for several weeks by mud derived from the boulder
clay and the area .is never completely free of it.' ,
The ecological differences 't;etween the boulder bank and I
reef areas: mey be summarized as follows:=
(1) The boulder bank is almost .A devoid of Fucaceae excepting
a lower fringe of Pucus serratus L. which rarely exceeds 50%
cover, On the reefs, F. serratus below and Fucus spiralis L.
above, give 100% covér in places, In between, mixed populations
of Fucus vesiculosus L. and Ascophyllum nodosum (L.) Le Jol.
flourish in the more sheltered areas.’
(2) Balarus balanoides (L.) and Patells wvulgata L. dominate
the boulder bank. On the reefs they are also present but only
dominant on upstanding areas which are too exposed for Fucaceae,
(3) Littorina sszatilis (Olivi) is the most abundant proscbranch
over most of the boulder bank, excepting the lower part where
G, clneraria replaces it. Littorina littores (L.) and L. sexatilis

(on rocks and in pools) and Littorina littoralis (L.) (on weed)
are the dominant species on the reefs. G. cineraria is much

scarcer here,
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A. third distinct type of habitat is offez_'ea by the rock

. pools. A large pool swporbing'a.bl-md'a.nt growths of M

digitata (Huds,) lamour., Laminaria saccharing (L.) Lamour.,

F, serratus and Ha]id_rzs siljguosa (L.) Iamgb. ocours at +0.5 ft.
C.D. Many small pools are fatma at all levels on the reefs,

and several extensive pools are present on both reefs and the

boulder bank between + 8.6 £t C.D. and + 9.6 £t. C.D.

The sublittoral fringe is uniformly clothed by Le digitata
sbove and Laminaria hyperbarea (G—unn.) Fosl. below, the latter
extending well below tidel levels, Most of this area is well
carpeted by Rhodophyceae: G-;garl:':lna stellata (Stacl_:h.) Batt,
and Co.ral]ina officinalis L. beneath L. digitata and Rhodymenia
peluata (L.) Grev. under and epiphytic upon L, hyperborea. An
additional feature of the sublittoral fringe is the presence of
Lithothamnion spp. which give ‘almost 100% cover on rocks and

boulders. Their most important effect is to cement boulders

firmly together making them stable. _At this low level, therefore,

the contrasting features of the reefs and boulder areas are by no

means so apparant,

Methods -
To caleulate rates of growth and density changes it was
clear that fairly regular collections would have to be made
from the same area. Monthly collections were clearly desirable

but time was not available for this. Accordingly it was decided




‘ to make a céllection in- each of the seasons winter, spr:l.ng,
summer and autumn with a second winter collection as an overlap.
It became clear later that the months March 6 June were of
particular interest and collections were made monthly during
this period. All collections foi' growth studies weré mede at
+2.3 £t CD. ¥ 1.3 ft. on the boulder bank (e belt easily

' reébgnized by the presence of F-,'_ serratus and therefore
requ:.r:.ng no special marking). ‘J.‘he precise locality sampled

was changed on each occasidn' tc.; avoid error due to collecting
from the same -.a.re.a twice, _

Collections at four levels dn the boulder bank ¥iz - 1.1
£, CD., + 03 ft. CD., + 4.8 -ft. C.D., and + 8.6 ft. C.D.
were made periodically so that a qompe.rison of population -
structure and growth rates at different levels could be made.
Some collections were made from the limestone reefs at + 2.5 ft.
C.D. and + 48 ft. C.D. to a.sseés the effect of the considerable
habitat differences from the boulder bank independently of the
changes due to level. )

The animals were- colleci:éd ﬁbh'éﬁdmts.;: ‘of size one
square metre, Tﬁe quadrat’> frame was placed on the beach and
all large weeds removed after :.nspection for G._cineraris. Al
boulders and pebbles within the quadrat were then removed and
inspected. Due to the very large immbers ge_peﬁbles this proved

to be a time consuming process, from a hslf to ane hour being



required to complete each aquare. The aim was to remove every.
snail from each quadrat and.i.n_the éase of the adu];‘_.bs.this ﬁas
probably largely realized. The younger animals, particularly
the youngest which measure no more than 3 mm. in breadth, were
almost certainly consistently under-represented in spite of the
greatest care exercised in sea.rchinﬁ them out. The young were-' :
entirely confined to the tm@ersides of stones where they often
occuj:ied pits and crevices and they were frequently difficult
both to spot: and remove. Wherever possible at least five
quadrats were completed on each occasic’p.' Full details of all
the Whitburn samples are given in Appendix I.

The G, cineraria fram each quadrat were 'ﬁesemd in 5%
formaldehyde in seawater. They were teken to the laboratary
where they were measﬁred and the breeding condition investigated.
Each quadrat sample was treated separately so that an estimete
both of the mean and standard deviation of population density
could be calculated.

Two meéasurements were used to provide an indé:_:,'of growths
the shell breadth from the outer edge of the outer lip to the
opposite point on the body Whorl and the height of the shell
from umbilicus t‘o apex. Meas&énients were apg;z"o::i.mated to the
nearest millimetre, |

Resgults

Analysis of growth at + 2.3 ft. C,D.
Figures 1 and 2 show the results cbtained from the seven

sets of samples taken. It is clear that all samples show a

13. '




polymodal frequency distr'ibution, though the rﬁmber of modes
apparent from visual inslpection. is not constant. For instance
most of the hgight kite diagrams (Figure 2) show four modes

but that for December shows onJy tﬁree. The majority of the
kite diagrams for breadth (Figure 1) show three modes and that
for November only two. The differences between the kite diagrams
for height and breadfh can on.ly be expla:l.ned if the g’rowl:h rate
in' these two dimensions i.s not idenﬁ.cal and indeed this must

be the case since the ratio 'breadth height is generally about
2:1 in young specimens and approaches 1:1 in adults,

In order to distlnguish the size groups m.th greater
precision, each month]y sample was -sub;ected to a.nalysis using
arithmetical probability peper by the method described by
Harding (.19#9). -By. calculating the percentage of each size
group and plotting these péméntageé cumletively, a curve
was cbtained from which the various component size .cla.sses
(zyear classes) could be identified. The data for each size
| class were‘ Plotted separately on. the assumption that where the
frequency distribution for a whole population was pol;ymodal,
that for each of its components would conform to a normal
distribution. A normal distribution plotted cumlatively on .
paper of this type would give a straight line and accordingly if
straight lines could be obtained; for each component size class,
the assumption would be justified. Additional advantages of the

method were that the mean and standard deviation of each component




F1g|me>-l.
- The: dlstrlbm_tlom of’ size g:roups (she1l brea.dth i nnm.)
at +2 3 f'ﬁ'. .D.,? Whl'itburn 1962-63.







Figure 2.
The distributiom of size groups (shell heightt im mm.)
&t Whitburm 1962-63 at +2.3 ft#.C.D.







5.

and the percentage éach component constituted of the total,
could be read directly from the greph., Two examples of the
40 analyses made during this study are shown in Figures 3 and 4.
It was generally not difficult to recognize the straight lines
and if after replotting the comﬁos‘ite graph, the points were |
close to the original ones it ﬁas clear that a correct solution
had been found. If the straight iines.were not obtained at the
first attempt, trial and error was emplayed until the best
possible fit had been obtained. ' The histograms in figures 3
and )4 are not part of the mefhoa but have been added in arder
to show its advantages, particularly epparent for the Navem'ber
semple (F:Lgure 3), :I.r;dem'onstz‘at‘inlg the presence of four size
classes where only two were clear]y appaz;ént from the untreated
date. ' |

When woﬂc. was begun in Nov_emb'er 1962, four size classes
could be dis‘l:inguished with dimensions for shell breadth at
13,6 ¥ 1.1 mm., 11.0 ¥ 1.5 mm., 6.3 ¥ 1.2 mm. and 3.9 £ 0.6 mn.
(Pigure 3). These size classes were laﬁe]led_reépective]y
A, B, C and D, Four size classeé could also be recognized after
analysis of the shell ‘he.ight data. The height dimensions were
respectively 11.7 % 1.3 om., 8.2 £1,2 mn., 4.5 2 1.0 mm., and
1.8 £ 0.7 m, In addition, a £ifth size cla.és' of ﬁei,ght 13.8
% 0.6 mm. was recognized but it proved impossible to distinguish
these from size class A in all other samples (see Appendix oI).




Figure 3.
Analysis of the size groups at +2.3 ft.C.D. at
Whitburn im November 1962.







Figure 4.
Anmlysis of the size groups at +2.3 ft.C.D. at
Whitburn im June 1963.
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The pm:‘-cen-tages indicat.tad by the analysis were as £ollows
(height figures in parentheses): size class A, 43% (38% + 5% for
the £ifth large size class); B, 30% (29%); C, 10% (12%); and
D, 17% (17#). It was clear that the two injependent analyses
agreed closely. TWhile size class A prcbably contained elements
from two or more year groups, which explained its high proportion
of the total, size q;l.a.sses Cand D wém clearly under-represented.
One possi'ble'som-ce of error, sampling bias, has a:!.rea.dy been.
mentioned, but even taking this into account, it seemed likely
 that these size classes, particularly D which represented the
young brood, were not frwent within the sampling area in near
- sufficient num'bérs to account for the large adult size class.
Mortality in the newly settled size class was probably very high
(evidence will be produced to this effect) and large numbers
would be needed to account for the high density of adults recorded.
Therefore, it seemed likely at the outset that size classes C and
D were centred elsewbere, possibly below tidal levels.

Owing to the extreme cold of the 1962-63 winter it proved
impractical to collectl- on thle.'_si'xa_re in Jeanuary a.nd lf’ebruary since
the work had %o be done with bare hands. Samples were collected
in March, April, May, June, September and December, 1963 and
treated in the manner already outlined. The results are given

in Table I and Appendices II - IV, It will be seen that size




classes 4, B, C and D were recognizable in every sample until
June when s:l:ze classes A and B becoﬁe so close in size as to be
indistinguishable on the breadth data. The height data (Appendix
IIT) show that these two populations had merged by September, but
were still distinguishable in June. A Pifth size cless, labelled
E, appeared in sﬁa.li numbers in September and was still present
" in December, This represented the new yea.f- class which was never
. present in anything 'ﬁke the mmbers of size class D in the
previous autumn, o

17.
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Although semples were cotained at irregular intervals, it
‘was possible to fit growth lines to the results cbtained
(Figure 5). Where the results indlicate a narked change in
rate of growth, sepa.raté growth lines have been ﬂtted for
each phase; The data proved insufficient to calculate a
growth line for size class D 'bébwém Novenber and March and
from September to December. Lines of best fit were calculated
by the method of least squares using the formula :

¥y = mXx + ¢
~ where y = size, x = time, m = slope and ¢ = the value of the
intercept on the y axis. |
Comparison of growth _ra.té_s at different levels,

During April, '19&3,' samples._‘were taken from five different
levels on the boulder bank between + 8.6 ft. C.D. and = 1.0 ft.
C.D. in order to compare the distribution of size groups at the
various levels, N

PFigure 6 illustrates the differences of size distribution
between three samples F, G and J separated from each other by
height increments above chart datum of approximately 4 ft. It
is apparent that the distribution of size groups (shell breadth
in mm.) is different in all three cases, Analysis with
probability paper showed sample J from + 0.3 ft. C.D. to have
four modes at 12.6 ¥ 1.0 mn., 10.1 ¥ 0.9 mm., 6.4 £ 0.9 sm,

and 0.7 mm, (Table II). Three modes at k.7 ¥ 1.0 mm., 11.6




Figure 5.
The growth of Gibbule cineraris at +2.3 f.C.D.
at: Whitburn 1962-63. The figures refer: to the
growth rate im mm. per month.







Figure 6e
A comparison of the frequency distribution of size
groups at three different levels at Whitburm,
April 1963.
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%0.8 om. and 8.0 £ 0.0 mn, .yver_e detected in sample G from
+ 4.8 ft. C.D, Sample F showed peaks et 19.8 ¥ 1.1 mm., .
16,2 £ 1.2 mm. and 9.3 £ 0.9 mm. '

‘It is not surprising that the youngest element in sample J
could not be detected at the two higher levels (samples G and F)
where it was scarce at all ti_mels.bf the year. If‘ spat chanced
to settle so high up it is probable they did not swrvive very
long. If the other three pesks in the three samples did
correspond with respect to years of origin then there were
remarkable differences in growth rate between them. The
differences in distribution of size groups are statistically
highly significant. For samples F and G, X> (2) = 50.86;

P <0.001 and for samples € and J, X2 (2) = 107.1; P < 0.001.
However, correspondence between the elements of samples G and
J is highly likely in that, ait-hough the youngest element was
missing from G in April, at other times of the year, samples
from both levels, (+ 0.3 ft. and + 4.8 ft. C.D.) showed four
recognizable modes. '

Sample F came from high level pools. The size these
animals attained was much greater (maximum breadth = 23 mm.)
than ary existing record for the species. Whether ar not the
adults at 19.8 ¥ 1.1 mm.. carrespondedito other adult groups in
age could be disputed because active growth may have continued
for a longer period at this level resulting in & considerable
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size difference between fourth and fifth year individuals. As
- four modes excluding first year animals could '.'b,e discerned at

the same level in October (Table ITI), it is most likely that

the 19.8 % 1.1 mn. aninals were in theﬁ fifth year, If this

is so, then the fourth year group at 16.2 ¥ 1,2 mm, showed a

size superiority over its suggested counterpart in sample G.

Figure 7 show; a comparison.of" the three low level samples,
H, J and K separated by height increments of 2 ft. or less, All
were shown to have four modesb(details of probability analyses
in Tsble IT).  Although the thiee semples bhad a similer
distribution of size grpupé, it is clear that, mode for mode,
growth per unit time was greatest in sa_mple- H (+ 2.3 ft. C.D.) |
and least in sample K (- 1.0 ft. C.D.). Moreover, the size
differences between the three samples are statistically
significant: X° (24) = 49.19; 0.,01>P>0.001.

Samples taken from the same ‘five levels in October, 1963,
followed & similar pai:tem. The October samples were labelled
F', ¢!, H', J', and K' respectively from the uppermost to the
lowest levels, so that for instance, P' (October) corresponds
with F (April), K' (Octo'bér)“with K (Afru) with respect to the
" shore level from which the samples were taken. The results are
shown graphically in Figures 8 and 9a.nd the probability analyses
for the Qctober samples are given in Table III.‘ All the data

available on growth rates at different levels are summarized in

Figure 12 and Appendix IT,




Figure 7. 2

. A comparison of the frequency dlstrlbutlon of size

groups at three dlfferenm levels at Whitburny
Aprll 19634







Figuve 8. .

A comparison of the frequency distribution of size:

groups at three different levels at Whltburn,
October 1963.







_ Figure 9s' @

A comparison of the frequency distri‘bﬁtion of size:
groups at three different levels at Whitbumn, |

Octiober 1963+ Lo
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P' (Pigure 8) showed four modes, the upper three of which
can easily be matched with the three found for F in April. The
fourth mode at 7.8 £ 0.7 mm. represents two year olds which had
arrived in the a.rea. during the intéwmi:sg'»six months and there
were even a few one year olds present. This confirmed the
suggestion already made tl;at the mode at 19.1 £ 1.0 mm_(19.5
*1,1 on, mn. April) consisted of five year olds. G', H', J',
and K' 211 showed four modes after énalysis with probability
paper, although the smallest one (éize class E of the previous
section) was barely detectable. X tests an the distribution
of size groups give the following results : F' and J', X2 (3)
= 166.83; P<0.001; J' and K', X2 (4) = L4173 0.015P>0,001;
' and H' X2 (L) = 164.93 P<0,001; H' and K', X2 (3) = 55.66;
P<0.001. All these results are statistically significant at a
high level of probability.

Comparison of growth rates on different substrata.

In order to invest-iga‘&e the effect of differences of sub-
stratum on growth rate, the populations on the limestone reefs
was sampled at two levels, .+ 2.3 . C.D, and + 48 f£t. C.D, in
October, 1963. These sampleé were labelled respectively H" and
G" and correspond with respect both to level and time of collection
with samples H' and G'. The aai:a are given in Figures 10 and 11
and in Tsble IV. '
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As has already been. iz;dicate_d (pe10 )» there were several
habi tat differences between tl_:e reefs and the boulder dbank.
At the lower level (+ 2.3 £t. C.D.) there was 100% cover from
P sen‘at;g.on the reefs whereas the average on the boulder bank
ivas sbout 20% at the same level, At + 4.8 ft. C.D., the reefs
were covered 100% with mixed A. nodosum, F. vesiculosus and
F, serratus but the boulder bank 'supported no weed at all being
covered mainly by B, balanoides and P, vwulgasta. At both levels,
the ma.j‘or diﬁ'erences' can be attributed to the greater availability
of sheltered habitats beneath the boulders than in the crevices
of the reefs. There are lﬁg,hly Sigz}ificant differences between
.animals from the two habitats with respect to the distribution
of size groups. For samples G',and G" at ;.4.8 fto C.D., (Figure 11),
X2 (12) = 53.14, P<0.001; for H' and H' at + 2.3 ft. C.D.
(Pigure 10) ,' x2 (12) = 58.0, 15<.o,001.:t tests were carried out to
discover if the population denSitieS were significantly different
in the two habii:ats; for samples H' and H", t (18) = 8.0,
P<0.001; for G' and 6", t (19) = 1.52, 0.20>P>0.10. The first
result shows a statistically significant difference, but the
second is not significant.

Tt is clear, that, at the lower level, populatiqh density on
the boulder bark is greafer than that on the reef, whereas the

reef populations grow significantly faster,




Figure 10.
A comparison of the freguency distribution of size
groups: from the: reefs and the boulder bank at
Whitburn, October 19637 The level is +2.3 ft.C.DY







Figure 11.
A comparison fo the frequency distribution of size
groups from: the reefs and the boulder bank at:
Whitburn, October 1963. The lewel. is +2+¢3 ft.C.D+
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Discussion
Life history and growth rates.
The O year class settled oh the shore during the autumn

and spring (the greater part of it below tidal levels) at a
shell breadth of 3 -4 mm, After one year, it had reached a

size of 6 - 7 mm. and af'ter.two;yeaz's, 10 - 11 mm. Between

June and Septehﬁer"of the third year, adult size was reached
@t 13.5 mm, and growth thueaﬁer was very.slow‘.- As most
individuals reached sexual maturity at approximately 8 r:m. breadth,
the ma,jorlty of animals was unlibel,y to breed. before the second.
year on the shore, | These results are summarised in Figure 5. It-
is spparent that little if any growth took place in size class D
between November and March, Steady growth at 0.6 mm./month
occurred during late spring and summer followed by a decline in
the autumn. Size class C grew slow]y in winter (0.22 mm./month)
and rapidly in sprmg (0.88 mm./month) but almost ceased growing
between June and December. It is possible that the maturation
of the gonads in late summer, might have been responsible for
the growth pause (see p.106). Size class B also achieved little
growth between. chenber a.nd March but the rate increased rapidly
to 1.05 mm./month in summer until June. The slow rate after
June can probably be attributed either to its having reached more
or'less adult size or to the. onset of gonad ma.tura.tion or both,
Size class A showed 1:.tt1e ﬂuctuaticn through the years. The

decreasing trend from Novem‘ber to June should probably be




interpreted as mortality of the -old_er. and larger animals following
spawning. Size class E was represehted by too few animals for the
| growth rate to be .ca.lculated.

The probeble yéa:cs or origin of all thé size classes are
shown in Appendix VI. |
The relation between population density, growth rate and living space.

Three related factors ,:gm_wth rate, population density and
available microhabitats, need to be discussed if the data based
on samples from the different levels and substrata, are to be
éorrectly izrtez_prefed end understood. |

At low shore levels, the population density was fairly uniform
up to about + 3.0 £ft. C.D. (éee Figure 15). Caonsequently, samples
H, J end K (Figure 7) showed -simil#r densities, but small differences
""in growth rate were apparent. It would appéaf that the higher level
groups, w'h:i.le maintaining sliéhtly higher .densities (though not
significantly different at the 5% level) also achieved a faster
growth rate., The positive ir‘ifiﬁe,noe- of increasing level on the
growth rate has been demnstfé;ted 'vi‘.ndependently for each age group
in the population. |

At equivalent levels, it has also been demonstrated that a
higher density of animels was supparted on the boulder bank than on
the lﬁestme reefs., This was é.]mdst oefbainly as a result of the
severe shortage of protected microhsbitats on the feéfs. On the

other hand, the individuals comprising the reef populations were
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larger in most age groups (Table IV). This fact suggests that
the growth rate on the boulder 'bank where plentiﬂxl.microhabitats
permitted a dense population to develop, was limited by the
availability of some resource, possibly foode

There are two other poséibilities which need to be considered.
Pirstly, 1;he largest G. cineraria on the boulder bank may have been
selectively eaten by carmivores, The most likely species at
Whitburn is Asterias rubens L. which was seen éa.ting Go. cineraria
on mumerous occasions. Comell (1961a) showed that the predation
of B, balanoides by Thais lapillus (L.) can follow this pattern,
Tha:l.s a.tta.cld.ng only the largest Bala.nus and leaving the smaller
ones to contmue their growth. However, selective predation of all
the largest G, cineraria on the boulder bank could not account for
size differences between boulder bank and reef animals in the |
smaller (= younger) size classes which would, .acoordirlxg to this
explenation, be subject to predation in neither habitat. |

Secondly, inter;speci.ﬁp competition with other grazing
species is a theoretical poss'ibility. The difficulty here is that
G. cineraria is most dense at the lower levels on ‘the boulder bank
where obvious possible competitors such as L. saxatilis a.nd
L. littorea are either absent or becoming scarce. Since it is
here, and not at the higher leveis, v_vﬁere these theoretical
‘competitors are abundant and that growth in G, cinereria is slowest,
intra-specific competition does seem to be the most likely cause of

the differing rates of growth in the various hsbitats.
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The high level animals (+ 8.6 = 9.6 £t, C.D.) were at low
density and yet the individuals grew to a great size. It is not
éimply that they lived longer, though this may have occurred:
the evidence (Tables II and ITT) shows that growth was more
rapid in all age groups and there are also good grounds for
believing that rapid growth continued into the f£ifth year by which
time the growth rate had declined almost to zero ét lower levels,
It may be asked why, if resources were availsble to support such
repid growth, is the population density consistertly so small

( <1/metre )? _ |
| The curious nature of thesé groups needs to be emphasized.
Only one instance has been rép&tea in the literature (Lewis, 195.)
of G, cineraria living at such high levels (+ 8.6 to + 9.6 ft. C.D.
" i.e. just below E.H.W.N.). The Whitbm-n animals existed only in
pools at this level and were separated from the main littoral
population by about a 3 ft. height difference. The s'hore shelves
graduelly and the distance over the ground separating the two groups
on the boulder was everywhere r_nbfe than 30 yards. Only one specimen
was found on the boulder bank separating the main shore population
- -from the pools :I.n spite of repeated éearching.'

Tt seems probable that individuals must have reached this
habitat via the upper part of the boulder bank only in very small
mwbers. Spat were oocasionalil& found during the autumn, but they
seen to have died quite rapidly (momthly searches confirmed this)




and it is felt that the bulk of the animals must .ha.ve been
recruited by migration from lower levels. One possible route
exists via the pools on the reefs which are present at intervals
; all the way up. ﬁavin_g.re.ached. the uppér pools, it is possible
that the snails spread laterally, so arriving :Ln the pools, at
the top of the boulder bank. Chance transport by waves might
also have been responsible fd_r recruitment, but the clear age
structure of the groups in the pools suggests that most of the
animals had grown up there, at least mm two years of age, A
comparison of the samples F (Figure 6) and F' (Figure 8) shows
that there was an :Lnﬂ.ux of animals of around 8 mm., probably
two year olds, 5etiveeﬁ April and October, 1963.‘
The question of low population density in the high level

pools may then be answered by the suggestion that this habitat
. wes rather isolated from the main sources of recruitment.
Migrants from lower levels arrived only in small mumbers and any
spat which cha.nped.to settle there failed to survive more than
" a few weeks, The latter points to the fact that the tolerance
of young animals to conditions in midshore was inferior to that
of the adults and all other available evidence supports this
conclusion (pp.39;). They msy have been less able to withstand
"the fluctuations in temperature or salinity. or perhaps they were
eliminated by a predator from which the olﬁ_.er animals were
protected, Alternatively, they may have had special food

requirements which were lacking. The overall result was a high

31.
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level population at low density comsisting mainly of th.i-eé,

four and five year olds. Coﬁdj.tions seem to have been ideal

for these animals. |

(1) In November, 1962, G, cineraria showed four modes corres-
ponding to year groups. The largest mode probably embraced two
or more year groups. The two youngest year groups were scarce
and probably iived mainly offshére. The third year group
reached adult size between June and September.

(2) The new brood was first detected in September. It settled
mainly offshore at a size of 3 mm, shell breadth, Animals reached
6-7 mm, after one year,.10-11 mm. after two years and 13.5 mm.
after three years. Sexual ma'turity was reached at about 8 mnm.
Animals bred for the first time in their second year.

(3) In all size grorups except the 1a.rgest, growth was rapid in
sumner and slow in winter. The adults (over three years) showed
- 1ittle growth throughout 'I;he year. Sexually mature animels
almost stopped growing in late sumner and situmn, probably due to
breeding activity. | |

(4) Above + 2.3 ft..C.D, growth rate increased with level, and
below + 2.3 ft. the rate decreased with level. Animals at the
highest levels grew rapidly for at least one year longer (i.e.
four years) than the otha's. | "

(5) Comparison of reef a.nd 'bculder benk samples showed an inverse

relationship between density end growth rate. The availability




of suitable habitats was thoughb to be of pa.ra.mount :l.nrporta.nce in
determining density and growth rate was determined by intra-

specific canpetition for resmrces.

Se




III A POPUIATION OF GIBBUILA CINERARIA
STRUCTURE AND DYNAMTDS
‘ In‘l:roduction.

The studies on growth rete in @, cineraria at Whitburn
indicated a nmumber of apparent anomalieé. In some cases, Mh
was unexpectedly slﬁ e.g. in size class D between November and
March and from September to December. In other cases, much growth
seemed to have occurred in a short time e.g. in size class C
between May and June. Ii; was felt that some of these anomalies
might have been due to the novement of animels into or away from
the main sampling zone at + 2.3 ft. G, ¥ 1.3 ft. It has
" already been demonstrated that growth rate varies with level
(Pigure 12 and Appendix II) and also betwéen distinct substrata
at the same lévél. Upshore or downshare migration of animals which
bad grown either faster or more slowly than the majority .of animals
in the main study area, would substantially influence the results
at any particular level, and ]a.rge- scale mwements of animals could
not be ruled out, . |

Desai (1959) showed that upshore ;and domnshore migrations
occurred in M, lineata populationQ ‘a.nd similar results were
reparted by Gowanloch and Hayes (1929) for L, littorea in Nova
Scotia. In both cases, downward movement took place in the autumn

followed by upshare migration in spring. A west African intertidal

B |




Figure 12.
A comparisopl of the growth rates of the different
size: classes at three shore levels, Whitburn 1962-63.







prosobranch, Nerita senegalensis L. moves considerable distances up
" and downsbore with each tide, (personal cbservation). Although I
never observed movements of this Kind in G, cinereria, seasonal
movements cannot be ruled out. Compared with M, lineata, though
not L, Jittorea, G. cineraria posed a special difficulty in that

at all times of the'year its r;.pge extended well below tidal levels
and the sublittoral populations could not be counted during the
survey, Even the lowest intertidal levels could be sampled only
twice at equinoctial spring ti;ies-. -- However, although necessarily
incomplete, the data exhibit certain trends in population vlevels

which indicate some movement of animals within the tidal zone.

Methods

The samples used far growf.h studies were also ugsed to estimate
density. Each quadrat sample was kept separate until all the
én:i.ma‘l.s had been counted and measured, Values for the mean density
and variance were calculated for each component size class as it
seemed possible that all size classes did not behave identically
(see Appendix IV). Variance ratios were calculated for each
. component size class and the total population at each level sempled
ﬁnd. for every timé Mtenﬁl between sampling dates, in arder to
establish that the variances did not. differ to a significant
degree. As no variance ratios exceeded the 5% probability level,

they were considered not statistically significant and t tests

were performed to test the significance of the differences between

35,




36.:

means. Separate t tests were carried out (a) for the total
population at all levels combined; (b) for the component size
_classes at all levels combined; (c). for the total population at
each separate level; (d) for the component size classes at each
separate level, In all éase,s, unless it is specifically statéd
otherwise, the results of t tests memtioned in the text are a
comparisan ¢ theé mean population densities in aifferent months
of the éanples‘ sped.ﬁ.e&. Bessel's Correction has been applied
in every case., " | | |
The various leyel's from ivhich the samples were collected
were identified by their flaral and faunal characteristics.
Although these changed to some extent with season, for instance
the large algae were much ;pai-ser'in winter, it was never difficult
to identify the gzores concerned. The levels of the lower and upper
boundaries of these zanes were determined by.the method described
by Evens (1947a). To apply this method all that is necessery is
that the time a."b which the tide re‘acl;xe's the ].evt.al' concerned be "
noted. It mekes no difference whether the tide is ebbing or
flowing. Using the Admiralty Tide Tebles (Volume I) for the year
:.n question, the height above chart datum can be calculated for
any given time using the tidal curves and data for the locality
provided. It :s important that the sea should be calm and t_he
wind slight to minimize error. .Each level sampled was caldulated
on at 1eas-1: five different occasions and the mean taken, - i

The samples from the upper shore pools are excluded from this




analysis since no quadrat frame waé used in their collection and

therefore the density is not lmown with any degree of precision.
Results

Seasonal varistion in total population density.

With the exception of the animals in the upper shore pools,
the distribution of G. cineraria on the boulder bank was combimious
from ebout + 5.9 f%. C.D. down to the sublittoral. There were no
apparent obstacles to ﬁmrement befwéen_ levels nor were there
o'bv:.ous d:.fferences in substratum assoc:.ated with changes of level.
Tt therefore seems reasonable to compare the mean density of the
entire intertidal populat:.on in different months., Sufficient data'
are available for this to be done for the four months indicated in
Figure 13, Data for the lowest level at - 1.0 ft. C.JD. could only
be cbtained for April and Octdber but apart from this the samples
are comparable, o |

A slight decline in density occurred bétween November 1962
and June 1963 from 57/metre® to 46/metre2. Although a similar
decrease was recorded for all levels :i.fxgi.ependently it camnot de
consid'ered significant: t (33) = 1.63; 0.20>P>0,10. Neither
can the slight increase between June and Octdber 1963, although
cons:.sterrl: at a.'l.l levels, be cons:.dered s:.gniﬁcant from the
data: t (33) = 1.12; 0.30>P>0.20.. It can therefore be tenta-
tively concluded that significant changes in density within the
intertidal area did not occur in 1962-63. A greater number of

samples would be réquired for a confident statement to be made.
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Seasonal vardations in density of component sige classes at all Jevels,

Figure 13 shows that although the total populaticn density i
changed little through the year, there were variations within size
classes (= age groups) which could be significant, Between April
and June, size class A decreased by 26,8% and this is statiétical]y
significant (t (35) = 3.05; 0.01 >P>0.,001). After June, size
classes A and B could not be sep_arateé. and the combined decrease
of 11,.3% from June to October is _not significant. The animals lost .
f'rom size class A were replaéeé_l by éizg class C whichlbe.ga.n to ‘ ,
increase significantly in April., The increases were 23.6% from ..‘
April to June (t (35) = 2.26; 0.05 >P>0.02) and 19.6% from June
to October (t (53) = 8.4 P<0,001), These animals were shown
to be two year olds which were preparing to breed for the first
tine in the autunn (p.p7 ). It sppears that many of them moved
up into the tidal zone to do so. Incid_enta.'l.]y é. substantial
movement of size class C from 1ower-1eire].§ where growth rates were
slower (p.46; ), probably explaa.ns why gmwth appeared to be so slow
in this size olass at + 2.3 £t. C.D. between June and September
(p.27).

Significant changes were also recorded in size Class D, When
wark began in Noverber 1962, large musbers of newly settled
individuals were present. By April 1963, numbers were reduced by
484t (40) = 3.9; P<0.001). Between April and June, mumbers _ i
increased by 68.6% (¢ (35) = 1.79; 0.10>P>0.05). The change




Figure 13.
The density of the different size classes on the:
boulder bank at Whitburn 1962-63.The percentages
indicate changes in density between adjacent months.







approaches significance. A further decline of 64% occurred between
June and October which is highly significant (t (53) = 3.24; 0.01>
P>0.001). It yvag clear that many young animals died during the
winter, but the continued appearance on the shore of the smallest -
‘forms (3 mm. shell breadth) until April together with ‘the absence
of growth already noted 'betweeh Noveq:ber and March, suggested that
these animals hardly survived at all in the littoral zone. The
‘animals settléd in the autumn had probably perished and been
.rel;]aced by other animals newly settled in the spring. This would
explain why no growth was recorded for this period in size class D.
The overall decline in mmbers between the end of the 1962-63
breeding season in April and the begimming of the 1963-6i season
in October is statistically significant at the 1% level of
prohaibility..

Clearly, settlement occurred within the intertidal zone from
| ISep.tember 1962 to November 1962 with a maximum in November and
also from March 1963 to April in much smaller numbers. It may
have taken place throughout the winter but information is iacking
for December, January and February (see pe16)s The young survived
’ .on]y in small mmbers and it mist be cpﬁcludéd that their initial
development took place largely below tidal levels, There is good
evidence that the animals appeared on the shore permenently during
. their second summer when they had reached a size of 8.5 to 10.5 mm.

shell breadth. The upshore movement began in April and reached a
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naximum between June and September. From September onwards, they

bred for the first time.: Fluch;afions in size class B were small
and in no case did they reach a statistically significant level.
Size class A showed a stea.ay drop in numbers from November to
4pril and a further highly signiﬁcant zeds.lctim between April
and June., The latter was poss:.bly related to mortality of the
older members at the conclusion of' the breeding season. Death

following the very cold winter cannot be ruled out but if this

was responsible, it should not be expected, either that the decline

be restricted to adults or that it should ocour mainly fram April
onwa.rds when the cold weather ended in February.
Seasonal variations in dens:.tx at different levels.

- The population density in the Balanus zone at + 4.8 f£t. C.D.
% 1.1 24, showed considersble fluctuations dropping from 19.6

Ty, 6/me‘l:z'¢é2 2

in November 1962 to 7.0  7.4/metre in May 1963
(Pigure 14). The large standard deviations (see Appendix I)
indicate that the animals have a patchy distribution, the actual
range per metre> being 3-51 in November and 1-20 in May. A
variance ratio test for these moni';hs gives the value F = 4.0
(£1=9, £2=4): the variances do.not show a s:Lgn:Lficant difference
"~ at the 5% level. A greater number of samples would be needed to
show a statistically significant difference between the sample
means by the t test: (t (13) = 1.68; 0.20>P>0.,10). The May to
Octcber increase from 7.0 = 7.h-/metre2 to 245 = 16.5/1ne‘l:z'e2
gives t (14) = 2.14; P = 0,05 and is regarded as marginally

signifieent o




Figure 14.
The densities of the component size classes and
the total population atfour different levels,
Whitburn 1962-63.
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The densities in the F, sez-ré'tps gone at + 2.3 £, C.D, = 1.3
ft, showed a steady decline from November (95.0 % 37.6/metre2) to
My (52.2 % 17.3/netre?). The reduction in density is statistically
significant (t (14) = 2.46; 0.05>P>0.02). The increased density
observed betweeﬁl May and Deoex_n'ber is r.xot significant,

At + 0.3 £, C.D. ¥ 0.7 £, in the Ieminaria zone, the main
changes occurred between April -arx'ie.'J-.une. Between April and May,

2 which

a considerable _dea-eas;e occurred from 63.8 to lpl.f/meﬁre
approaches significance (t (19) = 1.9; 0.10>P>0.05). From May
to June the density increases ﬁost significantly ﬁ‘om 41.3 to

The7/metre® (t(10) = 3.46; 0,01>P>0,001).

Seasonal variations in the cogg‘onent size classes at different levels,

Figure 1) summarizes all the data available for the mean
densities of the component size classes at each lével studied and
the variances are given in Appendix IV. Where a t test for the
sigﬁﬁ.cance of t’hé aiffereme 'j:etween means gives a positive
result, the relevant section of the graph is asterisked. A single
asterisk denotes approaching significance at the 10% level, double
ones, significance at-the 5% level, and treble ones, significance

at the 1% level, The vertical scales indicate mean density per
metre® and it is important to note that they differ in almost
every case. The graphs far- size class A include size ;zlass B
from June omwards, since the two components could not be distin-
guished beyond that month, except for- 1.0 ft. C.D. where only

two sets of samples were taken and siZe classes A and B were




combined throughout. This explains why the graphs for size class B
continue only to June in the top tht.-ee' boxes and the absence of
data from the bottom box.

Size class A showed a decline in numbers from Aprﬂ.to May
8t + 48 ft., + 2.3 fto and + 0,3 £t. Tt is bard to resist the
conclusion that such a suddent lowering in density at all three
levels independently, was due to .mortality following spring
spawning. The older and larger members of size class A probably
constituted the majority of dying animals since at the two upper
levels, a drop of 0,5 mm. and 0.3 'n'un. respectivel&, in the mean

size of the adult population was recorded between March and Magy.
The eﬁdence_provided by size classes C and D certainly does not
support the view that nortality was general at this time of the
year. From May onwards, numbers of size class A rose steadily,
though only at + 0.3 ft. aid the change approach statistical
significance. Unfortunately, because of the state 61’ the tiaes,
it was impossible to collect at - ;1.0' ft. in May, but the drop in
mmbers recorded for size classes A and B combined between April
and October is warthy of note. Since this coincided with increases
in density for the same size classes ét higher levels, upshore
movement of adults in the summer can be inferred. |

Tt is impossible to be'suré exactly what happened to size
class B because it lost its sep@zate identity after June. Numbers
at + L.8 ft. were always low (5/met:;-e2) and no statistical

significance could be attached to the results there. At + 2.3 ft.,
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numbers dropped until April ard increased tl;ere'a.ﬁ:er, but the
t tests show that these results too, could well be due to chance.
Clear statistical significance is shown only by the:increase
between Mey and June at + 0.3 ft. which was probably due to the
upshore moveplent of adults already mentioned.

One other feature comnected with size class .A requires
comment., - Between November and March its density fell from 18.4

to 8.8/metre® 2

at + 4.8 £t, and rdsé from 40.8 to 50.5/metre” at
+ 2.3 ft. A winter downshare mavement_ seems the obvious
explanation. However, the variances of both pairs of samples are
largt_a :m rellation to the mea.ns :.'a.nd a.t test fails to show
statistically significant changes in density at either level.
At + 2.3 ft., variences were much greater far November and March
than at other timqs (4ppendix T ). F tests to compare the
variances for November and March with those for May and September
 give the following results: MarchMay, F = 8.5; 0.05>P>0.02:
March/ September, F = 11,0; 0,01>P>0.001: Novembez/liay, F = ke7;
not significant: November/September, F = 6.1; 0.05>P>0,02. Three
of theée four results siww that the winter variances were
significantly greater than the summer ones indicating lg;r.'ee.i‘:er
aggregé.tion. » |

From cbservation it appeared that there was a greater tendency
for the mﬁls to be concentrated ’:Ln ‘areas where water remained

when the tide was out. In the 1'96_2-65 winter, such behavdiocur might

have been important in protecting the animals from the severe cold.




Tt has been shown by Southward (1958) that @, cineraris can
survive no more than 2-3 hoﬁ::'s at 5°G. Temperatures well below
" this were recorded many times at night over a period of two
months in January and Pebruary '1963: low water at springs occurs
in the early evening and early morning at Whitburn, the latter
especially being a period when tempé‘rattres are likely to be
minimal: at + 2.3 ft., the animals are emersed for weli over two
hours at spring tides. -High m&bali‘by did not happen at this
time and it is concluded that clumping occurred in ﬁ:h_e wetter
aveas where the animals could remain under water when the tide
was out, and that this was respohsi‘ble fo.f the avoidance of high
martality, These arguments’ would be expected to apply with even
more farce to the animals which wintered at + 4.8 ft. but F test
results do not reach the 57 si@iﬁcance level, no doubt due to
the small num'ber of sampla. .

The conclusion that animals concentrated in the wetter areas
© in winter does riot rule out the additianal possibility that
domshare movement had occurred. The figures point to this, even
to the extent thé.t the gain over the November-March period at

2

+ 2,3 ft. in size class A was ,,a;;pmxj.mately 10/metre“ and this was

aluost exactly balanced by the loss at + 4.8 ft. However, it must.

be stressed that a larger nh_m'be:p of Samples would be required to
establish the statistical significance of this.




Discussion

Variations in density associated with .level..

The total population density varied with level on the
boulder bank. In April, the maximm (66/netre’) was at +2.3 ft.
In Octcber, it was a little lower at + 1.0 ft. (Pigures 15). In
both months, the variation betweeﬁ approximately + 3.5 ft, and
E.L,W.S. was not great, though vmnﬁbe‘zs, dropped somewhat below |
M.L.W.S. There was a tendency for the spring population to be
centred sllghtly lower on the shore than the autumn one, in spite
.of the fact that the ma:d.mnn density was a little higher up. Fur
instance; spring numbers were higher than ‘autuan anes at B.L.W.S.;
mumbers dropped more-sharply sbove + 253 £t. and the upper limit
was approximately 0.5 ft. lower (exeiuaing the animals in the
uppermost pools) 'l‘aking the year as a whole, the maximum densities
lay between M.L.W.S, end M.L.W. There can therefore be no doubt that,
at least in this locality, G. c:.nemr:a is a truly intertidal species,

Figure 16 shows the distribution of the component size classes
on the boulder bank for three differenf months, In April, size
class A was maximal at + 0.3 ft, and remained so in June and October,

Size classes B, C, and D were concentrated higher at + 2.3 ft. in

April end June. Size class B cou:ld no longer be separately recognized

in September, but size class C was centred at + 0.3 £t, and D at +

2.3 ft. In view of what has been said earlier gbout the poor survival

Se




Figure 15.
Kite diagrams showing the population density of
Gibbula cineraria at Whitburnm:







Figure 16.
Kite diagrams showing; the densities of the component
size classes in three different months at Whitburn.







of young animals on the share, it wes surprising to find that |
tﬁeir maximum density was not at the l,owést levels, In the case
of size classes C (befare the mid-summer of their second year)
and D, the animals were below 7.5 to 8.5 mm. in shell breadth
(Figure 12), Their precise habitat was quite different from
that of the adults. They were rarely found anywhere but underneath
stones even in. pgols. Sometimes they occurred on the topside of
stones lying deeply buriéd beneath other stones but hard:ly' ever on
an exposed surface. As already mentioned (p.y3 ). the stones at
the two lower levels were extensively cemented by Lithothamnion sppe
which rendered the undersides ir_xaccéssi'ble to young G. cineraria.
- Theﬁ numbers throughout .t.l;e t:n.da.‘l. zone were always low,.'l:;ﬁt it is
‘.pro'ba.'ble that suitable habitats were .mére abundent at + 2.3 ft.
than at lower levels. This fact does not alter the conclusion
alresdy reached that the main cancentration of young was below
tidal levels. L |

The cases of size classes C and D differ somewhat. Size class
C was approaching sexual ma.tu'rit'y. and it has already been shown
(p. 38). and is evident from Figure 16 that its numbers increased
from April onwards and particularly after June. The main concent-
ration in September was around + 0.3 fi:.'gs the majority of these
animals had only recently arrived on the shore, m& 9 mm. shell
breadth, the habitsis of the animals changed. They began to appear
in more exposed p]aces; grazing the algae from the ﬁpper surfaces

of stones auwring the day, Their chances of survival without lying




'pemanent‘ly. protected under st§nes may have increased. Since they
bred for the first time from the autunn onwards the altered
behaviour may have been related; to this' fact. Adequate dispersal
of the planktonic trochophoke larvae would slmst certainly be
hindered if the animals remained confined beneath several layers
of stones,

The conclusions are that the main adult part of the population
was centred around + 0.3 ft., between April and September, | The
density remained fairly constant between 36 and 39 per metre? at
this level. Members of size class A which died before June seem
to have been completely replaced by members of size class B which
reached a.dult size between June and September. Size class C was
cerntred mainly belﬁw tidel levels untii_-the onset of sexual maturity
when it assumed the habitat of the adults. Size classes C (before
sexual maturi‘lw),'D and E were never well represented on the shore,
but they seem to have been concentrated around + 2.3 ft.
Veriations in density essocisted with substratum,

Discussion of the differing habitats of young and adults
necessitates some memntion of those a.rea.é on the limestone reefs
which are more or less free from bmﬂﬁem. It is élear' that,
if what has already been said about the habitats of' the young be
true, then th:e;i.r_chaii'o&sof survival on the reefs would have been
slender. Although anly two sets of samples were taken from this

habitat in October, 1963, the facts supported this conclusion.
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From both levels, size class E was entirely absent and D present
only in very small numbers, Size classes.A + B and C comprised
about 95% of the total. It was also apparent (Figm-é 15) that
the mean density was much lowef?, éé.rticular]y at + 2.3 £t. (10/
me'l:::'e2 as compared with 60/me'l::;'e.2 c-:n'the boulder bank). At +
4.8 ft. the difference was less (15/me*lzre2 as compared with
25/m,etre2).

It is clear that the reef population must have been derived
from the boulder bank by immigration. The smaller number of
protected habitats presumably acted as a ’deéisive- limiting factor
to the numbers of size class C which could survive tl"lere. They
were mostly confined to crevices and pools. At _the higher level,
the reef animals séex_n not to have been at such a comparative
Aisadvantage, It is possible that the weed cover, in assisting
the retention of moisture in crefriées, to some .extenf. counter-
balanced the absence-of protective s'.bones. It has already been
noted that the boulder bank animals showed a c]nmpeﬁ distribution
‘at the higher levels, for“w.h;!..ch the chief factor responsible was
thought to be moisture.

Tt has been shown (p.p4) that the differences in mean density
of the reef and boulder bank populations was statistioalny
significant at + 2.3 ft. but not at + 4.8 £t. This supports the
argument that at the lower levelll-, habitat d:i.f:_f’eiences were of
crucial importance while, at the upper level, where both populations

were reaching their upper distribution limit, this was not the case.




However, it must additiong.].'ly be noted that both sets of . samples
sho-wed highly significant differences in growth rate (p.24.).
both cases the animals at lower depsity' on the reefs achieve& more
rapid growth., It is therefore, unl:.ke]y that shortage of food
could limit the density of the reef populations. The availability
of suitable microhabitats is suggested to be the most important
factor limiting density in @ifferert aress of the share. The fact
that the growth rate is extremely plastic results in. more rapid
growth where density is low and intraspecific competition for
resources conseq_uent]y less severe (see p 29).

Mortality and mean life egecta.ng
When imrestigat:xons began in Novenber, 1962, the mean density

of size class A over the whole stud,y area was approximately 28/metre2

and of size class B, 1./metre’ (Flgure 13) Tt was therefore
congidered probable that A was composed of two or more year éroupé.
While the mean density of B altered- comparatively .1itt1e through the
year, its percentage of the sum of size classes A and B increased
from 33% in November to 43% in June., Martality in the two size
'cla.sses combined was 33% for the wﬁole year. As mortality in B was
‘never heavy where it could be distinguished from A, it is 'réasonable
to sxzppése that the 33% mortality was nainly accounted for by the
older elements of A, i.e._ approﬁmafely 50% of size clas.s A died
during the 12 months November 1962 to Octcber 1963. By Octcber, A

2

+ B were at a density of 28/metre’, i.e. the two adult classes




combined were in identical numbers to the previous year.

Although numbers of 'size c;lass A.feli steadily until June,
over 25% of the anmal martality oocurred in April and May. Since
the mean shell diameter of size class A fell slightly at this time
(Figure 5), it seems likely that mare of the older and larger
animals had died. Deaths at this .'l_:ime of the year might be
attributed to exhaustion followlng breeding rather than any special
_climatic or other factors,

Mortality cannot be assessed in size classes C and D because
only a fraction of these groups was available for examination.

Tt can be stated with certainty however, that size class C showed
constant increase thiou@mut the investigation period, particularly
in the summer months. By October 1963 it had reached a mean density
of 20/metreZ, i.e. a level slightly higher than that of size class
B, its equiﬁknt in age, a yea:;' e;rliéf. | Size .claé_s D showed high
mortality (407%) between November and April and again (64%) from
.Jt.me to September. 'i‘he continued presence of these animals on the
share was probably due to chance séttlement right through the
winter period from September 1962 to April 1963 at a tidal level
unsuited to théir survival, True mortality over tﬁs period was
probsbly much higher than 40% (see p.39).

If size class A represented twﬁ year groups, as seems most
probable, the mean life expectancy of animals whichl survived the

first few months, was approximately five years. In November, 1962,
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for instance,. size - class D consistea. of animals newly settled, C

of one year olds, B of ‘!:'wo year olds and A of three and four year _
olds. Most of the four year olds would !ave died during the ensuing
‘year i.e, in their f:.fth year.

(1) The overall mean density did not change significantly during
the year. Size class A decreased from November to June and
particularly after April. Size class B maintained a fairly uniform
density through the year. Size class C increased thmughout, but
particularly after April, due to upward migration from the
sublittoral. Size class D fluctuated according to breeding
production, but individuals failed to survive long in the tidal
zone. |

(2) At the higher levels, the fotal density fell between November
and April and rose thereafter. At the lowest level sampled

(- 1.0 £t.) total density fell between April and Octcber. ‘Down-
shore migration took place in winter followed by an upshore movement
after April.
(3) Distribution was less clumped at lower levels at all times of
- the year., At upper levels, aggregation due to animals congregating
in tllue wetter areas was marked, particularly in winter.
(%) Ma:umum total densities were found between M.L.W, and M.L.W.S.
Young animals living intertidally showed a ma_zimﬁm density at a
Higher level than old ones. The impartance of stones under which
to live has been emphasized in the case of the young animals, The



enimals’ habits altered at aboﬁ'.f, 9 mm.  shell breadth: they began
grazing in more exposed places “ Before sexual maturity at 8-9 mm.
shell breadth, most of the individuals were beloﬁ tidal ievels.

(5) The boulder areas supported higher densities than the limestone
reef areas., Young a.nimals aid not’ survive at all on the reefs and
the population was derived by immigration from the boulder areas.
(6) Size class A represented two year groups and suffered an

anmial mortality of 50%. Morta.lity was particlarly h:Lgh follawing
the breeding season. Mortality of first year a.nimals was very high
in the intertidal area., Mean 1ife expectancy for animals surviving

the first year is about five yea.rs .
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IV STUPATHIO POPUIATIONS QF C. CINERARTA
AND G, UMBILIGALIS : G.'CH\IEBARIA.
_Intmﬁuction
The majority of suif;ble sh&eé on the west coasfs of Britain,

support populations of G, tm'b:.lical:ls in addition to G c:l.neraria.

One such shore at Sea.ton, Devon (map reference $Y23580L), was
examined on four occasions » the ma.:m object being to esta.blish
whether competition between the two species influenced the ecology
of G. cineraria. The shore chosen for this study could not be
visited sufficiently often to establish precise growth rates or
breeding seasons, but the population density and size distribution
.of the ‘l:wo species was measured in August 1962 and in March, July,
and Decenber 1963. |

Study area.

The shore at Seaton was specially chosen for its similarity
to the north-eastern shore at Whit'bmn s which it closely resembles
with respect to geology and exposure. It consists almost entirely
of boulders varying gfeatly -in size, which have descended in cliff
falls from the Uppér Greensand and Arenaceous Chalk cliffs above,
The upper shore consists largely or barren shingle but the middle
and lower levels are ivel'l. covered with Fucaceae althéugh these are

not too dense to exclude the acorn barnacles, B. balanoides and

3e




C. stellatus. The gradient is uniform and slight except for a stretch
astride M.L.W.N. which is almost flat and contains many shallow pools.
~ From M.L.W.S. downwards, there is a good deal of sand and the rock
does not extend beyond E.L.W.S.

In August, 1962 the shore supported large populations of |
G. umbilicslis and the high level trochid M. Iinesta. L. littores,
and L, saxatilis were all sbundant and L. neﬁtoides was present
in small numbers in the supralittoral fringe. At low levels,

Lacuna pallidula (da Casta) occurred on F, serratus and the
Iaminaria spp. Three species Patella, P, vulgata, P, dglressa,
and P, a.g_p' era were also present. Four species of grazing gastropod
viz. M, Lineata, G. umbilicalis, P. depresss and P aspera occurred
which were absent at Whitburn, the first two in large numbers.
Since both are closely re]ateé. to G. cineraria it was considered
possibie that the species might ‘be in competition where their
wﬁieal ranges overlapped. | |

Effects of the 1962-63 winter.

Due to the exceptionall& sévere .vzvinl':er of 1962-63, the faunal
camposition of the shore was totﬁb altered when the second visit
was madg_in'Mardi 1963, M, lineats had entirely disappeared and
G. umbilicalis was so reduced in mumbers as to be @ifficult to
find, (Tt was inoarrectly stated by Crisp and Soutiward in Crisp
D.J. ed. (1964) that G, umbilicalis had entirely disappeared from

Seaton and several neighbouring beaches). G. cineraria had
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survived with mich reduced numbers but the littorinids seemed to
. have swrvived quife "_well. The almost complefe disappearance of
Ge umb:ilicali-s upset the original aim of the work at Seaton, but
quite fortuitously made poésible some interesting observations

relating to the nature of competition between intertidal grazing

. prosobranchs,

Method

G, cineraris and G, umbilicalis populations were measured
using a metre? quadrat in August 1962, March, July and December
1963 and a further visit was made in September 1965. On the first
occasion, coiiections ‘were made at three different levels, + 8.5,
+ bl and + 1.3 £6, CD. On the second visit, collections were made
at the same three levels and also at - 0.3 and = 1,0 ft. C.D.,
levels, which were only accessible at equinoctial spring tides.
The July and December collections ﬁere confined to the + 1.3 and
- 0.3 £t. levels since the upper levels were barren and the lowest
was not uncovered by the tide (Appendix V). Two transects were
made over the collecting area in August 1962 and March 1963 to

establish the vertical ranges of both species.

Results
Population density
The first samples in August.1962 showed that G, cineraria
at + 1.3 ££t. C.D, in the P.. Se’_rﬁtug zone had a much lower summer
density than at Whitburn, the mean being Z,/metrez. At a comparable



level, the summer dersity (June) at Whitburn was 62/metreZ. However
at Seaton, G. cineraria shared this habitat with G. umbilicalis the
density of which had a mean value of 65/metre2. The total density

‘of Gibbula spp. (89/metre®) at this level was therefore considersbly

higher than at Whitburn at the same time of year. G, cineraria was
entirely confined to pools even at this low level and it was also
clear that its vertical range on the shore at Seaton was much less,
Apért from a single specimen found at M.L.W.N. the species did not
extend above M.L.W. The smaller vertical range could have been
due either to climatic factors such as inadequate resistance to
the higher temperatures experiemed during emersion in the south
or it might ave been caused by competition with G. umbilicalis.
Low water during spring tides at Seaton always occur in the middle
of the day when ‘I:eni:'eratm-es: are likely to be at their greatest.
On the other hanﬁ, G. ﬁmb:iliéal&é. was clearly a succéssful species
on the Seaton shore andvcons_id;eri:'ag its high density, competition
| between the two species could.not be discounted.

In March 1963 when »the' second visit was made, the density of
G. cineraria at + 1.3 £t. C.D. hed fallen to 3.6/metre’. The mary
empty shells found indicated that the severe weather had taken its
toll. A downshore migration mig__ht have ocalrred as this had been
demonstrated at Whitburn. The low tides made it possible 1:6 sample
lower levels ‘than on the previous visit. At - 0.3 f£t. C.D. the

2 2

density was 6.7/metre” and at - 1.0 ft., 8.4/metre“. Therefore,




although the density was greater at lower levels it could not
nea.rly account for the popuJation density recarded in Angust. An
additional J.mportant point needs to be made. Below E.L.W.S. the
bottom consists ent:i‘.re]y of sa.na. and it was no surprise that
G. cineraria could not be found there. This also suggested that
the species could not retire firther than the sublittoral fringe
when conditions became adverse. It was concluded that mortality
ha.d"been considerable, | Since the demit& was not estimated at the ‘
lower levels before the severe weather, a downshore movement
cannot be proved, but seems pz-olil)able; .

By July, density at + 1.3 f£t. C.:D. had recovered to 7.1/metre?
but had not reached the level of the previcus summer, At - 0.3

£t., density had also risen to 15.8/netre>

a.nd an upshore summer
movement seems the obvious explanation for these increases. A
real change in density from the March level at + 1.3 f£t. is
supported by a t test: t (34) = 2.45; '.P = 0,02, At - 0.3 ft., the
chenge is not statistically significamt: t (16) = 1.95; 0.10>P>0,05
(Bessel's Garrection spplied in both cases). At + 1.3 ft the
density had fallen again by December to L.3/metrez, but the result
is not quite significant: t (34) ='1.88; 0.10>P>0.05.
Growth rate. ‘

The distribution of size groups (Figure 17) shows a pattern
similar to the Whitburn samples. ‘The figures far March, July and

December were analysed using arithmetieei probability paper to




Figure 174
Histograms showing the frequency distribution of
size classes at Beaton 1963;' in three different
months.







show the true distribution of the population's age components and
their percentages of the total. The details are given in Appendix V.
In March 1963, four component size classes, W, X, Y and Z were
discerned after analysis with probability paper. The size classes
had a meen size (shell breadth in mm.) of 12.7 ¥ 0.8, 10.4 ¥ 0.8,
5.9 % 1.2 and 3 2 0.7 respectively. As at Whitburn, size class
Z which consisted Aof nevly settled animals constifu-ted a small (5%)
-propdrtion of the fotal. Size classes W and X which were the
breeding animals made up 12% and 18% respective]y ‘of the total.
The great majority of animals (65%) belonged to size class Y which
was probably just over one year old, Compared with the situation
at Whitbum in March 1963 the age structure of the population was
in marked comtrast, the only similarity being the small percemtage
- of first year animals, At Whitbum, the two adult size classés,
(A and B) constituted 89-95% of the total, depending on level, at
this time of year. Ccm;esponding age components (W and X) at
. Seaton composed only 30% of the total far which the high mortality
emong adults was probably responsible. The high percentage of
second year animals (size class Y) at Seaton might have been due to
the fact that they escaped he'av}" mortality because of their low
level habitat during the severe weather. It cannot be stated at
what time of year these animals would have been expect‘e& to appear

in numbers in a normal year., but it is quite possible that the
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extensive mortality of adults and the decimation of G, umbilicalis
left a vacant niche which they were able to exploit., In any case,
it has been shown that second year animals at Whitburm begen a
massive upshare movement in April, The same proba.‘b]y happened at
Seaton, | ‘

In July, 1963, only three classes could be distinguished with
probability paper. The mean s:he].'l. 'Sreadths were 13.3 £ i.5 M.,
10,0 = 1.5 mm. and 5.3 % 0,7 om, and the respective propartions
11%, &% and 7%. The largest a.n:.ma.‘l.s at 11% were undoubtedly size
class W. The 82% group consisted of size classes X and Y which
 had merged., Size class Z remained distinct at 7%, By December,
the population was alﬁq;t um.mod.al. ' On]& one animal of 6 mm. was
found representing size class Z. The other size classes ,» (99%)
could not be separated using pmbabi;ity paper, though the use of
'.ﬁ.ner measuremerr;;s', say tc; the near.esi 0.25 mn. might have made
this possible. It was concluded that sige classes W, X and Y had

merged by December 1963.
bisqxssion _
The relation between pop ulation density and growth raté.

These results are of interest ;b_ecanse they provide a clue to
the nature of the relationship between population density and rate
of growth. Such was the effect_bf the redugtion of density on the
growth rate of the remaining animals that three modes ( = year
groups) had merged into one in l_essl than 12 months, due t6 the




greatly accelerated growth rate in size class Y. By analogy
with the Whitburm populat:.on, it is likely that size classes
W a.nd X would have merged -in any case during a2 normal year as
a result of the latter attaining adult size, What is exceptional
here is that size class Y achieved what would normally be two
~ years' growth in one year. It cou]d be argued that this more
rapid growth might be normal on the south or west coasts but
this cannot be the valid explanation for two reasons. First,
fhe population was clearly tetramodal in March;. secondly, all
the other populations of.G--cinefa.#ia from sauAtp or west coasts
examined during this survey (p.74 et seq.) showed a pol:}modal
frequency distribution. |
| It is -impossible to say whether the reduced density of
G, cineraria could alone be responsible for the accelerated
growth rate of size class Y. It is likely that the sudden®
exodus of G. um'b:Ll:l.cal:l.s haﬂ an appreciable effect.
First year animals were a.lwags uncommon on the shore, as
at Waitburn. Their numbers fell almost to zero through the year.
Even when the overall densit_y was low it seemed that they were
unsble to survive 5etWeen the tidemarks, Since they were present
in March but not by the follow:i.ng December it is concluded that
breeding occurred chiefly inlspr:i.ng and not in the autumn as in
the north-east. In view of the polymedal structure of the

population, which lmplies a restricted anmal breeding period,




and the failure to _find the smallest animals except in spring,
the Plymouth Marine Fauna (Ma.'r.i.rie_.Biologicai Association, 1957) _
is almost certainly incorrect in stating that G, cineraria breeds
thral.lgiout.the years o | -

When the Seaton anma.ls were first mea:sured for size in
March, 1963, comparing similar levels between M.L.W.S. and M,L.W,,
the northern animals had a distinct size advantage in all age
groups except the first year (Table V). However, by the end of
the year, the Seaton animals were no longer smaller, The size
of the largest animals had increased by 3 mm. a..nd the second and
third year animals had completely overtaken their Whitburn
counterparts. When a further visit was paid to Seaton in
September, 1965, animals measurihg 17 mm. were abundant. In
August 1962, only one animal measuring 1 mm. (the maximum) could
be found. The majority of adults was 12 mm. Again we have
evidence that reduced denmsity allowed not only accelerated growth
but also a greater maximum size to be attained. The results
sammarized in Table V show that the growth rate was plastic within
the Seaton population and that it could be adjusted extrenely
rapidly to exploit available rescurces. It had already been
concluded from the work at Whitbum that the species bad 2

plastid growth rate,

;[rrl:ez‘-geeiﬁe campetition. o
Tn March, 1963, G. cineraria was collected from three

differen.t ]-evels’ at - 1,0 ft.’ - 0.3 ft. and + 1.3 £ft. C.D.

de -
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As at Whitburn, a comparison of the size d:l.st;'ibutlzion at the
different levels showed that the- growth rate was not identical
in each case (Pigure 18): X2 (6) = 15.99; 0.02> P> 0.01.
However, whereas, at Whitburn the high level animals at lower
. density showed the more rapid growth rate, th_e reverse was the
case at Seaton. Although the ﬁié_her level animals were at lower
‘density here too, their growth mté_ was also markedly less. This
difference between the localities ._is considered likely to have
been caused by the presence of G'. umbilicalis at Seaton. Its
vertical range extended down to epproximately + 0.3 f‘t'. C.D.
(M;L.W.S';). Therefore at .+ 1.3 ft. the two species could have
been in competitian, whereas at the two lower levels, where
 G. umbilicalis wa_s; abse-nt s the reduced competition resulted in
G, cineraria attaining more rapid growth. It might be cbjected
that other potential competitors for G, cineraria existed at

+ 1.3 ft, and it must be mncéded that L. littorea, living in

similar situations to Gibbula spp. could have been important in
this respect. However, L. littorea was also present at Whitburn

whereas G. umbilicalis was not'. At Whitburn, L. littorea was

sbundant but at Seaton, although plentiful, it was much cutnumbered
by G. umbilicalis bef‘bre, the 1962-63 winter. The vertical range of
the two species was almost idehfical, but at + 1.3 ft., G. umbilicalis
had a density of '65/1ne‘l:re'2 whergaé L. littorea was quite scarce.

It is therefore concluded that G. umbilicelis was in competition

with @, cineraria where their ranges overlapped and that this

reduced the growth rate and perhaps also the density of the latter.




Figure: 18.
A comparison of the distribution of size groups
at three different levels, Seaton, March 1963.







Comparison of the sizes attaineéd by the different year groups

- TABIE " V

at Whitburn and Seaton betw'een'M.L.W.S. and M.L.W, .

Date Locality “

Mean size ‘ shell breadth in mm)

size

lst yr.. 2ndyr. 3rdyr. A4thyr.  (mm.)

3/63 Whitbumrm 3.9 7.0 11.5 13.3 17
. 3/65 Seaton 3.4 - 5.9 1044 12.7 W
6/65 Whitburn 6.0 9.5 13.1 13.1 17
7/63 Seaton 5¢3 10,0 10.0 13.3 16
12/63 Whitburn 4.6 6.8 949 13.6 17
12/63 Seaton ? 13.2 13.2 13.2 17




(1) The density of G. cineraris was much lower at Seaton than

at Whitburn, and in extending only up to M.L.W., the vertical

range was less extensive at Séa.toln;

(2) Mortality of G, cineraria was severe during the 1962-63

winter. o

(3) Density in March was greater at lower levels, but increased

at upper levels in summer. Upshore migration in sﬁmmer was

inferred.

(4) Pour component size classes were found in March. ‘The majority

of animals was one year old. -Adults and newly settled snimals

were scarce. By December, thé ‘three Ioldest‘ size classes had
merged. | | _

(5) Rapid growth of the one and two year olds is ascribed to the

low density and this to reduced int::;a-speci-fic competition,

- (6) Breeding took place in Spr:.ng The first year animals were
scarce between the tidemarks and failed to survive there.

(7)) ec. c:meraria grew faster at Whit'bum than at Seaton before

the 1962-63 winter but a.f‘ter the w:.nter, level for level, the
Seaton animals grew faster,

(8) High level G. cineraris grew more slowly than low level ones
at Seaton (c.fs Whitburn), a f_é.ct which is ascribed to inter—

specific competition between G. cineraria and G. umbilicalis where

the vertical ranges overlapped.




V SYMPATRIC POPULATIONS CF G. CINERARTIA
AND G, UMBILICALIS & G. UMBILICALIS
| Intmdﬁction
In August, 1962, @ umbilicelis was the most sbundamt

midshore ga.é.tropoa at Seaton._" It had an extensive vertical range
' from Just above M.L.W.S. (at + 0.3 ft. C.D.) up to M.H.W.N.

(+ 8.7 ft. C.D.). ILike G. cinereria it grazed mainly on rock
surfaces which were not over-exposed. It was most numerous

where there was a plentiful supply of boulders, pits and crevices.
Neither loose shiﬁgie nor sand was favoured, though the latter was
tolerated to e small extent. In the upper pert of its range it
' oé:ctmmd mainly in pools. Where weed cover approached 100% it
was rarely f§m§ but neither was it common on rocks covered with
acorn 'ba.macies. It see'méd to favour the intermediate situations
where barnacles, Fucaceae and limpets were competmg for living

Space.

Methods
Samples were taken at three levels in Auéust 1962, viz. + 1,3
Ptes + Lol fto, and + 8.5 £t. C.D. (see Appendix V). These
.statio@s were respectively midway between M.L.W.S. and M.L.W,, at
M.L.W.N. and nidway between E.H.W.N. and M.H.W.N. The lowest
level was identical with the highest level from which G, cineraria

was collected and the dominant alga was F, serratus. The middle

650




- level supported a mixed vegeté.tion of F, serratus and F, vesiculosus.

Here, apart from one specimen of M, lineata, G, umbilicalis was
the only trochid., Weed cover at the upper level was entirely
F, &esiculosus and G, umbilicalis shared this habitat with
M, linests. Above M.H.W.N. where E. spiralis beceme the dominant
weed, G, ulibilicalis was absent, |
The animals were collected from within 4 20 cm. square which

was cast backwards over the shoulder, 40 times at each level, to

achieve randomness. In practice, the method proved difficult to
| operate due to the frequent tendency of the square not to fall
£lat because of the uneven teﬁam.' After this occasion, the

method was abandoned in favour of the larger metre square.

Results
Population density.

The mean density of G, umbilicalis was 65/metre
2 2

2 at + 1.3 ft.,

'165/metre” at + 4ok ft. and 59/metre” at + 8.5 ft.

Growth rate and breeding. _
The distribution of size groups at + 1.3 ft. and + 8.5 ft. are
compared in Figure 19. It is é.pfé.rexrt that the two samples were
. not identicals X° (3) = 18.24; P<0.00l. At the upper level,
-.grawth waé more rapid. The overall distributim pattern supports
the conclusion of Williams (196)4) that this species reaches adult

size in two years i.e. one year less than G, cineraria. Although




Figure 19.
A comparison of the distribution of size groups
at two levels, Seaton, August 1962.
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few young specimens were foun;i., the pﬁsenoe of small animals
(<4 mm. shell bzgadth) suggests that breeding took place in tl;e
inmediately preceding months, May, Jine and July. Summer breeding
by G, umbilicalis at this latitude bas been recorded by Williams
(1964) in Cardigan Bay and Cornet and Marches Marchad (1951) for
Roscoff, Brittany. . -
At + 8,5 ft., M, lineata'wa's pﬁsmt but seemed to exploit
slightly 4ifferent situations from G, umbilicalis. Of the 39
.squaz"es from which'spe'cim‘er-ls were dol'l.ected, 17 were free from
weed, 22 contained some wee& and oﬁe was barren shingle. The
distribution of the two species is shown in Table VI and the
results céﬂM'm&est a d.:.f‘ferent pattern in each case. A
_Xz test on the data in Table VII based an the same 39 squares
gives the result X° (1)' = 56."'1"; P<.0,001 (Yates® Correction
applied). The habitat difference between the species was very
significant indeed on this particular shore. ' M. lineats frequented
bare rock and G. umbilicalis, rock where at least same weed was
present (p.69). At Seatan it is probable that G, umbilicalis was
restricted in its distribution at + 8.5 ft. to the areas where weed
was present because M, lineata occupied the bare areas I;ather than
vice-versa. M.‘ lineata in my 'experimce is rarely found in weed
covered areas whereas G, umbilicalig is capable of colonizing bare
" rocks. Where M. lineats is sbsent ¢.g. in west Scotland, -

G. umbilicalis is certainly found on bare rocks.




TABIE VI

The comparative frequency of M, lineata and G. umbilicalis in

a.rea.s’of rock surfaée with and withoﬁt seaweed.,

Species statusg

Squares with weed
(22)

Squares without weed
(17)

Neither species present




Numbers of M, lineata and G, umbilicalis found in 39 squares

(20 cn.?) according to the présence or absence of weed.

1 Weed

No weed

'l‘otai

M. linests 13

G, umbilicalis’ 80

46
15

59
25

: T_otal - | . 93_

61

154

L] !

e




Disa.{ssion '
Inter-specific campetition .

The reality of competitioh with G, cineraria is again
‘supported by the fact that the growth rate of G. umbilicalis
at + 1.3 ft. where the .species were iiving together, is slower
than at + 8.5 ft. where G, ci'i;er&r:ia was abseht. The mean
densities of G, umbilicalis were similar at the two levels s SO
intra-specific competition was unlikely to be the cause.

Tn view of the distinct habitats occupied it is unlikely
that competition between G, umbilicalis and M. lineats was
severe on.this shbre.- o

Effects of the 1962-63 winter. |

In March 1963, the density of G, umbilicalis was 0.3/metre?
at + 1.3 ft. and 0.2/metre> at + La £t. Al the animals fourd
were adults. At the h:.gherleve]s not a single specimen was found.
The ability of G, umbilieslig to éurvive at lower levels probably
saved it from the extinotion suffered by Monodonta. In July and
ﬁecemiber, the population still survived at the same low density
and by December, most of the animals were 16 mm. in breadth which
is larger than any individusl recorded in 1962,

By September 1965 the species was sti]'i scarce but a long
search produced 48 snimals and it was concluded that the population
' was recovering slowly. The distribution of the size groups

provided yet more evidence of the flexible growth rate in Gibbula.
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A comparison of the size distribution in August 1962 (both levels
combined) and September 1965 is given in Figure 20. It is
noticeable that in 1965, the largest animals were 3 mm. bigger
than in 1962. Also, the 1965 population had an additional mode
at 16 mm. Active growth pz-obéa:':ly continued longer when the
density was low (cf. G, 'cinera.ria P30 ), in which case the mode
at 16 mm. represents three year olds at 13 mm. two year olds
and at 9 mm., oné year olds. _

A brief visit to Seaton in September 1968, showed that
G. umbilicalis was completely i-e-established.
The recoveg of the p ggg._]ét:.on. |

Recruitment of larvae may have occurred in 1963 from
populations .further afield since it pust be doubtfu_l if the
depleted Seaton stock could have bred sucoessfully that year.
The nearest G, umbilicalis popﬁla.tion to survive the 1962-63
winter without serious loss was at Te:tgnmouth in Tarbay, a
distance of about 20 miles from Seaton, with no mtervmﬁng head-
lands and a favourable uzrrent.'- The question is whether larvae
with a planktonic phase hsting‘ at mdst seven days and possibly .
no more than two days (Roberf, 1902; Lebour, 1937; Gaillard 1952)
could trevel so far in the time. The current speed at the relevart
time is noi'; nomm. In Séptember 1965 an estimate was obteined at
Seaton by observing the rate of eastward drift of a bright red
rubber ball kicked as far as possible offshore. It travelled east

at 150 yards per hour, equivalent to il...} miles/week. This rate




Figure 204
A comparison of the distribution of size groups
in Gibbula umbilicalis at Seaton in 1962 and 1965.







- would not have been sufficient fo tra.nsbport Gibbula larvae over
the required distance in a week. But, naturally, several
qualifications need to be made, The. current speed may vary a
great deal between Teignmouth and Seaton with regard both to the
locality and weather conditioz_':s'. The day in question w_ag calm.
A strong south-we;t wind could make a lot of difference to the
surface current speed. Again,_ current speed measured at the
surface or close ;i.nshore may not be relevant. The issue as to
whether or not the younger animais (13 mm. and below) observed
‘at Seaton in 1965 could have been recruited from further afield
pust remain in doubt. On balance the evidence suggests that
this  was not possible,- A

M, lineata had failed to reappear at Seaton-by 1965 or by
1968 and its -breeding biology is very similar to that of
G._umbilicalis (Williams, 196L4; Desai, 1959). Populations of
Monodonts survived the 1962-63 winter though much reduced in
numbers, west of Teignmouth (Crisp ed. 1964). The alternative
explanation is that the few rema:.n:mg G, umbilicalis produced
enough spawn to make possible a small recruitment in the summer
of 1963, These an:lmgls were 13-]14.' mm, at that time. In 1965,
they were represented by t'hg individuals of 16 mm. or more.

'F:'.na.lly, L, littores had increased its numbers greatly at
Seaton between 1962 and 1965. It seems reasonsble to suppose
that this could have been due fo the removal of M. lineata and

the reduction of G. umbilicalis, The habitat of L. littores




is often similar to that of G, umbilicalis in particular. On
many sheltered western shores they are co-habitants of the
nidlittoral: either may be dominant. L. littorea had probably

'benefi‘f:ed from the removal of, in this case, a dominant competitor.

(1) G, umbilicalis extended from M.L.W.S. to M.H.W.N. in 1962.
Densities ranged from 59-165/netre, ‘being greatest at + by £
C.D.

(2) The species bred in early smnm'erlat Seaton and reached adult
size in two years.

(3) Growth was more rapid at high than at low levels. Lower
densities allowed more rapid growth. |

(4) Tmere the vertical ranges ovéria.pped, the habitats of

G, umbilicalis 'an,d M. lineata differed. The former preferred weed
covered and the latter, weed free areas. Habitat differences
between G, umbilicalis and @, cineraria, except for the levels
occupied, were not demonstrated, _
(5) Mortality of G. umbilicalis was almost 100% during the 1962-63
winter. By 1965, it was still scarce but had increased. By 1968,
it had re-established itself, . | _

(6) Whether the- initial recovery of G. umbilicalis was due to
external recruitment or was internally generated could not be
determined.

(7) G. umbilicalis seemed likely to be competing with L. littorea

over much of the middle shore.




VI STMPATRIC FOPULATIONS OF G. CINERARIA
G. UMBILICALIS AND G. PENNANTI
Introductien
Alderney was visited in April 1964. All three intertidal
Gibbula spec:Les were known to ‘be abundant there and it was
_felt that the add:.t:xenal presence of G, pennanti, not found
| amwhere 'north of the mlgl:_l.sh Channel, might throw some light
on the ecology of the other two species, Seven shores were
examined and two, which subported the densest Gibbula popula-
tions I hed ever seen, were the subject of fairly detea.led
observations. |
Study Areas.
Alderney is composed entirely of grenite. Its coastline
consists of steep cliffs, boulder beaches and eandy shores.
The sand when present is a coarse unsorted arkose. The two

beaches at which most of the work was done, Fort Raz East and

Clonque Bay, are both extensive and exhibit a2 variety of degrees

of exposure. Both have areas of steep granite, low lying
reefs, boulders, shingles, arkose sand and plentiful pools.
The large tidal range (18 ft. at springs) and the gentle
gradient over most of the beaches means that a huge area is
available for colonigation by intertidal organisms; The algal
flora of both beaches is asfonj.shingly rich in- speeiee and
contains a considerable number of Lusitamien forms which are

rere in Britain. The proscbranch fauna, possibly as a result

Tho
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of the variety of algae is extremely diverse. The following

herbivorous prosobranchs were recorded:-

Littorina neritoides . - Patella wilgata

L. spxa’tilis . P.depressa

L. littoralis ‘ P._aspera

Lacuna vincta ( Montagw =~ Patina pellucida (L)

Lo pellidula. | T " Acmaea virginea (Mi':iler)
Tricolia gﬁlm (I..;) " " Calliostama ziszyphinum (L.)
Rissoa parva (@a Goét:a.) . Monodonta ‘linea.ta .
Rissiodas unidentified’ | Gibbula cineraria

Heliotis tuberculata L. = G. umbilicalis

Bittum retioulatun (da Costa) G. pennanti
| Results.

Zonatj.on ' |

The results of transects ca.rriéd out at four different
points, three in Clonque Bay and one at Fort Rag, ‘shovy the
vertical ranges of the thr.GG Gibbula species and the other two
trochids, M. lineata and C, sigyphinum ( Figure 21). The
Evans Method (p. 36 ) was used. It is clear from all the
transects that the ré.ﬁge of G. pennanti was intermediate
between those of G. cineraria and G. umbilicalis. Since all
three species were abundant (excpeding 50/metre?) in the centre
of their range, the extent to which their habitats differed

where they ovariapped, was investigated.




Figure 21.
The: vertical ranges of five species of Trochidae
on four rocky shores in Alderney, Channel Islands.
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Habitats. | o

The available habitats were classified as follows: flat
rocks without crevices, dsp-r“eséions or weed (R.F.); deprés-
sions and crev:i;c';e,s (0.c.) , undersides of bouldersllwithout
standing water (B.U.);. pt;dls (P.) ; surfaces of seaweeds (W).
Abundance was divided into four categories as follows: some
found in over 79% of situations inspected = abundant; scme
found in 25-79% of s:i.tua.tit'o_ns' inspected - frequent; found in
less than 29% of situations - occasional; scattered indivi-

' duals - rare. Four examples of eaoin type of habitat were
searched at each of seven levels on the shore"betwaen + 2.3f¢.
C. D. and + 17 £t. The results are shown in Figure 22.

It was‘clear that the" choice of habitats for each species
nerrowed the further upshore they lived. All extended
furthest upshore in pc..ols.' The undersides of boulders were
also much frequented in 'thg upper range. Open rock was only
favoured by G. umbilicalig exéept‘ at low levels where it was
replaced by G. -Bennanfi. lB__elo,vr M.L.W., G. pennanti was the
chief broﬁser on weed. Ea§h. iépeciés seemed to require pro-
‘tection and moisture in its uppa;- range. Below E.L.W.N. |

G. umbilicalis was pzogressive’ly"r'eplaced by G. pennanti in

the more sheltered areas and pools. From M.L.W.N. downwards,
G. cineraria joined G. pennanti in the pools and the latter
was found more commonly in open situaticms, at first confined

_ to crevices and thien at lower levels, browsing on weeds and




Figure 22.
The habitat preferences of the three species of
Gibbula at Clomnque Bay, Alderney.(for explanation
see text pJIG). '
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' open rocks. In some cases between E.L.W.N., and M.L.W.N,,

G. umbilicalis occurred above the waterline of pools and

G. pennanti bel;:w, ‘with no more than one inch separating
them,

In Clonque Bay, a large sandy pool at + L.k -ft. C.D.
supported ‘a: huge population of G. pennanti feeding largely
on weeds.. No other species of Gibbula occurred there. The
daminant weed was the flowering plant, Bostera marina L. but
there was an immensely varied algal flora including Codium
tamentosum Stackh, Codium fragile (ur). Hariot and four
species of Cystoceira, On reefs at this level, G. pemmanti
was found feeding in large pumbers on the small Rhodophyceas,
particularly Purcellaria fastigiata (L.) Lamour, Chondrus
crispus Stackh., Gigartina stellata (Stackh) Batt. and
Laurencia spp. It was also common among Bifurcaria o
bifurcata Ross, a southern species of Fucaceae which is abun-
dant on Alderney but rare in Britain. It appeared that
G. pennanti was exploiting a niche which G. cineraria and
G. umbilicalis rarely fill, though several species of
Littorinidae, notably on this shore Lacuna vincta, L. pallidula
and Littorina littoralis all feed almost exclusively on the

larger algae. However, the Littorinindae feed mainly on the
common Fucaceae and Lamina.ri‘aceas whereas G, pennanti was most
abundant on Bifurcaria, Cystoceira ( Fucaceae rere in Britain

and confined to the south-west) s Codium and the Rhodophycese . '




(se'e above) .. It is possible that the geographical range of
G. pennanti is limited by the ranges of its favourite food-
plants, It must be stressed,,'ho'v'vever, that G. pennanti does
frequently browse on .open rock at low levels and also on
algae particularly Bhodophvceae, which are abundant all round
the British coast. '

Two interesting points in connexion with G. cineraria were
noted. Pirstly, large numbers of spat were found scattered
over a much wider belt of the shore than was inhabited by the
adults. The highest spat were found at + 13.2 £t. (M.T.L. +
0.4 £t.). These young a.nimals were amitted from the transect
results (Figure 21) because the much smaller range of the
adults was taken as an indication that the young do not
‘survive long at this high level and considerable eﬁdence of
their inability to survive on the share had already been given,
Connell (1961b) has shown that C. stellatus in Scotland settles
over a wide area of shore but the spat are either crushed or
overgrown by B, 'ba.lanoidesi. It is péssible that G. cineraria
.spat are similarly ousted by more successful species when théy
settle outéide their normal zZone. However, the presence of
the spat indicated spring breeding.

Secondly, the adults wére mostly small (12mm.) and this
was probably a re_sult._of tha-extremaly high o?era.li densities
of Gibbula spp. and perhaps particulsrly of cﬁmpetiﬁ.on from

G. pennanti from which it is free at the lowest levels on

Ce
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Brit:':sh shores. -

Exposure tolerance. .

Five more exposed shores were examiped briefly to

investigate exposure tolerances, A'I.thlough all tﬁ.ree. species
could be found on shores that would be classified as exposed,
all were restricted to sheltered microhabitats. Moving from
exposure towards shelter, G. umbilicalis was the first species
to appear and G. ;gennanti.the last. On the most shelfered
shore where Fucaceas cover was 100% and large quentities of
sand and silt were deposited, all three species were scarce.
The impression gained was that all three species had similar
habitat preferences: where one was abundant, the other two
would also be. Al:.l.prefer;-ed semi-exposed and sheltered
shores, avoiding extremes of either exposure or shelter. It
was felt that the ability of G. umbilicalis to withstand
slightly more exposed conditions than the‘ other two species
might be aided byuits'- flatter shell which would create less
. resistance to water movements., - |

S Yo
(1) The vertical range of G. pennanti was intermediate

between those of G. cineraria and G. umbilicalis. All three

spécies frequented sheltered and damp situations in the upper
. part of their range. -
(2) Open rock was most favoured by G, umbilicalis. @. pennanti

‘was found more frequently than the other two species browsing




on weed. Silt, sand and heavy.wéed cover were t<-> écme extent
avoided by .all_..‘1.:hree species.

() G. umbilicalis was the most'and G. pennanti the least
_toierant'l_.of wave action. . | | |

() The géogral;hiqal rméé of G. Eennanti-gi'ght be limited by
that of éezrtain. algae eg. B. biféurcata and. Gz_étpcei-;-a ;pp.

(5) The small adult size of G. cineraria might be the result

of competition with G. gleri_nanti, -
6 a.. cineraria spat settle over a much wider area of shore
than is colonized by t!;e adults. |

(7) G. cineraria was a spripg breeder. -




VII ZONATION AND HABITATS IN G. CINERARTA
G. UMBILICALIS AND G. PENNANTI
Introduction .
_ Evidence has been presented which shows that
campetition betweén G. cineraria and G, umbilicalis is
likely fo have an important influénce on the ecology of ﬁoth

species where they occur together. In arder to seek further

evidence of competition between these two species and G. pemnanti,
where it occu.i-s, several other localities both within and out-

side the British Isles were visited. The questions to which

answers were sought mainly involved the effects of inter-specific

campetition and the influsnce of latitude (i.e. climate) on

the biology of the species;_ The ‘effect of coméetition on such
factors as vertical range (zonation), growth rate, density and
hsbitat selection was investigated. Additionally, it was some-

times possible to infer a climatic effect where factors like
vertical range, growth and adult sige, exposure telerance and

breeding seasons were concerned. Since most of the visits

were necessarily quite brief, many of the problems regarding

growth and breeding seasons are unsolved and attempts to
provide answers to others remain at the level of speculation,.
Two areas, Port William in south-west Scotland, and »

Clashnessie in north-west Scotland were exaﬁﬁed to see if

€. cineraria and G. umbilioalis interected in the same way as

Le
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in Devon. The populations of G. cineraria in the Faeroe ,
Islands, where it is nearing its northern distribution limit
(Rhorson, 1941), were investigated. A beach in north Spain

where G. cineraria is absent fram the littoral zone and the

other two species are abundant, was iz;sﬁected. Finélly,
several shores in the Capary Islends, Madeira and the Azores
wore examined briefly. | |

G. cineraria and G. umbilicalis in Scotland.

Clashnessie, Sutherland f@o&f_re_ference NC 060:12)

This shore was examined in March, .19'64, it consists ofb
boulders of Lewisian gneiss, some of them éx‘tremely large, The
subs';ratum hed the appearance of being. stable except _duri;ng
heavy storms. The degree of exposure is intermediate., the

middle shore being largely bare except for B. balanoides and

P. vulgata, and weeds.are restricted to depressions and pools.
There is an upper fringe of Pelvetia canaliculata (L.) and the
lower shore is fairly well clotheni_ with F. serratus and
Himanthanlia elongata (L.). Laurencia spp. and G. stellata
form a dense carpet cov.eri-.n_g the rocks at t.he lower level.

The sublittoral fringe supports a flora of L. digitata,

. L, hyperborea apnd Alaria esculenta (L.) Grev. Both the predom-
inance of barnaclés in midshore and the presence of H, elox_:gl'ata

and A, esculénta lower down, indicated that the share is fairly

exposed and at first glance it would be thoughtan unlikely

hebitat for Gibbula. However, the size of the boulders is such




that sheltered habitatg are common bene;th and between them.

Many pools containing small pebbles are “formed in depressions

between the large boulders and these proved a suitable Gibbula

hebitat. The degree of protection afforded by the crevices

and gullies must be considerable since large plants of

P, vesiculosus and A; nodosun were found grovring in such places.
Both G. cineraria and G. umbiiicalis were abundant in

suitably protected places, the former fram the sublittoral up

to + 8.4 ft. C.D. (just above M.T.L.) and the latter from

+ 4.5 £t. C.D. (M.L.W.N. - 0.7 £t.) up'fo + 10.4 ft. C.D.

(B.H.W.N.) . The upper limit of G. cimeraria corresponded

exactly with the uppermost pools to which it was confined at
this level. It became abundant and ge_nefally distrib;ated from
M.L.W.N. downwards reaching a maximum density (over 50 per
metre?) at + 3.3 £t. C.D. (just above M.L.W.). Below this
level;all boulders and stones were cemented together with
Lithothamnion which rendered the undersides inaccessible and
the density ée_ll, probably due to the scarcity of protective
stones under which to crav‘:l.. Particularly noticeablé was the
_ absence of young animals at the lowest levels though they
were common higher up and this 'o'bservaﬁon éupports the con-
clusion reached from the Whitburn data that the survival of
the young depends on the pz,'esen_c'e’ of looSQ _stmes under which
to live. . ‘ ! .l

' @G, umbilicalis is appréaching its northern limit at
Clashnessie (Rendell, (1956); Lewis, 1957). There was no




indication that it was struggling to survive es its maximm
abundance at + 5.6 ft. C.D. -fb’eﬁeen M.L.W.N. and E.L.W.N.)
exceeded P per metre2, However, the extent of its vertical
range (particularly at the lower end,) was certainly less

than is usual further stlbuth, where it normally reaches M.L.W.S.
or theresbout. A lower limit just below M.L.W.N. is also
recarded by Lewis (1957) at Scourie, anothsr Sutherland
loca.]ity.. The upper limit at Sc-;ourie was just above M,H.W.N, ,
whereas at Clashnessie it extended only to E.HW,N, This was
probably due to the absence of pools to which it is almost
completely confined whep’ it occurs above this .lew;el.

Port William, Wigtownshire (map reference NX 384413).

This shore was examined in May, 19%k. It is & large area

of boulder shore with a gentle slope, not sc exposed as
Clashnessie but i)y no means covered with weed. This may be
~ attributed as mﬁch to the small size and coﬁsequent instability
of the stones as to exposure. Large populations of both |
G. cineraria and G. umbilicalis were present.

G. cineraria ext;nded from the sublittoral to E.H.W.N.
though above M.L.W.N. it was confined to pools, while
G. unbilicalis was present.fram MuL.W. up to M.H.W.N. Although,
Ge. umbilicalis extended lovv;er than at Clashnessie, its lower
range was not so. e:-d';e,nsive as .is usual in Wales or Southern i '
England. G. cineraria did not extend so high as in Sutherlan@

and other parts of Scotland, but its intertidal range wes still
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in excess of that cbserved fur.thez'- south. | g
The distribution of size groups for both species isshown
in Figure 25. In the case of G. cirmra.r:_la,- fhs histogram shows
the expgcted polymodal distribution. It is of interest to note |
the presence of minute sn:i.m&lé (the smellest found on anj shore)
indicating that breeding was m@rim. Ihé largest a.nimals.at. |
18mn, were larger than any found further south on the west side
of Britain, The histogram for G. umbilicalis suggests that the | .
breeding performence during 1962 and 1963 ivg.s poor, resulting |
in very low numbers of one and two year olds. -
Gibbulal cineraria in the Faeroe Islands.
The Faerce Islands were visited in April 1965. Here,
G, cinera.ria, the only membei' of the genus present, is approach-
ing the northern limit of its. ra-nge (Thorson, 1941) . Eleven
shores varying degrees of Ieprsure were examined on the islands
Streymoy and Vegar. Thé populations of G. cineraria in the
Fasroes provided additional evidence in Support of some con- o I‘
clusions reached so far.

Of the eleven shores examined, G. cineraria was found on

six, It was absent from all 'very exposed shores excepting one

to which further reference will be made. It was also found on
anly one sheltered shore. Its occurrence was fairly regﬂu b
on exposed and semi-exposed shores vghere suitable microhabitats
existeds It was abundant on only two shores, both of which had

a plentiful supply of boulders and were free from sand.




Figure 2373
Histograms showing the distribution of size groups
in G. cineraria (A) and G. umbilicalis (B) at Port
William, Wigtownshire.
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The single occurrence on a very exposed shor;e must be the
most bizarre habita;t ever recofded for G. cinsraria. The
shore at Hoyvik, Stréymoy, whieh has a tidal range of only one
Poot at springs, consists of a vertical cliff of basalt from
M.L.W.S. up to M.H.W.S. + 4 ft. supporting a fauna of
B. balanoides, P. vulgata, and Mytilus edulis L. and a flora
composed of A. esculenta, Porphyra umbilicalis (L.) and a turf
of small Rhoaolmeme." Above M.H.W.S. + L4 ft. lies a series
of flat shglves in one of_ which.at M.H.WfS. + 6 ft. 'I;here is a
. la.rg§ pool. The faﬁna of the péol was daminated by low level
and even sublittoral wmﬁs such as .Modi:olus‘z modiolus, (L.)
Tealia felina, (L.) Aeolidia papillosa, (L.) A. virginea,
Buccinum und.atum L. and M, edulis., G. cineraria and T. lapillus
were the most abundant inhahitants.

The dominent élimafic features of the Faerces are the high
rainfall, humidity, cloud cover and winds and the low incidence
of both sunshine and frosf._ Sea temperatures (annual range
5.2°C.) and are extremely equable. High rock pools are not
..expo;se?i to the climatic extremes usual at this level. The high
hunidity and dense cloud cover reduce evaporation and the

incessant swell and spray provide constant renewal of the sea

water in the pools. When all these factors are consideréd, there

is no need to suppose that the animals inhebi ting this pool were

especially tolerant of normal conditions on the upper shore.

Conditions in this cese were most unusual. Moreover, the steep
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sides of the po.ol provided a comparatively sheltered habitat
although the other inhabitants of this shore are all indicators
of considerable elnxposurle. |

On one exposed shore at IHoyvik., Streymoy, G. cineraria
was abundant. As at Cléshnessie s the shore was camposed of
very large béulders » in this case of basalt, and the species -
was confined to sheltered piace_s mainly beneath the boulders.
In the sublittoral; the .spe'ci-es was much more numerous. 1t
could be seen in large numbers fe_eding oﬁ the upper sides of
boulders even in the heavy smll; -A local fisherman volun-

teered the information that G. cineraria moves upshore in

-large numbers in the summer and retires again to the sublittoral
in the autum. Such an cbservation would be much more easily
made in the Faeroces than in Britain because (a) the intertidal

zZone is narrow; (b) this particulai' shore .was free from weed;

| (o) G. cineraria is the only large intertidal gastropod apart

* from linq;ets. if tl‘llle, “this evidence supports conclusions con-
cerning seasonal migration already arrived at from the Whitburn
and Seaton populations. Even in April, the vertical range of

G. cineraria extended up to M.H.W.S. on this shore, though it

was scarce at the dpper levels, -

A shore of smooth basalt 'without crevices no more than a
few yards from the' preceding one prodliced not a single specimen
of G. cineraria. The overall exposure qonditioﬁs were identi-
cal in the two cases and the example in@icates the great import-

ance of microhabitats in détemining .the disfribution of the
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species. The truth of this statement is .reinforced by evidence |
from the shore at Futaklettur on the islend of Vagar. Here the
tidal range is 6.6 £t. at springs. The intertidal zone consists |
of a series of flat wavecut platforms of basalt. Below M.T.L.
sheltered habitats were absent, but above this level some
crevices and poolls supported mﬂl numbers of G. cineraria up
to MH.W.N, | | -
Two other shores on Vagar at Sandvag and Midvag, both com~
posed of basal boulders, supported.G. cineraria at low density,
in the more éheltered areas, frax_x the subli.ttbral up M.T.L. +
0.5 ft. The individual specimens found were all large adults
between 19m, and 23mn. in shell breadth. - These figures are
very different fram those shown in Figure 22,- where most adults
measure liymm. In the latter case, the specimens were collected
from a dense population at Hoyvik, $1:reymdy. Agein, we have
evidence of the negative relatiomship between density and adult
size referred to in previous chapters. |
" Two sheltered shores were examined. Fram the first at
Sorvag'-on Vaga.r vﬁ.th a tidal range of 6.6 ft., G. cineraria was
ex;tirely absent. The intensity_ of weed éovér and the presence
of sand under the boulders and petbles was probably responsible
for this. The species is absent from meany similer shores in
the iochs and sheltered inlets of western Scotland. The other
sheltered shore near Thorshaven on Streymoy supported a dense

population of G. cineraria, thou.gh mostly below tidal levels.




Here although weed cover was almost 100%, there was no sand.
The species was fee;iing extensively on the weeds both in the
sublittoral apd in several pools. This feature which has also
been noticed on shéitered shores in Scotla.ndl suggests that

G. cineraria is able to feed on weeds only when the water move-
ment is slight (Ebling et. al.l948; Lewis 1%2). Sand and silt
are such a frequent feature of shores of this type that the
spedes is often ebsent from them. Where it is present it faces

competition from L. pallidula and L. vincta at low levels and

from L, littoralis at higher levels, all of which feed mainly
on the larger algas.

Fmally, it was noticed that G._cineraria was absent fram

all Fa.eroese shores where the basalt was replaced by sand at
. lovy levels, even where s'ui’fable_ hebitats appeared to exist in
midshore. The very small nmbers; of first and second year .
animals found CF:.gure 24) suggests that the Spédi.es is heavily
dependent on the existence of su:.table sublittoral habitats for
the settlement of larvae. If, in ad.dition, the adults largely
retire to the subllttora.l in mnter, sand at th:.s level would
be & limiting factar.

The most interesting point that emerges from the compara-

tive study of Faeroese shores is that G, cineraria can survive

here at any level up to M.H.W.S. + 6 ft. where suitable habitats
exist. There can be no doubt that increased exposure to wave

action allows the species to extend upshore, On sheltered shores

OJs 5




Figure 24.
The distribution of size groups:.in G. cineraria

from Hoyvik, Streymoy, Faeroe Tslands.
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fhs upper limit was at M.L.W.S. + 0.3 ft., on semi-exposed
shores at ﬁ.T.-L. + 0.5 ft. land on exposeé. shores, above M,H.W.S.
The cbservations of Lewis and Powell (1960) in Argyll are
confirmed., )
G. cineraria and G. pennanti in Spain.
. The shore at Comillas near Santander in the province of

Asturias was examined in August, 19%4. .

It consists of broken 1imestone rocks, mostly flat, boulders
and sand. Where sand was plentiful there were large colonies
of Sabellaria alveleolata (L.). Alga.e were sparse as usual on

Iberian shores, An upper fringe of P. capaliculata and F.

spiralis and a lower fringe of B. bifurcata and Cystoceira

tamariscifolia (Huds) were the only Fucaceae present. Bstween

the algel fringes, C. stellatus, with P, vulgata. P. depressa, -
P. aspera, and Patella Lusitanica L.', was dominant. L. néritoides
was abundant over most of the shgz:e. L. saxatilig was raré and
no other littarinid was found. The dominant grezing gastropods
were the trochids, M. lineata, G. umbilicalis and G. pennanti
together with the small turbinid, T, pullus. One specimen® of
G, cineraria (7.5 mm.) was found at M.L.W.S. At first one
gained the impression that .Gibbula s_pp'. were more numerous than
later transpired: over m%'of the shells seen were occupied by

the small hermit crab, Clibaparius misenthropus Risso. The

grazing sea urchin, Paracentrotus lividus (Lamarck) was sbundant

at lower levels apd in view of its consideresble size, might have




been an iﬁporta’nt campetitor for the tr§chi§s.
G, pennanti was '.lelss. abundant than on Aiderney. It ranged
from M.L.W.S. up to M.T.L. Over the entire range it was much
commoner in pools and undér -stones than anywhere else. Near
low water it was seen feeding extensively on Bifurcaria. 4
large number of young animals of 2-3 mm, shell breadth indicated
that breediqé was c;ccurring. The frequency distribution judged
from the histograms was trimodal (Figure 25 A). The mode at 3mm.
could have been no more than a week or two old. The mode at Gmm.
probably represents the one year olris and that at 10mm. the two
year olds. Thse aduits are mchl smaller than Alderney specimens,
most of which are limm. shlell breadth. |
- G. umbilicalis extended from M.L.W.N. to M.H.W.N. Its
sbundance.was about equal to that of G. pennanti. The frequency
distribution was. trimodal (judged from the histogram, Pigure 25 B):
the 6mm. animals were pfoba'bly cne year old, the 8mm. ones two '
years old and those of 1llmm., three years old. lThe,small size of
most of the adults compared with northern populations wes striking.
The presence of animals at 3mm. indicated the occurrence of
breeding at this time, but the numbers are small. It is possible
that breeding had only ;]ds‘l;- 'begﬁn and would have reached its peak
later, say in sarly autumn.

Crisp and Fischer-Piette (1959) mentioned the fact that

G, umbilicalis on the Basque coast rarely exceeded 11-12 mm.

After surveying the whole Atlantic coast of France and examining




Figure 25.
The size-frequency distribution of G. pennanti(A)
and G. umbilicalis(B) at Comillas, Esturias, Spain.
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Imuseum specimeris, they reéorded a.size dimipution from north’
to sou'l;h. They did not mention G. pennanti in this regard
though it seems :juétified ,,orvl present evidence to j»ostulate a
s:ﬁnilar size diﬁ;inution in thaﬁ species, Crisp an&.Fischer- .
- Piette (op. cit.) also referred to specimens of G. umbilicalis
with a closed or almost closed umbilious in south-west France.
At Comillas, 35.9% of the specimens over 10mm. (140 examined)
had a closed umb-iiicué. The smallest specimen® with this
condition ‘vvas.&nm. At such a high frequency of closure s this
character ceesed to be of much value in distinguishing

G. umbilicalis from G. pennanti. At Camillas, the different

disposition of colour bands on the shell base was regarded as
& much more reliable field character.

On this shore a éistinct difference between the habitats
of young (under Smm.) and 'oid. (over 8mm.) specimens of

G. umbilicalis was noticed. The young animals tended to remain

in protected places such as crevices, under boulders and in
pools, whereas animals over 8mm. seemed 1afgely to have adopted
the edult habitat on dry, bare rock surfaces. A change of
habitat at approximately the seme size and age was demonstrated
for G. cimeraria at Whitburn (;g. 46 ). It seems likely that
G. wbilicalis also adopts the adult habitat on attaining sexual

maturity and prior to its first spawning.




Summary.
Scotland.
(1) The upper limit of G, cineraria and the lower limit of
G. umbilicalis are both higher than in séuth England and are
higher in north than in south Scotland.

(2) G, cineraria breeds in the spring.

(3) The b:.reeding perfo'mahce of G. umbilica'.]._i.;g varies from
yefa.r to year, n

Faeros Islands. |

) s. cinerafie. retired to the Isulﬁlittor&.l in wintéi'.

'(5) G« cineraria was found moré frequently on wave beaten

shaores than in Britain and:a_-lsp had a more extensive vertical
range (to M.H.W.S. + 6 ft.) . It was scarce in sandy and weed
covered areas a,.n_a gbsent from efp'Osed fiat rocks.

(6) G. pennanti and G. umbilicalis both br-eed in summer.

(7) Both species were smaller than further north.

(8) Meny adult G. umbilicalis hed a closed umbilicus.

(9) €. umbilicalis changed its habitat at about Gum. shell

breadth, moving frem crevices and pools to more open situaticns.
This probably facilitates the dispersai of larvae after breeding,
Canary Islands and Madeira (addendum 1968)

(10) G. umbilicalis was local (se.ev'p. 7 ) but abundant where

present at low levels. Neither G. cineraria nor G. pennanti

was foundo




. VIII DISCUSSION

Geographical distribution.
Our knowledge of the geographical distribution of Gibbula

and of G. wmbilicalis and G. pennanti in particular, has been
improved as a result of this ﬁork. My own records from the
Canary Islands and Madeira (p. 7 ) go some way towards
improving our knowledge of the southern distribution of

G. genna;nti and G. _umbilicalis., The probable absence of both
speci_es from the Azores, is interesting raflecting dispersal
diffiéulfies in the fa:m of adverse ocean currents. The pelagic
trochophore la.rvaa ,prob,al_:,]_.y havé é. life of no more tha.n two days
(Robert, 1902; Ga:n.lla.rd, 195é;' Lébouz'-", 1937) which would be
insufficient time for them to complete the long sea passage from
Portugal before xqetan;c;rphosis. . Le littorea. another proscbranch
with a flanktdnic larval phase. is similarly absent from the
Paerce Islands (Thorson, 1941 and personél observation) though
conditions seem most su'i.table'for it there.

Zonation. }

(i) G. cineraria.

This species is common in the sublittoral down to 10 fathoms
(183 metres) (Plymouth Marine Fam}m, 1957) or 15 fathams (27.4
metres) (1516 of Man; Moore 1937). In the sd_;th it is pro:bably
more numerous below tidal levels (Moore, 1940) and is apparently
never confinéd to the littoral zone. The uppér shorg limit is

frequently around M,L.W.N. (Evans 1947a; Lewis 1957; Moyse and

s




Nelson-Smith, 1963;. Moore, 1940; Southwerd and Crisp, 1954) «
Hmvev'er a number of Scottish records show greater upshore )
penetration to M.T.L. at Scalpay (Moore, 1940) &nd M.H.W.N.
in Caithness (Lewis 1954) while on the scuth coast the upper
limit is freéquently around M.L.W. (Colman, 1933). Judging
from.the results of Crisp and Southward (1958) and Crisp apd
Fischer-Piette (1959 the species frequently fails to penetrate
the littoral zone- m'shores' apparently suiteble for other
Gibbula species on the French coast, pérticulerly in the south.
A tendency for the species‘ to penetrate higher upshore in the
north has been aﬁpareht from previous wark and is confirmed
here (section VII),
(ii) G. umbilicalis

' This is a midlittoral species though it may occasibnally
be dredged in shallow water (Ply‘mt.;outh Marine Fauna, 1957) where
its lower limit is given as 3 fathoms (545 metres). At Wembury,
the lower limit is at E.L.W.'S; (Colman, 1933). In Cardigan Bay
it extends almost to M,H.W.S. in pools (Evans, 1947), though
only:to E.H.W.N. on bare rock. In Pembroke it can be ebundant
to M.H,W.N. . (Moyse andNe‘l_son-Snli'th, 19%3). In the Menai’
Straits, it rarely occurs above the bar_nac].é lipne which is at
M.H.W.N. in shelter (Lewis, 1953). Evans (1947b) states that
the lower apd upper limits are raised by exposure, the ranges
being M.H.W.N. ‘= 1 £t. to M.L-W.S. + 1.5 £t. at the most

exposed and E.H.W.N. + 0.5. ft. t0 M.L.W.S. - 1 ft. at the most

e




sheltered stations near Plymouth. The zone of maximum abundance
is varigble being M.L.W.S. to M.L.W.N. near Plymouth (Moore,
1940) , M L.W.N. to M.T.L. on shingle in the Menai Straits (Lewis,
1953) and M.T.L. to E.H.W.N. -1 ft. in Cardigan Bay (Evans,

" 19478) . ‘It seems that G, _umbilicalis can occur fram the shallow
sublittoral up to M.H.W.S. in pools and can be abundant fram
M.L.W.S. to M.H.W.N, '

(1ii)G. pemnnenti _

'This work confirms that the vertical range of G. pennanti
is intermediate between those of G. cinerarie and G. umbilicalis
(@Geillard and Fischer-Piette, 1956; Crisp end Fischer - Pietts,
1959) . Its range at both Aldernéy and Gomillas is from E.L.W.S.
o M,T,L. | .

The effects of latitude on gonation.

The vertical ranges of G. cineraria, G. umbilicalis and

G. pennanti on shores between Comillas (43°N) and the Faeroces
(62°N) . are shown in Fig.26. The data are my own except where
indicated otherwise. <.

(i) G. cineraria. This-is a sublittoral species in the south

and may extend over the whole shore in the north. The restricted
range in the south is probably partly a result of competition
from other species but not entirely so. In west Scotland,

where G, umbilicalis is also present, it often extends up to
E.L.W.N. or ¥.T.L. It has never been recorded so far up in the
.south. Where c@etitiqn from G. umbilicalis is ;bsent as in

the Faeroces, Ceithness and north-east England, G. cineraria

96,




Figure 26.
The vertical distribution of three Gibbula species
on rocky shores between N. Spain and the Faeroe
Islands. The data are from:- (1) Evans(1947b);
(2) Moyse and Nelson-Smith(1963); (3) Evans(1947a);
(4) Lewis(1953); (5) Lewis and Powell(1960);
(6) Lewis(1954); (7) Moore(1940); (8) Lewis(1957).
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has an even more extensive 'ra.nge.' The height to which it
eitends shows some correlation with latitude. It is concluded
that both competition apnd climate act as factors limiting the

vertical ra.ngeA of G. cinera.ria.. G. cineraria also grows to a

. greater size: in the north where equivalent densities and

levels are compared in north and south (e.g. Port William and
Alderney) . It is difficult to state with certainty whether

‘this effect is ceused by changes in competition or some other
factor. There is also a trend towards gréater'-exposure

tolerance in the .north when localities su_ch-as-Caith.ness and
Alderney are compared _

(ii) G. umbilicalis. An upper shore limit around M. H.W.N, seems
to be a remarksbly constant. feature of this animal's rangs.
Occasionally, it ma.y' extend h:.gher in pools (e.g. Cardigen Bay).
Where pools ere absent fram upper levels, it may not extend

much beyond E.H.W.N. (e.g. Clashnessie). No geographical trend
can be discerhed in this case. The 1o;ver 1imit varies con-
siderably, however. In S.W. Englend and Wales, M.L.W.S. usually - .
‘marks the lower limit. Both to the north and south of this, the '
limit is raised to M.L.W. or M.L.W.N. In Scotland, this effect
may be the result of the greater sbundance and better adaptation

to intertidal conditions of G.. éineraria, In Alderney and Spain,

it seems probable that the additional presence of G. pennanti
at lower levels, pushes G. umbilicalis upshore., Like G. cineraria,

G. umbilicalis grows much larger in the pofth.




(iii) G, pennanti. This species was collected only in Alderney
and Spain, In both areas, it extended from the sublittoral to
M.T.L. |

Zonation and physical facfors.,
- (1) Temperature tolerance. '

| Evans (1948) studied the effect of high temperature on the -
activity and survival of 11 species of intertidal molluscs
(including G. umbilicalis and G. 'c;nerarig).imﬁersed in water
and S outhward (1958) repeated the experimef:ts' using Trochidaé
end barnacles, but in addition investigatedthe effects of low
temperature on the animals in air. The results are given in
Tables VIII and IX. '

" Both authors conclude that the envircnmental temperatures
are not sufficiently extremé to act as factors limiting the
animals to the zones in which they occur naturally.‘ Howver',

- it is clear that the animals' abilities to withstand both high
and low temperatu;‘es'a.:.'e rélla.t.e'djt'o' the levels they occupy on
the shorre rather than to the geoéraphicﬂ_ range: G. cineraria
(a northern species) is much less tolerant of -aitﬁer extremes
than M, lineata or ('?r.' mbiiicalis which are both of southern
distribution. The 19%2-63 winter has 'shovﬁ that in exceptional
circumstances, intertidal specieé cen be severely affected by
'lo_w.temperatures. In this case, M. lineata and G, umbilicalis
suffered drastic alterations in their geographical range
(Crisp, 1%64). |
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(ii) Resistance to dessication

There afe no published results of experiments which investi-
gate resistance to dessication in trochids. As a factar of
possible signifigance in the intertidal zone, I carried at a
- small serieg of investigati_'on.s in Novémber, .1965; The animals
were collected in Pembrokeshire. Thirty specimens each of

M. lineata, G. umbilicalis and G. cineraria were placed in

dessiceters with anhydrous calcium chloride, having previously
been dried as thoroughly as'poésible on the outsids. F:.va o
specimens of each species were removed at 12 hourly intervals,
pla'ced. in seawater and checked for: (s) ability to move;
(b) ability to crawl; (c) response to stimulation (pr:i.cking'
" with a pin). If there was no immediate response, the animals
wore left in seawater for 12 hours, afte;- which, if there was -
no recovery, .they weré :;onsiderqd dead. Control groups were |
kept in aerated seawater to check the ‘animals' abilities to
survive under normal conditions. The results are given in
Table X, Teble XI shows the percentage of time during which
G. ciperaria snd G, umbilicalis are exposed to the air in
normal circumstances. _ _

It is clear that .ths high level M, lineata is able to _ N
withstand prolonged periods of continuous emersion. After 36
hours, G. wbilicalis had partly withdrawn into its shell and
was unable to maintain its grip on the substratum. It would o i

therefore be exposed to the danger of being hwed by the tide




TABLE VIII

The effects of high water temperature on two species

of Gibbula and M. Lineata. The data are taken from Evans
(1948) and Southward (1958).

Spontaneous Heé.j: Lethal Temperature

Movement | Coma - (°C.)

Ceases ‘(°c’.) (°cf) 50% | 50%

Species (Bvans) = (Evans) (Evans) (South-
. . . " w
| M. linesta 37 38-39  45.8  45.0°
G. wrbilicalis 33 33=34  42.1 41.8
G. cineraria  30-31 3435 36,2 35.5

100%

South-
war

45.3
42,0
3640
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TABLE IX

Time in hours required to _producé 5% mortality at verious '

temperatures in two species of Gibbula and. M. unéata. \' :

' Temperature (°C.)

Species = -10 =5 - 0 0 35 0 iy

M. lineata  2-3  6-24 138-179 72200 -  6-6F

G. umbilicalis  2=3 16 30-79  24-72 10 31 ;

G. cineraria 2-3 - 273  12-3%0 33 B-5% 0 o

Data from Evens (1948) end Southward (1958). | ot

-




"TABLE X

The effects of continuous exposureto air on two species

of Gibbula and M. lineata.

. Time in hours required for:

Locomotion . Movement  50% 100%

to cease  to _cease morta:].i;x' y- mortality

M. lineata T2+ T2+ 72 + 72 +

72
48

G wmbilicalis 36 ' 48 6

G. cineraria 12 o 36

102,
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TABLE XT

Percentage -of time during which two species of@:!;bbul»a.

are exposed t6 the air at their upper and lower intertidal limits.

% time exposed to sir
Wembury (Colman,1933) Cardigen Bay, (Evans 197)

Species ~  JEBeE loWer \per limit lower limit’

G. cineraria 40

:

21 ' 0
63 2

- o|

G. umbilicalis 65
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and possibly stranded. G, umbilicalis rarely extends higher

than M H.W.N. where the averageé period of continuous emersion | ‘
is about two-days and the maximum possible period four days.
The results suggest that dessication could aét as a limiting
factor to f-urthez_' upshore -axfpr_ision although wherever this
occurs, the species ;’I.S con‘fihed to damp c;'revic'eé and pools

(see p.gs: ) G. cineraria needs wetting at every tide to remain
heaithy, ‘but in nature it always occurs in pools above E.H.W.N. . i
Dessication seems to be more probable than temperature as a
limiting factor in both species-of Gibpula:. In particular, the g
results. of this experiment show how important damp and protected
" habitats are likely to be near the upper limit of the animals® !
vertical range; ' - |
Hsbitats. |

The pumerous observations of previous authors are summarized

in the Inti‘oduction (P- 3). So far as the habitats of the adult
enimals are concerned, my own work has added little to this
general picture. It ha;s 'pe"en emphasized, hcwéver, that the

young enimals of all three Gibbula species require particularly . '
well protected and demp habitats'; Prior to sexual maturity |
(about 8mm. shell breadth on most shores) R the young cannot be
found without searching.damé crevices and under stones, In
the case of G. cineraria where' settlement is mainly below tidal
-ie_vels, it has been suggested that an msuitabie substratum in

the sublittoral, sa;y sand or mud, has an adverse effect on the
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density of the intertidal population due to difficulties of
recruitment (p.ps57,89.)It was also felt that the change of
habitat recorded for all these species at.the ohsa,‘: of sexual
maturity might be. an adaption necessary for the successful
dispersal of the planktonic ﬁ'ochop_hore 1arva.e.._ Similar
changes of habitat with age have also been reported i_n.
L. littorea (Moore, 1937h) aﬁd T. lapillus (Moore, 1936). _
Population density and..habitat.l : - | ’
-Over the whole geographical range of all three spécies it :
has been fo@d that boulders and broken, creviced rocks support
dense populations. At the sams time ex1:reme conditiéns of | .
shelter wﬁeré sand and silt ﬁffen accumuiate » are not favoured,
The animalsg probably require the protectim.ffom préda.tcrs
afforded by narrow crevices a.n&. the wndersides of stones and
the popn;lation density seems to be directly related to the
availability of such microhsbitats (p.28). |
Growth and Life cycles. o
Growth varies with age in G. cineraria and G. umbilicalis.
It is slow for the first year followed by ome year's (G.
unbilicalis) or two year's . ciherarig) rapid growth, at least
in the two localities investigated in detail. However the
growth rate in both spécies is sufficiently piastiq to maks
generalization rather risky. I .ha§e shown (p.30 that

G. cineraria sometimes continues active growth for at least




three years and also (p.60 ). that it can, in certain
circumstances, complete what'would'normally be ﬁb,wus
growth in one year. G, umbilicalis is probably similar in
this respect though jthe evidence for this species is not 8o
complete. After two years (G. umbilicalis) or three years

(@G._cineraris) growth sléws down considerably but may continue
for several yéa.rs longer. Growth in-bt;\t_h spocies is slow.in
winter, a conclusion supported by; Willia.ms (19648) for
G. umbilicalis, wiuiams (19%4b) and Moore (1937b) have both
shown that winter growth is slow in L. littores snd also that
growth is halted by _matura_tion of the gonads, A similer
explanation probably applies to"the halt in growth between
June and September in adult G. cineraria at Whitburn.
Mortality in newly settled G. cineraria was found to be
very great. Moore (1937b) also found this in L. littorea,
Mean life expectancy was éa:.lcula‘a.ted-to be about five years.
Sexusl maturity was gained after 1} =2 'y;aars in G. cineraria
which campares with 1 - 1} years in G. umbilicalis (Willieams,
19648) a.nd 2 -3 yeai-g in L, Littorea (Moore, 1957b;
Villiams 19641). ‘
Growth and latitude.
Crisp and Fischer-Piette (1959) remarked on the diminution

in size from north to south in G, umbilicalis.. I have been

able to confirm this and also to add that the sameé effect is

apparent in G.pennanti and G. cinersria.

-
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Population dengity and growth rate.
Stephen (1928, 1929a, and 1929b and 1930) was able to show

that the rate of growth in Tellina tenuis da Costa and Cardium

edule L. is inversely related to the population density., His
findings for T. tenuis in particular have much in cammon with
the situation described in Sections II ‘and III for G. cimeraria.

At Whitburn, density and growth rate are inversely related
above + 2.3 ft. C.D. and the effect at higher levels is so
marked tha.t repid growth continues for a year longer than lower
dowmn. The decreasing suitable hﬁbitat space higher up the shore
is thought to be responsible for ths reduced density. The
greater 'quantif'y of .resources per head of population probably
accounts for the faster growth rate and the greater adult size
attained at high levels. .

The effect of the depletion of the G. cineraria population

at Seaton following the 1962 ~ 63 winter was remarkable.

The accélération of”gro‘wth Tate that followed. is regérded as
prima facie evidence for ‘the 'existence of intraspecific
compe tition. -
Migration.

Two distinet affects have been noted in G. cineraria.

Gowanloch and Hayes (1%27) and Hayes (1927, 1%29) for L. Littorea, -

Williams (19648) for G. wmbilicalis, Naylor (1963) for
C. maenas and Desai (1959) for M. lineata have noted seasonal

changes in the distribution of these species involving downwards




migration in autumn and upwards migration in spring.

G. cineraria has been shown to behave in a similar manner in

three separate areas (p.p.51,%6,87.)

‘ A second phenamenon is the gradual upshore movement with
age of G. cineraria which has ‘been shown to take place at -
Whitburn (pe 37 ). The high level groups contain no young
animals and the population is recruited eptirely by immigration
from lower levels. ' A similar aitué.tion has been recorded for
L, Littorea (Moore, 19375; Williams, 1964b) , T, lapillus (Moore,
1938) and L. neri.toides (Lysaght, 19:.1). h
Intersgec:.ﬁc cg:_qgetltion.

It has already been concluded (PH6T) that :.nterspec:.fic
i compet:.tion affects ‘the: zonation of all three Gibbula species.

The evidence from Seaton (Sections IV and V) also points to the

existance of interspecific competition between G. ‘cineraria and

G. umbilicalis. The important fact is that the growth rate in
both species is lowest where they coexist, in spite of popula-
tion densities which are lower for each individual species than
at other points on the same s’horq. This evidence ﬁust be
considersd conclusive when the relationship between 'density and
rate of growth in G. cineraiia at Whitburn is a'.lso. taken into
account, | |
Predation.

The recorded predators of Gibbula species are numerous and

. it is probable that they have many natural enemies.




Ebling at al. (1966) have shown that Marthasterias glacialis '
(L.) ranging in size from 3 to 20 cm. in radius destroyed "
170 out of 216 G. cineraria renging from 2 to 10 mm. in shell
height, in nine days. The animals were placed together in
' cages which were suspended about one in. below the water
surface. These workers also showed conclusively that
G. éineraria emerges onto the tops of boulders to feed on the
algae excluéively during daylight hours whereas Marthasteriss i
is active mainly at night. They concluded .tha_t, although
Marthasterias is p’oten.tia.lly' a déngerous predator of G. cineraria,
both populations l_z:ight be able to survive by virtue of their
-differing activity rhythms.' As‘l;‘e_‘r‘:i.as rubens L. and Asterina
gibbosa (Pennant) are the o‘ther asteroid predators present in .
Lough Ine which might destroy G. cineraria.
My own cbservations at Whitburn,-have- shown that Asterias ‘;
rubens feeds frequently on G. cinsraria by_day.. Asterias is |

common throughout the year among Lamiparia and Fucus serratus

and must be regarded as a serious enemy. In ths abéenée of
Mytilus edulis at low levels G. cineraria is the chief item

in its diet.

Muntz et al. (1965) investigated the predatory activity
of several speéie_s of large crabs at Lough Ine by field
observation, placing predators and potential prey species
.together'_in submerged cages and observations iﬁ Leboratory

tanks. They demcnstrated that Carcinus masnas (L), Portunus e
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puber (L) and Cancer pagurus L. will all destroy and eat G. cineraria. |
Large ‘and medium sized Carcinus were only able to destroy small

'G. cineraria .(le5. - 4.Omm in height), but Cancer pagurus could

crush large specimens (8 - 9mm height). Portunus puber was the

most successful crab with large G. ciﬁera_ria» (8 - 9mm.) ‘one speci-

men destroying 6 out of 12 snails in one day. Laboratory

cbservations showed that it normally achieved this by chipping the
outer lip backwards with the right chela until the body was exposed. :
Small G, cineraria we:;e often smashed in one attempt by pressure
applied either across the base ;'u- from base to apex. These authors
felt that G. cinerari# might be protected fram crabs to some extent ‘
because the latter feed largely at night when the snails have retired .
to protected sites in crevices or beneath boulders. The extent to v'

which G. cineraria with chipped outer lips can be found in the field

suggests that predétion' by crebs is quite ‘common.

Nucella lepillus includes both G. cineraria and G. umbilicalis
in its diet (Moore, 1938; Largen, -1967; personal observation). It '
is not possible to assess the importance of this species as a ;
predator of Gibbula on present -hxoﬁledge but it is certain that '
young Nucella wh:.dx are fo_un& lq_iv'ef on the shore than the adults, |
quite frequently attac;.k young G. cineraria., They usuallj do this
b_j drilling a hole in the _'she'li‘ though on one occasion, I found

a specimen drilled through the operculum.

Salomonsen (1934). records G. cineraria in t_hé .diet of eider

ducks in the Faerces and the oyster catcher, turnstone, dunlin,




purple sandpiper and curlew as feeders on molluscs in the littoral
gone, Gulls also include spails in their diet (Fitherby et al.
1938 - 41). Fish such as haddock, plaice, flounder, dain and cod

have all been recorded &s predators of littoral gastropods

(Thorson, 1941). Blennius pholis L. which is known to take
molluscs (Gibson, 1967) will probably eat Gibbula on occasion,
It seems probable that crabs and starfish are important

pred.ators of G. cineraria in the sublittoral and on the lower

shore. B:.rds, particularly the oyster catcher are probably more

important in the midlittoral and G. umbilicalis would be more

affected here. The extent of predation by fish and T. lapillus is
not known. |

While our information on the predators of Gibbula is far from
complete the work at Lough Ine is Qost' important in identify;ng some
of the major enemies of G. cineraria, It also :i.ndicé.tes that the
importance of boulders and crevices as microhabitats for the épecies
is not solely a que;t:i.on of moistﬁre bu.t also of protection from
enemies. The most likely explanation for the rarity of G. cineraria
(and perhaps the other two species) on open rocks is the:.r
vulnerability to attack by crsbs and starfishes.
Breeding Seasons. |

.Evidence from other g:'t'ouﬁs. suégests that differences in breeding
season between species might be expected to reflect their
geographical range. For instance ih Britain, P, depressa

southern species is a sunmer breeder (Orton and Southward, 1961) and




12, .

Dodd 1956). A similar s:i.tua.tion: is apparent in the acorn barnacles

where the scuthern C. stellatus breeds .:Ln'sunmef and the

northern B, bal_a.noi-des in winter (Moore and Kitching, 1939; Moore,

1934) | |
Williams (1%4a) for G. umbilicalis and Gaillard (1952) for

G. pennanti have recorded the breeding season for these species as
Juns to September and September respectively. Carnet and Marche-
Marched (1957) give April - June as the main breeding season of a

G, umbilicalis at Roscoff. Beoth speciss can be assumed to be

summer breeders in the regions of southern Britain and north France.
Records for G. cineraria are less reliable and hard to find.

Chumley (1918) mentions spring as the breeding season in the Clyde

and this ﬁccqrds ‘with my own observations on the west coasts of

Britain. In north-east England, bresding was taking place over a._l -

iong period between September and Ma.rch in two successiveé years |

1962-63 and 1963-64. On the 'whéle,,-th_e breeding records for

topshells do bear some similarity to' ,those for limpets and barnacles.

The two Lusitapian species, G. umbilicalis and G. pennanti are

sumer breeders at fha northern end of théii' geogra.phical' range and

G. cineraria, a Boreal species spawns over the winter period,

Unfortunately, the trochophore and veliger larvae of the three
Gibbula species have‘ not ﬁt been ide_ntified and it is therefore
not possible to infer the breeding seasons from insheore plankton
records. The deséription of the larval stages of all three species

is an important tesk remaining.
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- Appendix V

The collections of G. cineraria, made at Seaton, 19%63. The

figures in the upper line of the lower table give the mean shell
breadth (mm) with.ths standard deviation in parentheses.
line of figures refers to the proportion each year group comprises
of the whole population.

" No, of samples| No. animals -Mea‘n‘aensi.,t Standard
atres L Ievietie

The lower

9% with X5Y)

99% with w,i)

9% (with W,X)

M l examined ' peér metreZ  deviation M
3/63 40 - 21y 503 3.7 14.21
763 2 238 - 9.9 7.2 51,84
12/63 2 85 b3k 16.81
Camponent size cia_sses (yea.;- groups in parentheses)
W (1960) X(1961) Y (1962) 2(1963)
3/63 12.7 (0.8 0.4 (0.8 5.9, (1.2) 3.4 (0.7)
| 12% . 18% - 6 5% 5%
/63 13.3 (1.5) 100 (1.5  10.0 (1.9 5.3 (0.7)
1% - 826 (with Y) - 82% (withX) T
12/63 13.2 (Lek) . 13.2 (L) - - 13:4 (L&) - . 6.0 (0.0)

1%



: I, ' The equivalence of size classes with age and yea_r of origin.

G. cineraria, Whitburn. The age is given to the nearest year in

v Decamber’ 1%30

Size class

> W o v w

Al.

II. The equivale’hce of size classes with age and year of origin.
The age is given to the nearest year in

G. cineraria, . Seaton.
December, 1963,

Size 'élas_s

H M K N

endix VI

-égg |

" O

Age
.

LB S C R

Year of origin
1963
1%2 -
1961
1960
1959
1958

Year of origin

1963
1962
1961
1960
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E.H.W.S,

. M.H.w.s LA

M.H.W,
M.H.W.N.
E.H.W.N.

M.T.L.

E.L.W.N.

M.L.W.N,
M.L.V.
M.L.W.S,
E.LeW.S.
C.D,

OOD. )

endix VII
Abbrevia.tions

extreme high water at springs.

mean high water at springs.

mean high water.

mean high water ét neaps.

extreme (lowest) high water at neaps.
mean tide level,

extreme (highest) low water at neaps.

" méan low water at neaps.

" mean low water. .

mean low water at springs.

‘extreme low .'i?gai,ter at springs,

chart datum.

: Ordné.nce datum.




