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SUMMARY

Energy budgets were constructed for populations of Patells vulamate,

Littorina littoralis and Nucella laoillus, situated on a N,T.L.
carboniferous limestcne ledge at Derbyhaven, Iéle of llan, The energy
budget of a population may be summarized bty the equation
| C .= P+R+F+1UT ' vwhere P =; Pr + Pg

Each componenu vwas measurecd in kilocalcries per annum, C, enerpgy
content of the food consumed; P, total energy produced as fiesh (Pg) and
gametes (Pr); R, energy lost due to metabolism; F, energy lost due to
faeces; U, energy lost due to urine and other exudates,

To construct the energy budgets it was necessary Lo measure the
following parameters: Dbiomass, growth, mcrtality,vrecruitment, feoundity,
respiration, food intake and excretion, These were measured by o

combination of field and laboratory studies.

Biomass and growth: Patella vuleata is relatively sedentary, with fesding

excursions occurring when immersed during the day. ‘TTherefore individuszls
arc present at predictable locations at certain times of the day. TFive one
metre square quadrats in a continuous row parsllel to the water's edge were

marked out at mid-tide level. Nucells lapiilus is an active animal and

does not return to predictable locations., However this animal tends to
remain in localized areas, congregating in cracks during ccld and rough
weather, and moving out onto the rock face during feeding excursions.

An area of approximately 12 m2 with naturally defined boundaries was studied,

Littorina littoralis is sn active enimal and does not return Lo any

T3P} 'y

predictable location. It feeds on the fucold algse upor which it is fairly
uniformly distributed in the sampling area, Tach month ten 100 g. dry

- 2

ight samples of Fucus serrabtus and Jucus vesiculosus wers collected IToa

the same ten locations. lMonthly measurements of shell length at each

sanpling site were converted to biomzss and dry weight, using conversion
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graphs derived frowm szaplet teken neurby. In addivicn celorific welues were
deternined using a Fhillipson micro-bomb calorimeter. Growth estimates

were estimated by measuring narked animals which were recaptured at monthly

intervals,

Fecundity: TFor easch species monthly daterminations were made of gonadal

weight and condition. Also egg masses of Littorina littoralis attached to

the fucolds were removed and weighed,

Respiration: The serial and aquabic respiration of the thres species were
neasured frequently, using Gilson and Davies volumetric respirometers to
measure aerial respiration and the micro-Vinkler technigue for eguatic

respiration.

Feeding and excretion: Open caged slates were bolted onto the rock surface
and vhen sufficient algal film was present limpets were placed on the slétes
and the area grazed recorded to give estimates of fead intake, Similar
plates were used in the laboratory to obtain'wcjght estimates for faeca
production and estimates of urine oulpul by the Berthelot procedure,
Laboratory estimates were also made for foold uptake by Nucella feeding on

barnacles and Littorina littoralis feeding on Fucus,

A1l the paremeters of the energy budget squation vere measured and
the following equations derived.
C = P+R+F+U  vhere P = Pr+Pg :
C is the summaztion of' P+R+F+U and Cq is the measurad value,
P, vulgata  Keals/n?/yr

1974 563,29 (C)

3’058 + 115-66 + l;..10.6t'-!- + 0,1.|,2
wnere P = 22,72 + 13.66

570.6 (c,)

1975 606,02 (C) = 44.78 + 122 + L41.79 + 015

602.0 (c,)



L, Littorsiis  Keals/kz. dry wh. fuecidfyr

Py
e,

1975 2%5.95 (C) = 55,27 + 146.5% + 63.86 + 0,29
2300l (Cy)

Xeals/u?/yr
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29.3k (C) = 5.94% + 18,47 + 5.23 (¥+1U) where P+ 0,68 + 5,26
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- INTRODUCTION

Ecological energetics can be a useful approach with which to assess
the importance of a species' contribution to thé structure, productivity
and functioning of a community (Macfadyea 1963, Odum 1963, Slobodkin 1962).
Calculations based on energy patterns heve been used to suggeat factors
cuntrolling seasvnal patterns of occurrence (trraku 196&), the degree to
vhich subpopulations aré energy limited (Paine 1965) ana the extent to
which a generalized resource is.draﬁn on by set consumers (Odum et al. 1962),
Theoretical consideration of ecologiéal energetics has been treated fully
by Lindemann (1942), Phillipson (1965), Odum (1963) and Slobodkin (1962);
however the paucity of field data emphasizes the need for more research
(Engelaann 1966),

There is a lack of 1iﬁerature on the enersgy budgets of narine
organisms especially intertidal ani&als, though recently studies have been
completed on‘soft substrate animals. Only one previoﬁs stuly on a rocky-

shore enimal, Scrobicularia plana (Hughes 197C), has independently estimated

each componeﬁt of the energy budget from laboratory and field datu, This
lack of work on energy budgets is very surprising as extensive lilerature
is available on the general ecslogy and population dynamics of many rockv-
sgore animals. To advance further the understanding of the ecology and
population dynamics of these animals further information on crnergy budgets
is necessary.

Therefcre it was decided to sthdy three rocky-shore animals of

ecological significance, the common limpet, Patella vulegata, and the flat

periwinkle, Littorina littoralis, since the balance of the grazer/algae

relationship determines the local ard temporal character of much cf the

rocky littoral, and the common dog-whelk, Nucella lanillus, a major littoral

carnivere,
The rocky shore chosen for this energetics study was Derbyhaven,

Isle of Man (cc-ordinates 295 695, Fig.1), because the shore is Tairly



Fig.l. A scction of the ordnance

survey sheet sc 26 NE, Scale 6inches to | Mile,
showing the position of study areq(m)
and profite (AB ).
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sheltered, point 5 on Bzllantine's exposure scale, and relatively isclated
from man's interference. The limestonc strata are alwost horizontal, and
in the intertidal area presert a series of platforns or ledges descending
in steps (Fig. 2& 3). The ledge at mid-tidal level was approxiuately

110 m long by 6.5 m wide (715 m2) and the organisms were more or less
uniformly distributed (Fig. 4 & %). The major animals at this level were

the three gastropods, Patella vulgata, Littorina littoralis and Nucelle

lapillus, and the barnacle, Balanus balenoides. The main algae were Fucus

serratus and Fucus vesiculosus, more or less egually distributed. A

population has been defined as 'a group of interacting and interbreeding
-individuals which normally has no contact wiih other groups of the sane
species. That is to say it is a discrete dynamic unit' (Nicholson i957).
However, this definiiion is too narrow when applied to m;ny narine benthic
invertebrates which have planktonic larvae which may become mixed in the
sea, thus preventing rcproductive isclation of the adult 'populaticns',

It is convenient to assign the term population to the group of individuals
of a species living within an area of sea bed which is delimited by the
study in hand (Hughes 1970). These ledges at Dertyhaven provide convenient
delinited .areas and a population was defined as all the individuals of a
species living on a particular ledge.

A comprehensive review of the literature on P, vulzata is given by
Ballantine (1961) and subsequent additional information by Blackmors
(19692, 1969b) and Lewis and Bowmen (1975). A comprehensive description of
the general ecology and populaticn dyramics of L, littoralis is covered by
the studies of Barkmann(1955), Bakker (1959), Guitersan (1970) and Bray

(1974). A comprehensive study of the population dynamics ard literature

tde

review of N, lapillus is given by Feare (1959) znd more recent data by

Grothers (1974).
Following I.B.P, termirolegy (Petrusewe. 1967, Rickar 1968), the

energy budget of a nopulation msv be summarized by the egquaticn
POT =N N} 3



Fig.2. Profile of the rocky shore at
Derbyhaven along the line AB in Fig.l.
The approximate ranges (—) of the
important species dare marked.
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C = P+R+F+ 1

.where P = Pr + Pg,

Each componert mgy be measured in kilocalories per annum . C, enargy

content of. the food consumed by %heﬁpopulation; P, total energy produced

by the population as flesh or gametes; Pg, eiergy content of the tissue

added to the population due to sjrowth and recrvitmeni;  Pr, énergy content

of the gametes liberatéd during spawning; R, energy lost to the populaticn

due to metabolism (represented by respiration); F, energy leaving the

Population as faeces; U, energylost via exsreled urine or other sxudates,

C-¥ is thet part of the food that is absorbed into the body tarough tha
vall of the alimentary canal, C-F-U is the proportiun of ingested encrgy

similated (A) by the pepulation and has been called en&r"y Tlow

.

P is terned net

which is as
(Smalley 1950) or gross production (Engelmann 1566).
production by Engelmenn (1966) but will be called producticn, following

I.B.P, terminclogy. Energy loss via nitrogenous excretion and other

exulates such as mucus secretion (U) has been assumed to be negligidle in

many studies end therefore has not been assessed, but nitrogenous excretion

was measured in this study.

In many cases it has been impossitle to estimate every ccumponent,

especially ingestion, in the energy eguation for & single species Fopulation,
thus depriving the studies of internal checks on their accuracy (Odum &
Smalley, 1959, Swalley 1960, Kuenzler 1961, Teal 1962, Golley & Gentry 1964,
Mann 1965, Hughes 1971a, 1971b, Paine 1971, Trevallion 1974, Tenore et al,

1973, Dame 1976). 1In order to obtain maximum information on rates ang
efficiencies in the energy equation it is desirable to study populaticns in

‘a steady-state condition., ‘'We restrict atterntion tc steady staites since

seasonal differences in climate and physiology combined with essentially

random meteorological or biologicsel events in short toram datsg collections

will perzit se much variance as to obscure real constancies and differences!

In the only previous rocky shore study of Scrobisularia

(Slotodxin 1962).

LY




plava (Hughes 1970), where all the components wers estimated independeriliy,
tﬁe popubation unfortunately was not in steady-state condition, However
the three populatiorns in this study.wsre in a steady state,

Knowledge of calorific coatents in biological ﬁaterials is én
indispensable clement of bicenergetic studies on account cf the necessity
to express all paramecters of erecgy processes in correresble units, i.e,
calories, In ecological literature, at least two concepls have been
generally accepted to describe calorific value of biologicai materials,
narely calories per gram of dry weight (cal/g dry), and calories per grau

. ash-free dry weight or calories per gram of organic weight (cal/g ash-fres
dry wt). Which of the two values cited by authors should be chosen fox
comparison? Richman (1958) discussing Ketchum and Redfield's (1949) data
for chlorophycene suggests that calorific value of dry o;ganic matter
(ash-free volume) is less suitable for such ccmparisons since it has &
higher variation due to varying ash content at the examined organisms,
Gollcy (1961), being of a contrary opinion, éays that calorific value per
gram ash-free dry weight reflects more precisely the difference between
materials that are to be compared than does calories per gram dry weight,
on account of various admixtures, Dealing with plant material such as
roots or litter, it is difficult to wash out the soil particles which bring
about underestimation of calorific content per gram dryweight. Prus (1970)
stated that when calculating general energy budgets the calorific value
expressed in calories per gram by weight is quite sufficient, In.this
study calories per gram by weight were used, though calories per gram ash-

free dry weight were given as well in some cases,
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GRCVWTH PRODUCTION

1. General Introduction

This chapter discusses the estimation of the growth production (Pg)
in the energy equation over the course of the year for defined pcpulationa,

The P, vulgata population was that within the gquadrats (five 1132), the
L. littoralis as that per weight of fucoid (1 kg dry weight), end

N, lapillus as that encloscd in the naturally defired area (approximately

12 m2). The population limits are discussed more fully in the nethod

sections of this chapter. There will be varistion in populaticn sizes during

the year, but overall production will be balanced by mortality zs the

populations are in a steady-state condition,

The growth production is the energy content of the tissues addsd to

the population due to growth and recruitment,

Pg = AB+ 5
ZXZB is the net increase in energy content of the standing crop, and B is
the energy content of the individuals lost tc the population through

mortality. Therefore the following parameters were measurcd each nonth,

somatic and shell weight (biomass minus gonads), growth rates, recruitment

and mortality. The Xiomass refers to the energy content of the wnole

animal, the body tissue (the animal minus shell in gastropods) to the flesh,
and the somatic tissue to the body minus gonads. The paranclers were
determined in dry weight (all weights unless otherwise stated in this study

ere dry weight) and converted to calories. When plotted on logarithmic

scales the relationship between shell length and dry somatic weight and
shell weight is linear, and so the regressiocn of log weight on log length

may readily be calculated. Regression equations for dry somatic tissue

weight and shell weight against length were deteruined for the three species

each month using measurements cobtaired from animals collected each month

from the study ledgs but away from the defined populations so as not %o

interfere, Thus by measufing each month the length of the population




animals, =nd substituting them in ths regrscsions, the somstic tissue and
shell weights were calculated,

The monthly growth rates of the three populations were determined by
the monthly increase in length of rarked aninmals in the field and laboratery,
The recruitment and mortality were determined each month ty the
aovearance and disappesrance of animals which were rccorded when the lengths

of the animals in the defined populations were measured.

2. Patella vulegata

Introduction
The observations of various workers (Russell 1909, Orton 1928,
Hatton 1936, 1938, Fischer-Piette 1901, 1946, 1948, Das & Seshappa 1548,
Ballantine 1961, Choquet 1948, Blackmore 1969, Lewis & Bowman 41975) show

that the growth and longevity of Patella vulgata depends on the hebitat.

The only coastant observaetion isvthat'the growth rate decreases with age,
although some growth does continue throughout 1life, | ‘

The growth of er Derbyhaven limpets during the study period there-
fore had to be observed, There is no way of distinguishing year groups
among larger limpets, nor do they in Britain hsve recogniszble annual growth
rings in their shells, Growth was therefore measursd by following individuval
limpets over a period of time and noting the increase in size, All previous
workers have used shell length as a measure of size in their studies of
growth.in.g: vulzata, Shel™ length can be measured quickly and accurately,
withéut disturbing the limpet. 1In théony, since relative shell height is
known to vary, weight would be a better measurement of growth, However this
is unpractical, as when limpets are lifted irom their home the foot secretes
large queantities of mucus and this appears to hinder reattachment;
Ballantine (1961) observed that 5~ 107 failed to reattach successfully.

Previcus workers have used various direst marking techniques to
identify individual limpets so that their growth may be fcllowed. It is

possible that by marking the animals their behaviour or that of other animais

O\



nay alter, ¢.g.. the identifying mark may attract undus attenticn to it and
péssibly increase mortality. P, wvulgata is relatively scdentary with
feeding excursions only occurring vwhen immersed ty the tide during daylipht
hours (Har?noll & Wright, in press)-and thus individuals are present at
predictable locations at the other times of the day. Therefore as the
locations (homes) of the limpets are predictable the animals nesd not be

marked,

Material and methods

The P, vulgata population studied was those animals within the
quadrats, Five one metre square quadrats in a continuous row parallel to
the water;s edge werc marked on the stud& ledge (Fig. 2,34 5). The length
and position (home) of each limpet within the quadrats were recordéd.

This enabled each limpet to Be located on subsequent inspections, At the
beginning of each month the length of every quadrat limpet weas measured to
within 0.01 mm using vernier calipers,’

Each month thirty limpets were collected from the study ledpe but
away from the quadrats. In the laboratory the limpct flesh was removed
whole from its shell by dropping into boiling water for a few seconds,

The gonads weve dissected out and the somatic tissue dry weighed. Dry
weight is the constant weight of the totally dehydrated body. The
biological material in this study was dried to a constant weight by plecing
in an oven at 80°C for 48 hours, The ash content of biclogical material
was.obtained by incinerating dry weight samples in a muffle furnace at
BOOOC for four hours., The length and weight of the shells were measured,
From the shell lengths, shell weights and somatic tissue weights of these
animals, regression equatiorsof log weight on log leagth were calculated,
for shell and somatic tissue weights. The lengths of the quadrat limpets
‘were substituted in the‘regression equations and their shgll and scmatic

tissue weights obtained., The somatic tissue dry weights were converted to




caleries using the calorific values deterwined each month, from dry weight
sanples of the somatic tissue, using the Phillipson micro-bomb calorimeter
(see appendix). The shell weight was converted to calories using a
conversion.factor, Vinogradov (1953) has given the percentage organic
1.4%. Paine (1971) used this ,ercontage for ihe hecbivorous gastropod

Tegula funebralis and assumed that shell protein has a value of 5.7 Kcalz/g.

Using these figures the calorific content of these herbivorous gastropcds
is 0.,0627 Kcals/g.

| The limpcts were individually recognisable so these wissing or
appearing each month were noted., It was assumed that iLncdgration equalled
emigration, therefore the monthly mortality was tha diffﬁrence betwﬁeu the

loss and gain, . A

Results
a. Population analysis: Graphical.representation of the data (¥ig. 6& 7)
showed that for any month's collection the population was polymodal, 'Pwo
or three distinct year groups can be observed (Fig. $). The average coenthly
length of the P, wvulgata 1974 and 1975 spat, second, third, fourth end fifth
year animals of 1974 and also the maximum and minimum lengths of the spaﬁ,
second and third years, are shown in Table 1,
The first spat were obtserved in early Moy in 1974 end early June in
1975. The minimum spaf size observed in the quadrets was 2.44 mm: The
spat numbers fapidly increased until in Septenber 1974 there were S7 of
which only 36 were present by March 1975. & similar pattern was observed
in 1975, though the number of spat observed was much lcwer, a maximum of 31
in September falling to 15 by March 1576.
The second year animals also formed a complete and separate componént
within the total population. In March 1974 the sverage size was 13.00 mn

ranging from 8 to 18 ﬁm, and in 1675 was 12.4 nn ranging from 5 to 17 zm,
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Fig. 8. P vulgctd.- The length—frequency

distribution of the quadrat population in

March 1974,197581976, The mean .length(—-—)
and the range(---9) ©Of the year groups
that were recognisable were  determined.
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Table 1 P, wvulgata: The average length (in mm) each month of the 1974 and 1975 spat, secord, third, fourth
and £ifth year animals of 1974 and the meximum and ninimum lengths of the spat, second and third years.
Month 1975 spat 1974 spat Second year Third year Fourth year Fifth year
av. min. max, av. min, max, av. min, raxX. av, min, av. av.
1974

March . 13.00  7.94 17.80 27.00 21.9 35.00 40,00

Apri 4,58 14.09 8.70 18.92 27.89 23.11 35.58 LG.17

May 0.16 6.23 15.40 10.03 20.48 28.71 23.96 36.35 LG O

June 1.29 3.11 17.C4 10.92 21.59  29.76 25.15 35.97 L0.60

July 2.58 2.64 9.96 18.18 11.29 21.69 31.15 26.32 37.70 L40.87

August 4.10 3.89 11.75 19.12 16.03 23.18 31.72 27.09 38.08 LC.94

September 5.54  3.39 12.65 19.85 16.79 23.92  32.03 27.36 38.36 51,02

Cotober 6.68 L, 78 13.07 20.72 17.20 24.91% 22.240 27.37 28.52 41,06

Novenber 7.90 5.14 14,03 21.80 17.36 25.70 32.38 28,22 28.58 41.09

Daceaber 8.38 L.39 14.60 22.56 16,64 25,55 32.54 28,41 38.85 44,09

1975 '

Jenuary 10.02  5.08 15.65  23.48 19.21 25.70  32.92 28,54 39.16 41.12

Yebruary 11.81 5.80 16.15 24,29 18.63 26.68 33.40  29.39 39.50 141,49

March 12.40 5.00 17.43 25.00 19.08 29.77 34.15 29.39 9.7 L1.27

April :

May 4.5 14.32 9.54 192.14 26.18 1 20.92 30.55 35.05 30.14 40.13 41.62

June 154 15.88  12.14 22.19 27.95 2445 32.15 35.95 32.15 L0.55 42.08

July :

fugust 2.52 12.18 19.35 445 24,42 30.29 26.52 32.99 37.30 33.73 41,08 L2,57

Septenber 5.00 3.13 12.77 20.93 15.28 25.38 31.10 27.09 3k.95 37.97 33.80 L1.26 L2.75

October 6.3 .45 15.47 21.52  17.65 25.73  31.69 27.32 35.46 38.16 33.74 . 41.35 L2.84

November 9.00 5.30 16.67 22.9 18.52 26.28 32,42 27.4h% 35.62 38.51 34.37 41.46 2.8

December

1976

January

February 12.18 8.76 20.00 24.55 20.90 28.43 33.48 27.h4  35.01 38.90 34.95 41,52 43.04

March 13.03  5.45 20.13 25.77 21.70 29.29 23,93 27.77 37.80 39.48 25,90 41,64 L3.13
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and in 1975 was. 13.53% nz ranging from 5 to 20 na, The nunter of second
yéar limpets ia March was L4k, 36 and 15 respestively in 1974, 1975 and 147¢.

The third year animals form a discrete mode. The lower component
was separate from the upper component of the second year animals but the
upper component overlapped the lower component of the fourth year animals.
The overlap increased as the yea: progressed. The overage length in March
1974 was 27.00 mm ranging from approximately 33 to 22.0 mm, in 1975 was
25 mm rgnging from 19 to 30 mm, and in March 1976 was 25.77 mm ranging from
© 22 to 29 mm. The number of third year animals in March was approximately
37, 26 and 21 respectively in 1974, 1975 and 1976.

It was not possible to graphically recognise the year classes oi the‘
quadrats' population above the third., However it was possible to follow
the 1974 first, second and third year classes, and supplémented with the Zata
on the growth rates of the quadrat limpets (8iscussed later) the number,
mean and range of higher year classes were celoulated,

The average size of the fourth year c;mponent in March 1974 was
calculated as approximately 35 mm, in 1975 as 34.5 mm and in 1976 as 33.393 mn
ranging from 38 to 28 mm., The number of enimels in March was calculaﬁcd as
37, 26 and 21 respectively in 1974, 1975 and 1976,

The average size of the fifth year component in March 157k was
approximately 40 mm, in 1975 was 39.77 mn and in 1976 was 39.45 mn with the
lower limit being 36 mm, The number of animals in March 1976 was.22.

The average size ¢f the seventh year component in March 1976 was
calculated as 43.1 mn,

The largest limpet measured in the quadrafs was 52.2 mm, and outside

the quadrat but still on the same ledge 60.68 nn,



it

b. Growth anslysis: The growth and average wonthly growth rates for

eéch of the identifiable year groups are shown in Tables 2 & 3 and Fig, 9.
The spat's growth in 1974 was relatively Tast throughoutl late spring

and summer resching a maximum evérage of 1.44 mm & month., The growth then
progressively diminished through autumn and winter, reaching a winimum
monthly average rate. of 0,98 mn. The 1574 spat grew an average 13.50 nm
by March 1975. A similar growth pattern was observed in 1975 though a
higher gvérage nonthly growth was recorded, 2.66 nm, The average montaly
- minimum winter value was 4,06 mm, -~ The 1975 spat grew an averege 13.53 mn
by March 1976.

The second year animals' growth progressively ircreased through
spring reaching a maximum monthly average of 1,64 in 1974, Throughout the
summer the growth rate was lower, an average of C.94 mm.;er month, There
was a slight increase in the growth in early autumn before a pregressive
decrease through late autumn and winter, rsaching a minimum monthly averzgs
of 0,71 mm, The pattern was similar in 1975 except that growth was niguer,
a yearly average growth of 13,37 mm compared to 11,99 mm in 197hk. A maxizum
average Oof 1.7 mm and a minimum of 0.54 mn were recorded in 1975.

The third yeer animals' growth progressively inecreased throush spring
and early summer reaching a maximum monthly average of 1.59 mm, The wmonthly
growth rate was low, an average of 0.28 mm per month, for the rest of the
summer and autumn, The average monthly growth increased to an average rate
of 0.54 mm in winter. A similar pattern was obtserved in 1975 but with a
‘higher average yearly growth, 8,93 mm compared to 7.15 mm in 1974, The
average monthly maximum was 1,58 um, the summer and autumn average was
1.9 nm, and the winter average was 0.71 mm,

A similar growth pattern to the third year animuals was cbserved fer
the fourth year animals, except that the monthly growth rates were lower,
The yearly growth was-a.?B:nm in 1974 and 5.33 mm in 1975;

© A similar growth pattern was cbserved for the fourth and older year



Fig.9. The average monthly length of

the Pvulgata; 1974 spat(o—o ),second (&—n),
third (W—=), fourth (a&—a), fifth(+—), and
1975 year spat(e—o).Also the maximimum

and minimum length of thel974 ~.=,pc:1t(°"'f°)1
second (), third(e-.) and the 975 year spat
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Teble 2

B: vulgata:

The average growth in sghell length (in mm)
each month of the 1975 and 1974 spat, secoand, third,
fourth, fifth and older animals of 197i.

Month 1975 spat 1974 spat second third fourth fifth and
older
1974
March . 1.09 0.89 0.5% 0.17
April 1.26 1.30 0.82 0.77 0.23
Moy 1.13 1.64 1.05 0.62 0.20
June 1.59 1,14 1.39 0.73 0.27
July 1.22 0.9 0.56 0.38 0.07
August 1.4l 0.73 0.32 0.28 0.08
September 1.4 0.87 0.17 0.16 0.0k
October 1,22 1.08 0.18 0.16 0.03
November 0.98 0.76 0.1 0.17 0.0
December 1.13 0.92 0.33 0.2 0.03
1975
January 1.30 0.84 0.52 0,34 0.07
'February 1.09 0.71 0.71 0.28 0.08
Hareh 1.92 1.18 0,90 0.35 0.35
April
May 1.39 1.56 1.58 0.90 0.46 C.46
June 5,00 3.48 2.55  1.35 0.9 0.k9
July
August 2.48 1.57 0.81 0.67 0.18 0.18
Septenber 1.3, 0.99° 0.59 0.19 0.09 0.09
October 2.66 1.4 0.73 0.35 0.14 0.11
November
December ;
3.18 1.62 0.75 0.39 0,06 0.06
1976
January
February 1.35 1.22 0.75  0.28 0.12 0.12

e
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Table 3 P, vulgata: The annual growth in shell length and average
length of the 1974 and 1975 spat, second, third, fcurth,
fifth year animals of 1974 in March 197%, 1975 and 1976.

_ Average length in March Yearly csrowth
Age (in mm) ‘ (in mn)
1974 1975 ° 1976 1974 1975
spat 13.50  13.53
second yeax" 13.00 12,40 13.53 11.99 13.27
third year 27.00 24,99 25,77 7.15 8.93
fourth year 35.00 k.15 33.93 4,78 5.33
fifth year 40,00  39.77  39.48 1.27 1.85
sixth year 41,27, h1.6k 1.85

seventh year 43,13




groups. the majority of the growth took place in spring and virtually none
wés recorded the rest of the year.- The average yearly growth in 1974 ves
1.27 om and was i.85 nm in 1975.

€. Flesh and somatic tissue regressions: The slope values of the
monthly regression equations of log weight on log length were calculated f'or -
the flesh and somatic tissue (Tadle L) and were plotted (Fig. 10). Aﬁ
increase in the slope value means an increase in the tissuc weight per shell
lenzth of the limpets and a decrease vice verssa. The flesh slope values
incrcased from their low winter valuss, through the spring and esrly sumuer,
reaching a peak in July and August in 1974 and 1275 prespectively., This ves
followed by a decrease reaching a minimum in December in both years, 'The
somaztic tissue slope values showed a similar increcese invspring and early

summer but the decrease was much greater reaching a airimum in December,

d. Shell regressions: The monthly regression equations of log weigpht
on log length calculated for the shell (Table 5) were similar giving an

everage value of 3.7 for the slope and ~5,2337 g for the intercept.

¢, Ash: The ash ccntent of the somatic tissue was recorded as a
rercentage of the total dry somatic tissue weight., The percerntage ash
decreased from late winter to early summer, reaching a minimum of 10,745
and 10.69% in June 1974 ard July 1975 respectively., This was followed by

an increase reaching a peazk of 43.16% and 13.06% in December 1974 and

¥ebruary 1976 respectively (Table 6),

f. Calorific value: The somatic tissue calorific value increased from
the spring to early sumrzer reaching a peek in July 1974 and 1975 of 4,73
end A-ZAI(cals/g respectively. This was foliowed bty a decrease reaching
a minimum of 4,45 and 4,38 Kcels/g in Decenber 1974 and February 1976
respectively., The calorific contert was also expressed as Kcals per ash-

free g (Table €),
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P, vulgata: Paramasters for the regression ¢ log flesh dry

weight in g. end somatic tissue dry weight in g. on shell

length in mm.

" Flesh

Month correlation ] i Soratic
coefficient intercept slope intercept slope

197k | _
March 99.35 =5.4957  3.2A57 -5.4957  3.2657
April 99.42 -5.5501 3.3428 -5.5501 3.3428
Hay 98.69 =5.3430  3.2443 =5.343%  3.2hh3
June 99.14 -5.8635  3.5399 -5.8635  3.5399
July 99.23 -6.3433  3.8600 -5.3L33 3,860
August 98,78 -6.3146 3,832 -6,0075 3,6197
September 99.08 ~5.9998  3.6076 -5.€03%  2.3307
October 97.93 -5.8498  3.5016 -5.37h2  3.1615
November 98.68 -6.0226 3.6253 ~5.5471 3.2852
December 98.12 -5.3822 3.1671 -5.2638 3.0897

1975
January 98.73 ~5.6702 3.3752 -5.619 3.3366
February 97.91 -5.6547  3.3593 -5.6547  3.35%3
March 97.37 -5.5295 3.2629 -5.5295 3.2629
April 98.00 -5.6921 . 3.4227 -5.6921 34227
May 98.68 -6,0019 3.641L -6.0091 3.6414
June 92.45 -6.1618  3.7637 -6.1818  3.7337
July 96.78 -6.3828  3.8962 6.3829  3.8962
August 97.43 -6.4,320  3.9181 -6.224,0  3,7330
Septenber 97.40 -6.4273  3.9148 -6.0885  3.6855
October 97.50 -6.0049  3.6531 -5.7470  3.4281
November 96.88 -5.6347 3.3478 -5.3067 3.,14132
December 98,60 -5.5082  3.2573 -5.1323 3,983}

1976
January 97.13 -5.5057  3.2555 -5.1325  3.0017
February 98.10 -5.6039  3.3258 -5.4877  3.2207
March 98.50 -5,4685  3.2635 -5.4685

3.2635




Table 5 P, vuleata: Parameters for the regression of log
shall weight in g. on shell lengta in nmm,

Month :;ei gi;iizzion intercept . slope
March 9S.77 : -5.2075 3.6846
April 99.48 =5.4277 3,8016
May 99.42 =5.9570 5.5408
June 99.62 ~5.2075 3.6846
July 9%.94 -5.0350 3.5811
August 99.35 =5.1485 3.6502
Septenber 99.3% -5.497h 3.8596
October 99,22 -5.3097 53,7476
November 99,1k ~5. 4476 3.8340
December 99,07 : ~5.0579 3.5792

~ January 99.52 -5.1750 3.6692
February .99 =5:3377 3.7876

Average 99,14, -5.2337 3.7016




Table 6

P, vulgata:

The calorific vealue each month cf the somatic

B, nulg
tissue,
Month Keals/g S.E. % hsh Kcals/ash free g S.E,
1974
March 166 *0.03 11.97 5.29 + 0.0k
April L0 +0.08 11.78 5.33 *0.01
Mey L.72 10.03 10,76 5.29 +0.03
June L..74 Y 0.04 10,74 5.28 *0.05
July 4,23 +0.01 10.83 5.30 +0,01
August 4.52 0.0 11.76 5.42 * 0,01
September L6 +0.03 11.20 5.02 +0,03
October 4.5 + 0,03 11.87 5.15 +0.04
November 4.53 to0.02 12,84 5.20 +0.03
December b.45 £0.01  43.16 5.12 0,01
1975
Jenuary 4,61 *0.,07 14.42 5,20 +0,08
February 4,63 +0.02 114y 5.25 t0.02
March L.66 +0.03 11.20 5.25 + 0,04
April L.70 +0.07 10.89 ' 5,27 10,07
May 4,73 Y 0,01 10.68 5.30 + 0,01
June k.72 +0.02 10.74 5.29 +0.02
July 4T +0.02 10.69 5.31 £0.02
Avgust L.69 *0.02 10.90 5.26 +0.02
September L8 +0.01 11.23 5.05 ¥ 0,01
October L.66 +0.01 11.58 5.28 + 0,02
November 4.53 +0.08 11.87" S5.14 t0,09
December 4,52 +0.08 12.20 5.15 +0,09
1976
January 4,52 ¥0.08 11.90 5.13 ¥ 0.09
February 4.38 +0.02 13.06 5.04 +0,02
March .66 +0,02 11.54 5.27 +0.02




£. Somatic tissue encrgy content: The energy content of the somatic
tissue of the quadrats increased from 299 Kecals in March 1974 reaching a
peak of 457 Kcals in July which was follcwed by a rapid decrease to 282
Kcals ln September followed by .a, siower decrease until December, when a
ninimum of 233 Kcals was recorded. The somstic tissue calorific value
then once more increased reaching a peak of 453 Keals in July 1975, which
was followed again by a rapid decrease reaching a minimum of 216 Keals in
December and then increased to 305 Kcals in March 1976. The average
somatic tissue calorific value waé 324 end 329 Kecsals in 1974 and 1975

respectively (Table 7 and Fig.11) .

h., Flesh energy content: The energy content of the flesh tissuc of
the quadrats increased from 350 Kcals in March 1974 reaching a peek of
518 Kcals in July, which was followed by a sharp decrease to 389 Kceals in
September, followed by an increase té L12 Xcals in November, followed by
& further decrease reaching a mininxum of 315 Kcals in December. The valus
peax of

-

increased again, except for a slight decrease in March, recachirg a
516 Kcals in August 1975, which was again followed 0y a éecrease reaching
& nminimum of 312 Kcals in January and then increased to 355 Kcals in March,
The average celorific value was 4O4.7 and 424.5 Kcals in 4974 and 1975

respectively (Table 7 and Fig. 11) .

i. Mortality: Two survival curves (Fig.12) were constructc@ using
the numbers of each year group recorded in March 1974, 1975 and 1976,
Mortality is assumed to take place from first settlement; howevef changes
in juvenile numbers only reflect the balance_between recruitment end ceath,
and the situation is further complicated by the extent and timing of the
supplementary emergence and immigration. Consegquently the mortelity fo:
'the first f'ew months carnot be calculated, How.ever once settlement and
irmigration were complet';ed mortality was calculated. The mortality rate

for late autumn and winter in 1974 was 10% per month, and 12% per month in

18
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Table 7 P, vulpgata: The nusbery calorific value of the somatic tissue,
gonad tissue, shell aend -biomass of the quadrats' population,

o wew Gl S g Ry
/1974
March 468 299.2 10.1 £0.3 349.6
 April 172 345.5 12.2 40.9 398.6

May : 171 399.7 13.9 L2y 7.2
June 177 397.6 13.9 42,5 454.0
July 189 L57.3 - 16.6 4,2 518.1
August 232 361.6 65,0 LA 470,7
September 232 282,2 €4 b 42,7 383.3
October 213 241,5 110.0 42.3 393.8
November 214 255.5 113.9 42,6 412.0
December 178 232.5 L3.4 39,2 314.8

1975 .
January 477 276.L. 23.2 32.9 339.4
February 161 317.7 22 39.7 368.7
March 160 303.7 10.2 40,3 384.2
April 1€0 367.0 12,0 44,0 420,0
May 160 429,0 15.3 1.8 486.6
June 174 L43,2 16.7 42.5 502.%
July 175 453,6 18.1 43.5 515.2
August 176 431,0 40.7 LY b 516.1
September 166 379.0 73.4 13,9 4L96,3
October 154 310.7 78.5 L2.8 432.0
November 156 224..5 85.5 L1.3 359,
December - 149 176.3 119.5 L0.6 326.4

1976 ‘
January 142 215.5 57.0 39.9 312.4
February 136 254.8 29.4 39.3 323.5

March 130 304.5 10,2 404 355.1




1975. The second year mortality was 44% in 1974 end 42% in 1975. The
averagevmortality'rate for the fourth and third years was 23%. The mortalitj
for older animals was also 23% (Table 8). The mortality varied morthly from
a naximum of 23 to -4 Kcals. The overall yearly meortality was 65.7 and

93.5 Kcals in 197k and 1975 respectively (Teble 9).

j.' Production: The growth production (somatic tiséue and thell) each
month was the difference btetween that nonth's soratic fissue and chell energy
content of the quadrats and the following month's (Table 7) plus-the energy .
content of the somatic tissue and shell of thaet month's mortality (Tablie 9).
Each menth's growth production was added to give the yearly production (Pg)
| which was 39.31(0&13 and 94.4 Kcals in 1974 end 19%5 respectively (Table 9),

The seasonal changes in growth production are shown in Fig. 13.

Discussion
The minimum spat size observed in the quadrats was 2.4 mm,

Smith (41935) obzerved spat to first settle oﬁ the shore at a size of 0.2 mm,
while Jones (4948) at Port St. Mary found spat at the beginring of February
at a size of 0,75 mm, Jones observed thaé sfat settled in shallow pools and
then showed a tendency to move out on reaching a size of 3 mm and to colonize
the dry rock. The quadrats contained no pools, only small shallow water-
filled hollows, Therefore it is very likelylthat the spat are settling in
nearby pools and not colonizing the quadrats until they have reached a size
of 3 mm or more. The time of zpat seltlement depended on the time the
gametes were released by the adults. The gametes are usually releesed
between November znd the end 6f February, varying from year to yeoer (see
reproductive chapter), In 1974 mid spewning was during December, but the next
was not until early January 1976. . Thus the spat werallikely to have sefitled
bj the beginning of Janvery in 1975 and at the end of January in 1976, as
the free swimring larva is limited to two wesks (Smiﬁh 1935 and Dodd 1957).

The averzge spat size in July 197% was 2.9 mr and 2,50 mm in August 1975.
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Tadble 8 P, vulgota: The anrual mortality (as a percentege) and
age distribution,
Nurber of animals present Mortality
hge March Sept. March Nov.. Merch 4974 Sept. to 1975 Nov. to -
1974 1975 1975 March Harch
spat 97 29 63 18
second Ll 36 15 41 L2
third 51 26 21 22 23
fourth 29 20 2L
fifth 22
older
animals 87 69 52 21 25
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P, wvulgata: The growth und mortality of the somatic
tissue and shell of the quedrats' pepulaticon,

Growth Morbality
Month Somatic  Shell °  Total Somatic © Shell  Total
(Keals) (Keels) (Kcals) (Kcals) (Keals) (Kcals)
1974
March 46,2 0.9 47.2 0.0 0.3 0.3
April 50.2 1.1 51.3 ~4..0 -0.4 -l b
May 9.6 1.3 10.8 11.7 1.2 12.9
June 55.5 1.5 57.1 ~h.o1 -0.2 ~ly3
July - -86,2 0.7 -85.5 9.5 C.d 10.3
August -66.2 0.0  -66.1 13,2 1.h 14..6
September -32,1 0.7 =344 8.7 1.1 9.6
October 1.7 0.0 12,3 -2 ~.C3 -2.7
‘November -2.8 0.3 ~2.5 20,2 3.2 23,4
December 45.6 0.6 46.2 1.7 0.4 2.1
1975 |
Jenuary 46,4 0.5 46.8 5.0 0.7 57
February -16.5 0.3 -46.2 ~2.5 ~0,3% -2.8
March
122,2 2.0 124.2 ~3.6 0.5 =21
April
May 23,9 1.7 25.5 10,1 1.0 11.4
June
Tuly bl 3.6 8.0 16,4 1.7 18.4
August ~25.1 1.1 -34.0 16.9 1.6 18.5
September -53.6 0.3 ~-53.0 15.2 1.4 16.6
October 64,7 0.3 64,4 12.1 1.3 13.4
November
December
33.1 0.5 33.6 11.6 3.0 4.6
1976
Janvary
February 53,2 1.6 54,8 3.5 0.5 4.0
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Thus the growith is relatively slow for the first six months, being at a rate
of 0.48 nm/ nonth in 1974 énd 0.42 mm /montk in 1975. Vhen the animgis
reached a size of approximately 3 mm the growth rate rapidly increased up to
1,59 mun / monthAi.n 1974 and 2,66 nm /month in 1975.  Blackmore (1969) at
Robin Hood's Bay observed a similar pattern of growth. In 1965 he observed
a rate of C.4 mm/’month'and 0.55 mn/month in 1966 for the first six months,
This was followed by a marked increase, up to 2.0 mm in 1965 and 1.28 mw /
month in 1966. This high growth was maintained until early sutumn when the
rate slcwly amd progressively diminisned until spring vhen the rate
increased,

The growth rate forrall £he year groups progressively inereased fron
early spring to early summer. The growth rate for the second and third
year animals was depressed over the sumzer and autumn but increased in mid-
winter, while the growth rate of older animals more or less ceascd over the

sumner and autumn but increased in mid-winter, This pattern suggests that

*

the growth was influﬁnced by temperature and gornad development,

Terperature probably influgnced the spat's and the older animals!
growfh during mid-winter, spring and early summer, The growth rate was
observed to progréssively increase with the rise in sea teumperature
encountered from spring to early sﬁmmer. The growth rate; except for the
spat, was depressed in the summer and early autumn when the sea reached its
maximum temperature, This reduction in growth rate in early summer and
continued depression until mid-winter was probably due to gonadal developrent.
Gonadal development commences in July and continues until spawning tekes
Place which was in Decembér aﬁd Jenuary. Ripe gonads of fourth year and
older animals comprised between 24 and 27% of the flesh weight. Thus it is
not surprising that growth viftually ceased as the energy required for |
gfowth would have been channelled for the gonad development., The growth
rate of third year enimals was depressed during the summer but still

relatively high, Though the gonads of these animals developed, their
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relative size compared to older animzls was much smaller, e,g. ripe gonads
wére 52% smsller. The growbh rate of the second year animals wes only
slightly reduced. Though these animels did not produce ripe gorads, some
development especially in the lafger enimals was observed., The spat showed
no sign of any gonadal development and their grewth rate increased throughout:
the summer and progressively deecreased through the cutumn and winter., This
decreasing growth rate corresponded to the fall in ssa temperchture at this
time of yéar. It was noticed that as soon as 5pawning had comuenced in
mid-winter the growth rate increased in the older animals.,

This temperature influence explains the fact that growth was grester
in 1975 than in 1974 as the average monthly terpersbure in 1975 weas higher
than in 197k. | |

The yearly growth diminished with age. - The spal grew approximately
13,50 mm, the second year animals 11.99 to 13.37 mm, the third year 7,15 ¥o
8.93 mm, the fourth 4.28 to 5.33 mm and the fifth and older anincals 1.27 to
1.85 nn, " As observed by the other workers, P, vulgete continues growing
throughout life. ) !

The mortalify rate was observed to decrease with sge (Fig. 9, and
Table 8). The monéhly spat mortality in the autumn and wirter was 10-12%.
Lewis and Bowman (1975) calculated a 78 to 8% loss of spat from Auéust to
the end of the year which is a slightly higher mortslity, 17 to 16% per
wonth, than observed in this study. The second year mortelity is-41 to 429,
The mortality rate for the older animals was seen to vary from 21 to 25%
giving an average of 2%,

'The survival curves derived frem these mortality rates are very
similar to those constructed by Lewis and Bowman (1975). It was estimeted
from the curves that the maximum life span for the limpets in the quadrats
is 12 to 15 years. The maximum size of an animal in the quadrats was
55.20 mn,  If its growtﬂ was averszge this animal was 13 years old., The

maximum size of an agnimal found on the ledge was 60.68 mm and it was

2k
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calcuiated to be 47 years old. These maximun sges ccowpare with Hatton
(1938) and Fischer-Piette (1939, 1941, 1948) vho estimated that P, vulgata
at their locations lived up to 16 years, while Lewis and Bowman (4975)
calculated that they lived ug to 15 to 17 years at Robin Hood's Bay,

If the plots of monthly biomass and somatic tissue (Fig. 11) are
compared with the plot of monthly slope of the regression equ-tions (Fig. 10)
the overall fattern is seen to be very similer. An increase in the slope
value means an increase in the tissue weight per shell length of the limpets
and a decrease vice versa. Thus the charges in the biomass and somatic
weights were mainly changes in weight per shell length. Growth in length
and the associated increase in weight will also affect the viomass and
somatic tissue. However over the two years this was negligible &3 this
increase in weight was counteracted by mortality. Though the increascs in
weight due to length growth and mortality differ from month to mcnth over
the year they were approximately equal. In i97h growth production was
69.3 Kcals while mortality was 64,7 Kcals, and in 1975 growth was 94.4 Kcals
while mortality was 93.5 Kcals, Any change in the calorific value of the
tissues will have affected the monthly biomass and somatic tissue (Table 6).
These changes were correlated with the weight per shell length changes of
the animals and are discussed later. |

The biomass (Table 7 and Fig. 11) in 1974 increased during the spring
end early summer, frem 349.6 Keals in March to a peak of 518.1 Kcals in July,
and then decreased from Julybto December reaching 2 minirum of 314.8 Kcals,
The biomass then increased reaching a peak in August 1975 of 516.1 Kcals,
before again decreasing reaching a minimum of 312.4 Kcals in December,

The biomass then increased reaching 355.1 Kcals by March 1976, Blackmore's
(1969) observaticns at Robin Hood's Bay were similar to this study, £hat
during the early months of the year, Jantary to April, the dry weight was
minimal, but increased rapidly during May to August as the tewperature

increased and the food supply becene abundent. During this period in the




study the calorific contend increased by two-thirds compared to a doubling
in weight recorded bty Blackmore (1969). Blackmore (41969) then observed that:
the dry weight decreased reaching a minimum value in Jznuary,
The biomass consists of the somatic tissue gonad end shell, The
shell calorific content.was small compared to that of the somatic tissue and -
gonad, so the latter two had the major influence on the biomass content,
The somatic tissue calorific content increased during the séring end early
surmer, from 299.2 Kcals in March 1974 to a peak of 457.3 Kcals in July,
In 1975 the increase was from 303.7 Kcals to 453.6 Kcals., This was foilowed
by a decrease in calorific content reachinz a minimum of 232,5 Keals in
December 1974 and 176.3 Kcalé in December 1975. This summer peak and
corresponding decrease in somatic. tissue calorific content correspond to
the development of the gonads. In 1974 the gorads began developing in July,’
became ripe in November and spawning coumenced in Decenber,
Blackmore (1969) observed that the levels of poclysaccharide and
lipid components of P, vulgsta varied with s;ason. During the spfing end
early summer the polysaccharide (largely glycogen) content of the somatic
tissue showed a marked increase which continued until July when a peak value
of about five times the winter level was attained, The content then
decreased reaching a minimum in December. This peak corresponded to the
onset of gonad development., In the male limpets this decrease was
associated with a corresponding increase within the testes. The increase
of polysaccharide within the ovary during maturation was, however,
significantly less than in the testes. Two of the mainglycogen storage
tissues are the foot and hepatopancreas, and Barry and Munday (1959)
observed that there is a rapid increasé in glycogen in these tissues from
April to July to five times the winter content, followed by a decrease during
goﬁad development until the contert is practically negligible in December,
Blackmere (1969) observed that the 1ipid conteni of the somatic tissue.

was &t a minimun in winter and increassd during spring and early summer,
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reaching a peak in Bugust.,~ During maturation lipid accumulatcd in the
gonzd and at the same time the level in the somatic tegan to fall. The
lipid level in the ovary was significantly higner than in the testes.

The immsture (spat and second year) animsls did not show any obvious
seasonal trend in calorific content of the biomass or somatic tissue.
Blickmore (1969) found that, unlike the mature limpets, the virgin imuature
animals did not show any obvious seasonal trend in polysaccﬁaride and lipid
content,

This decrease in food reserves within the somatic Tissue observéd by
Blackmore (1969) and the loss in the calorific content during the sunmer may
be attributed to the developing gonad. Gcnad development involves intercse
biochemical synthesis, with the formation of large amcunts of nucleic acids
for the spermatozoa. and much lipid and protein for cva, VWhether, in
Patella, the gonad utilizes the reserves, or whether the diversion of
immediately absorbed food to the gonad necessitates the utilizetion of the
food reserves by itself cannot be stated, b§$ since the accuwmulation cf
reserves within the gonads more or less parallels the depletipn of reserves
within the somatic tissue it seems reasonable to attribute this to their
transfer,

The calorific values of somatic tissue (Table 3) were secen to
increase from4.66 Kcals/g in March 1974 to a peak of 4.73 Kcals/g in July.

- The value then decreased reaching a minimum of 4,45 Kcalq/g in Decenber.

In 1973 the peak was reached sgain in July and was 4.7k Kcals/g, vhile the
minimum of 4.38 Kcals/g was reached in February 1976. The increase in
calorific value was associated with a corresponding increase in the glycogen
“and 1ipid content of the somatic tissues. Lipids have a calorific value of
9.45 Keals/g, proteins 5.65 Keals/g and carbohydrates 4.20 Keals/g.  Thus

the build-up of the lipid’stores would produce the rise in calorific value

and vice versa. The ovaries' calorific value increascd with the corresponding

increase in 1ipid content from 4.69I{cala/g at the rasting stage to
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6.0l Kcals/g when ripe (stage.V) (Table 15), vhile the testes only increased
fron 4.69 Kcals/g to 4.753Kcalq/g vinen ripe. This was because the lipid
cqntent of the ovaries was much higher than the testes, while the testes
had a much higher polysaccharide content.

Barry end Munday_(1959) suggested that their biochemical observations -
led to the conclusion that Patella does not feed during the winter and may
pass into an inactive state comparzble to the hibernation of terrestrial
molluscs, However Bluckmore (1969) concluded from his analysis thet there
was no 'hiternation'. The observations of this gtudy conclude that there
was no hibernation as the somatic tissue calorific content progressively
increased from Jamuary in 1974 and 1975. This was only possible if the
animals were feeding. Patella may not feed during spawning as in 1974
there was a loss in somatic tissue calorific content durirg the moath
preceding commencement of spawning, but this was not apperent in 1975.

The animals feed during gonad maturation as linpets were ohszrved
foraging in the middle of September (Hartnoll and Wright, in press). 4Also
during thé month between ripening.(stage V) and spawning in 1974, when there
will have been 1little energy requirement by the gonads, the somatic tissue
calorific content increased, This was only possible if the animals were
feeding. |

Whereas the biomass or somatic tissue calorific contert does not
necessarily indicate growth in length, shell content does. An inerease in
the shell calorific content of an animal is associgted with an increase in
length, The shell calorific content progressively increased in the spring
and early summer. In March 1974 the monthly increase was 0.9 Keals vwhich
increased, reaching a pesk of 1.5 Kecals in June., The monthly increase wes
diminished in July to 0.7 Kcals, while during the summer and autumn the
ihcrease was further diminished to approximately 0.25 Xcals /month. The
pattern was similar in 1975 except that the increase continued until it

reached 1.8 Kcals in July, decreased to 1.1 Keals in August, and was further




dininished to 0.2 Kcals /monbh for the rest of the summer and sutumn unsil
Fébruary 1976. This corresponds to the measured increare in length, with
sea temperature influencing growth in the spring and early summer, i.e. the
gfowth increasing witp increasing témperature, ani the diminished growth in
sumner and autumn corre;ponding with gonzdal development,

The mortality was 64.7 Kuals in 1974 and 93.5 Xcals in 1975, while
the growth was 69.3 Kcals in 1974 and 94.k Kcals in 1575. The growth in
1974 was 4.6 Kcals greater than the mortslity, so the biomass for the
quadrat area increéased by this amount from 349.6 Keals to 354.2 Xeals (a 1%
increase in biomass). In 1975 the biomass increased by 0.9 Kcals tc
355.1 Keals (a 0.25% increase in biomass). However the growth ard mortality

in 1975 were 274 greater than in 1974, The increased growth will have teen

due to the higher sea temperature of 1975 comparcd to 1974, and also becsuse:

the high growth rate continued for a month longer in the summer, until
August in 1975 tut only until July in 1974. The Patella population of the
quadrats was stable as the mortality and groath were approximately equal,
and the biomass remainsd fairly constant during the study pericd. The
optimum population in March for the quadréts must have been epproXimalely

355 Keals (i.e. 71 Kcals/i).

3, Littorina littoralis

Introduction
L. littoralis has no recognisable growth rings in its Shell.and
therefore growth was measured by cbserving individual specimens over a
period of time and deternining the increase in shell length (from apex to
aperture),
None of the previous workers has measured growth, except for
Guiterman (1970) who followed growth over a six month period in the

'laboratory and for much shorter periods in the field at the Menal Straits

end Fowey estuary,
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The littorinids wove freely over algal fronds end thebrock surface
especially when damp. Little movement is possible on fine-grained, mobile
neterial such as sand or mud., Despite the relatively small excursions made
b& the littorinids, the majority remain in one leocation only for apprbx-
imztely five days (Bray 1974k). Tidal movements are responsible for the
transportation of the anima1§ usually carrying them a considorable distance,

The Fucaceae are gencrally accepted as the food source for
L. littoralis (Barkmann 1955 and Guiéerman 1970). In order that the growth

rate of the littorinids can be measured in the field the animals must be ~

enclosed on the algae to prevent water movements carrying them away.

Material and methods
For the field studies of growth large fucoid plants, three each of

Fucus serratus and Fucuz vesiculosus, wers enclosed in individual bags of

5 mm knotless plastic mesh., The use of a smeller mesh czused the algse to
start decaying after o few weeks. Twenty to thirty of the specimens on
each plant were marked with waterproof paint, selecting only specimens of’
8 mm shell length or greater since smaller individuals could pass thrcugh

the mesh, The animals were measured approximately every two weeks, and the

study was continued for eighteen months,

Studies were also made in the lsboratory, btut were couplicabed by the
tendency of the animals to climb the sides of the aguarium under the
influence of strong negative geotaxis., Even when escape vwas made impossible
the animals remained at the highest level in the aquarium, Further
difficulty was experienced with the fuﬁoid plants, which rapidly decayed
when in contact with the bottom of the tank for a few days. These problenms
wiere overcome by keeping the animals on algal fuccids which floated freely
in the aquarium away from the sides. Four aguariaa: were set up, two with
E, serratus and two with F, vesiculosus, and maintained at the ambient field
temperatures. Teﬁ to twenty animals bétween 3 and 8 mm were marked with

walerproof paint and placed on the floating fucoid in each aguarium, The

e eeg—



animals ware measured every fortnight and the fucoid changed each nmonth,
Animal; over 8 -10 mm became sluggish after a few weeks and their growth
rate was much lower than that measured in the field, so animals over 8 mnm
were excluded. The field and laboratofy experiments covered complemenutary
size ranges.

Eech month ten 400 g dry weight samples of ¥, serratus and
F. vesiculosus were collected at random from the same ten lécations cn the
study ledge (Fig. 5) and the shell lengths of all the animals meeasured,
Each month thirty of the littorinids from the twenty samples collecteé
were dropped for a few seconds in boiling water and the flesh rewoved whole
using a bent pin. Thevflesh vas dry weigled, part was used to determine
ash content and part to determine calorific value using the Phillipson
micro-bomb calorimeter. The shell length and weight of the animals were
measured, Regressions of log shall weight and log flesh weignt esainst
log shell length were calculated. The leagths of 2li the littorinids of
the monthly sample were substituted in the regression equations and their
shell and flesh weights obtained. The calorific value of the flesh was
derived using the conversicn factor determined previously, ard the shesl
calorific value using the same conversion factor (0.05627 Kcals/g) that vias

ﬁsed for Patella vuleata,

Results

Puring the first year shell groﬁ:h rate increased from Jaauary
(0.32 mm/ month) until August (1.65 nm /month) and then decreacsd, The
animals grew on average 10.45 ma in the first year. The growth of the
second year animals showed a similar pattern, increasing from 0.13 me/wonth
in Jenuary to 0.82 mm/mohth in August before decrezsing, The second year
shell growth was on average 4.61 mn (Table 10). No shell growth was
observed for the third year animals.

AThe density of the animals per kilogram dry fucoid was sipilar in

each month, and no sessonal pattern was observed, ¥, vesiculosus supported

. ey -
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Table 10

L, littoralis:

Juveniles,

Jgnuary
February
March
April
May
June
July
Auvgust
Septenber
October
November

December

Total

The aversge monthly shell growth of the

Shell growth (mm)

First year
0.32
0.40"

0.42
0.26

0.66
1.2h
1.68
1.75
1.24
0.88
0.76

0.84

10.45

Second year
0.18
0.19
0.29
0.27
0.56
0.4
0.87
0.82
0.31
0.29
0.22

0.17

L.61

52



3 higher nunber of mature {15 to 17 nm) and newly hatched litiorinids than
F, serratus, while the latter supported a larger number of middie-sized
animals (6 to 42 mm) (Table 11).

| The combinsd number of littorinids per kilogram dry weight of fucoid
(Table 11) showed a high number of smal} aninals decréasing in sbundancze
waith increasing length up to 11 mm when the abundance increased reaching a
peak at 15 mnm before decreasing. The maximum shell length.recordcd was
17.01 mm,

Thg regression equations calculated each month of flesh and sheil
weight against length were fery similar. The average coefficient of
correlation, intercept and slope of the regressions of log flesh weight cn
log length were 99.92, -5.0692 and 3.2893 respectively, gnd for the
regressions of log spell weight on log length were 99.89, -3.38€1 en
2.898L.,

The calorific value and ash content of the flesh remained constant
throughout the year, The calorific value af the littorinid flesh was
%.83 ¥ 0.11 Xcals/g or 5.33 * 0.12 Kcals/ash free g, snd the ash content
was 9.42%. Thus the average calorific content of the littorinids per dry
kilogram of fucoid was 23.98 Kcals (Teble 11).

The mortelity was deterwined separately for the first and second year

\vmﬁuveniles, and adults. The first year littorinids were separated into
millimetre size classes (Taﬁle 12) and ﬁheir frequency determined.. The
mortality was determined between eéchvmillimetre group (e.g. between {mm and
2 mm the mortality was 714-355 = 359), and it was assumed that the weight
of the mortality was equivalent to all the individuals being eliminated at
a weight halfway between each millinetre group. This gave & morbality of
1.06 Keals (Table 12), This was the mortality of all the first year animals
growing one millimetre on average. The animals grew cleven millimetres in
their first year so the annual mortalitj was 11,66 Keals (11 = 1,06 Keals),

The first year juveniles enter their second year when reaching a size




Table 14 L, littoralis: The length-frequency of thes littorinids ger
kilogram dry weight of{E: serratus, ¥, vesiculosus and the
fucoids combined, Also the calorific value of the flesh and
shell of the littorinids per kilcegram dry weight of the

fucoids combined,

Length Number of animals per Kg dry weight Calorific  Calorifiic
(mm)* F,serratus F.versiculosus Ccmbined ;iig; of :ii;i of
(Kcals) (Xcais)
1 475 955 714 0.0290 0.0184
2 228 482 . 355 0.1425 0.0682
5 57 107 88 0.1333 0.0548
A 15 . 31 23 0.0903 0.03%0
5 14 14 b 0.1145 0.0357
6 9.1 6.9 8 0.1193 0.0371
7 8.8 6.6 7.7 0.1908 C.0559
8 9.4 8.2 8.8 0.5386 0.0940
9 8.4 5.6 : - 7.0 0.3965 0.1052
10 8.1 3.9 . 6.0 0.4806 0.122)
11 1.8 10.2 11.0 1.2065 0.224
12 16.1 7.3 1.7 1,708 0.4048
13 9.8 10.2 10.0 1.9001  0.4353
14 10.9 16.1 13,0 3.1525 0.7031
_ 15 19.6 28.0 23.8 7.2421 1.5722
16+ 4.9 6.1 5.5 2.0692 0.4:381
17 0.5 . 0.5 0.5 0.2294 0.0475
Total 19.5252 L.5226

* The 1limits of the millimetre lengths are for 1 mm, 0.5 to 1.49 nn,
- 2 mm, 1.50 to 2,49 mm, etc. ' ‘



Table 12 L. littoralis: TFirst year mortality.

Nunmber of Mortality
- Length imals .
(nn) _anima.s per nuzber flesh weight  shell weight
‘ ;g dry wt, fucoid in g. in g.
1 714 .
359 0.0138 0.5967
2 355
267 0.0287 1.8686
3 88 _
65 0.0359 1.2085
L 23
9 0.0128 0.5009
5 1%
6 0.0168 0.3650
6 8
0.3 0.0022 0.0500
7 7.7
'1 01 "000070 . "001354-
8 8.8 ' .
1.8 0,0196 0,2435
9 loo ’
100 Oc0165 Oo3l+03
10 6.0
. 0.5 0.0127 0.2374
11 5.5 .
Totel  0.1530 5,0776
Calorific 0.7375 0.31&4
value Kcals. Ycals,

* The 11 nmm length group contains 11 animals,

same as for Table 11.

The growth rete of
the juveniles (Fig. 11) indicates that the lengtn group conteins
first and second year animals in equal proportion, i.e. 5.5 first
year juveniles. The limits for the millimetre lengths are the

N
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of approxirately 11 mm (Fig. 14). The number of aninals reachirg the 11 mn
group was 60,5 (i.e. 11 x 5.5).. Shell growth ceaseg when the juveniles
mature at the end of thelr second year, The adulis live cn averége ten
months (Guiterman 1970). Therefore the number of adults that were present
represented 10/12ths of the animals surviving their second year, The
mevtality was therefore 24.7 (60.5 - 35.8). The average flesh and shell
weight for this year group was 0,0589 g and C.8863 g respecﬁively. Thus
the calorific value of the mortality was 8.38 Kcals.

The number of adults being elinminated annuelly waz 35.8, The éferage
flesh and shell weight of the adults was 0.0721 g and 1.2Qj1 g respcctively.
Thus the caiorific value of the mortality was 15.14 Koals.j

The total annual mortality was 35.38 Xecals (27.56 Xeals flesh wd
7.82 Keals shell). |

The growth production (Pg) equals the mortality when tle population
is in & steady state condition, as was the littorinid population, Therefore

the annual growth production of the 1ittoriﬁid population was 35.38 Keals,

Discussion

The littorinids hatched at a shell length of 0.5 mm. Ths juveniles
grew 10.45 mm on average in the first year end 4.14 mm in the second year
(Table 10 and Fig. 14 ). Shell growth ceased et sexual maburity which was at
the end of their second year., Guiterman (1970) measured the shell growth
rate of a littorinid population in North Wales consisting of two juvernile
size ‘groups. The smaller size group's growth was ebout twice that of the
larger group. The Derbyhaven first year juveniles grew 2% times as much as
the second year ones. Thus Guiterman's (1976) smaller and larger size
groups would cecrrespend to Derbyhaven'é first end second year enimals
respectively. The Derbyhaven littorinids reached a size of approximately
10.95 mm by the end of their first year of growth and 15.06 mm opproximately
at sexual maturity. The shell growth rate inecreaszed Irom 0.26 wr/month in .

4pril and reached a peak in August of 1.75 ca/month before the rate decreased,
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Fig 14. = The growth of a typical littorinid hatching at the beginning.
of Janudry. | | | | |
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The changes in the shell growth rates correspond directly to changes in air
and gsea weter temperature,'an increase in thelmonthxy temperature producing
en increase in growth rate and vice versa. Guiterman (1970) ulso cbscrved
that the growth rate during the summer was greater than the winter, vhich
suggests that the littorinids' growth rate is temperature dependent. The
adult littorinids only live ten months on average (Guiterman 14§70),

On thé study ledge (Figs. 4 and 5) F. serratus and F. vesiculosus
plants were intermixed and their bio&asses were approximately equal. The
littorinids were regularly trensported, and thercfore it was assumed that
the littorinids found on the ten 100 g dry weighﬁ samples of F, serratus
and ¥, vesiculcsus collected each month when combined would represent iha
average population per kilogram dry weight fucoid., The length-frequency
distribution of the littorinids collected from the sampies did not
significantly vary from month to month. However the length-frequency of

the littorinids did very between the fucoids (Talle 11). ¥

supported 1% times &s many adults and nearly double the number of newly
hatched litﬁorinids, while ¥, serratus supported more middle length animals
(6 ~12 um),

Barkmann (1955) observed a greater number of littorinids on

F. vesiculosus compzred to ¥, serratus. The larger number of newly haiched

littorinids on F, vesiculosus corresponds tc there teing double the egg
masses present on F. vesiculosus (Table 22). Many of the newly hetched
littorinids were observed inside damaged vesicles of F, vesicnlosus.

P, serratus does not produce vesicles so ¥, vesiculosus will provide the
littorinids with greater protection from water movements and probably
predation., Experiments to study the relativé attractiveness of the
different species of algae irdicate possitle preferences by the littorinid,
but results are contradictory. The attracticn recorded by previous werkers
may be due to the stage of growth and freshness of the zlgae rather than to

the species. In ths laboratory the littorinids showed no preference bvetwean

S—




F. vesiculosus and F, serratus. As the littorinids showed no apperent food
preference between F, vesidulogEE and F, serratus perhaps the protection for
the newly hatched littorinids was the factor governing the greater number cf
adults on F, vesiculosus. The greater number of middle length animals on
F. serratus may be due to the fact that it supports a lower density of
mature and newly hatched litﬁgfinids.

The calorific content of L, littorelis was similar each month and
the average value was 4.83 Kcals/g. . The aversge calorific value of the
littorinid population per Kg dry weight fucoid was 23.98 Kcsls, The animal
mortality and growth production was 35,33 Kcals 6f vhich the shell |

contributed 22%.

L. Nucella lepillus
Introduction |

The dog-whelk is the only common carnivoious proscbranch on mosct
rocky shores, occurring in large numbers within the balancid zone, The
upper linii of the species at most places is between E.H.W.N. and M.H.W.N,
and the lower level lies between K,L,W.N. .and ¥.L.W.S., On shores covered
with barnacles the dog-whelk is most abundent et mid-shere levels (Southward
1953, Connell 1961).

Only Feare (1969) has undertzken a thorcugh investigation of the
dynamics of dog-whelk populations. He observed that up to the third year
of 1life it could be aged in the field using shell characters, Egg'capsules
were laid in March and August and hatched the following July and Novenber
(see reproductive chapter). This restricted breeding seascn led to the year
groups being reasonably distinct until they matured, Moore (41538a) stated
thet growth stopped at maturity, and with a few exceptions this was true of
this population, so that mature dog—whelks could not be aged. Up to maturity
it was possible to ascribe individuals to en age group using the shape of the
shell 1lip and the amount of shell weathering., (Weathering occurred during

the winter, even though the animels werc agsregated in clefts and pools &t




this time,) During the suburm, winter and spring the first year juvenilés
were distinguished from secord year juveniles by size, while in the suumer
the presence of a weathered apex, Wifh no weathering on the remainder of the
y
shell, was diagnostic of first year juveniles., In secornd yeer juveniles
most of the shell was weathered, but new growth appeared es a clean crescent
benind the thin and sharp shell 1lip, When the juveniles maturel the 1lip
thickened and denticulate processes ('teeth') were laid dowﬁ on its inner
margin,
The age grouéé behave differently, dog-whelks in their first yeér

nigrating upshore and returning to lower levels in the second yezar,
Adults lived end lald egg capsules on the low shore,

| The shell length attained by the end of the first winter was related
to wintér temperaturgs, but the main grcwing season was from June to
November. Adult size was attained in two years, after which the individuals
did not usually grow, but those which did grow during the succeeding yesrs

ney have been non-treeders or have been castrated bty the tremstode

Parorchis acanthus.

Materials.and method
The dispersion of deog-whelks on the shere was always non-rendom.
ﬁhring the summer all age groups forred aggregations (on tarracles) on the
open shore. During the winter, adults and immatures aggregated densely in
clefts and pools. This aggregation and migretion behaviour posed’ serious

sanpling problems. However this was largely overcome by studying an area

within which these migrations occurred (Figs. 5 and 15 and profile).
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The upper boundary was marked by an »xtencive area of bare rock on

’~¢, vhich very few dog-whelks were observed, The sower boundery was purked by
the fucoid cover becoming very heavy and ths barnacles disappearing.
The lateral boundaries were less clearly defined. The study sares of the
M.LW.N, ledge was raised, and on either side the fﬁ:cid cover was very
thick and barnscles were absent, The i,T.L. ledge and the vertical face
! vere defined by an inset on one side nd an cutcrop on the other.

Numercus dog-whelks (over 200) from within the ctudy area were marked
with waterproof paint and measured (from apex to siphonal canal) to the

nearest 0.4 mm with vernier calipers every thres or four weeks. These date

enabled growth rates to be calculated.
‘ _ The length of all the dog-whelks in the study ares were measured esch
_i month,
b ‘Each month thirty dog-whelks were collected from outside the study

area. The flesh was removed from the shell by dropping in boiling water for

a few seconds and then gently breaking the shell. The flesh was dry weighed,

part was used to determine ash content and part to determine calorific valusz
using the Phillipson micro-bonb calorimeter, The shell length and weighti of
the animals were measured. Regressions of log shell veight and log flesh

ii, weight against log shell length wers caleulated, The lengths of a1l the
A ; A
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dog—whclké of the wmoathly sampls were substituted in the regreassion equstions
end their shell and flesh weights obtained. The éalorific value of the
flesh was derived using the conversion factor determined previously, and tie
shell calorific value using the same conversion factor (0,0627 Kcals/g)

that was used for Patella vulgata.

Results

The young dog~whellzs which hatched in July and fugust are referred to
as the summer group and those hatching in November and December as the
winter group.

There were few observations of animals under 6 mm, but those rade
suggested that growth was similar to those animals of between 6 and 17 mm
(Table 13).

The newly hatched suwmer group dog-whelks grew ropidly in July and

August (1.6 mm/menth) befcre the shell growth rate decreased reaching a
minimum in March (0.5 inm/month). The shelllgrowth rate then increased
resching a peak in August (4.6 mm/month) and then decreased egain reaching
a minimun in March (0.13 mm/morth), The shell growth rate then increased
until the end of July when thickening of the shell took place. The shell
growth decreased to cecase by mid-Octcber., The winter group dog-whelks
showed a similar grewth pattern and matured also in their third summer,
Thus the shell growth for the winter group continued for six months longer
than the summer group (i.e. 3 years compared to 2t years). Therefore the
average mature size of the summer group at 25.97 mm was nearly 2% mm smaller
than the winter group (28.32 mm),

The average shell growth (Fig. 16 and Table 13) for the first year

was 12.17 mm, and during the second year the summer group grew 10,37 mm and

the winter group 11,78 mm., The summer group Jjuveniles' shell grew a further
3.43 mm and the winter groups' 4.37 mm in the third year before growth

ceased at maturity,
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Fig.16.  Typical juvenile growth of N.lapillus hatching in the summer( a )
and the winter( b)
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Table 13 Wucella lapillius: The average monthly length and growih
rate for the summer and winter group Jjuveniles,
~~-~indicates shell thickening and — that the anirsls
have matured,

Jonth Average length (mm) Growth rate (mm/month)

‘ summer winter summer winter
hugust 1.56 1.60
September 3.16 0.82
October 3.98 0.93
November 4.9 0.95 0.95
December 5.5 0.95 1,09 1.09
January 6.9% 2.0k 0.95 0.95
February 7.90 2.99 0.50 0.50
March 8.40 3.49 0.50 0.50
April 8.90 3.99 0.64 0,64
May 9.54 L.63 1.13 1.13
June 10,67 5.76 1.50 1.50
July 12,17 7.26 1.56 1.56
August 13.73 8.82 1.60 1,60
September 15.33 10.4.2 0.82 0.82
October 16.15 1.2 0.93 0.9
November 17.08 12.17 0.95 0.95
January 19.12 14,21 0.19 0.95
February 19.37 15.16 0.28 0.50
Narch 19.59 15.66 0.13 0.50
April 19.72 16.16 0.4k 0.63
May 20.16 . 16.79 0.88 0.83
June 21,04 17.62 1.50 1030
July 22,51, 18.92 1.56 1.57
hugust 124,11 20.49 io.7o 1.68
September 124,81 22,17 10.67 0.85
October 125.48 23,02 10.49 0.93
Nevenber 25.97 23,95 0.76
December 25,97 24,71 0.72
Janvary 25.43 0.19
February 25,62 0.28
“March 25.90 0.18
April 26.08 0.22
June 26,7k 075
July 127.49 10.38
Avgust 127.87 10.45
September 28,32
October 28.32




The correlation cosfficiert, intercept and slope of the adult and

Juvenile regression equations for flesh and shell weight are shown in
Tables 14 and 15. The juvenile flesh weigh®{ ver unit shell length
increased from March to June and then remained constant until November when
the weight decreased. The adult flesh weight per unit length increased
from March until June ¢nd remained constant until November except for a
decrease in weight during August. The weight then decreaszed froa November
reaching a minimum value in March., - The juvenile shell weight per unit
length remained constant, The mature animal's shell weisght per unit iength
also remained constant but was heavier than a juvenile of the same length
(e.g. a 25 mm juvenile shell weighed on average 2.1 g while a mature one
weighed 2.5 g). Vhen a juvenile.animal matured the shell thickered ond
increased to the adult weight, |

' The calorific content of the flesh of the Juveniles increased fron
March (4.76'Kcals/g)}until June (5.22 Keals/g) and then remsined constant
until November when the calorific value decfeased. The calorific oonternt
of the adults' flesh increased from March (4.81 Kcals/g) until Jure
(5.20 Kcals/g), then remained constant until Noverbter except Tor a decreasa
in August (5.02 Kcals/g). The rate decreased from November to March

Table 16).

The yearly mortality for the first, second, third year juveniles and

“edults was 90.2, 67.4, 58,7 and 45.5% respectively. The plot of survivors

egainst age gave a life expectancy of' 7 to 9 years (Fig. 17 ). During the
study animals were observed to be at least 5 to 6 years old.
The calorific value of the flesh and shell for the juvenile and adult

dog-whelks was determined each month. The length of all the dog-whelks in

the study area were measured each month and their corresponding flesh and

shell weights calculated from the regression equations, These weights were

then converted to calories (Table 17 and Fig. 18), The area's adult flesh

calorific value decreased from 54 Kcals in Decenber to 32 Keals in lay, with




Fig.17. A survival curve for the

N.lapillus  population.
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Table 1) Nucella lspillus: Paramebers for the regression log flesh

dry weight in g. against shell length in nmm,

. Juvenile _ Adult
Month correlation intercept slope correlation intercept =slope
. coefficient coefficient
Jenuary ' 93.46 -5.4196 3.1356 91.04 -3.5827  2.0055
February 96.89 -5.1875  2.9560 2,96 ~3.8373 2.1686
88,46 =L 1349 2,364
March . 96,66 ~5.5984 3.2271 72.33 ~4.352h  2.5C30
April 98,43 -5.7957  3.3819 89.15 “4.9799  2.9173
May 96.53 -5.8104  3.4586 90.22 -5.0197  2.9438
June 96.25  -5.8409  3.4947 79.48 -3.8652  2,1865
89.29 ~3.1685  1.7442
July 98.23 -5.9887  3.6218 .18 =2.4876  1.9451
August 96.84  -5.9975  3.6303 92.07  ~3.3372  1.8500
September 96,46  -6,0106  5.6424% 90,56  -3.2096  1.7949
October 95.85  =5.9620  3.5956 91,49 -3.1685 1,742
November 96.31 -5.8539 3.4880 92,65 ~3.1685 1,742
Decenber 4,69 -5,2890  3,04,95 92.16 -3.3599  1.8643
Table 15 Nucella lapillus: Parameters for the regression log shell
weight in g. agsinst shell length in nn,
correlation intercept slope
coef'ficient
~ Juveniles : 99.22 ~-3.5510 2.7661
Maturing Aug. & Oct. 79.50 -3.1308 2.4752
Juveniles
Sept. & Nov, 87.78 -1.6632 14743
Oct, & Dec. 78.70 -1.5606 14443

Adults 89.72 . -1.6363 1.4581




Tzble 16 Nucells, 1'.;pi].1::s: The calorific value of the juvenile
end adult flesh each month,

' Juvenile Ldult

Month Kcals/g Kcals/ash free g.  Keals/g Keals/esh free g,
January 4,76 *0.03 5.32 *0.0% 4L.90 *0.02  5.47 +0.02
February 4.75 *0.07  5.30 +0.08 k.81 +0.02 . 5.37 +0.02
March 4,76 *0.01  5.32 t0.01 4,81 %06.03  5.37 10,04
April 477 10.04  5.33 *0.01 4.83 10.05 5,39 0,05
May - 499 0.01  5.57 *0.01 L.97 %0.02  5.55 *0.02
June 5.22 t0,01  5.83 *0,01 5.20 to.0h.  5.81 0,05
July 5.22 %0.09  5.83 *0.01 5.20 *0.,05 5.81 %0.C6
August 5.32 10.03  5.9% 10.03 5.02 %0.05  5.60 *0.06
September 5.24 10,08  5.85 0,09 5.19 t0.02 5,79 £0.03
October 5.2k *0.03  5.85 t0.0k 5.2¢ 10,03 5.81 $0.03
November 5.10  10.03  5.70 *0.03 5.19 10.03  5.80 *0.C3

December 4.9 %t0.03 5.5t *0.03 499 %0.02  5.57 *0.03




Table 17 Nucella lapillus: Calorific velues each month for the
Juveniles and adults of the study population,

vontn  Juvenile - Adult Total
flesh shell flesh shell .
(Keals) (Kcals) (Kcals) (Keals) (Keals)
Januaxry | 21.58 7.10 48.45 8.98 85.81
February 21.48 7.10 42,44 8.46 791k
March 18.99 6.99° 39.53 .  8.29 73.80
April 19.02  6.84 33.93 7.93 67.€9
May 22.9% 6.72 32,21 7.58 £9.45
June 26.71 7.11 28,07 7.05 78.95
July 3237 8.0 M.85 670 88.56
August 39.48 9.33 - 36.59  6.53 st
Septenber 42,53 9.87 " 37.72 6.17 86,29
October 31.00 7.99 48,57  7.73 95. 30
November 30,95 8.62 15,01 7.19 92.27

December 21,07 6.4 - 53.54 9. % 90.39




a sharp decrease in March, end then gradually increased reaching a peak in
nid~July of 42 Kcals. The calorific value decrcased in August to 37 Kcals
and in October to 45 Kcals, but increased in September to 49 Kcals and in
November to 54 Kcals. The flesh calorific value of the juverdles decreased
from December (21 Kcals) to April (49 Kcals) and thzn gradually incressed
reaching a peak in September (43 Kcals) followed by a decrease in October

to 31 Kcals and in Decenber to 24 Kca}s. The calorific value of the adult
shell for the area gradually decrezsed, except for increases in September
and Novenber, The calorific value of the Juvenile shell for the area
increased except in September and November when it decreased. The total
dog-whelk biomass calorific value of the area increased from April (68 Kcals),
reached a peak in September (96.29 Kcals) and then decreased.

As the dog-whelks in the study area were measured each month it was
possible to calculate the monthly loss for each winter and summer year class.
The annual mortality of juvenile and adult flesh ard. shell was the sum of
their monthly loss. The annual juvenile moftality was 34.18 Kcals and the
adult 28.88 Kcals, giving a total of 63.06 Kcals, (Table 18) |

The growth production equals the m;rtality when the population is in
a steady-state condition., The dog-whelk population was in a steady state.
Thus the annual production was 63,06 Keals (51.18 Kcals flesh and 11.88 Keals

shell).

Discussion
Moore (1938) observed that cessation of growth and an increase in
lip thickness, frequently with deposition of teeth on the inner margin of
the 1lip, accompanied the attainment of maturity. Feare (1969) stated that
" on some shores thickening of the lip and the secretion of teeth ceccurred
regularly before maturity and that ihe processes were not, therefore,
strictly related to maturity. Bryan (1669) showed the proximate factor

inducing these changes wus starvation, confirmed by Feare (1969), 1In ithe



Table 18

Nucella lapillus: The seasonzl mortality of the
Juvenile and adult flesh and shelil.
Mortality (in Kcals)
Konth Juvenile Adult

flz=sh shell flesh shell
January 2,04 0.68 2.18 0.40
February 1.72 0.58 0.7k 0.17
March 144 0.57 1.55. 0.36
April 1.80 0.67 1.55 0,36
May 1.71 0.52 2.28 0.52
June 2,23 0.6.2 1.4 0.36
July 2.51 C.67 1.03 0.17
August 3.79 0.73 2.01 0.36
September 3.16 0,62 3,20 0.71
October 2.85 0.54 S.hh 0.55
Novenber 2.30 0.60 2,23 0.36
December 143 0.40 2.05 0.36
Total 26,98 7.20 24,20 4,68
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field starvation resulted from formation of non~feeding winter sggregations,
Largen (1967) showed that feedirg in dog-whelks stopped at low terperatures,
and that activity was considerably reduced at temperatures below 5°C.
Coviell and Crcthers (1970) demonstrsted that in juveniles tooth formation
increased with exposure, and these individuals were more likely to be
' d;slodged by the waves {and then swept away from their food supply) than
those in shelter. In this study only the occasional (under 1%) edult was
found with two or more rows of teeth. The Jjuveniles on this shore therefore
do not suffer starvation. This is because the mean monthly temperatu}e
remains well above 5°C and the shore is medium expcsed with numerous crevicsas
which the animals retreat into when the weather is rough to prevent
disledgement. Therefore on this shore lip thickening and teeth formation
indicate meturation.
This thickening and teeth formation cnly took place in latc summer
and early winter in the juveniles' third year, thus the summer group mature
at 2% years and the winter group at 3 years; Tre winter group mature on
average at a larger size (28,3 mu) compared to the summer group (25.97 om),
arising from the extra six months growth,
The juvenile shell gfcwth rate was rapid in the first two years.
The rate increased from April, reached a pesk in Avgust of 1,60 mn/month and
then decreased reaching a minimum of 0.5 mm/month in March. The grovith
rate showed a direct correlation with temperature, an increase in the
temperature producing an increase in the growth rate and vice verse.
Feare (1969) also observed this correlation of growth with tewmperature,
The shell growth rate in the juveniles' third year was slower and gradually
decreased as thickening of the shell ?rogresst and ceased when thickenirg
was completed. When the animals matured there was no further shell growth
(Teble 13 and Fig. 15).

In the area the adult dog-whelk's shell calorific value decreased

from January to September and increased in September and November. Ths




docrease was due to mortality (3.79%/ nonth) and the two increases
Corresponde& with the two decrcases in the area's juvenile shell calorific
value in September and November, These two incrcases in the adult's shell
calorific value corresponded to the third year winter and summer group
animals maturing and entering the adult population. The area'$ Juvenile
sloll calorific value i2mained constant from December to May and then
increased reaching a pesk in September., From December to ﬁay the shell
growth rate was low and moitality equalled the growth; however during the
susmer the shell growth rate was higher and there was an increase in the
area's juvenile shell calorific value as the growth was greater than the
mortelity., The two decreases in September and November correspond to the
third year juveniles maturing and leaving the juvenile population (Fig. 18).
The adult's flesh calorific content decreased from December to April
(4.83 Kcals/g) and then increased reaching a peak in Jure (5.20 Keals/g).
The calorific content then remained constant until Dzcember except for a
decrease in August (5.02 Kecals/g) (Teble 16); The winter decrease coincided
with the adults aggregating in crevices and pools, The adults vwere not
observed to feed during this period (Table 50). Moore (1938b) showed 4hst:
the tissue weight of mature'dog-whelks dropped sharply in February and March
end then began to increase. He observed no such drop in immeture snimals.,
Moore (1938b) ascribed the weight decrecase either to a loss in reproduction
products or cessation of feeding by the mature dog-vhelks during the main
spawning pericd from February to March., The decrcase in celorific content
of thé adult's flesh at Derbyhaven was probably due to the depletion of
storage tissues as the adults did not feed duging this period. The main
storage compenent of N, lapillus is lipid vhich has a calorific content of
9.45 Koals/g. The celorific content of proteins and carbohydrates is much
lover, 5.65 and 4.10 Keals/g respectively. Thus any inqrease or decrease

of its lipid stores will affect the calorific ccnient of the enimal,

However it was noticed that a comparatively grester decrease in celorific




content occurred in March.— The sdults spavm during March so the calorific
loss during this month will have been due to the loss of reproductive
.products as well as a further depletion of ithe storage tissue. The adults
began feeding again in May and the calorific content incressed. This
increase will have been due to the ztorege tissues being replenished,
There was a slight decrzase in the calerific content of. the flesh in August,
The adults aggregate and breed during August, so this loass iﬁ calorific
content will have been due mainly to the loss of reproductive products and
also due to a depletion of the storage tissues.

The calorific content of the juveniles' flesh increased in April
(4,77 Keals/g), reached a peak in June (5.2% Keels/g) and remained constant
until November when it decreased until Januvary (Teble 16). This decrease
coincided with the juveniles aggregating. However unlike the adulis the
Juveniles feed during the winter and were observed feeding cn deys when the
sea was calm. The time of feeding was greatly reduced'compared to the summer
(Table 50), and was probsbly not encugh to mgintain the animal so the
decrease in calorific content in the winter will have bteen aue tq the
depletion of the storage tissues.

The mortality was vefy high in the first year, 9%.5%. The second
and third year juvenile mortalities were 67..% and 58.7% respectively.
The annual adult mortality was 45.5% on average and longevity was estimated
as up to nine years (Fig. 17). TFeare (1969) estimated a similar high first
year mortality (= 90%), second yeaf as 52.2% and third year (zdults) as

27.1%. TFeare calculated the expectation of mature life using the formula

2wm
m

Ex = (Lack 1954) as 3.2 years, giving a longevity of 5 to 6 years,

The adult longevity in this study calcﬁlated by the formula was 1.7 years,
giving a longevity of 5 years. Mature animals marked in the summer 1973
were recovered in the winter 1976, when they rust have been in at least their

sixth year. Moore (1938a) stated that dog-whelks survived up to 7 or more

years., The annual juvenile mortality was 34,18 Kcals and the adults




28.68 Keals, giving a total of 63,06 Kcals for the study arca (Table 48).

The annual growth production of the study area was 63.06 Kcals.
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RFPRODUCTIVE PRODUCTION

1+ General Introduction

This chapter discusses the estimation of the encrgy content of the
ganetes liberated during spawning (Pr in the energy equation) over the
course of the year.

It was possible to dissect out and weigh the goﬁads o1 the limpet
and dog-whelk and calculaie a relationship between shell length and gonad
weight. Animals were collected each month and a regression of log weight
on log length calculated, The change in gonad weight at Spawning enabled
the gamete production to be calculated.

| Unfortunztely it was found impossible to dissect out the gonads of
thg littorinid as the gonads ramify intricately through the visceral mass,
However it was possible to collect the egg masses deposited on the fucoids,
Therefore each month the egg masses were removed from a knowm weight of
fucoid and weighed, The number and calorific value of‘adult littorinids
per wéight of fucoid was nown (see growth production chapter) sc the
production of egg masses per adult could be calculated., It was assumed thal

the egg masses represented the total gamete production,

Patella vulgate

> Introduction

Extensive data are available on the reproductive cycle of tpis
species. Orton and his co-workers {Orton 1920, 1928, Orton el al., 1956)
carfied out detailed studies which have since been verified and extended
(Das and Seshappa 1948, Ballantine 1961, Blackmcre 1969, Lewis and Bowman 1975).
P. vulgata is a consecutive hernaphrodite vhich spawns once & year in late
autumn or early winter.‘ Orton et al. (1956) found that the time invelved
in maturation and spawning depended upon the locality, more northerly
populations taking longer to complete the cycle than those in the south.

Since P, vulpata possesses no known secorndary sexual cherzcters,




sexing 1s based on the gonads which are in a resting conditiorn with small
ébna&s for much of the year, so that the sexes are indistirguishalle,
Fortunately the sex can be distinguished by colour cnce the gonads commernce
developing, as fully described by Ofton et al. (1956). . The male gonad is
pinkish white or cream, and the female green or brown., Orton distinguished
five stages of gonad developmer.., based on the size of’the‘gonad relative to
the whole visceral mass (Table 19). Ballantine (1961) criticised the way
in which the index was actually used by Crton. In the first place it is
mathenatically improper (and biologically misleading) to treat the stagss
&s if they were additive; which is whaf Orton did in calculating the 'mean
state of development’ of each sample., The volume of the gonad in stage V
is clearly more than five times that of stage I. So Ballantine produced a
conversion of the index expressing each stage as a relafive volume of the
visceral mass (Table 21). Thus using the conversion the different stages
can be added and a proper average given for the sample. A second criticism
is that Orton did not take adequate steps to investigate or allow for
po;sible variation in felative gonad size with ege. Ballantine found thas
the testes of third year males were relatively smaller at all stzges of
developuent ( just under half the relative size at spawning) than the older
mgle limpets. Also Ballantine found that the ovaries were ccnsistently
sm;ller than the testes auring the breeding season,

Orton's gonad index indicetes the timing and pattern of the gonad
cycle, which thouéh improved by the use of Ballantine'scénversicn does not
give a quantitative picture of the gamete production., .The problems ure
that the gonad index assessment is entirely sgbjectivc and has pnly five
. stages to describe what must be a continuous process. Also the index
measures only relative volumes of the gonads, not the absolute ones, and it
is quite possible for the volume of the visceral mass to alter. Such
alterations would affect'the‘interpretation of the results but would no% be

detectable or measurable, Finally the density of the gonad could vary

\z
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Table 19 | Patella vulgata: The average stage of gonad development for
the third year males, fourth year and older males and females,
The development was expressed as an Orton Index stage end as
the gonad weight / flesh weight.
Orten Index Stage Gon;iez’?i::g::t'lco
Month Males Males
Third Fourth Females Third .= TFourth TFemsles -
year & older vear
1974 .
March 0 0 0 3.1 3.3 3.3
April 0 0 3.1 3.3 5.3
May 0 0 0 3.1 343 33
June 0 0 0 341 3.3 3.3
July 0 I I 3.1 L5 4,0
August II IIT - 1™ IIT 5.1 16.3 1.7
September II1 o v v ' 9.5 26,2 22,6
October IIIx- 1v v \ 14,0 3.2 31.2
November | v v \ 15.1 314 28,7
December IV— III III= II - III-> II k.6 17.6 17.8
1975
January 1 II I 5.0 1.2 5.6
February 0 I 0 3.1 6.0 543
March 0 0 0 3.1 3¢5 3.3
April 0 0 0 3.1 3.3 3.3
May 0 0 0 31 3.3 3¢5
-June 0 0 0 3.1 3.3 3.3
July 0 0— I 0-> I 3.1 4.5 4.0
August 0 III- IV IITI— IV 31 11.1 10.5
September II- IIT III-» IV III— IV 6.0 15.5 4.9
October II1 v v 8.3  19.0  18.6
Novenber = IV V= V IV 1. 274 26,8
December 4th v - WV W=V 15.2 32.7 31.1
December 20th v N \J 19.4 540.6 3741
1976 ”
January IIT 11X III 12.2 21.3 18.2
February I II I 9.8 9.8 6.0
March 0 5.0 5.0 3.3

0 I




Teble 20 Patella vulgata: Csalorific values of male and female gonads,
Month Stage Kcals/g Per::;tage Kcalg/ash free g,
Male . developing
Au(g‘;;;r,) IT— ITT  4.69 20.0h 10,90 5.26 1 0.0
Sei’:;’%er III— IV L.71 %0.17  10.89 5.29 20.19
Now(r;ar;‘;z;‘ v 4,73 *0.11 - 10,39 5.28 L 0.13
Oczﬁg%l;) v L.73 *0.11 10,41 5.286 *0.12
e iarey v 573 0.1 0.4k 5.26 *0.12
' spent
Deg?ggz§ III— II  4.58 *0.10  11.97 5.20 10.11
J""I(“;;%’) IT— I 4.5 %0,05  12.03 5.17 *0.05
Fenale developing
A“f‘;;’;” 1T L7k %003 10.53 5.30 *0.03
Stiersy.  II— IV 5.97 f0.07 9.7 6.61 10.07
Septembei‘
(1974) IV 5.98 *0.09 9.45 6.60 +0.10
' Oczg‘g%z;) v 6.0 *0.07 9.36 6.66 10,08
N°Z$“9“7’Z§ \ v 6.04 0,09 9.21 6.65 *0.10
Degfg‘?;;‘ v 6,01 0.19 9.35 6.63 *0.21
spent |
J
Uore) I —TI 5.1 042 11,27 6.10 *0.13
Jenuary IM—T  L.52 %0.07  12.93 5.19 %0,08°
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Table 21 A comparison of Orton's gonad index, Ballantine's conversion

of Orton's index and froam this study the weight of the gonad
expressed as a percentage of flesh weight (somatic tissue
plus gonad) for each of Crton's index stages. The somatic
tissue weight used was that of an animal the same lengtih in
June (see method section).

Orton's gonad 'index Ballantine's Gonad weight/flesh weight x 400
conversion )
Stage Third year TFourth year & Females
nales other males
0: Inactive or ' ' ' 3 2
neuter 3.1 3.3 3¢5
Y
J
I: Beginning to

II:

IIX:

develop, sex

detectable but 2.75 3.5 4.5 4.5
only a slight '

increasze in

size

Developing to

+ full size 8.0 5.7 7.7 1.7
Between —13 and - ‘ "

2 fall size 20.0 - 8.0 12.5 12.5
£ full size 47.0 ‘ 11.0 18,8 i8.8

Fully developed 63.0 12.8 26,7 2y
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without defection, ond thus there is nc direct connection between the nunter

of gametes produced and the gonad index,

Material and method

AtAthe beginning of each month gufficient animals were collected to
deternine the sex ratio and the stage of gonad developuent for each year
grbup and sex, The ar'mals wére collected on the study ledge away from the
quadrats (Fig. 5). The flesh was removed whole from the sheil by dropping
into boiling water for a féw seconds. In both sexes the gonad forms a
discrete solid body situated on the ventral side of the visceral mass
ad jacent to the foot, The gonad was e@;ily ravealed by cutting peripherally
through the visceral membrane and deflecting the visceral ferwards from the
foot. The gonad was expressed as. a percentage volume of the total flesh and
a monthly average given for each year group and sex, As tha gonads were
inactive for much of the year over 1,060 aninals were sexed over the period,
September to November, when the gonads were well devaloped, so as to
determine the sex ratio for each year group.-

lEach month the dry weight of gonad and flesh of thirty animals was
measured. The dry weight of the gonad was expressed as a percantzge of the
dry weight of the flesh, i,e. gonad plus somatic tissue, and also as a
pércentage of the flesh weight but using the somatic tissue welght of an
animal the same length in June (the somatic weight was determined from the
regression of log somatic tissue weight against log shell length for June,
Table: 21). The two average percentages were calculated each month for both
sexes and each year class.

The gonad dry weights were converted to caleries using the calorific
values determined each month from the dry weight samples of the gonagd tissue

using the Phillipson micro~bomb calorimeter,




Results _

£11 the first and seccni year limpets were neuter., All third year,
92.5% of the fourth and 567 of the limpets older than four years, were males.
Thus 7.5% of the fourth yeér and 42% of the limpets older than four years
were feméles. |

Each month the uverage stags or gonad development for both sexes and
each year class was expressed as a percentage of the total flesh volums,
Also each month the weight of the gonad and flesh for the average siage of
development was determined, The average gonad cendition was then expressed
as & percentage of the flesh weight (Taple 19). In females the rate of
gonad development‘and the percentage gén;d veight at each developuental stagze
were similar for each year class.l This was not so for the males, where in
the third year the gonads developed later in the year, aﬁd the percentege
gonad weight was con;istently lower than in fourth year and olde:r masles,

Each month the total gonad weight was calculated for the quadrats!'
population cf third year males, older pales End females., This was possible
using the average gonad weight as a fercentage of the flesh weight for each
sex and age class (Table 19), the regression of flesh weight on shell length
(Table 4) and the length of each limpet within the quedrats (see previous
chapter).,

These gonad weights were converted to calories (Table 20). The
calorific value of the gonads of the quadrats' limpet population for each
month are shown in Table 7. |

The gonad weight at each stage of development for both sexes and year
groups was expressed as a percentage of the flesh weight., The soratic
flesh weight used in this calculation was that of an enimal of the same
length in June, The somatic flesh weight in June was used as during this

month the somatic tissue was at its full size and weight, Vhen the gonads

commenced development in August the somatic tissue size and weight decreased.

Thus by using the somatic tissue weight of an animal the same length in June




(determined from the regression equations, Teble 4) the real change in
gonad weight for each of the stages was measured {Table 21),

At each stage of Orton's index the gonad weight as a percentage of
flesh weight had the same value for both fourth year and older males
(Table 21). The percentage weight of the inactive gonad was 3.3%, and when
.21y developed in stage V was 26.7%. The values of the other stages were
in between these two., The females-had a similar percentagé gonad weight
at all stages except stagelvﬁwhen they were fully ripe at 24.4% compared to
26.7% for'males. Thé third year males had e lower percentage'gonad wéight
for each of Orton's index stage, reaching a maxinum value of only 12,87,

The gonads of the fourth year and older males started developing at
the beginning of July in 1974 (Tablev19). The development was rapid and
stage V was reached by November, Spawning commenced at}the beginning of
December, The gonads had reverted to their inactive state by nid-February
and remained inactive until July. The gonads then develcped quickly
reaching a stagé in between III and IV, Debelopment was then much slewer
until December when the gonads quickly matured end spawning commenced almest
immediately after maturation. The gonads had reverted to the inective
stage by March. In 1974 the third year males' gonads coummerced development
at the end of July and slowly reached maturity by November and spawned soon
after maturation, The gonads had reverted to the inactive stage by mid-
January., In 1975 the gonads did not commence development until Septenber,
The gohads matured iﬁ mid-December and épawned immediately. The gonads
héd reverted to an inactive stage by mid-February,

The female gonad developmert was simiigr to that of fourth year ani
clder males except that development commenced five to fifteen days later
than in the nzles, The females matured and spawned at the same time as the
malés. The female gonads reverted to an inactive stage about two weeks

before the males.

The calorific content of the gonads increased with developnent,

50
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The male calorific content increased from 4.69 Kcels/g at index stege 11 %o
III reeching A.YS}Kcala/g at stage V, - The calorific content decreased as
the gonad became spent, reaching 4.55 Kcals/g at stage II to I. The femalie
gonad calorific content increased from 4,73 Xecals/g at stage JI reaching
6.04 Keals/g at stage V. The calorific content decreased as the gonad
became spent, reaching 4.52 Kcals/g at stage II to I (Table ).
The g;mete production was estimated as the difference betveen the

calorific value of the gonads when ripe (stage V) and the inactive stage.

| This was calculated for 197i in mid-Novembcf, end for 1975 at the end of
December when all the treeding limpets were ripe (Table 7). The gamctes
lost to the quadrats population due to mortality when the gorads were
developing were also added to give the total garete production. The gznete

production for 1974 and 1975 was 143.6 Kcals and 114.5 Keals respectively.

Discussion |
P, yulgata was neuter until its third .summer when the majority matuvrsd
and became mole. In their fourth year a small percentage (7.5%) underwent a
sex change and became female; this incrcased to L2% in their fifth yeer.
This sex change takes place Guring the gonadal resting stage and therefore
cannot be observed macroscopically., There vias no evidence to suggest a
greater growth rate or mortality in females, 50 one can assume that the sex
change occurs only during the fourth and fifth years of their lives and that
just over 50% remain male. This sex change phenomenon in limpets is well
knowm. Das and Seshappa'(1948) ‘end Lewis and Bowman (1975) observed & 50/50
sex ratio among the older animals, while Ballantine (1961) found the ratio
varied for 50 to 80f% females. These authors observed the sex change to occur
between the limpets' third and sixth year, which is similar to this §tudy.
‘While Orton et al. (1956) and Blackmore (1969) recorded that the female
proportion continually ircreases though at a diminishing rate with size, mules

were always found even in the oldest age group. The present observations and

those of the other authors mey suggest that P, vulgata iy diandric, i.e. that




there are two genetically different males, one that will underge a sex
change and one that does not,

Orton's index indicates the timing ard pattern of the gonad cycle,
However certain inherent disadvantages prevent it from giving a coumplstely
quantitative picture of4the gamete production &s stated in the introducticg.
T.>se problems were overcome in this study by weighing the gohads. The gonad
weight was expressed in two ways. The gonad weight each ménth was expressed
as a percentage of the fleéh‘weight; This enabled the gonad weight of the
quadrats"population to be calcdlated using the regression of loz flesh ary
weight on log length, The gonad weight /flech weight percentage for each
of the index stages varied tremendcusly, e.g. stage V in November 1974 of a
fourth year or older ﬁale, the gonad percentage was 31.4%, while in
December 1975 was L0.6% (Tadble 19), as the calculated percentage depended
not only on the gonad»weight but the somalic tissue wedght as well., Thus
any change in the somatic tissue weight will alter the percentage without
there being any change in the gonad weight, - The goned weight at each steage
of development was expressed as a percentage of the flesh, but the somatic
tissue weight used in the calculaticn was that ¢f an animal the same sh21l
-length in June. Thus any change in the percentage will be due to a change
in the gonad weight. June was chosen as the somatic tissue was at full
Size and weight and was the month prior to the commencenent of gonad
development. As a change in the percentage was due cnly to a change in the
gonad weight the index stage can be directly comparsd (Table 21).
Ballantine's (1961) conversion figures for Orton's index stages differ from
this study. Ballantine calculated the gonadavolume as é percentage of the
visceral mass i.e. somatic tissue, while in this study the gonad weight was
calculated as a percentage of the fle#h (scuatic plus gonads).

The females, fourth year and older males all maintained the same
relative gonad size up to stage V of the developuent cvcle (Table 21),

The males were observed to commence gorad development cne or two weeks tefore

ne



the females, The rate of development was similar for females, thus a&s both
sexes ripen arcund the same time the male gonads were larger when ripe,
26.7% compared to the fsmales 24,.%. Ballantine (1961) found that the
female gonads at spawning were between 3/5tNS and L/5YBS the size of the
male gonads. The differenﬁe‘found at Derbyhaven was nol as great, and also
Bellantine does not meution any time difference in the comeencement of gonad
development, The gonads of the third year males at all stagés of the cycle
vere relatively much 1ightér’than those of the corresponding older males and
femgles, ‘These third year males reached a maximum value when ripe of énly
12.8% i,e. under half of the corresponding value fof older males.
Ballantine also found that the third year mals gonads at spawning were Just
under half the size of the older males.

Using the percentages calculated in Table 21 for Orton's index stages
a figure was constructgd showing the seasonal changes in the gonad weight
for the third year malés, fourth year and older males and females (Fig. 19).

The females, fourth year and older maies commenced gonad development
during July in 1974. The males began development a week or two before the
females, The animals wer; fully mature by October though speawning ¢id roi
take place until mid-November, Spawning was sudden and appeared to be
synchronous for the population, Approximately 60% of the gametes were
released in the first two weeks.and over 90% by mid~Januvary. The gopads
did not return to their resting stage weight until the end of February,
The males released their ganretes af a .slightly slower rate than the females,
In 1975 the gonad development commenced as in 197k, during mid-July. The
development up to early September, to a stage between III end IV, was similar
to thgt in 1974, but after this the development was much siower. The gon#ds
in 1975 did not ripen until mid-December, nearly two months leter than in
1974. Hcwever spawming commenced more or less immediately after ripening,
unlike 4974 when there was a month between the two events, Gamete release

Was repid and followed a similar pattern to that of 1974, The third yeer
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nales' gonads tegan daveloping = month later than the older animals in 197L.
Also the development was slﬁwer but spawning wes synchronous with the rest
of the mature animals, Similarly developmwent in 1975 comuenced over a
month later than the older animals, but otherwise followed the same pattern
es the adults,

Ballantine (1961) observed that individvals spavned up to 90% of their
gametes in a.short period of time and.that the remainder of the gametes were
visibly deformed, broken or unfipe, suggesting that all the ripe eggs nhad
been spavmed, The number of eggs then decrease@ slowly with a repid
increase in the proportion of broken end deformed eggs, suggesting that
resorptioan ﬁaq taking place. This would support tne observed phenomenon
i.e. the sudden and rapid decrease in gonad weight, up tq 90% in the first
five to six weecks while another six‘to eight weeks are required for the
gonads to revert back to their resting stage weight,

So far the everage gonad development has been discussed., Though
spawning appeared to be synchronocus for the iopulation, some animals must
eithér spavn much more slowly or in several phases, as animals were found
still at a post-spavming stage IV to III in Jamuary 197k and a few =t stage
IT any time between February and July when the rest were in the inactive
stage. Lewis and Bowman (1975) observed that at stage V by reference %o
size, colour and external morphology the gonad may still possess some
developing stages. This study found a few gonads at stage II Tetween
February and July, so some limpets msy have ripe gametes between February
Pnd July. Artificial fertilisation has been effected in April end recorded
as laté as June by Dodd (1957). Therefore spawning could extend over six
months, but whether or not spawning and fertilisation dces occur naturally
in the spring and summer and the contribution, if any, they would make to
the tQtal repreductive capsacity, is unknown., Nevertheless there is some
potential for an extended settlement period which might accoﬁnt in part for

the progressive increase in juvenile numbers that characterized the




recruitment pattern and for the small size of some Jjuveniles at the end of
their presumed first year of shore life (Figs. 6, 7 & 8). Choguet (1963),
while showing that gonad activity was most intense from July to December,
clearly favours a very extended breeding period since he recognized distirct
groups of Jjuveniles settling in sll four seasons of tha year,

P, vulgata was observed to spawn at the end of Novembor in 1974 end
December in 4975, showing clearly a cpnsiderable annual variation in the
period of development and onseﬁjof spavning. The development of the gonad
differed in the two years. In 1974 the developnent was more repid and
spawning was earlier than in 1975. It was obtserved that the monthly
average temperature in the autumn of 1975 was significantly higher than in
1974. Possibly initiation of the development cycle depends on the time of
Yyear, and the later stages on the temperature., In 1974 the average
temperature around the few days that spawminz commenced was 9.900 and in
1975 was 9.8°C. Orton et al. (1956) suggested thet heavy onshore winds
and vwaves were the trigger for the stsrt cf gpaWnins. These condivions
were present when spawning took place, though in both years these conditions
were present Quring most weeks of the autu;n. Lubet (1955) showed that in

Mytilus edulis spawning was not possible before the release of nzuro-

secretory granules from the visceral anl cerebral ganglia, but vihen this
had occurred a sharp change in temperature or mechanical stimulation could
trigger off spawning. In many marine organisms with external fertilisation
ganetes (or gemete extracts) can stimulate spawning., A severe gale is
likely to be accompanied by sharp changes in eir (and possibly inshore sea)
temperatures. The generated.waves will produce increased mechanical
stimulation of all kinds. The gametes of some limpets will probably be
forcibly released if the gonad is sufficiently deYeloped. Thus three
Pbssible spawning stimuli will e present at the same time, and most

Probably all three reinforce one another to ensure the rapid synchronous

Spawning.

LA



As cen be expected for a steady state population tha ganmete
productions for 1974 and 1975 were very similar. The gamete production
in 1974 was 413.6 Keals ond in 1975 114.5 Keals. Hewever this may be an
overestimate of the ganetes spawned as possibly up to 109 of the gametes

1
were resorbed,




67

3¢ Littorina littoralis

Introduction

The adults and Jjuveniles have a similar distribution, probably duc
to the lack of a planktonic stage. The nale litbtorinid does not relecease
its gametes directly into the environment, but trarsmits sperm to the bursa
copuletrix of the female during copulaticn., Fretter and Granam (1962) and
Linke(1533) }eported that both the sperm and carrier nurse cells enter the
seminal receptacle, and those still attached to cnguanother are stored,
vhile free sperm and nurse cells are ingested, apd digested. A4 considerauls
amount of male gamete production, therefore, is diverted into providing
nourishment for the female, and released eventually to the enviromment in
the form of female tissue, metabolites, and other orgenic compounds,

The male and female gamete production are probably very similar, Spawning
uéually takes place at night, a few hours after copulation, and the
gelatinous egg mass is deposited on demp fucoid fronds, Spawning never
’takes place on other algae. The spawn is flat and ray be kidiaey-shaped in
outline, measuring 7 x 3 nm (Linkg 1933, Lebour 4937), oval or circular,
Fretter and Graham (4562) state that the egg masses consist of $0-150 egss,
while Guiterman (1970) states 112 to 270, Thorsen (1946) states that the |
incubation time for the eggs is 3 to 4 weeks at 13-—1#00. Guiteruan (1970)
observed that the incubation time depended on the season, in winter 9,
spring 7, summer and autumn 3 weeks. ‘

Sexual maturity of the female is judged by the condition of the
oviduct, capsule and accessary gland, The females are mature if the
oviduct is full of reproductive material and the glands are swollen,

Guiterman (1970) established that animals without swollen oviducts and
glands were not mature, Guiterman (1970) ovserved that throughout the year
all females which were not parasitised and which were fully grown were found
to possess swollen oviducts and glands. As at all times of the year egp

masses were founi on the shore, females once malure protably continue to



lay egzs until they die or become infected with parasites. The males can
easily be identified by the large penis. The gorads of both sexes are
diffuse and extremely difficult to dissect out., Guiterman (1970) measured

fecundity by collecting the egz masses,

Materials and method

The g3 masses were removed from the fucoid samples taxen each month
(see page 31). The egg masses were converted to calories using the
calorific values dgtermined fron dry weight samples of the egg masses, using
the Phillipson ricro~bomb calorimeter, The spawn deposited each month was
calculated by taking into account the incubation times observed by
Guiterman (19/0) i.e. winter 9, spring 7, summer a-d autumn 3 weeks.

The adult littorinids obtained from the samples collected each wonth

were sexed and the sex ratio determined.

Results
The sex ratio was unity. The caiorific value of the newly depositzd
spavm was 5.41 * 0.2 Kcals/g or 6,04 ¥ 0.22 Kcals/ash free g, with an ash
content of 10,45% . The sperm depositad snnually per kilogram dry weight
of ¥, serratus and F, vesiculosus was 13.68 and 26.12 Kczls respectivsly,
giving an average of 19,91 Kcals/dry Kg fucoid (Table 22). The average

sparm production per female, living 10 months, was 1.11 Kcels,

Discussion
The calculated spawa production each month varied but no scasonal

paltern was apparent (Table 22), Approximately doudble the spawn was
deposited on F, vesiculosus compared to F, serratus. This was partly
explained by F, vesiculosus supporting epproxiwately 1% tines the number of
mature animals. However the spawn deposited per sdult was 0.76 Keals
coupared £o 0.55 Keals, This diffefence would imply that the littorinids
show g definite preference Lo spauwn wnen.on F. vesiculosus,

The male docs not release its gamebes directly into the environment

€3




Table 22 Littorina littoralis: The dry weight of the egg
masses deposited each month per kilogranm dry
weight of Fucus vesiculosus and ¥, serratus.

Egeg mass weight

lonth (g. dry wk.)
F, vesiculosus F. serratus

January 0.16 0.22
February 0.07 0.06
larch 0.33 - 0.0k
April ‘ 0.51 0.30
Moy . 0,03 0.39
June 0.40 0.21
July 1,36 0.13
August 0.06 0.52
September 0.25 0.13
October 0.53. 0.10
November 0.84 | 0.35
December 0.29 - 0.08
Total (g) L.83 2.53
Calorific

value (Kcals) 26.13 13.68
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but transmits them to the female, Thus the annual reproductive production
(Pr) released into the environment is just the spawa deposited by the
females, The annual spawn production was f9.91 Kcalq/ﬁg dry weight fucoid,
The average spasm production per-female, living 10 months, was 1,11 Keals
vhich was very similar to that observed by Guiterman (1970). Guiterman
determined thst an average femeie in its lifetimg laid 8,040 egegs with an

/

epproximate calorific value of 1.2 Kcals.

L, Nucella lapillus

Introduction

Dog-whelks are gonochoristic, and fertilisaticn is internal (¥retier,
1953). The sex can be determined by the prescrce or absence of a penis.
In both sexes the gonad lies dorsal to the digestive zland (Fretter and
Graham 1962) with which it is intimately associated. The external
appearance of both male and female goﬁads varies during the reprodactive
cycle, and in addition the capsule glagi of females, situated anterior to
the ovary, displays an annual cycle cf size and colour change. TheAgonads
of unripe males are small and green or greenish-yellow, but es spermstogenesis
proceeds they gradually become predominantl& red or yellowish-orange. The
colour change becomes more rapid, passing through crengs to brick-red or
- reddish brown and the colour may spread to the head and foot, TVhite areas
of ripe sperm appear on the columellar side of the whorl. The unripe
female gonad is cream in colour and coarsely granular, The capsuie gland
is small and dlotchy creamish-pink., The fully ripe condition is indicated
by a finely granular, creamish-yellow or orenge gonad, and a large white
capsule gland, |

The adults mcve dovn the shore in preparation for egg-laying wvhich
usually takes place near low water mark of spring tidGes (Moore 1938, Fretter
"and Graham 1962), If conditions are unsuitabls at the low water spring

tide mark the adults will merely move dovn to the lowest suitable level,

|



Crothers (1966) states that Hucella breeds all the year round in the Dale
afea, but that most capsules are laid in February axd March (Crothers 1974).

Feare (1959) reported spawning in April and May, and in 4967 & second

spawning in August.

The’egg capsules are vase-shaped and epproximately 8 mm high and
contain several hundred eggs eriedded in an albumincus fluid, Crothers (19?4)
reported that the young Nucella escape from ihs éég cases af'ter tvwo or three
months, whilst Cénnell (41961) records feour months, There is no planitonic
cr other dispersel stage in the life cycle, the veliger stege taking place
within the egg capsule. No-one has recorded the number of capsules leid
per female, The majority of the eggs are used as food by the few
developing protoconchs, The number of protoccnchs released per capsule
varies in the literature. Colton (1916) found on averaéé 12, Pelseneer
(1935) 15 ranging from 6 to 31, Feare (1969) 22.ranging from 13 to 36, end
Crothers (1974) 10 to 12. Feare {1969) found that wherever capsules were
permaﬁently immersed in sea water 100% of tﬁé egg capsules hatched, but in

situations which dried at low water hatching success varied between 7 at

¥.T.L., and 57% at M.L.V.N.

Materiels and method

The adults collected each month (see page 40) were sexed and the sex
ratio determined. Also the gonad state of tho adults was recordsd., Each
month the gonads of these adults were dissected out and weigﬁed. The gonsd ;
weights were expressed as a percentage of the flesh weight., The length of
the dog-whelks in the study area was measured cach month (see page 40) and
their flesh weights obtained by substituting the shell lengths in the
regression equations, for flesh weight on shell length (Table 15). Thus as

the gonad vweights were expressed as a percentage of the flesh weight the

-gonad weight for the study erea was easily calculated, The gonad weights

were converted to calories using the calorific values determined each month

frow dry weight samples of the gonads, using the Phillipson micro-bomb
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calorimeter,
The dates of winter and summer aggregations and time of appearance

of the first egg capsules were recorded,

Results

The sex ratio was 56 males; L) females. This was not statistically

’
—

different from a 50 : 50 ratio.

The maie and female gcnads began to dsvelop in December and were fully
ripe by the end of February. Spawning animals were observed in early March
and the gonads had reverted back to their inactive stage by the end of April.
The gonads began developing again in mid-July and were fully ripe by ghe
beginning of Jugust, The animals spavned in’'early August and the goneds
had reverted back to their inactive stage by the end of August (Tables 2%
and 2.4).

The inactive gonad weight was 13% of the flesh weight, while when
mature the male gonad was 225 and the fémalg 22.7% (Tsble 25).

The calorific values of the ripe.male gonaés were 4.85 * 0.11 Kcals/g
or 5.41 ¥ 0.12 Kcals/ash free g, and the female gonads 4.93 % 0.03Kcels/g
or 5.50 * 0.03 Xcals/g ash free.

The gamete production was determined as the difference in weight of .
the gonad when mature compared to when inactive. This was deternined for
the edults in early March and August. The gamete production for the $tudy
area in March was 4,27 Kcals and in August was 3,88 Kcals which gave an

annual total of 8.15 Kcals.,

Discussion
The sex ratio (56€" : 44§ ) was not statistically different, from a
50: 50 ratio. Moore (4938) found that females outnunbercd maies (53: 42),
while Feare (1969) agreed with this study (546" : 469 ). TFeare (1969)
found that the proportion of females increased with age vhich was thought

to be due to differential mortality of the sexes.
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Table 23

Nucella lapillus: External esppearance of the male goned,

Each category expressed as a percentage of the total:

"G, green; Y, yellow; O, orange; R, red; DB, browm,

Month Gonad colcur Ripe uemi?iferous
G-Y Y-0 O-R R-B tubules visible

January 10 85 5 90
February 15 85 100
‘March 20 80 100
April 20 60 20 60
May . 10 75 15
June 75 25
early July 25 75 ;
late July 10 80 10 90
early August 20 80 100
late August 30 60 10 70
September 10 | 20 '
October 80 20
November 25 75
December 40 60




Table 2L Kucella Janillus: ZExternal appearance of the female gonad.
Each category expressed as a percentage of the total:
C, cream; O, orange,

Gonad colour

Month c 00 0
January 3 20 80 .
February 100
March ) 100
April . 100 |
May : 80 20
June 100 :
early July 20 80
late July 100
early August 100
late August 4100
September : 85 15
October 60 L0
Noveuber 10 90
December 10 80 10

Table 25 Nucella lapillus: Gonad weight expressed as a percentage
of the flesh weight,

Male Fenale
Gonad colour % weight Gonad colcur % weight
G-Y 12,9 . p4 12.9
Y-0 12.9
O-R 16.7 1-0 17.0
R-B 22,0 0 22,7




The adult aggregation; and spawning occurred on the M L., W.N. ledge
in the pools under the fuc&id cover, " The shore below this ledge consisted
of boulders thickly covered in fucoids and obviously was not suitable for
spavning. The adults azgregated in crevices and pools from the end of
November until the end of March and again from the end of July to wid-August,-
The gonads were ripe in mid-February and at the end of July. Eggz cases
were first oﬂserved on the first of March and August. The ripe gonad
ﬁeight of males was 22% and of females 2455 of the flesh vweight. Fretter and
Grahem (1962) state that the ripe gonad of the fgmale moy attain one-quarter
of the body weight of the animal,

In one crevice ?0 egg caces were deposited where 35 adults had
aggregated for the winter. Therefore 4.7 egg cases per_female were laid,
provided the sex ratio was typical. If 4,7 egg ceses per female was
typical, then in the study area 98 were deposited in March (21 females
present) and 75 deposited in August (416 females present), If 12 protocorchs
hatch per egg case (the average number recoéded by previous workers) then
1,179 hatched in July and 899 in November. If the number of summer and -
winter group juveniles surviving the first year are extrapolated back to  e
the time of hatching, using the calculated mortality value (see page 51),
the number of summer hétching Juveniles would be 1,152 which is very similar
to that calculated from the egg cases (1,171). However the number of wintef?:
hatching juveniles would be 1,414 which is 1% times that estimated from the
egg cases (€99). Perhaps in the summer more egg cases per female were laid,
which would be 7.4. Though the gonad weight as a percentage of the flesh
in August and March was simiiar, the gonad in Aupgust was approximately 145
heavier than in March., This was because in the summer the somatic tissue was
heavier than in March when the adults had not fed for nearly four months,

This 14% increase in gonad weight would be unlikely to produée a 365
increase in the number ci' egg cases depocited, Possibly a higher nunber

of protcconchs hatched per egg case in the autumn,




Far st it pepth

-+
m .
=

N TR Y. 5 i




76

~ RESPIRATICN

Introduction

Since it is impracitical tc measure the energy lest through metzbelic
activities - in poikilotherms by dire;t celorimetry, the indirect methed of
converting respiration into heat output by application of an oxycalorific
coefficient must be used. The oxycalorific coefficienf represents the heat
released when 1 mg of oxygen is used to oxidize material which the animal
is metabolizing., Ivlev (1935) calculated oxycalorific coefficients.of
3.305, 3.280 and 3.529 for proteiﬂ, fat and carbohydrate respectively, with
a mean of 3.580; Consequently the general oxycalorific coefficient of
3.38 cal/mg of oxygen or L4.83 cals/ml of oxygen at N.T.P. may be uged to
convert population respiration rates into metabolic heat, lcss without
introducing large errors.

The relationship between oxyéeh consumption and body weight in
animals belonging to the same species éan be. described by the formulea

Qoz = a.Wb

where a is the oxygen consumption per hour of al infividual whoce weight
equals unity, b shows the degree of dependence of metabolic intensity upcn
the weight., Zeuthen (1953) found an average value of 0.75 for b in
poikilotherns and Hemmingsen (1960) in a ?ery extensive survey of literature

also found a slope of 0.75.

Materials and method

Aguatic: The animals were collected from the shore half an hour
before immersion by the tide. All animals were collected frem the study
ledge. In the laboratory the animals were imiediately placed in the
respiratory chambers (500 ml chambers for the limpets and 250 rl for the
dog-whelks and littorinids). The chambers were glass jars with airtight
'screw tops. The chambers were.kept in a constent temperature room at ths

awbient sea water temperature at Derbyhaven. At the time of tidal
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immersion of the study ledge the chambers were filled with sea water and

scaled for six hours. The sea water was obtained direcetly from the sea
via the sea water gupply system of the building and left to stand in the
constant temperature room for 12 hours before use., Thus the temperature of
the sea water when used will be that of the room. Samples of this sea
water were taken prior to and after the experiments and the w.ygen content
determined b& the micro-VWinkler techn;que. The oxygen content of the
respiratory chambers wac also determined after the six hour period, Thus
the differcnce between the control‘sea water and the respiratory chamber
water enszbled the oxygen uptake of that animel to be calculated. At leact

one batch of ftwelve animals of each species was measured each month,

Aerial: The animals were collected from the study ledge while
immersed and kept immersed until the laboratory was reached. At the time
when the ledge became uncovered by the tide the animals were placed in the
respiratory chambers at the ambient field ai; tenperature, The limpets
were placed into a constant pressure respirometer chember (Davies 1966
modification of Scholander 1942 for medium sized animals) and the
littorinids and dog-whelks in the Gilson resﬁirometer chanbers (see
appendix). The oxygen uptake was recorded for six hours at half-hour

intervals, Ten to twelve animals of each species were measured each month,

Calculations: As mentioned earlier, an exponential relationship

exists between body weight and oxygen upteke

.0
02 = aW (1)

Logarithmic transformation yields a linear relationship
log 0, = loga +blogW (2)
The regression of log oxygen uptake on log weight, i.e, equation (2), was
calculated for each batch of experﬁmental enimals,
A model combining the temperature and size was constructed by

Plotting the regression intercept (a) and slope (b) for the fitted equations
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(i.e. equation 2) at the experimertal temperatures against the experimentsl
temperature (T) in ©;.,  The linear regressions yield the following

equations :

a x+ yT (3)

b

x1 + y1ZE
By substituting the value for a and b in equation 3 for a and b in equation 1

the following relationship was determined :

(x,+y4T)
02=-'(x+yT)W(1 !

For each month the average seca water temperature was substituted for
QT) in °C in the derived model, which enzbled the intercept (a) and slcpe (b)
to be calculated for a regression of log oxygen upteke on log flesh dry weight
for that month. ZEach month all the limpets in the quadrats were measured
and their corresponding dry flesh weights calculated from regression equations
(Table 4), The flesh dry weights of the limpets were substituted in that
month's calculated regression equation and the oxygen upteke derived,

The stuly ledge was at a mid-tidal level on the shore (Fig. 2) and

therefore each day will be immersed and evpcsed by the tide for 12 hours on

average. Thus in calculating the total monthly aerial and aquatic consumption
the total time was partitioned equally between the two. The oxygen
consumption was corrected by a factor for activity. The applicstion of the

correction factor is discussed fully later on,
Results

The parameters for the regression equatior (equation 2) are given
in tables 26 to 31 inclusive.

The derived models are:

Patella vulrata

Aerial: 0, = (21.87 + 5.65 T)W(0.7483-o.0036 T)

Aquatic: Oy = (bhoth + 10,25T) w(0+ 7147+ ).0037T)
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Littorina littoralis -

it

Aerisl: 0, = (=17.32 + 25.677) w(0+60*0.01387)

2
(43,40 + 148, 7) 7 0+8256 - 0.0023 T)

Aguatic: 02

Nucella lapillus

Aerial: 0, = (57.07 + 4.86T)

Aquetic: 9, (50,66 + 11.4187

]

) W (0.8127 -0.0039 %)

‘These regression equations were used to calculate the nenthly oxygen

consumption for the study populations (Tables 32 to 37 inclusive).

Discussioﬁ

The laboratory measurement of aquatic and aerial oxygen consumpticn
‘coincided with the reséective tices of immersion and emersion by the tide,
P, vulgata and N. 1apillus showed definite tidal rhythms'in asrial oxyzen
consumption, The o%ygen consumption decreased at the beginning of the.
experiment to reach a.minimum value eround the time of .lcw water, and then
started to increase about an hour before the expected time of tidal
immersion in the field. There was probably an aquatic tidal rhythm, but
due to the technique for measuring the oxygen consumption it was not
cbnclusively observed. Gompel (1937) observed that oxygen consumption in
P, vulgats was maximal at high and minimal at low tide. Sandeen, Stephens
and Brown (1954) described a persistent diurnal and tidal rhytha of

consumption in Littorina littorea and Urosalpinx cinerea, Sandison (41966)

obse;ved that when Littorina saxatilis was placed in water the respiratory

rate was influenced by a diurnal rhythm., Littorina littorea showed a tidal

cycle in water and a diurnal rhythm in air. It would therefore appear that
rhythms in oxygen consumption are not uncommon in intertidal gastropeds.

Thus to observe the true aerial and aquetic oxygen consunption one
must, as in this study, measure them at the times when these conditions occur
in the field, and for the full periods of immersion and emersior, This has

not usuelly been the case in most studies, which have neglected to correlate
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observations with tidal rhythms, and have used period:z of observations
often ruch shorter than the periods of immersion and emersion of the animal
in the field,
In many studies the animals have often been collected and then left
~ in the laboratory acclimating feor several days before the experiment, In
this study the measurement of orvgen consumption begzi within an hour of
, collection. There wa: no need for temperaturs acclimztion as the
respiraton& chambers were kept at the ambient field temperature. It was
observed early on in this study that if the animals were left in the
laboratory for more than a day the tidal rhythm was diminished or lost,
This factor could explain why so few respiratory rhythms have been observed
during the many respiratony.studies of intertidal animals,
No aerial or aquatic rhythm was observed in the respiration of
L. littoralis, an absence which Sandison (1966) had previously noted.
The tidal respiratory rhythms of P, vulwata and N, lapillus are adaptive
since both show tidal rhythms of activity; limpets and dog-whelks only
commence movement when spray continually reaches then and terminate it before
being uncovered (Hartnoll and Wright, in press). The littorinids becanme
active abt the onset of water coverage of the algal fronds, but they remaincd
active following the ebbing tide, being particularly noticeable on the
surface of the algal clumps. Activity ceased only as the substratum dried
(Bray 1974). Thus activity depends on the drying of the algae not the tidal
state, and a tidal rhythm in respiration would not be adaptive.
The respiratory rates of these three species cannot be diractly
. compared because of the different sizes of the species and the allometric
'relationship which exists between body weight and respiratcry rate., This
relationship has been expressed by Zeuthen (1953) and Hemmingsen (1960) in a
wide range of poikilotherms to.be, b = 0,75, in the equation
0, = aWb |

 When the respiratory rates in water of these three species were

ATy PR AR S A 0 DA .
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plotted on double logarithmic paper against the cverage body weight of a
mature animal of each species, and the time for b = 0.75 ror respiration was
drawn, it was found that the respiratory rate of P, vulgata, L. littoralis

-l
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and N, lapillus lsy remarkably close to the line (Fig. 20); the regression
line for these points gave a slofc (b) of 0.72. In other words, when the
size difference between the species was taken into account the graph showed
there was no difference in the aquatic respiratory rates of P, vuigata,
L, littoralis and N, lapillus, |
The respiratcry rates in air did not fit a line with a slope of.0.75.
‘When such a line is drawn through an av‘eragé sized P. vulgata (btroken line
in Fig. 20) the respiratory rate of N. lapillus was 1% times higher and
L. littoralis 3% times higher than the éorresponding i)oints on the lire.
The relatively higher rates of oxygen consumption of L, littorelis and
N, lapillus were related to their behavicur, P, vulgata cecases novement
one or two hours before being uncovered bty the tide {Hartnoll end Wright,
in press) and will be completely inactive when exposed. N, lzpillus ceases
movement when uncovered by the tide, btut will continue to feed if so doing,
and therefore will not be completely inactive when exposed, L, littorelis
~Was seen to keép the operculum open and even to crawl when exposed to air
and coentinue feeding until the elgae dried, so it will therefore be in a
seml-active state when uncovered,
The coefficient (b) for aquatic and aerial respiration was close to
0.75 for the species individually. The aquatic coefficients were 0,75,
0.80 and 0.77, and the aerial 0.71, 0.74 and 0,78 for P, vulgata,
L. littoralis and N. lapillus respectively.
Errors are involved in extrapolat.ing respiraticn rates messured in the
laboratory to the field situation where ccnditions may be quite'different.
It is difficult to know how much more or less active an. enimal is in its

natural habitat than in the respirometer. Several suthors have measured

respiration rates of the animals at rest and multiplied by a factor of two %o




account for activity in the field (Brody, Proctor ard Ashworth 1934, Odum,
Connell and Davenport 1962, Winberg 1956, Mann 1564 & 1965, Carefoot 1967
and Trevellion 1971). The animals were probably at rest when measured in
the laboratory as little movement was observed. P, vulsata was only
observed to be active in the field vhen foraging; this only tosk place
when immeréed in daylight (Hartnoll and Wright,in press) and an arbitrary
correction of times two was applied for these pericds. The corrected yearly
aquatic oxygen consumpticn was 433.8 Kcals and 458.2 Kcals in 1974 and 1575
respectively, The aerial consumption was 144,5 and 151.8 Kcals in 197¥‘andk
1975 respectively., Therefore the total oxygen consumption was 576.3 end
610.0 Kcals in 1974 and~1975 respectively.

L. littoralis is active whgn imnersed, so the aquatic cxygen
consumption was corrected for by a factor of times two. | Thus the aquabic
consumption was 67.73 Kcals /Kg dry weight fucoid, The animals mey continuc
feeding when exposed but rarely move, so the aerial consumption measured in
the laboratory was probably representative of field consumption, The aerial
consumption was 48.8 Kcals and the yéarly oxyzen consumption 116.57 Kcals/ig
dry weight fucoid,

N. lapillus oxygen consumption was corrected by a factor of two for
the periods when feeding. The percentage number of animals and periods cf
feeding varied with age and season (Table 50). The corrected yearly aquatic
and aerial oxygen consumption were 135.6 and 82.L4 Kcals respectively, giving
& yearly total of 218 Kcals. | ‘

. Sandison (1966) measured the oxygen consumption of L, littoralis and
N, lepillus at 18°C in air and water., He found that a littorinid weighing
0.236 g wat weight in water consumed 98,1pm1/g/hr, and an animal weighing
0.217 g wet weight in air consumed 217;&L/g/hr.' Using my aerisl and
aquatic models, the oxygen consumption of these specimens was estimated as
116.4 4l end 230.8 w1/g/hr in water and air respectively, Errors will have

ors . . . - . On & . -
arisen in converting his wet weights to dry weights, and also 18 °C i3 outsids
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fhe temperature range for which the models were constructed. However
Sandison's (1965) oxygen consuapticn estimztes, especially in air, are
similar to those determined here,

Sandison (1966) found that a dog-whelk weighing 1.091 g wet weight
in gir measumed 109.8;Ll/g/hr end an animal weighing 1.24 g wet weight in .
water used 59,2 p-l/g/h:'. Utilizing my aerial and aquatic rpodels, the
oﬁygen consumption of these specimehs was estimated as 58,71 and
75.5 p1/g/hr in air and wé.ter respectively, Again Sandison's oxyzen

consumptions are similar to my figures.



Tshle 26

Petella vuleata: Parameters for the regression of log
eerial oxygen consumption inpls/hour an dry flesh weighd
in g.
Temperature Date . Coefficient of Intercept Slope
(°c) QOr?elation
15.90 1.10.75 97.83 2.0805 0.7399
15.30 17.7.75 89.22 2.0153 0.6537
14,90 1.9.75 9. 21 2,014 0.6832
13.25 30.6.75 96.49 1.9928 0.7079
13.25 17.6.75 98.11 1.9826 0.7018
11.30 30.10.75 - 99.01 1.8970 0.7033
9.20 19.5.75 95.11 1.8992 0.69L2
7.70 15.12.75 97.71 1.8214 0.7176
< 7.50 21.4.75 56,78 1.7872 0.7156
6.00 21.2.75 97.77 1.7263 0.7283
5.00 5.3.75 99.04 1.7208 0.7526

Table 27 Patella vulgata: Parameters for the regression of log

aquatic oxygen consumption in mls/hour on dry flesh weight

in g.

Temperature Date Coefficient of  Intercept Slcpe
(°c) correlation
15.00 29.10.75 98.11 2,2961 0.7619
14.70 5.7.75 96.12 2.2795 0.7717
14.00 14..7.75 99.01 2.2843 0.7529
13.10 22,10.75 98.77 2.2258 0.7514
11.90 22.10.74 97.21 2.2508 0.7722
11.90 26.6.75 9. 91 2.2108 0.7429
11.40 19.11.75 99.09 2.2087 0.7525
10.00 24.12.75 87.6L 2.1669 0.7479
9.40 30.5.75 85.92 2.1470 0. 747k
9.20 3.1.75 97,40 2.1622 0.7471
8.40 31.1.75 97.59 2.1065 0.7371
8.40 28.4.75 98.18 2.1393 0.7290
7.10 18.3.75 58.9 2,0258  0.7478

&l



Table 28 = Littorina littoralis: Paremeters for the regression of log

aquatic oxygen consumption in/&tg/hour on &ry flesh weight in g,

Temperature Date

Correlaticn Intercept Slope
(°c) coefficient
15.30 10.8.75 . 0.9216 2.3629 0.755%
14,80 - 27.7.75 0.9640 2.3546 0.7659
14,00 8.€.75 C.9892 2.3396 0.7595
13.50 2h.9.7h 0.9399 2,2529 0.7372
13.00 1.10.74 0.9714 2.368) 0.8338
12,60 28.6.75 0.9428 2.4759 0.8826
10.75 23.5.75 0.9901 2.3576 0.7728
10.60 19.11. 7% 0.9211 2.3430 0.84.24
10.00 2.12.7% 0.9122 2,423 0.90%0
9.90 5.12.7% 0.9915 2.1956 0.7672
9.50 10.5.75 0.9715 2.3283 0.8587
7.80 27.1.75 0.9827 2.1478 0.7620
7.30 15.2.75 0.977% 2.0990 0.7420
7.10 11.3.75 0.9783 2.1706 0.8023
Table 29 Littorina littoralis: Parédmeters for the regression of log

aerial oxygen censumption in,uls/hour on dry flesh weight in g.

Temperature Date Correlation Intercept Slope

(°c) coefficient

- 15.75 29.6.75 0.9127 2,6327 0.807C
14,40 25.6.75 0.9838 2.4719 0.7382
14.50 30.8.75 0.9722 2.5212 0.717%
14..00 11.9.75 0.96L49 2.7860 1.,0053
14,00 10.9.75 0.9651 2.6930 0.9242
11.00 7.6.75 0.9821 2.3472 0:7008
10.00 24,5.75 0.9878 2.1987 0.5958
10,00 25.5.75 0.9863 2.0325 0.4532
10.00 7.10.74 0.9902 2.6376 0.9233
9.75 20.5.75 0.9316 2,381 ¢.76L0
7.70 b 75 0.9525 25400 0.8563
7.70 11.12.74 10,9600 2.1151 0.6449
7.50 15.1.75 0.97% 2.0792 0.633%1
5.00 5.3.75 0.9853 2.2345 0.731k4

(o2
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Table 30 Nucella lapillus: Parameters for the regression cof log aerial
oxygen consumption in s/hour on dry flesh weizght in g,
T8 P / 5 8

Temperature Date Correlation Intercept Slope
(°c) coefficient
15.75 1.9.75 0.9372 2.0991 0.6£28
14,90 . 23.6.75 0.9851 2.0532 0.6990
14.50 26.8.75 0.9462 2,0417 0.6839
14,00 12.9.75 0.9729 1.9658 0.6633
14.00 15.92.75 0.963L 2.2965 0.9288
11.00 10.6.7¢5 0.9710 2.1122 0.8203
10.00 25.5.75 0.9889 1.9632 0.7061
10.00 11.10. 74 0.9773 2.0550 0.7987
9.75 23.5.75 0.9754 S 2.0535  0.8040
7.70 5.4.75 0.9765 1.9799 - 0.8059
7.70 112,74 0.9238 1.9971 0.8480
~7.00 21.1.75 0.9316 2.0379 0.8477
5.00 8.3.75 0.9517 1.9370 0.8884
Table 31 Nucella lapillus: Parameters for the resression of leg aquatic

oxygen consumption in Mls/hour on dry flesh weight in g.

Temperature Date Correlation Intercept Slove

(°c) coefficient

15,30 11.8.75 0.9273 2.3202 0.7156
14,80 28.7.75 0.9718 2.3017 0.7511
14,00 7.9.75 0.9802 2.2895 0.7665
13.50 23.9.74 0.9611 2.2292 0.7081
13.00 5.10. 7k 0.9489 2.0731 0.6412
12.60 25.6.75 0.951L 2.2923 0.7764
10.75 24.5.75 0.9600 2.4038 0.9085
10.60 21,1474 0.9525 2.3357 0.8628
10,00 3,12, 7% 0.9417 2.3582 0.8301
9.90 9.12.7% 0.9825 2.262) 0.8681
9.50 11.5.75 0.9899 ’ 2.2793 0.8225
7.80 28.1.75 0.9205 2.0655 0.7010
7.30 13.2.75 0.9426 1.9806 0.6985

7.10 9.3.75 0.9596 2.0484 0.7496




Table 32 Patella vulgata: Paremeters for the regression of log aguatic
oxygen consumption in Uls/hour on flesh dry weight in g. and
the aquatic oxygen consumption each month of the quadrats

populaticn, . )
Month Temf§g§ture Intercept Slope 02 Consumption Zzii22523°“
A | (in Keals) for activity

1974
March 7.8 2.0937 0.7396 16,78 25.18
April - 2.114%  0.7415 19.82 31.38
May 9.7 2.1570  0.745k 2l,..35 40,59
June 1.7 2.2171 0.7506 26,17 ' L), 71
July 13.4 2.2641 0.7566 32,40 53.99
Lugust 14.3 2.2803 0.760L 33.11 53.61
September 13.6 2.2655 0.7576 31.65 48.79
October - 11.6 2.2140 0.7550 24,07 35.10
Noveaber 10.6 2.1852 0.751k 23.62 32,48
December 9.2 2.1387 0.7473 17.42 - 23,22

1975 .
January 8.4 2,110k 0.7440 16,65 22.89
February 7.5 2,0743 0.7410- 15.30 21.67
March - 7.4 2.0727 0.7356 16.91 25.37
April 8.3 . 2.1089 0.7391 20.67 '32,73
Kay 9.4 2.1481  0.7436 25,14 41.91
June 11.9 2,2225 0.7536 30.64 52.%)
July 14.3 2.2813 0.758% 32,60 54.33
August 15.0 2.2971 0.7606 36.48 59.29
September 14.3 2.2813 0.758L 33,03 53.68
October 13,0 2.2495  0,7586 27.96 40.78

November 1.3 2.2048 0.7545 21,59 29.68

Decenber 10.0 2.1659 0.7523 19,04 25.28

1976 .
January 8.9 2.1315 0. 7411 16.47 22.65
February 7.2 2.0615 0.7399 14,15 20.05




Table 33 Patella vulpgata: Paranmcters for the regression of log aerial
oxygen consucption in ils/hour on fiesh dry weight in g. and
the aerial oxygen consumption each month of the quadrats

population.

Yonth Temﬁsgiture Intercept Slope 021§0£225zti0n

1974 .
March 6.1 1.7509 0.7263 7.85
April 8.1 1.8301 0.7192 10.82
May 10.0 1.8941 0.709%4 13.57
June 13.0 1.9791 0.6997 15.48
July 13.8 - 1.99%9 0.6975 17.84

 August 14..0 2.0042 0.6979 17.78

September 11.9 1.9526 0.7030 13.32
October 8.8 1.8624 0.7141 10.92
November 7.5 1.8147 0.7200 ©10.16
December 8.2 1.8413 0.7167 11.20

1975 .
January 7.3 1.8066 0.7210 . 8.35
February 6.0 1.7480 "0.7283 7.19
March 5.5 1.7220 0.7315 7.60
April 8.0 1.8340 0.7177 11.00
Hay 9.4 1.8807 0.7108 13.77
June 13.2 1.9836 0.6991 17.81
July 154 2.0297 0.6935 19.80
August 15.9 2,0392 0.6922 2044
September 12.5 1.9674 0.7012 16,27
October 11.3 : 1.9372 - 0.7049 13.82
November 8.0 1.83,0 0.7177 ‘ 9.3,
December 7.4 1.8107 0.7205 8.57

1976
January 7.1 1.7983 0.7221 7.78
February 4.5 1.6620 - 0.7389 5.63




Table 314.

Littoring littoralis:

Parameters for the resgression of log

aquatic oxygen consurpiion in mls/hour on flesh dry weight
in g. and the aquatic oxygen consumptior each month per

kKilogram dry weight of fucoid,

Month Temperature Intercept Slope . 0, consuzption
(°c) in Kecals

January 8.4 2,2255 0.8064 2,38

February 7.5 2.1892 0.8027 1.98

March 7.k 2.1856 0.8022 2.47

April 8.3 2,2206 0.8017 2.29

May 9.4 2,2600 0.8012 2.59

June 11.9 2.3329 0.7987 2.99

July b3 2,3905 0.7975 3.55

August 15,0 2,4050 0.7968 3.68

September 4.3 2.3905 0.7975 343

October 13,0 2.3602 0.7978 3.29

November 1.3 2.3167 0.7997 2.87

December 10.0 2,279 0.8C05 2,72

Teble 35 Littorina littoralis: Parameters for the regression of log

aerial oxygen consumption inqgls/hour or. flesh dry weight in
g. and the aerial oxygen consumption each month per kilogranm
dry weight of fucoid.

Month Tempgrature Intercept Slope 0o consumption

(°c) in Kcals

January 7.3 2.2306 0.7007 3.38

February 6.0 2.1354 0.6828 2.68

March 5.5 2.0967 0.6759 2,80

April 8.0 2.2717 0.7104 3.48

May 9.4 2.3470 0.7297 ;.01

June 13.2 2.5055 0.7828 4,90

July 15.4 2.5775 0.8125 5.6k

August 15.9 2,592l 0.8194 5.76

September 12,5 2.4801 0.7725 Lo72

October 11.3 2.4330 0.7559 L.55

. November 8.0 . 2.2747 0.7104 3.48
December 7o 2.2353 0.7021 3.4

£9
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Teble 36 Nucelle lanillus: Paraseters for the regression of log aerizl
oxygen consumntion in 1s/hour on flesh dry welght in g, and
the aerial oxygen consumption each month of the population in
the study area. '

Month Tenmperature Intercept Slope 0o consumption  Consumption
(°c) (in Kcals) corrected
for activily

January 7.3 1.9665 0.8378 3.68 4,519

February 6.0 1.9358 0.8576 2.72 2.97

March 5.5 1.9111 - 0.8652 2,61 4.01

April 8.0 1.9855 0.8272 3,01 5.17

Hay 94 2.0178 0.8059 3.53 6.47

June . 13.2 2.0859 0.7481 L0 .74

July 154 2.1172 0.7147 5.93 11.00

August 15.9 2.1280 0.7071 1 6.35 10.62

September 12.5 2.0738 0.7583 5.64 10.50C

October 11.3 2.0553 C.7770 5.45. 8.46

November 8.0 1.9855 0.8272 3.82 6.07

Dec ember 7.4 1.9699  0.8363 3,91 2,92

Table 37 Nucells lapillus: Parameters for the regression of log equatbic
oxygen consumption in 1s/hour on flesh dry weight in g. ard
the aquatic oxygen consumption. each month of the population in
the study area.

Montb Tem£85§ture Intercept Slope 02(:§§§22§Z§0n gg;i:2§230n
for activity

Jenuary 8.4 2.1602 0.7799 6.19 7.60

February 7.5 2.1259 0.7834 4.85 5.29

March Tk 2.1226 0.7838 k.89 7.52

April 8.3 2.1565 0.7803 L7l 8.14

May 9.4 2.194 0.7760 5.42 9.9

June 11,9 2.2657  0.7662 6.70 11,70

July 143 2.3218 0.7569 8.81 16.32

August 15.0 2.3365 0.7542 9.5k 15.9%

September 14..3 2.3218 0.7569 9.36 17.42

October 13.0 2,293, 0.7620 8.83 14,52

Hovember 11.28 2.2456 0.7687 7.48 11.87

December 10.0 2.2135 0.7737 741 9.32
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T INGESTICN AND REGESTION

5. General Introduction

Tais chapter discusses the measurement of ingestion, C, i,e. the
energy content of the food consumed by the population, and egestion, F + U,
i.e. F is the energy leaving the pcpulation as faeces and U is the energy '
lost via excreted urine or other exudates,

The ingestion of the three species was determined by measuring the
food intake of animals in known time periods. The egestisn was measured
at the same time by collectinz the faeces and analysing the sea water for

urine production,

2. Patella vulgata

Introduction
Hartnoll and Wright (in press) determined that in two populations

of Patella vulgata (one population was at Derbyhaver on the study ledge) in

the Isle of Man foraging activity is restriéted to deytime high wabers with
about 75% of the population foraging bn any one dsy. Movenent commences

as the.tide covers the limpets, and they travel en average 0.4 m from their
home sites to which they return at least an hour before the falling tide
éxposes them again., This behaviour contrasts with that of the same species
in Alderney, where foraging is limited to nocturnal low waters; there is
possibly a geographical trend in behaviour.

Patella vulpata browses on detritus and algal growth. Vhen feeding

it moves systematically around its home rasping with the radula anything
which it happens to meet, and consequently there is a considerable variation
in the diet. Individuals living in the Balanus zone collect diatoms, silt

and debris, whereas others living amongst Enteromorpha, Ascophyllum and

Fucus fill their gut with algse sporelings (Fretter arnd Graham 1962),
The larger algac can be utilized as food since the limpet has enzymes

capable of digesting laminarin (Dr. V.C. Barry, quoted by Jones 1948) and

e e T



fucoidin and of de-ssterifying their carbchydrate sulphates (Dodgson and
Spencer 1954).

Moore (1938) mede the only quantitative observations on limpet feeding

in his study of Patella vulgata.. He estimabted that during the first yeeor
of 1life an arsa of about 75 sq cm is required .to provide sufficient focd fcr ..
the maintenance of each c.c. of limpet., He calculaied.this from regions

covered by a thick felt of Enteromorpha sp., Porphyra umbilicalis and other

algae,

The faeces of P, yulgata are in the form of cylindrical pellets.
Moore (1931) cbserved that the pellets are normally composed of fairly
coarse detritus with some diatom skeletons and numerous algal fragments,
The pellets frem an animal 2.5 ;; long averzge 0.5 cm in diameter and are
usually 0.5 to 1 cm in length. The greater part of.the.nitrogen excreted

in Patells is in the form of ammonia (Fretter and Grahan 1962). Thers have

been no previous quantitative data on faecal or urine production,

Materials and method

Ordinary house slates (50 c¢m x 25 qm) were placed in wire baskets
and bolted onto the ledge, The baskets were to prevent limpets moving on
or off the slate. The slates were left on the ledge until covered with an
algal mat. Then a limpet was removed from the surrounding area and piaced
on the slate. The area grazed after one immersion of the tide, left as a
clear track in the algal mat, was estimated. The algal density
(g. ary wt/mz) of the rest of the mat was determined and thus the dry weight
of algae in the grazed area, i.e. the aléae ingested, could be calculated.

Other slates, when covered in an algal mat, were brought into the
laboratory and placed in tanks kept at the ambient field temperature.
A limpet was placed on each slate and as before the area grazed was recorded,
The faeces produced were'collected and dry weights determiped.

The percentage ‘assimilation can be calculated indirectly Ly the ash

ratio method of Cenover (1966)., This method.requires neither the quantitative



recovery cf faeces nor knowledge of the amount of food eaten. The method
depends on the assumption fhat only the organic component of food is
significantly affected by the digestive process, If this assumption is
correct, it is necessary only to obtain the ratio of a%h free dry weight tc
dry weight (fraction of organic matter) for a sample of food and a sample

of faeces to calculate percentage of assimilation, using the oquation

Assimilation effiniency = iq££¢%§%§- x 100

where F anl E are the organic fraction of the food and faeces respectively,
A sample of the mat was taken, which consisted largely of Entercmorpha
species. The faeceg were collected from the limpets on the slates. The
dry weight and ash content of tgé mat and faeces were determined and the
assimilation efficiency calculated by the ash ratio method of Conover.

The ammonia produced was collected by setting up the animals in the
respiratory chambers, following the ﬁfocedure used for measuring aguatic
- oxygen consumption.‘ Instead of using the micro-Winkler technigue, the
Berthelot procedure was followed (as described byEkﬂérzano 1969 and Harwool
and Huyser 1970). The ammonia production (g.) was converted to calories

using the Brafield and Solomen (1972) coefficient of 68,9 Keals/mol,

Results
The ingestion by experimental animéls, during cne daylight tidal
immersion, on the.shore in June, August and September is shown in ?able 38.
The relationship between ingestion (I) and body weight (V) in
animals belonging to the same species can Be described by the formula

i = aV?b

where a is the ingestion per day of an individual whose weight equals unity,
b shows the degree of dependence of ingestion upon the weight. Logarithmic
fransformation yields a linear relationship
log T = loga + blogW
Regressions of log ingestion on log ary body wgight were calculated for June,

August and September (Tabls 39) using the ingestions measured on the shore



Tablé 33 Patella vulgatsa: The ingestion per doylight tidal immersion
of animals on the shore in June, August and September,
A Length Dry weight Ingestion Ingestion
Honth (na) (s.) (cals) (cals. g™ ary w.
. enimel)
June 51.33 1.6784 191 114
50.44 1.7892 164 9N
45,68 1.0053 124 123
4,50 1.1121 133 : - 120
35.96 0.4389 42 . %
23.70 0.0922 14 148
August 53.61°  2.2981 - 270 119
5141 1.9031 243 128
46,04 1.4532 : 112 7?
43.79 1.2147 103 85
40,62 0.6499 ' 89 137
38.67 0.6251 87 140
31.26 _ o 0.2431 37 . 150
21,52  0.0618 6 99
September 53.01 2,2268. 228 102
50,09 1,724 165 96
45.92. 1.,0762 99 92
40,60 0.7342 63 86
L0.62 . 0.8357 9% 115
22,00 0.0624 7 . 119
Table 39 Patella vuigata: Parameters for the regression of log ingestion
in cals/day on dry body weight in g. and the ingestion for June,
August and September, and also estimgtes of ennual ingestion for
the quadrats population. '
Month Correlation Intercept Slope Ingestion Arrual
coefficient _ (Kcals) ingestion
(Kcals)
June . 0.9909 2.0433 - 0.9050 343.9 3,010
August 0.9791 2,0523 0.9743 349.6 2,702
September 0,996, 1,9946 0.9449 289.1 2,468

pu—
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(Teble 38). Each month 211 the limpets in the quadrats wers measured and
their corresponding dry flesh weights calculated from regressions (Table L),
The flesh dry weights of the limpets were substituted in that morth's ‘
calculated regression and the ingesfion derived.‘ The ingestions for June,
August and.September were 343.9, 349.6 and 289.1 Kcals respectively
(Table 39).

Three estimates of annual ingestion were calculated using the three

menthly ingestion values. It was assumed for the estimation that the

-

‘monthly ingestion as a proportion of the annual ingestion was in the sars
proeportion as that monthly respiration (Tables 32 & 33) was of the annual
respiration, This is a dubious assumption as feeding rate can éepend cn
many factors other than simply respiration; however these estimates are

of use (discussed later on). The three estimates of ann;al ingesticn were
5,010, 2,702 and 2,468 Kcals calculated from the June, August and Septermber
monthly ingestions respectively.

The ingestion index is the deily ingeétion in Kcals divided by the
value of the flesh tissue in Kcals times 100, The daily ingestion indices
for June, August and September were 2.49,‘2.39 and 2,13 respectively.

The index of daily ingestion was also éalculated for the three estincles
of annuzl ingestion and were 2.{6, 1,93 and 1.77.

The celorific value of the limpet faeces was 0.94 ¥ 0.10 Kcals/g or
3.34 ¥ 0.36 Kcals/ash free g, as the ash content was 7i.8%. The calorific
value of the algal mat, washed free of particles, was 2,65 % 0.0é Kcals/z or
L.42 * 0,15 Kcals/ash free g, as the ash content was 40%. The asﬁ content
of the unwashed mat was 65%. The assimilation efficiency ratios calculated
by the ash ratio method of Conover vere 73.8 and 27.1% for the wasched and
unwashed mat respectively. The ingestion of the limpets durinz June, Auggst
gnd September have been calculated and therefore, using the calculated
assimilation efficienqieé, the faeces production of these months can be

calculated, The faeces producticns assuming an assimilation efficiency of



I3
(428

73.8% were 90, 91.5 and 75+7 Kcals for June, Augsust ard Scpienber
respectively, but 251, 255 and 211 Xcals assuming a value of 27.4%. Also
using the calculeted assimilation efficiencies tbe faeces production can te
calculated for the estimates of the yearly ingestions, The annual faeces
productions if the assimilation efficiency was 73.8% were 788, 707 and

7'c Keals, while if it vere 27.1% they becowe 2,194, 1,970 and 1,799 Kcals.
The appropriate assimilation efficiency to use is discussed iater.

It is assumed that én exponential relationship exists between body
weight (W) end ammonia excretion (U):

U = awd (1)
vhere a is the ammonia production per day o1 an individual whose weignt
equels unily and b shows the degree of dependence of anmonia excreticn upen
the weight. |

Logarithmic transformation yields a linear relgtionship :

logU = loga + blogW B (2)

A model combining the temperature and size was constructed by plotting
the intércept (a) for the fitted equations at the experimental temperatures
(Teble 40) against the experimental temperature (T) in °C. The linear
regression of these data yields the folloving equation:

' a = 0,9382 + 0.1552 T (3)
The slope (b) also varies with temperature, so the slope (b) for the fitted
equations at the experimental temperatures (Table LO) was plotted against
the experimental temperature (T) in °. The linear regression of these datsg
yields the following equation:

b = 0.4563 + 0.0201 T (L)
By substituting the value for a in equation 3 for a in equation 1, and the

value b in equation 4 for b in equaticn 1, the following relationship was

derived :

U = (0.9382 + 0,1552 T) w(o-h555 + 0,02017T)

For each month the average sea water temperature was substituted fer



Table 4O Patella vulgata: DPearamelers for the regression of log
‘ nitrogen excretion in g.N—NH5/Hay on dry body weight in g.

Temperature Date Correlation Intercept Slope

(°c) coefficient

15.0 2.9.75 0.983% 0.5329 0.7608
13.5 22.10.75 0.9686 0.4493 0.7065
11.7 26.6.75 0.9109 0.4355 0.6570
8.9 2.2.75 0.9615 ©0.375% . 0.6570
8.3 ©1.5.75 0.9733 0.4033 0.6741
7k 1.4.75 0.9877 0.2595 0.5567

Table 11 Patella vulpgata: Paraneters for the regression of log nitrogen -

excretion in g.N-iH,/day on dry body weight in g. and the
nitrogen excretion 2ach month of the quadrats population.

Vonth Tempcrature Intercept Slope . N-NH3
(°c) (Xcals/uonth)
1974 T '
March 7.8 0.3331 0.6128 0.12
April 8.4 0.3412  0.6269 0.14
May 9.7 0.379% 0.656L 0.18
June 1.7 0.4355 0.6970 0.21
July 13.4 0.4812 0.7278 0.27
August 14.3 0.5049 0.7432 0.25
September 13.6 0.4866 0.7313 0.20
October 11.6 0.4327 0.6950 0.18
Novenber 10.6 0.4050 0.6753 0.18
December 9.2 - 0.3649 0.645% 0.12
1975
Janvary 8.4 0.32314 0.6122 0.12
February 7.5 0.3138 0.6045 0.12
March 7.4 0.3109 0.6020 0.11
April 8.3 0.3383 0.6246 0.14 -
May 9.4 0.3707 0.6499 0.19
June 1.9 0.4:10 0.7008 0.24
July 4.3 0.5009 0.7432 0.28
August 15.0 0.5140 0.7546 0.29
September 14.3 10,5009 0.7432 0.27
October 13.0 0.4706 . 0.7208 0,22
November 11.3 0.4245 0.6893 0.16
December 10.0 0.3884 0.6629 0.14
1976
January 8.9 0.3646 0.6452 0.1
_ February 7.2 0.3046 0.5%68 0.10
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(T) in °C in the derived model which ensbled the intercept (2a) and slope (b)
to be calculated for a regréssion equation, log ammonia excreted//log flesh
dry weight, for that month (Table 41). Each month all the limpets in the
quadraﬁs were neasured end their correspending éry flesh weights calculeated
from regression equations (Table 4), The flesh dry weights of the limpets
were ‘substituted in that month's calculated regression equaticn and the
ammonia excréted derived., The ammonia excreted varied from 0.1 Kcals/month
in February 1976 to 0.29 Kcals/month in August 1975 (Tsble 41)., The annual

amnonia excreted for 1974 &nd 1975 was 2.08 and 2.25 Kcals recpectively,

Discussion

Numerous problems were encounteréd in tryiné to measure assimilation,
During the spring, autumn and winter of 1975 the slates were broken or washed
away in storms before a sufficient algal mat was present, ThuS ingestion
was only measured in thé summer montgé. The laboratory experiments failed
as the limpets appeared not to feed and eventually died even though they
were kept as near as possible to the anbient field condiéions.

The ingestion for June and August was similar, 343.9 and 349.6 Kcals
fespectively, while for September the ingestion was lower, 289.1 Xcals.
The average temperaturesfor June, August and September were 11.9, 15.0 ard
14..3°C respectively., These data therefore do not show the ecxpected
relationship between ingestion and temperature, namely a corresponding
increase in ingestion with increasing temperature and vice versa. .Howo§er
.only six enimals were observed in June and September and eight in August,
The small number and varisbility of the measurements may have obscured the
relationship or it may be that gonadal development influenced feeding,
During June the animals were building up food stores, In August the gonads
began developing and by September the gonadal development was well advanced,
Perhaps during gonad development feeding is reduced. The increase in
calorific value of the spmatic tissue between October eand November 1975,

when the gonads were ripe, was much slower than that after spawning (Fig. 1).



Thus it can be assumed that ingestion was reduced during Cctober and
November, The calorific falue of the somatic tissue decreased from August
to Octcber 1975, while the gonads increased in calorific value, Thus food
stores from thé somatic tissue were being transformed and assisting in gonsd
maturafion. However it was ﬁot poséiéle to detect whether ingestion was
reduced, As the gonads mature they increace rapidly in size, ahd when ripe
are up to 40% of the flesh weight (Table 19). Thus the possible expansicn
of' the gut will be greatly reduced and this will probebly reduce the
ingestion rate,

The assimilation efficiency calculated by.the ash-ratio method of
Conover was 7%.8% when the algal mat sample was washed and all the non-algal
material, e.g. pieces of slate, removed. The percentage ash of the algal
mat without washing was 659 compared to 40% when washed and gave an
assimilation efficiency of 27.1%. Blackmore (1969) observed that the ratio
of weed to rock in the limpet gut varied from 34.7% in August 1965 to 8,.€%
in February 1965. If this is correct then éhe true assimilatien efficienoy
is likely to te nearer 27.1% than 73.8%. Hughes (1971) calculated a
similar assimilation efficiency for the Kéyhole limpet, Fissurella
barbadensis, 33.6%. This animal has a similar feeding habit and ingests
sand grains and rock particles (Ward 1967).

The ingestion index for June, August and September was 2,49, 2,29 and
2.13 respectively. The annual index values calculated on the bazis of each
of the foregoing were lower at 2.15, 1.93 and 1.77, giving an average of 1,95,
The three months, June, August and September, will be months of high
ingestion, while the annual falue includes months of lower ingesticn, as
feeding is temperature dependent.

The ammonia excreted was 2.08 Kcals in 1974 and 2.25 Kesals in 1975.
Ammonia excretion is negligible when compered to faeces producticn (i,e. 0,26

to 0,357 of facces production),
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3., Littorina littoralis

Introduction
The preference for Fucaéeae as & food source is generally accepted

(Barkmann1955, Bakker 1959 and Guiterman 1971) though Nicol (Guiterman 1971)
reports Laminaria as a source of food for the animal on North Scottish
coasts, Van Dongen (1956) has shown that L. littoralis is atiracted by the
gcent of the Fucaceae from a distance.of 1 m. The attraction is stronge:zt
to F, vesiculosus and least to F., serratus. Bray (1974) found that
L. littoralis showed no difference in attraction,to'gb serretus,

F, vesiculosus, F, spiralis or Ascophyllum nodosum. Also in this study

the littorinias showed no preference between F, vesiculosus and ¥, serratus
during the laboratory feeding experiments,

The faecal pellets are usually composed of algal fragments or else of'
detritus and diatom skeletens, The pellets are oval, of average length to
breadth ratio 1.85, and from an animal 8.5 mm long about 0,31 mm in breadlth

(Moore 1931),

Materials and method

The food (F, serratus or F, vesiculosus) was collected from the shore
and taken to the laboratory. The fucoid was shaken and excess water
removed by blotting. Por@ions of the algae were weighed and placed into
the feeding containers., The wet and dry weight of the remalning algae was
determined. This enabled a wet : dry ratio of the algae to be caléulated.
Animals freshly collected from the shore were then added to the containers
which were kept at the ambient field temperatures and tidal cycles of
immersion and emersion for three or five days.n The faeces produced were
collected each day. When the experiments were terminated the dry weightsof
the animals were determined. The’algae was shéken, blotted and the wet and
dry weight determined. Xnowing the wet to dry ratio of the algae prior to
and after the experiment, any differerce in the algal water content can be

adjusted for and the amount of algac consumed calculated.



The sea watgr drained out of the feeding containgrs at the end of
eéch immérsion period was collected and analysed for ammonia following the
Berthelot procedure, & sample of the sea water before each filling of the
containers.was al so ahalysed for'amaonia. The @ifference in the ammonia
concentration of the sea water before and after the experiment enabled the .
emmonia producticn to be calculased.

The calorific value of F, serratus and F, vesiculosus was determined
each month from éry weight samples of the fucoid, using the Phillipson
micro-bomb calorimeter. The calorific value of drf weight samples of

faeces were also determined,

Results

Thevingestion rates of similar sized littorinids in the labc¥atory
variéd enormously, contrasting with the relatively steady faecal preduction
rates, The weight of algae éonsumed compared to the weight in the fecding
containers was very small, Thefefcre'slighﬁ chenges in the wet to dry ratio
of the algae not accounted for prior to and efter the experiment cculd have
produced this variability. However the faccal prodiction would not have
been affected, The ingestion/ faecal production ratio (1:/8) was calculated
from laboratory feeding experiments (Teble 42). For each of the experinental
temperatures 5 regression equaticn of faeces production against weight wes
calculated (Table 43).

The relationship between faecal production (F) and body weight (VW)
was | :

P o= oaW’ (1)
vhere a is the faedeg producticn per day of an individual whose weight equals
unityand b shows the degree of dependence of faeces production upen the vweight,

Logarithmic transformation yields a linear relationship: .
logF = loga + blogW (2)
A model combining.the temperature and size was coné%ructed by plotting

the intercept (a) for the fitted eguations at the experimental temperatures



Teble 42 Littorina 1ittoralis: The ingestion, faeces production
and the ingestion/faeces ratio measured in the laboratory.
Tenperature Date Ingestion (C) Faeces (F) c/¥
(°c) (&) (&)

9.8 25.5.75 0.096 0.0672 1.43
10.0 2.6.75 0.3633 0.1892 1.92
10.0 6.6.75 0.1613 0.0972 1.66
.3 19.10.75 0.4004 0.2064 1.0
15.2 23.9.75 0.7558 0.3705 2.0L

Average 1.80
Table 43  Littorina littorslis: Parameters for the regression of
log faeces production in g/day on dry body weight in g.
Temperature Date Correlation Intercent Slope
(°c) coefficient
15.2 23.9.75 0.8911 -1.5817 0.9932
4.3 19.40.75 0.9423 -1.862, 0.8347
12.5 23.6.75 0.9477 ~-1.7532 0.9555
12.5 1.7.75 0.9029 -1.7189 1.0081
11.2 22.11.75 0.9682 -1.7988 0.9405
10.0 2.6.75 0,8978 -1.9039 0.945
10.0 6.6.75 0.9005 -1.8355 1.,0107

9.8 27.5.75 0.9478 -1.9816 0.9123

8.7 28.4.75 0.9416 ~1.7783 1.0302

8.0 5.4.75 0.932h ~1.9957 0.9816
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(Table 43) against the experimental tempersture (T) in °¢. The linear
regression of these déta yields the followirng equation:
a = =0.,0001 + 0.0014T (3)
The slope (b) also varies with temperature, so the slope (b) for the fitted

équations at the experimental temperatures (Table 43) was plotted against
the experimental temperature (T) in °C.  The linear regressiun of these
data yields the following equation:

| b = 1.0546 - 0.0083T (%)
By substituting the value for a in equation 3 fof a in eguation 1 and the
value b in equation 4 for b in equation 1, the féllowing relationship was

derived :

F = (-0.0001 + 0,001% T) it 0546 -0,0083 T)

Using this derived’model the feaeces production was caleculated for
each month (Table 44). The temperature used in the model was the average
sea water temperature for that month. The slope and intercept were
calculated for each temperature and a regression equation derived (Table 4k4).
The weight of each animal in the populaticn (Table 11) per kg dry weight of
fucoid was substituted for W and the faecal production per dsy in graunms
obtained. The ingestion was calculated each month using the C/F ratio of 1:8.
The ingestion and faecal production in grams was converted to caloriés. .
The calorific value of the faeces was 1.71 * 0.2 Keals/g or 3.48 ¥ 0dKcals/
ash free g, as the ash content was 50.7% . The calorific vglue of the
food, F, serratus and F, vesiculosus depended on the season (Table 45).

The annual ingestion for the population per kg dry weight of fucoid was

23 Kcals and the faecal production 63.9 Kcals,. which gave an assimilaticn
efficiency of 72.7%. The assimilation efficiencies calculated by the ash-
ratio method of Conover were 74,6 and 70.6 if F, serratus and F, vesiculosuz
respectively were the food source., If the food source was mixed (50 : 50)
the assimilation efficiensy would be 72.6%. The average daily ingestion
index was 3.28.

The urine /feecal (U/F) production ratic was calculated at five



Table 44 Littorina 1littoralis: . Parameters for the regression of log
faeces production in g/day on log dry flesh weight irn g.
Also the ingestion and faeces production of the population
per kg, dry weight of fucoid.

Xonth Tenpsrature Intercept Slope Faeces Ingestion
(%) Keals/menth)  (Keals/month)

Jenuary 8.4 -1.9508  0,9849 4,23 14,35
Feoruary 7.5 ~1.9682  0.992% 3.26 11,04
March 7.4 -1.9725 0.9932 3.60 12.18
April 8.3 © -1.9337  0.9850 3.90 1%4.06
May 9.4 -1.8884  0.9766 4.62 1684
June ’ 11.9 ~-1.7927 0.9559 5.75 21.81
July 1h.3 -1.7081  0.9360 7.22 27.39
August 15.0 -1.6947 0.9301 7.59 28.85
September 4.3 -1,7081  0.9360 6.98 26,32
Gctober 13,0 -1.7527  0.9467 6.53 24,31
November 1.3 -1.8146 0.9609 543 20.87
December 10,0 -1.8643  0.9716 L.76 16,01
Table L5 Littorina littoralis: The calorific value of F, aerratus and

¥, vesiculosus each month.

Month X. serratus E, yesiculosus
Kcals/g. Kcals/ash free g. Kcals/g. Keals/ash free g,
Jénuary 3.23 0,02 4,07 *0.03 3.50 *0.05 4,56 *0,06
February 3,22 10.02 4,06 10,02 3,48 *0.02 4,53 10.03
March 3.22 0,04 L.,06 *0.,05 = 3.37 10,02 k.31 *0.03 |
April 3.43  *0.0k ho32 %0,05  3.22 0,04 L.18 *0.05
Yey 3.47 *0,03  4.37 *o.0u 3.32 $0.05 L.32 *0.05
June 3.61 %0.03 L5k *0.03 3.27 10.04 426 +0,05
July 3.61 *0,03 4.55 *0.0, 3.32 *0.04 L.,31 *0,05
August 3.62 *0.,03 4.56 10,04 3.35 0,02 435 10.03
September 3.59 +0,03 4,52 10,03 3,58 *0.02 L.66 *0.03
October 3.5, %0,05 L.46  *0,06 3.46 *0,02 4,50 *0,03
November — 3.65 20.05  k4.61 10.06 3.51 20,02 k.56 10,03

December 3,20 *0,03 L.03 *0.04 3.57 *0.02 LG4 *0.03




temperatures (Table 46), and this ratic (0.0046) used to calculate the

annual production which was 0.29 Kcals per kg dry weight of fucbid.

Discuésion y

The ingestion rate and faecal productibn were similar whether the
littorinids fed on ¥, serratus or ¥, vesiculosus. The annual measured
ingestion of the animals per kg dry weight of fucoid was 254 Kcals, The
annval ingestions calculated by the ash~ratio method of Conover were 251.4
end 216,8 Xcals when feeding on F, gﬁrratus and F, vesiculosus respectively,
However during the year the food ingésted will be a combinaticn of the two
fucoids, and if in equal proportion theAingestion would te 232.9 Kcals/
kg dry wt. fucoid which is very similar to that mecasured, i.e. 234 Kcals/
kg dry wt. fucoid, |

The ingestion rate was temperature dependent; {he ingestion each
month increased with an increase in‘témperature or vice versa.

The assimilation efficiencies calculated by Bra& (1974) of 67.8 and
7%.8% for F, serratus and F, jg;ggcﬁlosus are very similer to those of 74.6
and 70.6% determined here,

Guiterman (1970) calculated littorinid feeding rates over a six month
period (Table 47) and the results from this stpdy'over a similar period are
6&% higher than those recorded by Guiterman (1970). The ingestion rate in
April was similar in both studies, but Guiterman's rates for May and June
were lower than for April though his rafes for July and August were sinilar
to those for April, Thus unless his.April rates were an over-estimate
Guitefman's rates were not temperature dependent, This is unlikely,
therefore his summer rates were probabLy'under-estimates. If his sunmmer
rates were under-estimates the true rates were probabiy similar to the rates
measured in this study, which were temperature dependent.

The annual ammonia production of the animals per kg dry weight of
fucoid was negligible (0.29 Kcals) compared to the faeces production (i.e.

0.L6% of the Faeces production, Teble 46).



Table 46 Littorina littoralis: Ammonia end feecal production and
their ratio measured in the labvoratory.

Temperature Date Ammenia (U) Facces (F) U/F
(°c) (Kcals) (cals)
9.8 25.5.75 0.92 115.0 - 0.0080
16.0 ' 2.6.75 0.96 323.5 0.0030
10,0 6.6.75 0.60 166.9 0.0036
4.3 19.10.75 1.55 353.3 0.004),
15.0 23.9.75 2.68 63#.2 0.0042

Average 0.0046

Table 47 Littorina littoralis: Comparison of the rate of irgestion
(g. dry weight fucoid/day/100g body dry weight lirrorinid)
between this study and Guiterman (1970).

Month L Ingestion
This study Guiterman
March 3.50 1.90
April 3.37 3,50
May 3.87 2.40
June L7 2.40
July 6.03 3.60

August 6.35 3.60

106
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4. Nucella lepillus -

Introduction
Yoore (1938b) records that in many localities the diet of N,lapillus

consists entirely of barnacles, meinly Balsnus balanoides or Cathamalus

atellatus, although deg-whelks from the lower shore levels may be found in-
acsociation with B, perforatus and B, crenatus. In localities where

Mytilus edulis is available as an alternative scurce of food barnacles nmay

be partially or completely omitted from the diet in proportion to the number
of bivalves present (Moer, 1936). There are a few records of dog-whelks
feeding upon bivalves other than Mytilus, Hancock (1960) mentioning small

oysters and Cardium edule. Predation upon other prosobranchs has

frequently been observed, Moore (1938b) recording attacks by Nucella upon

P, vulpgata, Gibbula cinereria, G, umbilicalis, Littorinalittorea,
L. littorslis and even other meubers pf its own species.

Adult dog-whelks invariebly attack other mollusés by driiling a
circular hole through the shell with the radula (Pelseneer 1935, Jensen 1951
and Carricker 1955). In most cases barnacles are attacked by forcing apart
the opercular plates with the proboscis. Connell(1964) demonstrated that
under natural conditions Nucella shows a marked preference for the larger
sﬁecimens of B, balaﬂoides, end as it takes about the same time for a dog-
whelk to open any barnacle this would be ob?iously advantageous,

Earlier information suggests thaf the diet of young dog-whelks is

restricted. Colton (1916) stated that newly-hatched dog-whelks may eat small

specimens of Mytilus edulis, while Moore (1938a) found that he could only
rear young dcg-whelks in the 1aboratory on a diet of Spirorbis as they would
not eat barnacles., Largen (1967) demonsitrated that young dog-whelks prey
upon z considerable number of species of both molluscs and barnacles and
that cannibalism is common, Largen (1967) and Crothers (1974) have reared
Nucella to at least one yzar old on a diet of barnacles {Elwinius),

Dog-whelks do not producse discrete faecsl pellets. The waste products

are released largely as ammonia.



Materials end method

The rate of feeding upon barnacles (B. bslanoides) was reccrded over
a period of five days at the ambient temperature and cycle of tidal emersioa
and immersion, the dog-whelks being:provided with barnacle coverei rocks
from whicb the shells of all dead barnacles had been removed. At the end
of each experimental period thezz rocks were examined and the number-and
length of the barnacles which had been devoured were recorded., It was found
reletively easy to determine which barnacles had been eaten byIQOg-whelks
and which had died from other causes. After the flesh has been eaten the
opercular plates either become completely detached or they fell into the
empty shell, but when the barnacle dies from other causes it always does so
with the cirri, and sometimes part of the body, extended from the shell,

In such cases it can be clearly seen that the body is iﬂfact. Tre dog-whelks
were collected from the study ledge.

The dry weight of the dog~whelks was determined when the experimoent
was terminated, Other barnacle covered rocks collected next to the ones
used in the experiments were brought into the laboratory. Length and diy
weight of approximately thirty of the barﬁacles;were debermined, A
regression equation was determined for the barnacles of dry body weigh* on
length, The lengths of the devoured barnacles were substituted in the
regression equation and their dry weights obtained., The calorific valus
of the barnacle flesh was determined each month from dry weighi samples of
the flesh, using the Phillipson micro-bomb calorimeter.

The barnacle covered rocks were immersed for a 12-hour periéd prior
to and after the time period (5 days) during which the dog-whelks were kept
in the feeding chambers, The sea water added to immerse the feeding

chambers was eanalysed before and after each immersion period for ammonia,

'following the Berthelot procedure. The rate of ammonia production by

barnacles was Calculated'for the 12-hour period prior to énd after the time

period that the dog-whelks were aided to the feeding chamsbers., The
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difference in ammonis concentration of the sea water before and after the
immersion period enabled the emmonia production to be calculated for both
dog-whelks and barnacles. As the barnacles' ammonia production rate had
already been calculated the dog-whelk production rate could easily be
derived, Dog-whelks were also added to feeding chanmters with no barnecles,
This .enabled the ammonia production to be calculated for non-leeding

dog-whelks,

Results

The percentage of animals feeding in the leboratory was often higher
than that observed in the field, so to correct for this the number of
experimental unimals feeding each immersion was re~orded (i.e. recorded
twice in a 24~hour period). The dry weight of consumed barnacle flesh was
divided by the number recorded feeding and doubled. Thus the dry weight of '
flesh consumed per dgy for a feeding dog-whelk was obtained. The linear
relationship between ingestion (I) and body weight (W) in animels belonging
to the same species is: log I = loga + b logW (see page 93). A log
regression was calculated of log ingestion on log body weight for each.
experimental temperaturc (Table 48).

A model combining the {emperature and size was constructed by plotting
the intercept (a) for the fitted equations at the experimental temperature
(Table 48) against the experimental temperature (T) in °C.  The linear
regression of deta yields the following equation:

a = =0,0488 + 0.0093T
The slops (b) also varies with temperature, so the slope (b) for the fitted
equations at the experimental temperatures (Table 48) was plotted against

the experimental temperature (T) in °

C. The linear regression of these
dgta yields the following equation':

b = 0.4624 + 0,0069T
By substituting the values for a and b in the equation I = avfb, the

following relationship was derived :



I = (-0.088 + 0,0093 1) w0462 + 0.0069 7)

For each month the average sea water temperature (in oC) vas substituted for
T so enabling the intercept (a) and slope (b) to be calculated for the
regression equations of log ingestion on log flesh weight (Table 49).

Each month all the dog-whelks in the study area wers measured and their
corrésponding flesh weight calculated from regression equaticws (Table 1%4),
The dry flesg weight of the dog-whelks in the stuly area were substituted
and the dry body weight of barnacles ingested calculated., The regression
equations were for animals reeding continuously. The percentage of dog-
whelks feeding in the study area was observed on a number of occasions each
month, from which the average percentage of dog-whelks feeding per day for
each month was calculated (Table 50). The ingestion calculated from the
regression equations was multiplied by the proportion feeding (Table 49),
The dry body weight of the ingested barnacles was converted tc calories
_(Table 51). The annuel juvenile and adult ingesticns were 265 Kecals and
120 Kcals (Table 49) respectively, giving a total for the population of the
study area of 385 Kcals. Thé average da?ly ingestion index for the study
area population was 1.53.

The rate of ammonia production was calculated for the feeding and
non-feeding dog-whelks at the experimental temperatures. Regression
equations were calculated of log ammonia production on log flesh weight for
the feeding and non-feeding dog-whelks for each experimental temperature
(Tebles 52 & 5L).

Two models were calculated combining temperature and size (see
Page 96). The values of intercept (a) and slope (b) were obtained from

tables 52 and 54. The models determired are :

(0.5549+ 0.00127)

H

for feeding animals: U= (~4.1301+ 1,0092T) W

for non-feeding animals: U

(=1.4206 + 0, 3,15 1) w( 0+ 7391 - 0.0043 T)

For each month the average sea water temperature (inOC) was

substituted for T, which allowed thes intercept (a) and slope (b) to e




Nucella lenillus:

Table 48

consumption in cals/day on dry body weight in g.

Parzmeters for the regression of log

Temperature Date Correlation Intercert Slope

‘ (°c) coefficient
15.0 23.9.75 0.8872 -0.9554 0.6802
4.5 26.7.75 0.8710 -0.9915 0.7009
4.3 19.10.75 0.9427 -1,2027 0.4336
12.5 23.10.75 0.9129 -1.2365 0.5057
11.6 20.6.75 0.9638 -1.3879 0.3689
10,0 2.6.75 0.8714 -1.6706 0.2801
10.0 6.6.75 10,9005 ~1.3847 0.5350
~ 9.8 25.5.75 0.9285 ~1.1356 0.7815
8.7 30475 0.8970 -1.4731 0.5490
CToh 19.3.75 0.2431 -1.5705 0.5731
Table L9 Nucella lapillus: Paramefers for the regression of log

consumption in cals/day on:dry body weight in g. and the

Juvenile and adult consumption each month.

Consumption

Month Temperature  Intercept  Slope ., .10 adult  total
(°c) (Kcals) (Keels) (Keedc)

January 8.4 -1.5291 0.5203 5.98 5.98
February 7.5 -1.6054 0.5141 1.73 1.73
March 7.4 -1.6159 0.5134 7.15 3,87 11.02
April 8.2 ~1.5283 0.5196 10.02 7.30  17.32
May 9.4 -1.4308 0.5272 15.91 10,88 . 26,78
June 11.9 -1.2392 0.5445 21.65 17.14 28,79
July 4.3 -1.,0744 0.5610 45,26 20,75 = 66,01
August 15.0 -1.0422 0.5659 52.95 5.83 58,78
September 14,3 -1,074% 0.5510 50,76  21.13 71.89
Octcber 13.0 -1.1650 0.5521 26,65 19.3z  45.96
November 11.28 -1.,2631% 0.5402 17.56 14,19 31.74
December 10.0 -1.3511 0.5314 9.31 9.31

-
-



Table 50 Nucella lapillus: The percentsge of individuals cbserved
feeding in the course of a single low tide,

Month Percentage feeding
Mature 2nd & 3rd year 1% year
Juveniles Jjuveniles
January 0 32 Ly
February 0 14 17
March 28 65 76
April 66 67 7
May | 77 80 0
June 79 83 , 98
July 65 91 100
August 18 02 93
September 75 92 93
October 62 62 52
November 60 28 30
December 0 L L7

Table 51 Balanus balenoides: Calorific value of the body.

’

Month Kcals/g. " Kcals/ash free g.
January 4.19 *0.07 5.13 +0.09
February L.12 +0.03 5.05 *0.04
Merch 4,07  *0.02 L.99 10,02
April 4. 21 to.on 5.16  *0.05
May 440 *0.05 5.39 *0.06
June }.64 0.0k 5.65 10,05
July 4,67  *o0.04 5.72 0.05
August 4..67 *0.04 5.72 +0.05
September 4.67  to.o4 ©5.72  *0.05
October L.67 +0.05 5.72 +0.06
November 4.56 +0.03 5.59 0.0,

December 4.21  *0.03 5.16  *0.04
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Table 52  Nucella lopillus: Parameters for the regression cf log
egestion (ammonia production in g/day) on dry body
weight in g. for feeding animals.

" Temperature Date Correlation Intercept Slope
(°c) coefficient .
15.0 23.9.75 0.9374 1,026 0.5%02
4.5 26.7.75 9. 9465 1.0165 . 0.5867
4.3 19.20.75 0.9379 1.0553 0.645)
12.5 23.10.75 0.9681 . 0.9175 0.6342
11.6 20.6.75 0.97C2 0.8614 0.6061
10.0 2.6.75 0.9647 0.8283 0.6730
10.0 6.6.75 0.9500 0.6537 0.5364
©.8 25.5.75 0.9826 0.8348 0.7045
8.7 30.4.75 0.9734 0.4970 0.4717
7.4 19.3.75 0.9632 0.5753 C.6458

Table 53 Nucella_lgfillus: Parameters for the regression of log
egestion (emmonia production in g/day) on dry boly weight
in g. and the egestion each month of feeding animals,

Egestion
Month Temperature Intercept Slope Juveuaile  adult total
(°c) (Keals)  (Keals) (Keals)
Jaruary 8.4 0.634,0 - 0.6049 1.02 1.02
February 7.5 0.5372 0.6039 0,30 0.30
March Tk 0.5283 0.6037 1.24 0.75 2.00
April 8.3 0.6288 0.6048 1.70 1.37 3.07
May 9.k 0.7280 0.6061 2.62 1.9%  L.57
June 11.9 0.8967 . 0.6091 3.0 2.95 6.38
July 4.3 1.,0122 0.6120 7.28 3.53 = 10.814
August 15.0 1.0471 0.6129 8.49 0.09 8.5
September 1.3 1.0122 0.6120 - 8,20 3,60 11.75
October 13.0 0.9545 0.6105 4,22 3.30 7.52
November 11.3 0.8677 0.608% 2.85 2,26 5.11

December 10.0 0.7675 0.6069 1.63 1,64




Table 54

Nucella lapillus:

Paraneters for the regression of log
egestion (ammonia production in g/day) on éry body vieight
in g. for non-feeding enimals.

Temperature Date Correlation Intercept Slope

(°c) coefficient
15.0 23.9.75 0.9241 0.6080 0.7317
4.5 26.7.75 0.9237 0.4073 0.5324
14.3 19.10,75  0.9468 0.6583 0.8113
12.5 23.10.75 0.9872 0.2567 0.5183
11.6 20.6.75 0.9889 0.4631 0.7880
10.0. 2.6.75 0.9710 0.1873 0.5811
10.0 6.6.75 0.9655 0.146656 0.905L
9.8 25.5.75 0.9423 0.2047 0.6239
8.7 30.4.75 0.9654 0.2058 0.7096
Tk - 19.3.75 0.9721 0.0465 C.694

Table 55 Nucella lapillus: Paraneters for the regreésicn ol log

egestion (ammonia production in g/day) on dry body weight
in g. and the egestion each month of non~feeding animals,

Egestion

Month Temperature Intercept Slope Juvenile adult total

(oc) (Kcals)  (Keals) (Keals)
January 8.4 0.1609 0.7029 0.3¢9 0.8 1.23
February 7.5 0.0571 0.7068 0.44 0.57 0.98
March Tk 0.0439 0.7072 0.16 0.36 0.53
April 8.3 0.1504  0.7034 0.13 0.21 0.3
May 9.4 0.2527  0.6986 0.10 0.17 0.27
June 1.9 0.4221 0.6879 0.32 0.23 0.56
July 14.3 0.539% 0.6776 0.06 0.56 0.62
August 15.0. 0.5681, 0.6746 0.21 1.33 1.54
September 13 0.539% 0.6776 0.21 0.35 0.56
October 13.0 0.4798 0.6832 0.55 0.57 1.13
November 1.3 0.3870 0.6905 0.19 0.4 0.63
December 10.0 0.2998 0.6961 0.45 1.24 1.69
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calculated for the regression equstions of log amaonia prodﬁction on log
weight (Tatles 53 & 55). The lengths of the dog-vwhelks in the study srea
were substituted and the anmonia production calculated. The ammgnia
production was converted to calories using the Brafield and SOLOPR? (1972) x{
coefficient of 68,9 Keals/mol. The annual egesticn (i.e. ammonia

production) for the feeding and non-feeding animals was 63 and 10 Kcals

respectively, giving a total of 73 Kcals for the study populaticn,

Discussion

No adults were observed feeding from the .end of November to eerly
March, and only a few in March, lgte July and August, During the rest of
the year 60 - 75% of the adults were feeding al eny one time. During the
periods when none or few adults were feeding they were in aggregaticns in
crevices and rock pools., These aggregations were connected with breeding
(see page 75).

Eighty)to one hundred percent of the Jjuveniles were feeding et any
one time in the spring and summer. The percentage decreased as tha zutuvan
and winter progressed reaching a minimum of 153 in February 1975. Connell
(1961) noticed also that at any one time not all the dog-whelks were feeding,
He also noticed that in the winter only & low percentage of juveniles were
feeding at any one time, Low winter temperatures can prevent feeding
(Largen 1967, Feare 1970 & 1971). Largen (1967) determined that below 3°C
dog-whelks became completely inactive, but above 3°C both activity and rute
of feeding increased rapidly reaching a maximum a little above 20°C. The
minimum éea temperature recorded for Derbyhaven between 1973 and 1976 was
7.1°C. Thus the winter sea temperature was not low enough to irnibit
feeding. The rough weather also affected feeding, and if the sea was rough
fewer animals than normal were feéding and the animals tended to aégregate
in crevices and rock pbols. In the winter a greater percentage of the
Juveniles were feeding at any one time in the laboratory feeding experiments

naintained at the ambient field sea tenperature than on the shore. The sea
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was rough for the greater part of the winter so it is likely that the
roughness of the sea rather than low temperature inhibits feeding., When

the sea was rough the animals tended to aggregate in crevices and rock pools,
This was probably e defence mechanism to reduce the chances of dislodgenment,
for if the animals were dislodged they would be likely to be washed away tg
peasibly an unfavourabiz area of the shore,

On many shores in Britain the Jjuveniles do nét feed during the winter
(Cowell and Crothers 1970, Feare 1970, Crothers 1971 & 1974). At
Derbyhavep during the winter only a low percentage of juveniles were o%served
feeding af any one time, so this did not reveel whether all of the juveniles
feea during the winter, By examining the adult shell one can determine
whether they feed during the winter when juvenile. A row of 'teeth' are
laid down on the inner margin of the shell at maturity (see page 39). Any.
more than one row of fteeth' indicates prolonged interruptions of growth
when juvenile i.e, periodé of non-feeding. Very few adults on the
Derbyhaven shore had more than one row of 'téeth‘ s0 all the juveniles gt
Derbyhaven obviously feed throughout the winter, Cowell and Crothers (1970)
determined that the frequency of multiple rows of 'teeth' was high on
exposed shores, and also Feare (1970) on the Yorkshire coast where the
winter sea temperature was low,

Previous workers (Connell 1961, Largen 1967) have measured feeding
rates but only as the number of barnacles consumed per dog-whelk, giving
no indication of the weight of the dog-whelks or weight of the barnacle
flesh concerned. However if the feeding rates are compared (Tables 56, 57
& 58), it is apparent that the rate of barhac;es consumed increases with
increasing temperature, Connell (1961) determired his feeding rates at
Millport, therefore the seasonal sea temperature is likely to be very
similar to that at Derbyhaven, and as can be expected Connell's seasonal
feeding rates are very similer to those of this study. Also Largen's (19457)

feeding rates at various temperatures correspond closely to this study's



Table 56 Nucella lapillus: Feeding rates (ngmber of Balanus
balancides eaten per dgy per animal) measured in the
laberatory,

Juveniles : Adults
Temperature Length Length
(°c) 1.6-2,0 cn  2,0-2.6 cn 2.4.-2.8 on
15.0 0.88 1.67 2.67
%S 0.58 1.27 2,09
14.3 0.80 1.56 1.46
12.5 0.76 0.66 1.00
11.6 0.92 0.69 0.69
10.0 0.12 0.79 '
10,0 0.52 0.70
9.8 0.56 0.50
8.7 0.40 0.36
1.4 0.32 0.37
Table 57  Nucella lanillus: The feeding rates (number of Balanus

balanocides eaten/dsy/animal) determined by Connell (1961).
The lengths of the dog-whelks were vetween 2.0 and 2.6 cnm,

Season Winter Spring * Summer Autumn
Feeding X
rates C.21 0.44 2.38 0.85

Table 58 Nucella lapillus: The influence of water temperature |
upon the rate of feeding (number of barnacles eaten
per day per animal) reccrded by Largen (1967).

Temperature 3 5 10 15 20
(°c) '-

Feeding rates 0.06 0.14 0.80 1.49

12
*

N
D

17



feeding rates determined for the juveniles, length 2.0- 2.6 cm.

. During the winter the adults were collected from aggregetions in
crevices and placed in feeding chambers with barnacles at the ambient field
sea water temperature, but very few of the aninals made any attempt to feed
and therefore no feeding rates were determined for the winter temperature
(see Table 56). The dog-whelks “end to feed on the larger barnacles present
in the feeding chambers, Therefore, as can be expected, the feeding rates
of the larger dog-whelks were higher.

(  TFaecal production was not measured. However the feecal production
was probably low compared to ammonia production and is discussed later (see

page 121).



CHAPTER 6



—TiE ENZRGY BUDGETS

The energy budget of a population may be summarized by the equaticon
C =P+R+F+T vhere P = Fr + Pg
Each component was measured in kilocalcries per annum. C, energy content qf
the food consumed; P, total energy converted to flesh (Pg) and ganctes (Pr);
R, energy lost duec to metabolism; F, energy lost due to faeces; U, energy
lost due to urine and other exudates; C-F-U is the proportion of
ingested energy which is assimilated () by the populétion.

’ In order to obtain maximum information on rates end efficiencies in
the energy equation it is desirable to-stuiy populations in & steady-state
condition. 'We restrict attention to steady states since seasonal
differences in climate gnd physiology, combined with essentially random
meteorological or biological events in short term data collections,will
permit so much variance as to obscure real consistencies and aifferences.’
(Slobodkin 1962), The P, vulgeta population was remargably stable over the
two year study period, and there were only slight increcases in biomass of
1.3% and 0.25% in 1974 and 1975 respectively (Table 7). The littoririd
ana dog~vhelk populationﬁ were observed over an eighteen month perioed and
all the observations indicated a steady~-state situation.

All the parameters of the energy budget have been measured and are:
P, vulgata  measured in Kecals/n?/year

In 1974 the average biomass was 80.94 Kcals/m2.

"Pg 13.86 )
Pr 22.72} P =36.58 A= 152,24
R 115.66 _ *C = 563.29
F o 410.64 "
U 0.42

¥Cy  570.6 (June)
512.2 (August)
468,0 (September)



In 1975 the average biomass was 84.24 Kcala/mz.

p 8.88
& 1 O} P = 41.78

Pr 22,9 A = 163,78

R 122.00 S %0 = 606.02
Foo-u41.70 '

U 0.45

*C, 602.0 (June)
540.4 (August)
- 493,6 (September)

L. littoralis measured in Keals/Kg dry fucoid/yr

The average biomass was 23,97 Kcals/Kg dry fucoid.

P 35.38
& } P = 55,27

Pr 19.89 A =171.80

R 116.53 *C = 235.95
F o 63.86

U 0.29

*C, 23404
252,90

N, lapillus measured in Kca.ls/u?/year.

The average biomass was 5.74 Kcalq/mzf

Pg 5.26 P = 5.0

Pr  o0.68) = 7 A= 24,11

R 18.17 - ¥C = 29.%

F

U 5.23
*

Cy 32,14

®c This value of ingestion was calculated by summing the components

of the budget equation (A + F + U)

Cy This value of ingestion was determined by direct measurement.

This study, unlike the majority, provided an internal check on the

energy budget equation. P, vulgata's annual energy consumption (¢)
calculated as A + F tallied very closely with the yearly éonsumption 01)

computed from the June feeding experiments (Table 39). The yearly
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Fig.2l. The partitioning of the
energy ingested by the three
populGtions,f?vulgata,L.littorolis &
N.lapillus.
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consumption calculated from the August and Septeaber experiments were lower
possibly because the feeding rates are reduced during the period of gonadzl
developuent.  The calculated yearly consumption (C) of the littorinid
populatidn checked remerkably closely with the directly measured consunmption
(C1). However the consumption check for N, lapillus wes not so close; the
measured consumption (C4) was 9.4% higher than that calculatel (C). The
egestion was undoubtedly under-esﬁimated as there was no estimate of faecal
production, However, unlike the liméets and littorinids, faecal production
was probably low as the ammonia production was very high. If the measured
censunption (01) and ammonia production were accﬁrate then the feaecal
production will have been 2.76 Keals/m?/year.,

Components of the energy budget are discussed and compared with these
of marine molluscan values found in the literature (Tablé 59).

A high percentage of the assimilated energy (A) was lost via
metabolism (R x100/A) in all three species, 75% in P. vulgata and M. lapillus
end 60% in L, littoralis, These figures aré.ﬁithin the 58 t» 1% ranze
for metabolic loss quoted in the marine molluscan literature (Table 59).
Most are between 70 and 88%, so g; littor;]is has a relatively low loss,
MacNeil and Lawton (1970) suggested fhat long-lived poikilotherms, where a
populatién is in excess of two years o0ld, lose more of the assimilated
energy via heat loss, Such animals are supposed to experience high
respiratory cost non-productive periods, such as during winter at higher
latitudes or during aestivation, so that ennual production efficiencies are
low, All three species fall into this category, thoﬁgh L, littoralis lives
on average under three yéars.' The littorinid's only lcw preductivity
period was when growth decreased during winter, for although growtn
terminated on maturity the animals spawned at regular intervals until death,
Eg lapillus and P, vulgata both had non=productive periods since the former
stopped growing on maturity and was then non-productive cxcept for two

periods each year when spawning tock place. Although growth in the latter

P

e A, 1N A TS YRR 33 S e

sl WAL o R T

[P C



Table

59 A comparison of various energy budget componenits for various marine molluses.

Ax100 Px100

Species Units A P Rx100 Ax10C Px4100 Ex100 P I Source
' A C A c B P. c index

Aplysia Keals/B0 days 59-82  59-71  18-41 3253  15-35 Carefoot (1967)
punctata :

Modiolus Kcals/mz/yr £5 16.7 70 30 0.28 17 Kuenzler (1951)
demissus -

Iytilus g/78 days 29.7 0.36 .10.0 Tencre et al, (1973)
edulis

Crassostrea g/ 78 days 51.0 0.46 18.4 Tenore et 21.(1973)
~virginica .

Crassostrea Keals/m2/yr 9780 4132 58 L2 2.01 16 . Dame (1976)
virginica ’

llercenaria g/78 days 54.4 C.45 23.7 Tenore et el (1973)
mercenaria '

Scrobicularia Kecals/ml/yr 336 70.8 79 61 21 2.4, 0.59 48  12.8 1.2 Hughes (1970)
plana- ’ ‘
“Tellina mg/yr 38 8 79 21 0.49 L5 Trevallicn {1974)
-tenuis

Nerita Kcals/mz/yr 242, 29.3 88 L0 12 3 0.78 29 ‘5.8 4.5 Hughes (1571 b)
tessellata

Herita Kcals/n2/yr 8.5 7.6 87 39 13 5 0.63 12 5.1 4.00 Hughes (1971Db)
versicolor : . ’

Nerita ‘I»caIS/mz/yr 15 21.7 g6 L3 1% 5 1.25 17 6.1 5.64 Hughes (1971b)
pelomata

(continued)
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Table 59 (continued)

) . Rx100 Ax100 Px100 Ex100 - P Ax100- Px100 I
Species Units A P A C A C B P C  index Source

Fissurella  Keals/m’/yr 190 50.8  73.3 34 27 8.0 L.10 10 9.2 12.21 Hughes (1971a)
barbadensis '
Tegula Keals/w2/yr 637 59 91 59 9 L 0.7 15 5.5  2.36 Paine (1971)
funebralis
Littorina Kcals/n?/yr 290 40.6 86 L5 14, 0.81 6.3 3.5  Odum & Smalley (1959)
irrorata ’ : '

ittorina Kcals 87 1.27 Grahame (1973)
littorea )

S. Floridien g/m?/yr 12.1 1.27 65 Borkawski (1574)
Littorinidae _ 5"& §§ T

Patella Keals/m2/yr 452 36.6 76 27.0 2L 2.3  0.45 62 6.6 2.07 This study

nigata (1974) '
Patella Keals/m2/yr 16k 41.8 T 27.0 26 - 3.2 0.50 55 7.1 2.13 This study
vulgata (1975)
Littorina Keals/me/yr 138 55.3 60 72.7 40 17.0  2.30 36 23.4  2.31 This study
littoralis . -
Nucella ; Kcals/mz/yr 2401 5-9 75 7501 25 160# 1.04 1 oll' 1805 1-53 This Study
Japillus

gzL




120

continued thnroughout life, it was practically negligible in the animals over
four years., Gonad development and Spawning taks place in late suamer to
early winter, so therefore these anibals were relatively non-productive

from mid-winter to early summer,

The net growth efficiency (P x1C0/A) is the percentege of assimileted )
energy not lost via metabolism, which was 25% for P, vulgata und N, lapillus
and LO% for'i; littoralis. These are within the raﬁge, 9 to 427, quoted
in the marine molluscan literature (Table 59).

The gssimilation efficiencies (A x100/C) were 27, 73 and 75% for

P, vulgata, L. littoralis and N. lapillus respectively. The range in the

marine mollustan literature is 34 to 87%, and the limpat's efficiency was
below this fange. - P, vulgata ingests numerous specles ¢f sporelings,
algae, diatoms, etc., and probably lacks the necessary enzymes to digest
many of them, which woculd account for;the low assimilation efficiency.

Fissurella barbadensis (Keyhole limpet) has a similar feeding behaviour to

P. vulpata and also has a low efficiency of 34%, (Hughes 1970). XAccording
to Ward (1967) all the ingested material except the blue-green zlgae passes
through the gut relatively unchanged. The assimilation efficiencies for

Aplysia punctata varied between 59.71% depending on the food species

Carefoot 1966). The littorinids and dog-whelks have high efficiencies
compared with most molluscan species (Table 59). Welch (1568) states that
the lower the assimilation efficiency of an animal the higher is its net
growth efficiency, or in simple terms, the less energy an animal extracts
from its food the greater is the percentage used for growth, and the smaller
is that used for respiration. The net growth efficiency was plotted

against assimilation efficiency ucing data from this study and the warine
molluscan literature (Fig. 22). The points, for all but L. littoralis, do
not fall near Velch's plotted line and certainly do not show his relationship,
The line Welch determined vas conputed usirng a variety of marine and fresh

weler animals which included only one molluscan species, Aplysia puncteta,
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Marine mclluscs appear to have no relationship at all between assimilaticn
efficiency and net growth efficiency, which is contrary to Welch's statement,
The ecological efficiencies (Ex 100/C, where E is rortality) were

2,3 to 3.2, 17 and 16.4% for P, vulgata, L. littoralis and N, lapillus

respectively. P, vulgéta had a low efficiency as the population was
doninated by older animals (6 - 8 years) which have a low annusl mortality.
Although the juvenile mortality was high it was more or 1es$ negligible |
cdmpared to the biomass of the population.‘ L, littoralis and N, lepillus
had a very high efficiency. Their mortality rates were very high, fo}
adults és well as Jjuveniles, P, wvulgata, especially the adults, probably
had very few predators on this shoré, whereas a large number of species of
fish, birds and crustaceans feed on littorinids and dog-whelks (see Pettitt,

1975).

'\ The turn-over rates (P/B, where B is the average biomass) for

B. vulgata, L, littoralis and N, lapillus were C.45 to0'0,50, 2,30 and 1.Ch

respectively. The range in the marine moliﬁscan literature was 0,28 to
5.54, with the majority under 1.0 (Table 59). P, vulgata had a low ratio !
due to the limpets in this population having a relatively long lile

expectancy (up to 13 =15 years, Fig. 12) and being dominated by older

énimals (6 -8 year olds, Table 8) which only had a low growth, so that even

though the juveniles' growth production was high it had little effect on
the ratio. L: littoralis had a high ratio due to the lititorinids having a |
short 1life expectancy (under 3 yeafs)-with the average adult life expectancy
10 months, so the high juvenile growth production made a large contribution
to the ratio. Although the adults made no‘g;owth producticn contribution,

the spawn production was high. The life expectancy of N, lapillus was

intermediate (5 to 7 years, Fig. 17), jﬁvenile growth was very high, but
the adults made no growth contribution and the spawn production was low, so
the ratio was in between that of P, vulgata end L, littoralis. Using the . i
P/B ratio it should be possible in future years to estimate the production ?
i

of these three populations by measuring the mean annual biomess ard



multiplyihg this ty the B/B ratio, thus avoiding the rore icngthy studies
required to calculate production directly., Unfortunately the R/ﬁ raties
are very limiting as they can only be sefely appliéd to populations under
the same conditions.

The relat*onship between annual production and annual respiratica in
Kilocalories/m?/year was exanined for this study armd that of the literatures
on other marine molluscs (¥ig. 23). The productions we;e between 1 and

100 Kcals, except for Cracsostrea virginica (Dame 1976) with 4,132 Kesls;

if this value is omitted moiel A is obtained (Fig. 23):

vhere log,, P -0.0478 + 0.7255'10310 R
Log,q R = 0.6525 + 0.9651 log,, P
MacNeil and Lawton (1970), who examined this relationship for a large
nusber of aquatic and marine poikilotherms, obtained e model (mcdel B in

FPig. 23) very similer to model A. Their production values were &lso in

between 1 and 100 XKcals:

i

vhere log,, P -0,2367 + 0.8233 log, R

0
log10 R = 0.,3757 + 1.0733 log10 P

If the Crassostrea virginica value is included, model € is obtained

(in Fig. 23):

where log,, P -0.6382 + 1,0310 log,, R

log10 R 0.8296 + 0.8350 10310 P

Model & and that of MacNeil and Lawton (1970) are useful to predict
Year productionsbetween 1 and 100 Kcals/mz/year for poikilotherms but are
probably not accurate if extrapolated beyond these values. Production values
over 100 Kcals/m?/year possibly require a different model, but unfortunatcly
the data are not available to construct one, |

The spawn producticn of P. vulpata, L, littoralis end N, lanillus
conprised 62 to 55, 36 and 11.4% respectively of the cozbined total of

somatic and spawn production (Pr x1CC/P). The range in the literature for

marine mollusce was 10 to 85%. This was of particular interest as uutil




Fig.23. The relationship between annual
production(P) and the annual respiration(R.)
in marine  mollusc  populations. A; is the
line through the points  neglecting point 3,
B, is McNeil & Lawton's line and Cy is the

line through all the points.
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recently spawn production has generally been considered a relatively minor
component of production, but this is otviously not the case for many merine
molluscs. Limpets over four years old partition over 90% of their production
into spawn, and an average seventh year limpet prodﬁced 1.C9 and 1.27 Xcals
of spawn respectively %or males and females, while the growth production
was 0.11 Kcals, so 91 and 92% of production was as spawn. a1 the
production of the littorinids and doé—whelks was channelled into growith in
the juveniles and spavn in the adults,

The growth production was partitioned as tissue and shell growth,
Shell production constituted 11 to 12, 19 and 12% of the totad for

P. vulgata, I, littoralis and N, lapillus, 1%% ol the shell production

of the dog-whelk population was partitioned for shell thickening &t
maturity; 18-21% of the shell production of individuals matured.

The gross ecological efficiency (P x100/C) for P, wvulgata,
L. littoralis and N, lapillus was 6.6 to 7.1, 23.4 and 18.5 respectively,
.The rarge in the marine molluscan litereture vwias 5.1 to 355 (Taxle 59).
The efficiency for P, vulgata was low compared to the other two (epproi-
mately a third of N, léEillEE), largzely a; the ussimilation efTiciency was
27% compared to 72 and 75%. This neant that the limpet had to consume
three times the amount of'food to assimilate the same crergy. The
littorinid efficiency was 407 higher than the dog-waelk as the metabolic
energy loss was 60ft compared to 75% in the dcg-wholk.

The ingestion indexes were 2.07 to 2,13, 2,31 ard 1.53 for

P. vulgata, L, littoralis and N, lapillus respectively, which 21l within

the range of 1.26 to 12,21 in the marine molluscen literature (Table 59).

g
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APPENDIX 1

Micro-bomb calorimeter: A Phillipson oxygen micro-bomb calorineter
produced ty Gentry Instruments, serial no. 239, and a potenticmeter

recorder, Unicam AR 35, were used, Phillipson (196)4) describes the

design and operation of the calorimeter.

Gilson respircmeter: The respirometer was a modified Gilson G.P, 44 which
is a constant pressure type. A refrigeration unit was adled to enable
the experiments to be carried out below room temperature, Dunn and

Arditti (1968) describe the design and opsration of a Gilson respircmeter,



APPENDIR 2

Aspects of Homing in the Limpet, Patella vulgata L.

R.G, Hartnoll and J.Z2, Viright

Homing is a widespread phenomenon in limpets: it cccurs in the
pulmenate siphonarian limpets (see Cook & Cook 1975 and Thomec 1973 for
full references), and in proscbranch limpets of both the Acraeidae
(Galbraith 1965, Hewatt 1940) and the.Patellidae (see Cook et al. 1969

for references). This ability is an important component of the lirpet 1ife
style, and is a necessary consequence of the need both to forzge afieléd for
the algae on which they graze, and yet to have a hume site vhere the shell
of the limpet accurately matches the contours of the rock; Since they
lack an operculum limpets depend upon the exactness of tﬁis natch to
restrict desiccation, A proportion of limpets adﬁittedly change their
home site from time to time (Jones 1948, Lewis 1954), more commonly emongst
fhose frequentiné smooth surfaces (Jones 19&8), but even here honing is

distinctly the normal behaviour,

This study deals with patellid limpets, two aspects of whose hoaing
behaviour have previously attracted attention. One is the mechanism by
which homing is accormplished (Cook et al. 1969, Funke 1968). This was nob
investigated, and will not be considered further except to note that the
consensus is now that chemical trails laid on the rock nust bevinvolved.
The topic of this study is the timing, distance and speed of the foraging
movements which culminate in & return to the home site., Previous
observations on speed and distance are sparse, and will be dealt with in
discussion, but the earlier studies on the timing of movement in Patella
vulgata reveal some sfriking variations. Orton (1929) summarized previcus
work and added his own from the Plymouth area, concluding that whilst sone
foraging occurred when the limpets were uncovered in conditions of shade or

humidity, the bulk took place when they were immersed at high water,



Jones (1948) end Cook et al. (1969) recorded similar behaviour in the Isle
Qf Man, but in Alderney Cook et al.'found that foraging was limited to
nocturnal low waters. Laboratory studies on material from Rescoff (Funke
1968) revealed a similar preference to mové in darkness, but with a less
pronounced preference for low water. None of these earlier studies
included observation dvring nocturnal immersions, and in view of this and
the surprising variations noted above, it was decided to meke a further

study of homing behaviour in some populations in the Isle of Man,

Methods

Observations were made at two sites in the Isle of Man, both situated
at approximately mean tide level. One was on é smocth and fairly level
ledge of carboniferous limestone at Derbyhaven, the seccnd on the horizontal
upper surface of a r;pgh concrete jetty at Port Erin, At each site a small
area containing fourteen limpets was selected, Each limpet was numbered on
the side of the shell with waterproof paint, and a small dot, from which all
measurements were taken, painted on the apex. At each site three bolts
were fixed into the substrste in a roughly equileteral triengle, and their
positions carefully determined. During subsequent observations the position
of each limpet was calculated by triangulation after the distances from the
apex to the three bolts had been measured. VWhen the areas became immersed

at high water observations were continued by diving both by day end night,

Result§
' Obsefvations were made on seven occasions between June 12th and
September 15th 1975, and consistent results were obtained from the two
locations, During darkness no significant movement occurred, irrespective
of whether the areas were immersed or uncovered, In dgylight the limpets
remained at their home sites whilst uncovered, but foraged once they became
immersed. As soon as spray frcm the waves started to reach them regularly

as the tide rose they began to move, they were at the maximum distance from

honme over the time of high water, and then returned home one or two hours




before the area was uncovered again on the ebb. Table I shows that the
proportion of limpets foraging on each occasion varied from 64% to 86%, with
& mean of 7&%, so that on any one dgy at that time ol year only scme three-
quarters of the population.feed. The greatest distance reached from the
home site was 1.21 m, end the mean distance 0.41 ¥ 0.09 m, The total
distances travelled on zach excursion will have been rather more than twice
the above figures because of the meandering path taken duriné the feeding
period., A detailed analysis of the movements on the Derbyhaven site on

June 12th is presented in Teble II and Figs. 1 & 2. Novement began &s soon
‘as the site was submerged, and the limpets moved fairly directly to the
feeding areas at a mean speed of 407 oy ox 1O~6m sec-1. By one and a

half hours after immersion the limpets were near the maximum distance from
their home sites, and for some two hours they grazed on érowths of 2lgae

and diatoms, moving siowly at a mean of 14 £ 6 x 10—6m sec™'.  They then
returned home rapidly, with a mean speed of 92 ¥ 35 x 10_6m sec-1, and all
were at their home sites at least an hour before the area was uncovered by
the falling tide.

The survey of September 15th clearly demonstrated the interzction of
the tidal and 1light / dark cycles in regulating the foraging activity. On
that occasion the area was immersed at 18.30, it became dark at 20,30, &and
high water was et 21.30. All limpets were at their home sites until
immersion, but at 19.30 4%% had moved to a mean distance of 0,36 m.
However, at 21,30 all had returned fo,théir home sites, whereas if darkness
had not intervened they would at that stage of the tidal cycle have been

feeding at the maximum distance from home.

Discussion
Three aspects of foraging behaviour will be considered in turn - the

tining and control of movement, the speeds involved and the distences

travelled.
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Fig.l. Plots of the movements Of  individual
limpets at the Derbyhaven - site during
the daylight immersion of 12vi75.
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Fig.2. The average speed of movement
(solid line) and distance from home site
(broken line) for the foraging limpets on
the  Derbyhaven. site during the
daylight immersion of [2vi75.
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Table I Patella vulgata: An analysis of the incidence and extent

of foraging movements in the Isle of Man and in Alderrey
(for the latter using data from figures in Cook et al. 1969)

Location Number Number Percentage Maximum Mean
' observed moving moving movenent mozement
m m
Derbyhaven 14 9 64 0.8 0.4 * 0.1.8
12.6.75
Port Erin TR 12 86 1,21 0.29 ¥ 0.21
7.8.75 :
Port Erin 14 11 79 1.00 0.37 * 0.19
13.8.75 ‘
4.9.75
Total: Isle of Man 55 41 76 1.24 0.4 % 0.09

Alderney - 21 - 0. 36 0.17 * 0.03

Table II Patella vulgata: Analysis of the movement of individual
' limpets at the Derbyhaven site on 12th June 1975 (as
plotted in Fig. 1) '

> - .z
No. of Meximum Outward speed Feeding speed Return speed

1i distance from -1 -6 -1 -6 -1 -6
mpet home site (n) (msec "x10 ) (msec x10 ) (msec  x10 )

1 0.20 37.5 9.7 55.6
2 0.21 55.6 X 8.3 L4.5
3 0.84 187.5 25.0 173.6
6 0.56 150.0 9.7 108.3
7 0.57 159.7 8.3 109.7
8 0.55 143.1 ' 9.7 122,2
9 0.60 136.0 23.6 125.0
10 0.19 52.8 - L1.7
i 0.2k 3.1 . 153 AN

Mean 0,44 * 0.18 107.2 * 444 13.7 ¥ 5.6 91.7 ¥ 35.4

m— e o




This study confirms_the earlier observations on the timing of

ey

foraging in Manx populations of Patella vulgata, but in doing so serves

only to accentuate the behavioural differences within the species. On the
one hand the studies at Plymouth (Orton 1929) and the Isle of Man shcw that
foraging occurs when the limpets are covered at high water, and in the Islg . ;
of Man at least only during daylight immersions. In contrast, observations
at Alderney (Cook et al. 1969) end laboratory work on material from Roscoff
(Funke 1968) showed that movement is predomipantly at night when the

limpets were uncovered at low tide. - At Alderney the high-shore populhticns
showed some movement ﬁhen iﬁmersed, but the mid-shore limpets, which are
comparable to those studied in the Isle of llen, moved little except when
uncovered. The onset and cessation of movement were clearly correlated

with sunset and sunrise respectivély (Cock et al. 19€S, Fig. 2), again the
converse of that observed in the Isle of Man, There is no obvicus
explanation for fhese intraspecific differences, but there is possibly a
consistent geographical trend, and further ihvestigation of this would be

of interest.

Observations on other prosobranchs reveal yet wore diversity. In

Alderney Patella depressa had a pattern of movement reserbling that of

F. yulgata, but the low-shore P, asvera had no clear periodicity (Cook et al. f
1969). In coptivity the Mediterranean P, caerules feraged at nocturnal high
water (Funke 1968), vhilst in the field the South African P, grarularis did

80 at nocturnal low water (Stephenson 1936). Acmaea scabra (Hewatt 194C)

end Acmaea digitalis and Lottia pigantea (Galbraith 1965) all forage during

diurnal high water. The only unifying feature in the presobranchs is that
there is one relativeiy long period of feeding activity each day, and fo
ensure protection from desiccation this is either by night, or at high
water, or occasionslly both., All of the pulmonate limpets which have been
studied show a quite different pattern of movement (Coo: 1969, 1971,

Ohgushi 195k, Thomas 1973). There are relatively btrief pericds of activity




whilst the limpets are being covered by the rising tide, and azain as the
felling tide uncovers thém, but they are inactive at hipgh and low water,

At least Scme of the species forage both by day and night. This limitetion
of activity to the periods of semi-éubmergence correlates with the basically
iair breathing respiraticn of the pulmonates.

Movement in Patella vule.ta must be controlled ultimately bty the
tidal and light /dark cycles, either as a direct response to the changing
environment, or through intrinsic rhythms entreined by the environrmental
Variables., Mostly the onset and .cessation of movement in toth the Islc of
Man and Alderney correlate with gross environmental chenges - the comipg of
light or darkness, corerage of the area by the tide, or the fall in hydro-
static pfessure as the tide falls ~ so that the role of any intrinsic
rhythns is not epparent. However, in Alderney the homeward movement
commences well before the rising tide reaches the limpets, indicating a
rhythrmic component.

There are few other observations on the speed of limpet moverent,

1

Cock et al, (1969) record a maximum of 250 x 10-6ulsec- for Patella vulpata

over a five minute period, and this is a better estimate of the maximun
speed than the 188 x 10"6z:1sec>'1 of the present study based on & one hour
observation, The only record of another species is for Sinhonaria

6

Pectinata, which can average 560 x 107 m sec” | for five minutes (Thomas
1973).
The distances travelled from the home site are somewhat better

documented, From the figures in Cook et al. (1959) it can be determinecd

that Patelia vulpata in Alderney moves a maximum of 0,36 m with a rean of
0.17 % 0,03 m. These journeys are significantly shorter than those made by
the Manx specimens, who perhaps move further because they do so whilst
?6vered by the tide. The records for other species form no consistent

pattern., In South Africa-Patella.granularis meves up to 1:5 m, but

2. EEESEESEEQ and P, cochlea move 0.1 m or less (Stephenson 1935).




ﬁcmaea_gigitalis and Lottia giegantea travel on average 0.13 m and 0.08 m

respectively (Galbraith 1965), and Acmaea scebra up to OJ4 m with an

average of 0,19 m (Hewatt 1940). Sivhcnaria pectinata can move up %o

0.75 m, but 0.1 m or less is normal (Thomas 1973). Cn the basis of this

rather scattered information Patella vulpeta in the Isle of Man is one of

the most mobile of limpets.

Sumnary

In two populations of Patella vulgeta in the Isle of Man foraging

activity is restricted to daytime high waters, with about 75% of the
population foraging on any one day. Movement commences as the tide cevers
the linpets, and they travel an average of O.4 m firom their home sites to
which they return at least an hour before the falling tide exposes then
again, The mean speed on the outward and return journeys is around

100 x 10-6m sec-1, and during the intervening browsing period about

% x 10.6nxsec"1. This behaviour contrasts,with that of the same species %

in Alderney, vhere foraging is limited to nocturmal low waters; there is

Possibly a geographical trend in behaviour. Patella vulpata, especially

in the Isle cf Man, is one of the more mobile limpets.
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