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. ABSTRACT
3 : . w
AU
Two series of feeding experiments were carried out

on Liétozina littorea, each using three groups of 33, snails.

At ‘Bonne Bay, each group was fed one of . Ascoghxllum nodosun,

Fucus vesiculosus, and Lam).naua longicruris. Algae used at

Logy Bay ‘were‘ the same, except that.the third was Laminaria
digil;ata. Controls were of two kinds. ' An initial group’ qf
33 was measured and weighed; then killed to-obtain dry
WOgHLR . GALGELG COntRt ARG st GoRELLES e second. control
was a group of 100 marked snails, weighed and measured;- then
released upon the shore. At the end of six wesks; 15 of
these were recovered alive. Data and discussion are provided
for the 13 identifiable snails. ) P

The expermental anxmals were marked, welqhed and

measured. During six weeks, record was kept of the amount o&f

food- i d--and-the amount of £ At—the—end

Of the experiment, animals were again measured and ‘weighed;

they were then Killed to obtain dry weights/ calorie content.
@

..and ash content.

The results generally show a decrease in all measure-

ments. Shell length remained urichanged in four groups,

‘increased slightly (but significangly) in two. Wet weights

decreased in four groups) significantly. in one, and increased




‘With other factors considered, the Bonne Bay Laminaria group

=4

in ‘two groups, significantly in one. “Dry weight decreased

in all, groups, significantly in two. Highly slqulcaﬂt

d/ecreases in caloric content occurred in all six gx'oups.

shoded a gain in caloric content. Factors causing this e

gain are discussed. s : :

Lack of growth is considered to be due to conditions!
of captivity, natural periods of decrease in q:owth, and
especially to the ptohable unsuxcabuity nf the algae used

as food.
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INTRODUCTiON g ¢
- A o 3 &

a littorea (L. <) v the*cumman penwmkle, i

occurs most commanly in that paxt off_the xn}tezt—xdal zone

: . characterizdd by rocks made” lippery.by a mat of microphytes -

and.encrusting algae.’ That periwxnkﬂes graze on this algal
fxlm 1§ generally accepzad .as a’matter. of observation. T

p U ”
have seen on a ccbble beéach a band of Dittorina littorea,

4

seven or eignt )n;h.v}duals w?de and beveral mebres, long; slowly.
advancing up the beach. ‘Before the snails, ktis ocks were.

A ‘covered With a ).ayex of green alqae (ChIorophytas u:osgoxa

™ bentcillifornis and urothrix: flacca)l bemnd, the focks ™y

were bare’as a resull of the grazing act;vu:xes of the snails.( "

While mE}ry workers . have apparently made’ the samg observation

(Haseman, 1911 Neweu/gsss .Lewis, 19647 Southward, 1964),.
_and at 1eas£ one study (Nenén et al., 1971) has: made use

: Dof sncalgal film 0" study the féeding rate-of L./littorea,” ' 3

" several workers “have .indicated that the -winkle can, and does

(at (‘.m\es) feed on 1arger algae Tattersall (1920) attubutes

to elebgad e Rep. Danish ﬁxol Statxon,‘ 1915, p. 66) the - ¥

obgervation éhac L. littoYea is,“able to

e off the txpi S P el

of’ l4rge £resh algae.

Scx.tosxghon lomentarius (sic) and Halosachon
'ramentaceum wEre mutxlated And eaten” by r.he penwmkle. .

Bell. (1927) réports that fronds Df

such algae a:




frond of Laminaria sp. Graham (1971), referring to the . O
‘family Littorinidae, Lo that while they feed mainly on' .,

the film-of detritus on rocks, "they also rasp weeds."

experimental animal. Williams (1964). gives a review of.the
to the species of the family Littorinidae and of their
“‘aigengan parasites (James, 1968). Williams (op. cit.) :
.living on the open codst and in estuaries. Newell et a

. Arnold (1972)' réported on salinity tolerances, ‘Cotmelius

Wright '(1936) observed a'groug of large winkles devouring'a . E

Thﬁs, there seemed to be sufficient reason'to think that
macrophytes could be used. with some measure of succéss to
carry out quanhtatwe feeﬂmg expenments on L littorea.
Probably hecausg this particular, gastropod occurs’
abundantly in most pl:ces where it occurs at all, ; great
variety of research has been carried out using it as an

main work up to that time. Subsequent.work includes a key

studied.the growth and distribution of L. littorea populations.

Fish (1972) compared growth and. breeding of populations )

(1971) xnvestlgated some, factors influencing rate of feed«gn

7

(1972). on’ thermal acclimation, and 'Sandison (1966) on ‘oxygen

consu.lﬁption" in relation tq zonation. ' The relationship

between temperature and respiration was also studied by

Sandison. (1967): A series of investigations' by Newell and -

Pye (1970a and b; 1971a and b) was carried out' to exam‘gne

the i of e, }iate of metabolism, body

size, and oxygen consumption in both intact L. littorea amd . .

e T
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cell-free homogenates of the’soft: tissues.

3 ) ; ) Many workers have investigated s\ome aspect af 5

A
energy utilization by gastropods; the scope of such work

— may be illustrated by the following exa.mpli. Paine (1555)

made a. field study of the carnivorous opisthobranch,

Navanax inermis. -Population density in the field, and =

guantity of food in the gut of individual Navanax vere

known; ‘the ).nvesthatcr calculated caloric value of thd
prey, oxygen cons\unptxon of the predamz and length.of <
timé food remained in the gut: - He was then able to detenﬁine

the amount ‘of energy available .for growth in the field.

In another study, this one: involving the intertidal

' N
herbivorous ‘gastropod Tegula funebralis, Paine (1971a) was
able to estimate energy flow at the population level, based
on ms study of two subpopulations of the spel:xes. The

subpopulauons were dxstlnguxshed on the basxs of thelr

position on the shore, and exhibited differences in ecological.’

efficiencies, as well' as in several other characteristics. @ »

a'sinilar study was carried out by Sutherland (1972),who kS

compared growth and biomass of two populations of Admaea .

scabra (Gould), one at a-high level on the shore; the other .

at a low level. g R 3
odum and'smalley (1959) went.a step. further in the ¥

study .of pqpnlatxon energy. _flnu, when they compareﬂ ,tw."

species of salt ma"fsh inw(erf_ebtates, one a-h-erbiverous " .‘

e
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grasshopper, Orchelimum fidicinium, the .other a detritus-

feeding gastropod, Littorina irrorata. They concluded

'
that populations which are-very. different in life history,

age structure and metabolic rate cannot be compared on the .

. basis of numbers and b'icmas.sr studies of energy flow are
necessary ‘t‘o tnderstand the true role of populations in’
a.community. ’ ' \

’ " Carefoot (1967a) did ‘a comparative study of

nutrition and growth'in three species of molluscs, based

on total toog energy, and the total energy of growth, = &
* metabolism, excte\tion and secretion. In anoeher'study,
Carefoot (1967b) investigated ‘a single species; Aplysia

punctata, which .he fed a variety of marine algae. Wi‘de(

variations in the results were directly attributable to
9

differences in the diets of the animals.

: i
N The present study was an attempt to investigate

' some aspects of the energetics of Littorina littorea, based

on a series of feeding using tes so that '
quantitative food intake during a given period could be
estimated with reasonable accuracy. It Gay wehlized ur

_the outset that' this was a wholly contrived study\, performed

in a laboratory under conditions which could not be designated

‘natural’ or 'normal.’' - Nevertheless, in view of the many
difficulties which would be encountered were one to attempt

quantitave feeding of the 'normal!’ fare of diatoms, detritus,’,
G




a simple running seawater system\adequate for IBP work, *

. feces were collected from each'vindividuaxi}u At the end-of
4

and fllam‘entous mxcrophytes, the use of macrophytes seemed
_justified, especially since preliminary experiments had shown
that the snails did eat sluch'foud.' tf e
- MATERIALS “AND ‘METHODS
The 1mt1aL ‘experiments’ were carried'out at No:ns . B
Point, where the author wasynmanly engaqed in research
for an IBP project sponsored by McGill Univérsity. Several .
factors in these expenments‘were, directly ‘'or indirectly,

related to or dependent upon, the IBP work. For example,

difl not permit’any form of’.temperature control. That the
seawater was changed at irregular intervals was due to
scheduled IBP duties. A drying temperature of -60°C vas used -

because the only available oven was required to be kept at

. that temperature for the IBP work. However, this temperature

appears to be-used. fairly commonly .for such drying, and

was considered suitable for the present experimerits. . Y
Briefly, each experiment consisted of feeding *°
individual snails (whose size ard weight were known) a given

quantity of food over a specified period. During that time,

the experiment, each animal was again measured and weighed;
it was then killed so that dry weights could be obtained..

Subsequently, calbric’'content of the dry matter was determined,




. uttcrea.

as was the ash content. Similar determinations were made

on the food algae. . The resulting data were in:endéd to be

used to make aome estimation of the .use of energy by L.

Two series of experiments were performed, one at

the Bonne Bay Biological ‘Station (Norris. Point, Bonne Bay, .
:Nfld‘,, 49°31'N, 57°06'W) - from 3 August to 15.,September, 1971, : b
and the othe: at the.Marine Sciences Reupatch Labotatory
(Logy Bay, Nfld., 47“34'“, ‘52°41'W) from 8 Novem.ber to

19 December, 1971. In each series, 99 snails were used,
divided“inté three groups of '33. Each.group was fed a ¢
different alga, as iollws:‘ 'at Bonne Bay, Ascophyllum

nodosum, Fucus vesiculosus, and Laminaria longicruris; at

Logy Bay, A. nodosum, F. vesiculosus, and'L. digitata. <

Controls were of two kinds: a group of 100 snails,

representing a sample sinilax to the experimental groups, 3

was released on the shore from which the entire experimental
5 N ! >

population had been collected. The snails in this 'shore —,%

group' were marked, weighed and measured prior to being

released. They remained on thé shore for the duration of:
the experiment (six veeks), after which an attempt yias made
to recover them. o 7. :

The ‘second control used in each series of pxperiments
was an additi‘_ona!. group of 33 snails, similar to the '
éxperinental groups: The snaild in this ‘initiallgroup’

were marked, weighed and measured; they were then killed

/
: [-




and removed from ‘the shells and opercula. so ‘that orig;nal‘

dry wezqhts and caloric values cculd be obtained for later
companson with ‘the Gorresponding 'final' values obtained
2

' Of the 100 snails released on the shore,” 15 were

fm‘\n the experimental animals.

recovered alive at the end of the six—weel7/ period; data for

these are provided. A similar group of 100 was released at

the begxnnxng of the Logy Bay experimefits; of these, none

was recovered, due to ice cov€r in the intertidal zone at

- the time the experiments were completed.

A Collection of snails and selection

of eiperimental groups

* In late May, ‘1971, several hundred perivinkles
were collected during low tide, throughout the lower inter-
tidal zone at Burnt Point, Bonne Bay. The snails were placed
into a'large fibreglass tank supplied with running seawater;
several pieces of shale, as well as a few large bunches of
intertidal macrophytes, were placed .into the tank. At
irregular intervals, the tank was drained for penoas of

several hours, exposing the snails to drying conditions;

no attempt was made to imitate tidal rhythm. The animals
were maintained thus for several weeks while prelimifary .
experiments were performed. Dead snails were removed when

discovered.




* the tank and divided‘mtd four atbitrary size q:oups.

; dlstrﬂ:unon “is summarized Ain Table 1.

Table 1. /.Size aiaci}bunioniof original

.groups of snails (Bomne Bay experiments)
: ; AL *pe

v

.Pnor to estabhshxng the expetimental qroups,

4 few hundred :andomly selected snails were removed from

The.

Si}z; (mm)” " ‘No. Of
Iy g Snails’ ke
Y T mT S :
62 15.5 :
3 277+ 5 69.4
T e ST
i T e __lob:o"

~Because of the small number of ind:viduals less than—n"

10 mm, this group was cmxtted from the study. The

experxmental animals were selected so that mey approx:.mated ]

the percentagez given in Table 1y it is assumed these

. population. An experimental’ group of 99° snails was selected;

pmportinns reptesented the. size. dxstnhution in the natural

using. random numbers, from the 392 snails in the .10-25mm

Table 2.

{gfoups of Table 1..

The .size distribution is given in-

L AT SO da i ol




same way, ‘to .be .used as a control qxoup. A final Vgroup, _of

".100 was selected, approximating the natural population
1. Its size dxstributmn was:' . 10mm, 2; 10-: 15;'un, 16; 16-. zo

69~ 21—25m, 13. Memberk of this qmup were 1nd1v1dually
; markad. measuted and welghed, and ‘then released on the shore

\fs a“'natural’ control group. .| L

"»Tabie 2, Size distribution of experimental /

group of snails. (Bonne Bay experiments) .. . i .

< size (mm) 1. . . No. of A
; % o Snails ‘. :
Fygoas R 15.15 .
Te-ag "ok ST e N eagee A e R
21225, L1587 . & 15.15 ! ‘
997 T L 300.00 i

- TOTALS .'. _

o ol sopdt B. ' Marking and méesuriné‘ N
) : : ot ; g
When the snails had been‘out of the water 24 hours,
;.he ;hells were marked ‘With fine sandpaper, a small area
on the uppermost surface.of the' shell was lxghtly sanded to
:emoVe irzegulannes and. attacheﬂ organlsms. A very small

dmp of .acetone was apphed to remove traces of moisture,




growth. . When the pamt was d&y, each ‘snail was numbered

=

accurate~to 0. 1mm, the customa 1ength, obtained by

‘most distant point.on the 1ip, \was'xecorded. %3

2 (Seawatex was vacuum—pumped t_htou\gh a Whatman G P/c fxl}:er

'been lost ‘or obhterated during six wéeks.

and-.a smau patch of plastic model enamel was painted on‘.

At the same time; a th)n lzne of enamél was applied to

the |edge of the 1lip, to be a visual indicator of. shell

using India ink On\she\p\aint Lpot. This method'of marking

proved very successful in- the llaboratory, no lahels havinq ;

Measuxements were made' with a verpier ‘caliper

neasuring parallel to the stiell axis Fron the apex to the.,

o c: We_iqh‘ing
\

'l‘he five qroups of 1abelled and measuxed snalls

were placed into tanks contaminq only f:.ltered seawater.
1.

at'a pze‘*‘ssuze of 30-40cm:Of. mer ur‘y ) . Snails were wgighed
at the end of a three-day penod, duru\g which fooﬂ was

withheld to pemlt cleanng of’ the gut. .In preparatxon

for wexghmg, one entire group was placed’ into a finger bowl’

completely filled with filtered seawater. THe bowl was"

-.then covered, fcrclng the snaus to remam submerqed, thus

mmlmuan differences in contalned water: “To weigh an

zndlvldual, the animal ‘was dlstuxbed enough to make it with—

‘- draw; the opezculum ‘was qiven a liqht, sharp blw, causinq




| ’su‘zfac'efwacez,'- and:e{;ag,orac'i'én, a1 of wmcp canvary.:

welqhts were considered samewhaﬁ unzelxahle" (Davis, 1968).

4 wen;ht (Pame, 1965 Carefoot, 1967&, b, 1970), ‘others

~with ‘the soft parts of barnacles which "were aried quickly

“on filter paper,  transferred ts.a small tube and weighed:

complete: withdraval-and closure, .'The snau was then
“a correctmn factor, derivation of which.is described belcw.

-"particularly of @q\mtic Brenniams]

. unreluble

to qet acc rate et weights of a: A

'dxained for a few ‘minutés.” Barnes e

11

transferred to’the balance, where it was welghed under water‘ 2

The weights 5o obtained were, converted ‘to’ wat we1ghts using

Reference is frequem—.ly made in the ].n:eratuxe to -

the dszxcultxes lnherent in’ obtaining wet. weights, : .

Contgined water, adhering

cons1derab1y, gontiiBite to €i¢ problem: B very'casual .

survey of 'the lxterature reveals several trends among Hotkezs 0

m the ways they treat the wet—welqht problem.

Many. simply’ acknwledge the difficulties:

"... weight® measurements of fresh. Hallchondx‘ia were totally

(Carefcct 19673)' Teee it is not pcsslble

(Frase:, 1969) .

While some wo:kgrs refer to ian undef:med ‘damp—dxy R

attempt to standardxze their' proceduxe to varymg deqrees, 3

Hyman (1938) ttied to wet—Weigh medusae whxr:h "were simply

al. (1963) woxked

Pantelcw (1939) weighed small ttout "dried géntly with,
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" how' long to blot; what.is meant by *damp-dry'; or. to

_sta]ndatd:.ze or define these 4nd related appraaches.
Lwndes (1942) described an. elaborate method,

mvolvl{xq densxty and volume deteminations, £or welthng

aquat;c orgamsms. He had hoped to show that, when deahnq

.with"lafge:;anin&als, the ‘error ‘in airect veighing would' be p

tively const,ant. Instead “he found the

‘small’ and xel

contrary: anf.ggxor os 748 in the case of'a prawn in be:zy

He conclided that "airect wexgm' g :forms a useful check, ;

SO

‘.,but Eor accurate woxk 4t’ 1s useless

In" the present study’ on anuna].s thh max:unum wel:

weights in:the order of three

‘talns, whoae weight anrease

‘was to: be medsuréd after ‘a xe].atwely .short’. per"d, it was

vessential that wet weigh:s be as acqurate as poas1b1e. Thu Mo :

method of xndixect we:.qhing was nsed, closely resembling

that of l{ende:sun (1963), itsélf a-mod; fication of the’

. method"of Jacobs (1941) A preliminary - expenment was,

perfomed, to determlne the ratio between “difect! weights "
i

And ‘:mdxrect' weiqhts. Detalls of thb experinent folloy.

o
; 'hm ‘similai gmups SE siails were rand mly selected.

in the same manne 'as the exper:.mental groups. Snaxls in

- -group, A were mnl\be:ed 1 to 36-, thase in group B, 3 “to 72.

Both groups vere placed Lnto two finger bowls completely -

fxlled with' Exltered seawatex and covered to prevent snaus

5 from leavmq chelvaters Weiqhinq was then carried oiit as’

; descnbed earlier (p 10) -using fustva,snaxlr f_xqm group A
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* then one from-group B, until 72 luater w:!:tqhts' were 4.

obtémed Frqm this pnmt, the . two groups were treated
son‘lewhat dlfferently. :
The group A snans were kept submerged, and
. meighed difectly, ‘Having beén agitated enoigh. to’ cause ..
\uthdrawal and closuxe, the ‘snail was - remaved from the & ('

water by foxceps, shuken vigoxously to ren\cve excess water,

-he pmcedure was repeated three t. mes, pro 1d1ng Ebuz

‘gu-welghts' per snaxl an 'avexaqe" wetht was-theh

mnany the ratio of vach

obtained ;

avarage au: wetht %

d for each ik

to tha ccrrespbnding 'water Hé].ght' was culcula

of the group A snaxls.‘ The ratio ranqed from’2. .08 to 2.44;

7 with méan 2. 25,7 a1l we1ghts and ratios’are’ pxesented in’

Table a 1, Appendix A._ .

Group-B'snails 37 to’ 71 were chen welghed under water

o, obtain ‘their fwace:_~ rei

then mu].tip ed by the

: 'calculated axr welqhts

u'he :esults show a

? ,usmg the standard t—test.

o

15 no slgnificant di{fetence betueen the meana. " Therefore,




" the: ratw 2.25 was unsxdered a rehable co‘;re iop! factor, 4

‘and au suhsequem: weighing' ‘f snaxIs wag done mdlrectly,

the resulting we:ghts we:a cunverted .£o the’ 'wet welghtf

‘ shown in al1’ tables throughout this study " =

Wk Ny o Welghmq necessitated some n\odificatmn o th

R Mettler 1 15 balance’ lised: 7 plast 'bench' was imada, t

fit xnsxde ‘the balance chamber, 0 that it could straddl

the balance pan wil houo.— 1nterfez‘ing mh us movement

. steel wxrato the balance pan support 1s£e

1gure 1




stainless

_steel wire

»

glass pan

beaker.

bench

ha}anca “pan




E. Temperature A
T e r
.Temperétute could not be regulated, and since it
< was- influenced by both room temperature and the temperature
of the z‘unning. seawater, ‘it fluctuated over a wide range.,
" A record was kept of readings taken at average intervals
of three days, These interyals ranged from one to seven
dags. at: Bohne Bay), el ofid. to siy daya-at Logy Bay. ‘Tne
recorded temper:;tui:e was ‘the result of eight reaflings,
taken at the inlet and outlet of the wet bénch, .and in six -
‘s tvo near the inlet eid of the bench, two in the
‘ middle, and two near the outlet end, . Temperatures are given
" for' Bonne Bay in Table s (p. 25) and for Logy Bay in Table
6 (p.26)" L4 |
“ \ B 9, . N \
F..  Food and feeding
Feeding was carried out four times during ‘the
experimental period, -t average intervals gk approximately:
ten days. . During the ten days, mo visible deterioration
“of algae occurred. (i.e. othef than that caused by the snails),
and the pieces of algae were considered 'fresh' for that
: ‘period. - ’ ' :

Algae used as food were ¢ollected while still,.

submerged, and until required were kept.in a ‘large tank,
. the water of which was frequently changed. For feeding, the

algae were cut into small' piecés. In the case:of Fucus and




Ascophyllum, . !ome selection was used to.avoid air bladders,

_as it was denuable to have the. pisces sink.. Pieces of

frond 2 3om were ‘used, except that Laminaria was cut into

quadrangles 2-3cm on’a side. 'The pieces were caretuily. cleaned

free of debris and attached organisms, and .cho:ou§h1y rinsed

in filtered seawater before being weighed. = ’ t
3 Wet veights of fresh’ al;;ae'weze aifFicult to obkalh
vuth :ehabxuty, wme variations occurring when' a qiven
piece of plant was rewethed even after a short mterval of

several nunutas. Since the outcome 0f the experiments

depended to a great extent on bemq able to obtain zehable
‘before' and 'after’ weights of “the alqae, an attempt was
made to reduce the error. Through a senes of trial-and-

error experiments, thg following method was ehqsen. Hl?xle

v‘ariability was considerably :‘educed, it was by.no Teans .
elinthited. Ascophyllum and Fucus were blott:d by being placed
on paper towelling and covereq with a second piece of towelling.
* The pieces of plant were the;} placed into a drying oven-at 40° ~
C for fifteen minutes, after which they were weighed. )
Laminaria was simply blotted. to remove surface water, and .
weighed withou‘f; ;iryinq., Algae pieces were weighed in
aluminum weighing pans numbered to correspond with t:he snails .
and theu containers.
The dry vuight. equivalent Bf the food-algae was

calcnlated as follows. Typical piecel of ‘algae, sunuar to
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those fed to the snails, were weighed and placed into

containers of ‘filtered seawater. After ten days, the pieces

‘were weighed again. - The two sets of weights were then .

compared statistically. No difference was found in the

weights of Ascophyllum nodosum-and Laminaria digitata. A

difference: signiﬁcn?t at~tﬁ’e 95% level was found in the
weights of Fucus veniculusus, and one sigmfxcam: at ‘the
99.9% level in those of Laminaria 1ongicruris. Because of’
the differences in weigﬁts of Fucus and L longicruris, it
was considered :ulnnable ‘to averaqe the 'before' and ‘after’'
wet uelghas to _arzive at a 'mean wet vei:ght' value; to have
consistent results, weights of all. four algae wWere averaged
in this way. The pieces of algae were thel’\ dried, and. the
ratio mean dry weight/mean- wet wgight vas calculated. This
ratio was used to convert the wet weight of food intake to

the, equivalent dry weight. - Algae wet weight-dry weight

relationships are summarized in Tables 7, 8 9, 10 (pp. 27-30).

G. Collection of feces

. Feces were collected from each an'imal nine times
during the experimental period, at i’ntervqll averaqing 4.5
days. These intervals ranged from 2 to 9 days at Bonne Bay,
with a mean of 5.1 days; and fzom .2 to 6 days at Logy ‘Bayy
with a mean of 4.5 days. To collect the feces most of the
water in each tank was poured off, care being taken not to

i ]

o |
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lose any feces. The snail and alga vere rinsed with
filtered seawater 'imm-a p}.as"tic wash-bottle, and put aside.
The remaining water in the tank was then poured through a

piece of fine us) plankton netting; the tank.was ’ o
thoroughly: nnsed to ensure’ that 'all fecal partlcles were
removed into the \.nettihg. Distilled vater' was then.used

to £lush the feces from the netting into small glass dishes.
‘Each dish, containing fecés of an S ndtvidm) shail was
placed inder 'a sterco. microscope. I vas' thus’ possible to
watch as a fine-bore pipette was used to draw off the
‘distilled water, presumably containing dissolved salts: Tt
was' also possible to observe 'that no feces Qeze‘drawn into

the pipette. -Finally, the feces were flushed with distilled
vater into an aluminum weighing pan and dried to constant

welqhg at’ 60°C.
H. 'Dry weights of snails

'At-the end of the experinent, snails were kept ii
their containers for an additiohal three days, with no food.
These were then heasured and weighed as ‘at the beginning of
the experiment. S\naiis were then killed by immersion in
hot (apptoxiu}ately 55°c) water for 45 seconds, when they
were easily :emoved from the shell and opercululn The soft
parts were .then oven—dried at 60°C to constant wetht; which’
required’ to days of drying. Dry matter was weighed aftef'

.cooling in ‘a dessicator for ‘15 minutes,




; e vty 20,

I.. calorimetry

Caloric values for snails, aljae and feces were
abtained using a Parr 1411 oxygen-bomb calorimeter. The
instrunent was calibrated by. perforning ten runs over a 14
day ‘period, using standard samples of benzoic ‘aeia, supplled
by the Parr Instrument Company. .

Samples ‘o be combusted were' dried, at 60°C, ground
to®a ‘fine powder with mortar and pestle, and the powder
stored at 60°C until required.’ Snails were treated

" ‘individually, éach one providing sufficient dry matter for
both combusting and. ashing. Alga]: caloric values were ¢
detemin;d as averages of 11 to 15 combusticnsﬂper species.
, Feces had to be treated collectively, sliice thata wassxauch:
"a small amount. Thus, the feces of 'all the snails in one
. group were combined, providiag encugh dry matter for two or’

three combustions, and a small portion for ashing.
. J. Ashing o

--All samples were ashed the same way. ' Powdered dry
matter was weighed in a numbe}’ed, pre-weighed porcelain
crucible. The crucibles were put into a muffle furnace
which was heated to 600°C over a 2'to 2% hour period, ‘At
the ‘end of six hours, the furnace was turned off, and’the
‘crucibles were slowly cooled. Final cooling took place in

a §essicator. prior to weighing the ash,




K. Differences in.the Logy Bay ewperiments

The experiments at Logy Bay were essentially an
attempt to duplicate the Bonne Bay work.. As far as possible,
conditions were similar to those in effect at .Bcnne Bay,
the obvious difference being one of temperature, ‘as f&he
woik at Logy Bay Was carried out diring ‘the beginning of
winter. .The most important difference, however; was in the
algae used as fool. - At Bonne Bay, Ascophyllum nodosum,
Fucus vesiculosus, and Laminaria longicruris were used. It
had been {ntended to use local species at Logy Bay, iynt 5

longicruris does not occur ‘there, and A. nodosum is not

abundant. It was possible to transport Ascophyllum from

Bopne-Bay, but not Laminaria,

_which would deteriorate
durfnq the loné journey. Consequently, the algae used at.:
Logy Bay were local Fucus vesiculosus, local Laminaria
digitata (substituting for L. longicruris) and Bonne Bay
Ascophyllum nodosum. a ° '
Snails used at Logy'Bay were collected at Bonne Bay.

Size distribution was slightly different at. the time of
these experiments, and is presénted in Table 3., (Compare

with Table 1). atly, the size sition of the

experimental groups was changed, ‘as in Tab%e 4. (Compare
with Table 2). As at Bonne Bay,.a fourth (control) group
of 33 was similarly selecte’d,- as well.as a 'shore' cog\tr&l
group, with size distribution: - <l0mm, 2; 10=15mm, 167 .

16-20mm, 69; 21-25mm;, 13.




Table 3 Si#é distribution of original
* groups of ‘snails (Logy Bay experiments) '

‘size (mm) < No: -of o by 1R
i g . Snails,

Tablé 4;. Size .distribution of experimental

groups of ‘snails :}(Logy Bay e;periments}‘, W

St iNo.t of!
.Snails

10-15~ 21

16-20

v «.21725

‘TOTALS 3 e




RESULTS

Of the 100 snails returned to the.shore at the.

beginning of the Bonne Bay i 15 were N

alive after six week}/cf these, all but two were readily
iden%ﬁ two had completély indiscernible L_abe“l.s,
and were not- includéd in the results:. Tt was immediately
evident that shell growth'had occurred:in most snails,

1
and’ to a conszdetable extent 1n some uf the smaller ones.

One snail exhxbxt!d no shell qro'dth ‘two showed a reductlbn

in shll length. the remaining ter shoved increasgs ranging

from 0.1 to 1.1lmm.” In the latter case, the line of paint

. originally added to the edge of the lip was about 4mm

posterior to the edge, indicating an extensive addition to

the rim of the shell. :

The mean of wet- weiz}hc xncrease was 127, 1ng" (6.8%)

with'a range from 43.2ng to'227.9mg. Orie snail shoved a
loss of weight, 62:lmg. At the end of fhe experimental
period; the mean dry weight was 78.3mg and the mean caloric
value of the soft tissues was 4488.1cal/g. No ash ‘
determinations were made. Table 11 summarizes the results
for the. shore group.

! No data are available for the 100 snails returned to

the-shore at the beginning of the Logy >Bay experiments, as %

none of these animals were recovered.




For the three experimental ‘groups, da;a were .
cainez_i at the beginning and the end of‘the experiments
ih two different ways according fo the characteristic, being
" measured. Shell lengths and wet weights were obtained by
straightforward 'befa‘;‘-e' and 'after” me‘asuxex&.en:s. pry
veights and caloric content for a particular group could be
obtained. only at the end of the experiment. The resulting
 datawere compared wlth the. corresponding data’ for. the
" initial group obta:\ned at the beginfiing of the experlment.-
vData on food intake and feces prqdu(‘:tmn were. compll.éd'at
the ‘end of the experiment: ALl 'before' and ‘after' data
were ‘subjected to a t-test to determine whether there was
a real différence in'a given set of measurements at the.end
of the experiment. ; : ' :
Data for ‘the three Bonne Bay éxperimental groups
‘are suimarized ii Tables 12, 13, 14.  The Logy Bay experimental
_ groups were treafed the same way as the Bonne Bay groups,
and. the resnlting data similarly analyzed. The results a;e"

sumaxized in'Tables 15, 16,‘ 17.

Shell length’ remained unchanqed in three of the /-

six gmypa. Of ‘the remamder, one group showed a decreaae

_of 0.1mm; the other two groups each showed an increase of
0.1mm. Among the Bonne Bay groups, the Ascophyllum. groﬁp .
{remained ‘unclianged;: the other- two ‘group® both shawéd_ increases,
significant at ‘the 99.5% level for ‘the Laminaria group,and

at the 99.:95% level for the Fucus group.: Among'vthe Logy Bay




~Table 5. Water Temperaturesat Bonne Bay (°C)
S QIR Tenak, S Bkl iR BRI D ekl avrtage
Tomg 152 158 Tis.s. 15,7 - 15,8 158 . 15.8 16.0 15.8
: RETRY e 15,857 Isie 1 15,8700 18,7 Tasle
Als.{g ; ks h16.2 ,;&lz_'
23 Aug | 15.1 o LA Y 15.2
.;5 Aug :.15.3 . “15.3 o 1sizt L b . b_ i
3l Mg 14,2 VB RO T RURS T R AN VIV I
2 sept : '15_;4 : 15.4 0 18,3 15‘.:1 s 15.4 1s.4°
4 sept ; L 17 1408 14 14l
5.sept 13.8 138 a3ie," L¥sie 13.8
‘8-Sept 1802 14.8 14.9 15.2. 149
15 Sept - 4.4 140857 da e 144
‘{6 sept 151 15.1 15.0 15.1 15.1
19 Sept 13,5 4 . 136 13.%6 13.6
20 Sept” 12.5 2.5 00 i26 0 1208 12.4 126
7 ! g : 5
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. Table7: Ascophyllum nodosum: wet: weight - dry weight’
: .- relationships (Significance: M. S. not significant)s
A\ X 3 ; . A 8 - g 3E w5




* iculosus: wet weight - dry v_ei;ht

~ % 3 4 M
(significance: = * significant at’95)




" mable 9.

. Ghag . . . el g

# E e s
t.weight - dry weight

relationship: gnificance: N.;'S,. not significant)

ok

Sarple . Initial'wet, . Findluet | 'Average wet Dryiweight
TN welght (1) | veloh () velsht (ng) - - - mg)

B30 SSRE ST 15 B T 0 B
888.8 - | '874.9 BRIV R
10037 0 979%0 35,4
657.5" ', .-635,0
793:9 " ,is1srg. |
1173574, ©744.3.
932.1 . '897.5
738,40 2 q17le

1 o180,
V'1029.3 * 1069.2°




I.aminaua 1on91crun t
xelayibn%xps (slqnincance. g

; 75@ 4209

3 10683 102005
vl ; 9.4 o Tiggn
s Sleene %747 7
2 e S iy o210 - 0 aas.d
bl T 1 ’a‘iﬁ.u_. “.'am.Aa.‘ g

8007 1, TS

867.5 -




; ‘ . N s
Table 11. ‘Bonne Bay shore group, recovered. snails.’ Sheil 1dngth, wet ‘weight,.
" el dry‘weight, caloric content, (Significance:

** significant. at 98.5% level; *** significant.ak 99.95% level).,

~ ‘snail Shell length (mm) Wet weight (mg) Dry weight ° Caloric value
No. g (mg). (cal/g) -
- .orig. final - Giff.  ° orig.  final d.\}f

153 0.6 67 4634,2

- 14.0 +0.9 40. 4339.3

-15.4 +0.7 - 28 3970.4

22 4l 29 1368.6 y
15.4 +0.5 59, 4547.3

16.5 =-0.3 87. ' 4647.8 £
15.3 +0.2 64. 4491.3

7.0 402 ¢ 36.4° - 4574.3

2000 0 123.3 - 442909

18.3 +0.2 T 2127.6 239.2 111.6 -.86.0 4428.6

17.2 -0.7 1544.0 1745.3 +201.3 81.8 4729.7

22.5 . 40.1 3688.4 3819.8 +131.4 154.4 % 4572.4

24.0 +0.1 4609.8 = 4725.9 +116.1 158.1 4612.1

17.2 - 1862.8 1989.9 78.3 -, 4488.1

3.3 ' 1154.0 1133.8 ¥ 42.1 186.0
0.9 L3197 4 A ¢

T 2.05% SiETaes UL

1€
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groups, br:,th\s:he Ascophyllum group and the Fucus group

‘remained urfghanged; #the Taminaria g_rodp' showed'a decrease
Of.0.lmm, but with t=0.67, the difference is not
significant.. o T

Mean wet.weight increased in ‘tio groups, decreased
i eoii’ mhe sikreasse’ vebe wecqrabain EHe Donas Eap
_ Ascophyllum and Laminaria groups. 'The difference was not’
“significant for the Ascophyllun group, but was-significant
’ at 99.95% for the Laminaria group. The décrease in the
Fucus was not significant. All three ;oqy Bay' groups had
wet weight losses. The loss fh the Ascophyllum group' was
significant at 99.5%;. that in the Laminaria group, at 99.95%.
The loss of only 1.3mg in the Fucus group was not signl{ficant.
" In 411 three Bonne Bay vgroupsj, there was' a“decrease
«in’dry veight, ranging from 128 in the Laminaria group to
. 35¢ in the Ascophyllum group.  'The loss inthe Ascophyllum
group was. significant at the 99.95% level. The loss inﬂ the
’ Pucus group was significant at.the 99% level, while the
aecreaée'in the Laminaria group was not significant: Dry
weight decreases occurred also among all three Logy Bay )
4(;:0\'1;'3', but the decreases were considerably lower, ranging
from 3% in the Laminaria group to 14%.in the Ascophyllum

‘yroup, -and were not significant in any group.

Decreases in caloric content, ranging from 199.8cal/g.
to 381.5cal/g, were recorded in-all groups; ‘in"all cases, -,

" the loss was significant at the 99.95% level. Tables 18




‘and 19 summarize the various caloric values on both total |
dry weight and ash free dr weight bases. Compared ol nt & |
Va‘lu.e of 4521.9cal/g for the initial group at the beginning |
/of the expe:ime;.:'. the Bonne. Bay e?:periniental animals had w/
£inal caloric values ranging from 4131.2cal/g to 4204.5 ‘ |
‘cal/g:. On an agh free basis, " the range was_ from 4854.5 ' I
cal/g to 490?.5&:1/9’, compared to an'initial value of
'5282.6cal/g. -The Logy Bay initial value, on a total dry
weight basis, i.,as‘u}g,‘, EEEATGETISS ok Thesexpeclaantal

animals ranged from 4089.1 to 4270.8cal/g. Using ash free

data, the initial value was 5192.3cal/g; values for the
experimental animals ranged: from'4788.2 to 4985.3&1/9. ]
Camparable calsric data \tor other gastropods are 4497cal/q [
.(total dry weight) .for the nudibranch Hermissendra crassicornis
(Paine 1965); 4666cal/g for Aplysia dactylomela and 4811

cal/g for A: juliana, both measured on an ash free basis . . | |

(capefoot 1970). )
\ Food ir;take varied over a wide range among the six y P
groups, from a loy 'of 19.6ng (vet weight) ‘in the Logy Bay - -
Ascophyl1ln ‘group to a high of 1636.2ng in the Bonne Bay - :

Laminaria group; the dry weight equivalents corresponding

to these values are 8.lmg and 220.9mg réspéctively. Highest |
food intake occurred among th’e three Bonne Bay groups. The

caloric value of the algae ranged from 2200.4cal/g for

Laninaria longicruris to 3378.7cal/g for Ascophylium nodosum.
. - =

i




Table 12A. - Bonne Bay Ascophyllum group. Shell length, wet weight,
dry weight, caloric content,_u’ah content. (significance:"

N:.'S., not ‘significant, ww%, significant at 99.95% ‘level). X : (
“Shell length  Wet weight Dry weight - Caloric content .  Ash (% of :
o (mg) (mg) 7T ealza) ary weight) -
Qriginal ® 17,2 1839.2 105.2 .. 4s2.9
o C 23 17 7088 64.3 T s E ;
. % 2, 0.4° 1225 6.0 _ 8.2 - e L 7]
‘pinal % 7.2 12 " esa - 4204.5. 1358,
R I ©e9L 29.1 ess % % .
B s 0.4 120.2 5.5 - .32 : .
Qrig.-final -~ .0 + 8.0 -3.8 . -374
% g < 0:27N.S. 1.258.5. R R .
| w
: g
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Table 13A." Bonne ‘Bay Fucus group. ‘Shell length, wet wekqht,

" dry weight;. caloric content, ash content. (Significances
* significant at 98.5% level; ** significant at.99.5%
‘level; *** significant at 99.95% level).

Shéll‘length | Wet weight., - Dry weight
T L ) @)

caloric. content Bsh (%'of !
(eal/g)- - * . dry weight)

7.3 0. ! 186407

4521.9
- 622.3 " 18904 ;
-, 110,00 o282
80,9+l sli gt w140
383, 5 o 363 T B L B
0.5 8.8 5w
s e -24.3 - T ='340.7 1
CLgaeel 2:65%% 7.02%n%
‘z Shas
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5 !able 151\. ‘Logy Bay Fucus'group: Shell length, wet; weiqht,

dxy weiqht. c-].m-i.c content,’ ash chr.enc. (siqniﬂcancsx N s.,

._not. ﬂﬂicantl LAl |1qn1ﬂcan; at 99% 5% level).

the ‘difference in ‘the shell lenqth of
ter' basi
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&8 s Table 17A. Logy Bay Laminaria.group. Shell length, wet weight,
y " dry weight, caloric content, ash content...(Significance:
N..S., not lignilg.clnt; e significant -at 99.95% level).
Sy € P B R e K
F Shell length Wet weight ~ Dry uej.gm . Caloric content Ash (8 of
; S few s (mm) ~ (mg) , Comg) (cal/g), dry weight)
! 4 ve iDouT gl . <
original R - 15.9 *1612,7 727 T a70.6
B R 597.6 . 3L S ams.e
Tlea L1039 LE T SRR %
% Final X . - 15.8 1579.9 . 70.6 4270.8. .. @ e
s 2.1 622.2 26,57 22209 T 14u4 -
- CeER, T 0T '108.2 4.6 DT 38,8 :
Qrig,.-final. 4 = 0.1 - 28, - 23 t-199.8
: € . 0.em.s. 3.68%4% © | 0.32.5. 4.08%en

D
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. .Table 18. -‘Bonne Bay Ascophyllum, Fucus, and Laminaria groups.

Summary of caloric and ash contents of snai]:s, algae, and feces.

Ascophyllum * “Fucus

! . Laminaria
o Snails . )
Original <cal/g - s 4521.9 4521.9 . 4521.9
‘- ashg A 14.4 . 14.4 2144
cal/g, ash free 5282.6 5282.6 r 5282,
Final cal/g = B 4204.5 4131.2 4181.2
ash$ 13.5 14.9 14,8
cal/g, ash free & . 4860.7 4854.5 - 4907.5
Total calories in group <7 28748 334.0 386.7
w : Algae e
cal/g = 3378.7 3206.6 220004
ashs ” 1604 0 19.5 31.7
i , cal/g, ash free.. 4041.5 3983.4 3221:7
.t “Total calories ‘ingested. . 69.5 = 142.2 - T 711.7
Feces . N | o | R ;
. cal/g e 23210 2326.7 3094.9
ash® . : 39,4 | : 37.0% . 20.9
_cal/g, ash free ¥ 3830.0 P 3693.2 3913.6 -

Total calories egested . - 252 T 307 _115.2'

:




« Table 19.

Summary of caloric and ash contents of snails, algae, and feces.

Logy Bay Ascop h‘xllum, Fucus, and Laminaria groups.

‘Ascophyllium

~EUous; Laminaria
Snails ° 3 ,
Original’cal/g 4470.6 4470.6 .. 4470.6
ashs 13.9 13.9 13.9
cal/g, ash free 5192.3 5192.3 ©5192.3
FPinal cal/g’ 4343.6 408921 4270.8 -
- ashs - 12.7 1456 . 14.8 -
cal/g, ash free 4860.9 4788.2 4989.3
Total caloriés in group “Je6.4 263.4 3 301.4
. “‘Algae 2
cal/g T 33787 2817:1 3287.3
ashy™ 5 16.4 30480 18.5
" .cal/g,-ash free 4041 5 4071.0 4033.5
Total calories ingested ‘ 27.1 3406 61.7
) Feces ; 5 A
cal/g “1720.9 . 2160.3 2NN 6. T
ashy 5 1 . S 17.9
~cal/g, ash free 2294.6 2809.2 g 2893.5
" Total calories egested . g2L

129 33.0°

P =
1.  See text

T



Ash content of the algal dry matter varied between 16.4%

for Ascophyllum nodosum and-31.7% for Laminaria 1on51cruns.

Feces on by the exp 1 dnimals was
at a low.of '3.6mg (dry weight) in'the !_.oqy Bay Ascophyllum
group and a high of 37.5mg in the Bonne Bay Laminaria

" ‘group.. Ash content of the feces, expressed as a percentage

of dry weight, was lowest in the Logy Bay Lamiharia group,

17.9; and highest in'the Bonhe Bay Ascophyllim group, '39.4.

DISCUSSION -

4 I. -Shore Group

Because of the extremely different conditions to
which the shore group snails were exposed, compared to
tfle conditions Of'the €xperimental animals, no direct

(i.e. statistical) compansons were made between the shore

group and any i 1 group. , data obtalned
for the shore group are not a§ extensive as. thnse for the
expe‘zimental groups; ash content was not measured, and,
obviously, food intake and feces’ production could niot be
determined. ‘Nevertheless, although only 15 snails were '
recovex‘ed alive .out of 'a total of 200 released (and two
of the 15 could not hb identified), data from the recovered
snails were statistically compared with corresponding data

from the initial (control) group. In some respects, -the

results from the shore group are sufficiently different from*

2



those of the experimental groups that they_merit some
COﬂ\mel:lt. ; ‘ i
. When the shore snails were recovered, i‘t was "

immediately evident that growth, in terms of shell length,

_ had occurred; in almost all-cases, the band of paint
originally applied to the lip was now some distance behind ;
the 1ip. In a few cases, .the distance was several millimeters. |
This shell growth occurred déspite‘the many factors at
work in the natural habitat of Littorina littorea which
Eond o erode the shell (Lhua affecting sHell length

- measurements) , éspecially through blunting of ‘the ‘apex and
chipping of the edge of the shell.

It m;y be that significant erosion of the shell

would not occur in the relatively short period of six weeks.,

eéspecially at. the time of the year (August, early September)

“'when erosional” factors are probably least effective. In
any case, the shore §roup ‘did show an increase i the mean \
shell 1enqth of 0.3mm, 0.2mm more than the increase in' any
laboratory group under.conditions entirely free of erosional
factors. Using the one-tail t-test of the aiffézenee between

final and inxtial shell lengths of the recovered snails,

the value of 2.05 was found to be significant at the 98, 58 o

level. The 0.3mm increase corresponds well with Moore's e

(1936) average monthly shell growth rate of -0.3 to. 0.4mm
for ratural populations of L. littorea with mean shell

Length 17mm.

\‘ o .
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Shell growth is only one measure of growth in snails,
though some workers use c\nl‘y this characteristic as an
indicator of growth (Williams, 1964; Fish, 1972). An - : 3
increase in tissué weight to correspond with shell growth
is‘ expecte&, and Moore (1936) clearly. demonstrated a close
rela:mnshxp between shall length and dry weight of tissues.
In the present study, there was a su_;niflcant (at 99.95%)

* increase in ‘the wet weight of the recovered snaxls. ‘The ’
nean, increase of 127.1ng was more than three times the
~?greatest. increase recorded among the experimental ahimals.

In contrast to shell length and wet. wetht, the

“veight of soft tissues does not appear to have anreasu

A comparison of the shore group gty welght and the initial
group dry weight reveals the following. The initial (control)
group mean dry wéight was 105.2mg. That of the shore group,

at the end of the experiment, was 78.2mg, considerably. less.

However, .the statistical test ylelds a t-value of 1.98,

indicating no significant difference between the two dry v

weights. e X
The lower dry weight of thé shore group smails is
probably related to the sizes of the snails recovered. In

the initial group, 27% of the animals fell into the 10-15mm

size category;'of the recovered shore snails, 46% were in

that class.. Also, wh}le 67% Of the initial group were in

Ithe 16-20mm size ‘class, only 38% of the recovered shore




‘ratio would be 3.9%, the ‘same as the shore group. : In this

" this manner confirms the results of thestatistical test.

snails were in this category. Therefore, the lower dry -

welqhts are lxkely related to. the 1arqez prnportmn of

. smaller-sized snails in the recovered group, as smaller

snaxls have & smaller quantlty of dry matter.

Consideration of; another .factor offers supportifg

evidence that there is no difference between, the ‘dry weights.

1f the ratio of dry weight to wet v}eii;hc is calculate’d’ s .
for the initial group, the result is 0,0516, or s.28. I1f i
the same ratio is calculated for the shore group, using
the final wet weight, the value is 0.0393, or 3.9%. Thus,
the shore group, with the smaller vet weight: (1989,9ng), g
also has the smalier’proportion of dry veight (3.98). 75

* 1 5
the dry weight/wet weight ratio were constant, 'two

R ¢
alternatives are evident. -One is that the initial group

case, 'the dry weight’of the initial group would be 80.0mg

(2034.9 x 3.98), which is very close -to'the 78.3mg dry weight

of the shore group. The 67.:her altgrrlx‘atvive is that tﬂq shore - I'
group ratio would be 5.2%, the same as that of the initial
group. In this case; the dry weight of the shore group

would be 102.7ng (1989.9 x'5.2%), corresponding well with

the 105.2mg dry weight of the initial group. Reasoning in

The increase in wet weight was only 7% of the

original wet weight of the shore group. Because of the small




i .mdxcate a complete ‘lack -of mcrease in ﬂry matter.~

| procedurés, it is very hkely that varying préportions’

dary wetht/wet weight ratiu, the increase in ‘dry-matter

was very smallwindeed. Slnce the wezght of the shell is

falrly constant at about 70 Df the total wet weight the

increase of 127.1mg contains approx'mately 90mg of additional

sheu weiqht. The, remaxn:.nq 37mg contains 3.9%, or

approximately 5 &Y lmg, of dry matter. g
Experinental error may Gontribute to sqne’ extent’

6 the apparent lack:of iricxeas; in dry weight. wnne’

pre:autmns weze taken to maintain unxformity inall’ : .

of water were preaent in the ‘mantle cavines of mdxvxduals i1

during - weighing.  However, while the dry weight/wet weight .

ratios of the recovered shore snails-ranged from 2.0 to.

5.08, eight of the snails had 'such ratios between 4.0 and
4.9%. These fairly consistent ratms seem to 1ndi:ate ‘that N

* error- from "this source would be smau, and not ukely to

Perhaps the real :eason “for such a lack may be’

'found 1n the natnral histoty of the animals.: ‘In'a study . : [

of L. littorda in Wales, wunams (1964), found that Sexual T

. ‘maturity was reachdd when the snails were 11 of 12mm’in shell

length.: Fish'(1972). confirmed ‘this finamg in his ‘study of

the breeding of the winkle in estunrxes and ‘on:the open,

cont. . In the .present stuay, of the 15 snalls\ recovered

£rom t:he ahnre, only one was as -small ag. 11. lmm when flrst




~re1eased. The remaxmng snails were all larqet than 13,0mm.
M: :the* end of: the experiment, the smallest snail had’ a i

k _shell 1enqth of 12.2nm. - Since thé mean shell length bf the .

frecovezed snails.was 17, .2mm, it is zeasonable to, assume that -
must o£ these snails, if not all, were sexuany mature.
W1111ams (1964) .~ carrelated .sexual actlvu:y with® seascnal
changes in temperature. He found that maturity is zeached
during winCer, when water temperatu:es are luwest, spawnmq
follows, reaching & maxinum whgn sea temperat_ure_ begins to

rise.,

Ava.\lable 1nfomation indica:es that L. httorea
spawns at: various times throughnut the yeax, gene:ally between

'January and september (Hoore, 1936; liams, 1964; Fish,

1972) The closeat location to Bon y for whlch lnfnmatlon

is ava:lable is st. Andxews. New Broewick.’ There; acqordxng

to Hayes (1929) + spawning ‘occurs fz April to July.. At

Bonne Bay, it'is not : uricommon,/ £ wintér ice - to pez/sist"u v
‘until l_a;‘:g April or earl:y Ma; ‘ pre, gea~temperacur;:s

do ‘not, beéin to rise until about: that'time: Kssmng that

‘the spawn1ng period fcr L. littorea is as long ‘at Bonne Bay

as itiis at st. Andrews,” and considering ‘the delay in the
warming .of ‘the " watet, it is likely that spawning' occurs, there 1
"from May ‘to.August. -While evldepce ‘of ‘Spawning was n_olt sought
as. part of this study, ‘it is vvery‘ probable that the snails”

in' the shore group Were mature individuals which spawned:




. that g,mvth in L. littorea vas ﬂepressed dur.{ng spavn;.ng,
‘ the shore snails, the increase in shell size. u\dicat_es a .

] again reduced tl;e, amount: -of t:.ssues “in the snails, ‘so: that,

" matter appéa:ed eo remain’ constnnt.

"in wet weight is not significant.- Jbdging: from thesé’

" was 105.2mg, the’ final dry weight was:68. 4ng.. The difference,\ *

36. qu. is significant .at the 99. 9\ 1eve1.

during ‘the ‘period under ‘consideration. “onge (1966) ‘found - *

‘the ‘food were ntﬂized in the

on’ of tes.  It'is sug that in the case of

period of tissue growth - (hence an increue in dry mtter).

when food was beinq s Qred. The suhsequent npuwninq onge;

despite ‘the:’ incteaue in shell: length, the -amount of dry

. ‘1I. Bonne Bay experim

(a). Ascophyllum ‘growp . .S belags
Among' the Ascophyllim group Snails, there wis no .

change in shell length, and the. slight increase of 8.0mg’

criteria,  there was no growth in t.he"‘x Ascophyliun shails
dnxing the experiment.  Dry weight jwas lower at the end
of the pexiod‘. -Whereas the dry neight of the mxtiul gmup it 1+

¢ correapandlng with this loss cf dry voight is a o s
decrease’ in caloric qontent. The',mean caloric cnnt:nt Got

the initial group was iSZL.Scnllq: that of the ksceghxlhm.




. of calonc content, appeaxs to x.ndxcate that the ASWEHZUE

the»ax_noun@: of ‘éngrgy ingegg:eq bg/ﬁ\e snails. Tl

_growp, 13.5%; Fucus grnup, 4. 9% Lammaua grow, 14.8%;
"group of 5282.6cal/ash free gram. g 8

,a mean caloric: value equivale: t of 4860.7cal/ash fx.‘ee gram,

group was 4204.5; the diffexence, N Acal/g, is sxgmflcant
at,the 99,958 level. v . Ay i
_Bsh.content ‘was not detemxned for the lnxtxal
group. Thetefox‘e, the average ash content Pf the three 7
experimental : groups was used as the assumed ash value for

the mltial,q.:oup. The relevanc values. are: scéghzuum

mean,. 14.4 " This gives a calerxc valy®’ for the ini

The Ascophy 1lun grouwp, with ash content 13.5%; had”

If:the c_alo_n.c Fontent of. the Ascoghzllum group were -
pxnpcrtim'{ai to u;ar_' of the initial group, ne valua.wnuld"- .
be 312 7 calories, not-287. B'J Th:.s luwer value suppprts

the zesu.lc of the t-test, that t.he diffezence in values is

sxgnxfxcant,\he 1oss in.dry: \vexght, combmed with: the loss

qmup expexienced negat:\ve growth, dunnq, the expen.ment.

The Ascoghzllum snails ate 50 6iig-. (wet we1ght )iof

17. 'mg was ingested. The calotxc value of A. nodosum ns

3378, 7ca1/q. or 4041.5¢al/ash free gram " Therefore; the |

17 2mq of A. nodnsum cant:axned a tokal of 69 5 calonaa,




,/'- Feces production was 10 ng ‘of. dry matter.v Thi;‘_ :

. ‘is equxvalent to 6. 2mg, ash free, sxnce: the ash “‘content

K - was 39 43. IThe calorié conkent of the feqfbs was 2321.0

1 cal/q, or 3830.0cal/ash free gran. Thus,- 23.‘7' calories

, were eliminated xn _6.2mg Of . feces. SRS g

% k If the calonc -value of the mgested food is added
to the value for the mitiul group, a tctal of 545.5
caléries i3 obtained; subtracting the:23.7 ca;.ories Lost ip ]
"feces’ leaves 4 net total of 521 §-calories. But the, f‘in’af'

value fer the., Ascoghzllum grbup was 287 8 calories, a

alfference of 234 calories. Unduubtedly, metabolism aecoum:s

L ?Eor patt ‘of the difference, but the ‘conclusion ‘seens .to
1 ¢ ccmfxrm neqatwe gmwth. for, the group. 8
“ oxyqen consumptinn was nogmasured duung these e R
B ° bxpeuments but by using data provuied by other vorkers, *’ o

some ‘estjimate ' may be obtained of the energy used in

respiration by the experimental animals. Newe].l»ind Pye

e (1970a), inpestigating seasonal changes in the ‘effect,of

€ on. oxygen ion by L. littorea, present

L

a standard frate of oxygen consumption at 15°C (the average

temperature during the sonne Bay experirents) of 0.3} -0y/ng .
dry tissue er hour. " Assuming a dyration 0£"1008 hours’
- , ,(42 days) . for the experiment, and using the average ‘of che

uutlal ary weight.- and the final dry weight ‘as the weight

i of d:y t195\|e, a volume of 26.2ml Qf 0, is obtained, based on.

the Btandarq rate. Suﬂlerland (1972) gives an, oxy-caloric

A .
sy '




. equivalent of 4. Bca‘l/ml DZ' Huqhes (1971) and Paine (1971a)

“be roted ‘thit this is an estimate only, probably luw, since

234 calongs :.n quesc;on, at least half were consumea in

i metabtzlxsm /
(S — e ) &
(b) Fucus group Tu L

;dxfference which testeq saniflcant at“the 99. . 95% level.

‘Ascophyllun group. .There was, however, a slight loss g

wet weight of 11. 7mg, not a significant 1oss.- and.a loss

give values £74. 83:and 4.86cal/ml 0y te&peqtzvely. Usmg
the somewhat: arbitrary valie of 4.85 -eal/ml 0, a value '

of 127.1 calories 1s obtained from cpe 26. 2m1. It must

the mmmum rate of oxygen censumptmn was used in making

the calculatxuns. \However, it does 1ndxcate that’ of ‘the

’ Shell length in this group increased by 0. §mm, a

This, mgxcates that this group may have faxeﬁ better,

generally, under laboratory conditions that did the

of 24, ng dry weight, signxfmant at 98 5%
The caloric value of the __qg_ group' snails was

{9+ which, Hith ash conten: 14 9%, is equxvalent
to 4854 5, cal/ash fzee gram. . The dry wetht of the sn.uls,
80. 9mq, is equivalent to 68 B‘ng ash' free, with a caloric
content’ af 334.01 ca'lotles. Thus, with the lnitlal gronp
value Gf 476.0. calories, there is a difference of 142

calories.' °I

e caloric content of the Fucus group’ were




. at the 99.95% level. |

P

. L 5 i
proportional to the value of the initial group, the 68.8

e ng of dry matter would cqntam 427.4 cuoues, cpnpared to
the actual yplue of 334.00 calories. This 1ovex ‘value
corresponds with the results of the t-test. With an-initial

value of 4521. 90«1/9: and a final (i.eT Fucus group) value

of 4131:2cal/g, the 390. 7cal/q Qifference is significant
!
The Fucua ‘snails ingested a 'Iet weiqht of 1233ng -

of Fucus Vesic\llosus, havinq a dry weight eqnivalenc of 44.4 ..

mg; with 19.5% ash, that is equal to-35.7mg ash free alga.

The caloric content of F. vesiculosus was 3206.6cal/g, or

+3983. 4cal/asl| free gram. Thus, the sna‘lls inqested 142.2 -
ca).ones in the 15 mg of alga. ° 2
Feces producuon for the group was 13. 1ng, dry

weight, eqluvalent ta‘ B.qu a;h free (37.0% ash). The
,£eees.hnd a: caloric content of 2326.7cal/g, ;:r 3683.2cal/
ash free gram; t-husl 30.7 calories:were lost in fecés.

Z ‘Adding the number of ingested calories to the
initial valug, and dedm:cinq.. the calone: lost in !ecqs. s

qivgs a val-ue of 507 .culo:iea. But.the final value for

the E‘ucus qmup is- :u 0 calories, a dlfferance ‘of 253.5 .
calories. Aasmning- a Volume of: 28. zml of oxygen used (a o8

conurvative eltimte ‘based on 93.1mg of dx‘y tiasue), 136.7

o calozies would hava been consuted in respiration. This )

proximately 117 calorins unaccounted fon cons:dered

alon; ith the decxeue in dry weight, this loss of\tlonc )




. value seems to indicage negative growth for the Fucus

not significant.

cal/g,. 340.7cal/g lower ‘than the initial.group value (4521.9 |

T <t 59

group. . N 8

. .

(c). Laminaria group,
.

Like the Fucus group,. the Laminaria qrox;p showed

an' increase of 0.lmm in shell length;-the addition was

significant at the 99.5% level. There was also a Siqnifica;\t

{at 99,958} .increase of 41.1mg in.wet weight. There was a I
decrease 'in dry weight, but the 12.7mg difference was the 1

smallest loss among the thfee experimental groups, and was
The: caloric value of the Laminaria group was 4181.2

cal/q); the difference is’significant at 9\9.§58. The

Laminaria group snails had an ash content o\f.‘ 14.8%; the

cgl'otic‘value was, thérefore, ‘eql‘aivalint to 4907.5cgl/ash

free gram. The 92.5mg of dry matter, converted to ash free

dry weight, is equivalent to 78.8mg, and contains 386.7

calories. ' : g : B Y
Food intake was highest in the Laminaria growp: ' = .

1636.2ng (vet welght) of L. longicruris was ingested, s
l;:avi.xlg a dry weight ‘equivalent of 220.9mg.. The caloric
value was 2200.4cal/q, oF 3221 Tcal/ash free gram (ash
content 31.79%). -rhua',.a‘toéal of 711.7 calories was
{ngestgd by the !n‘a}u‘ . '
i : o un st o y

B




5

‘Feces production.was also highest in this group,
with 37._5"mgldry feces being produced. ‘With 20.9% ash,
this is.equivalent to 29.7‘mg ash free. ' The feces ):Aad a
caloric valte of 3094 9cal/g, or 3912. GCal/ash free gram,
thus, 116.2 caloties were lost in feces.

Combining the original (initial group) value of
476.0 calories vfith the 711.7 calories ihgested .gives a
total of 1187.7 calories; deducting the 116.2 calories lost
in feces leaves a net total of 1071.5 calories. This ©
represents an‘increne of 595.5 calories (about 125%) over
the initial value.. Assuming an oxygen consumption of 29.9
‘ml, having an osy-caloric value of "145.0 cflories, there.is
still a surplus of 450 calories, making this the only group:

showing such a gain.
8 8 & i.ogy Bay experiments

(a) Ascophyllum group

Shell length of‘ the Ascogixxllum group did not
change; there was a slight, but significant (at 99.58)
d;creaue of 6:6mg in wet weight, and a small, non-
sigx}ificant &ecreasé of 9.9I;Iq in dry weight. )

A decrease of 227.0cal/g occurred, significant at’
99.95%, as- the initial.value was 4470.61‘:51/9. and that of |
the Ascophyllum group was 4243.6cal/g. ; An assumed ash

. .

content of 13.9\; the .average of .the three experimengal
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groups (Ascophyllum 12.7%, Fucus 14.6%, Laminaria 14.4%)
was applied to the initiali group, giving it an ash free
' value of 5192.3cal/g: the corresponding value for the
Ascophyllum group is 4860.9, based on 12.7% ash.

The dry 'weig_ht of ‘the initial group snails was
72.7mg, or 62.6mg ash free. The total caloiic valuewas
325.0 calories in 62.6mg dry matter. For the Ascophyllum

- group, the value was 266.4 cal‘cri‘es in 54.8mg ash free
dry matter, based on a total dry weight of GZ.qu. having
ash content 12.7%. L : o

The Ascophyllum snails ate 19.8mg (wet weight) of
A. nodosum, having a dry weight eduivineht of 8.lmg. With
.ash content 16.4%, this is equal to 6.7mg, ash free. The.
Ascophyllum. was found to have a caloric value of 3378.7 . )
cal/g, or 4041.Scal/ash free gram. :Thus, a total of 27.1
calories. were ingested in 6.7mg of algal dry matter.

) Because a very small amount of feces was produced
by this group ¢3.6mg dry), it was ‘not possible to determine’
the ash content. iiuwever. for purposes of disc‘ussion, an
arbitrary value of 25% has been assumed.. The ash contents

of ‘the Bonne Bay feces were 39,48, 37.0%, and 20.9% !

resp;actively, for the Ascophyllum, Fucus, and Laminaria gr.oups.
At Logy éay, the corxesgonding values are (blank), 23.1%

- and 17,9%. Thus, 25% seems to be a reasonable, if subjective,
estimate. The caloric value of the feces was. 3720.9“1/‘;,

\ equivalent to an ‘ash. free value of 2294.6cal/g (assumed). The\
\ . 5 :
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total (assun\ed) calonc content of the feces is 6.2 calones
ingested by the Ascoghxllum group, and subtracting the

fecal calories (6.2); gives a’ net value of 345.9 calories.
The: final value for the Ascophyllum group was 266.4 calories,
about ‘80 calories-less. If the calogic value of the
Ascophyllum group. were pxopéttiunai /to that of the initial
group, the 54.8mg of dry matfer should contain 284.5 calories,
not 266. 4.

Using. infornation from Newell and Pye (1970a)., the
§tj.andl!'d rate .of oxygen-consumption at 1‘(’7"1: (the average
temperature during the Logy Bay experimnté) is. 0.2 i;oz/mg

. dry tissue. per ihcu‘r.i On the basis of 67.7mg dry wei;;ht 4
(the average of the .initial and Ascophyllum groups), the

group.utilized 13.6nl oxygen, having an oxy-caloric

* équivalent of 66.0 calories. Since this is a conservative

estimate, it appears. that the Ascophyllum group used all its

available energy in respiration; that is, the snails‘merely

‘maintained themselves.

(b) Fucus group

.A glance at- the tabulated data for this group
(Table 16A, p. 42) reveals an apparent contradiction in the
‘shell length values. /While the three tabulated statistics
are identical in both the Fucus group and the initial qxoup,

the t-test indicateu a difference sigmfxcant at the 99 95\
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level. The test'used in this instance compared the 'before'
and ‘after’' measurements’ of ‘shell length' for each individuai
in ‘the group. While some individuals showed an increase,
others showed a decrease; the t-value indicates that -
significant differences occur within the' same individuals.
It is obvious, however, that the mean value for the group
did not change, and the assumption here is that shell

* length did not change.

There was a slight, insignificang‘decreasepof 1.3
ng in wet weight, and an insignificant decrease of ‘8.3mg
in dry weight. While the caloric value of the initial group
was 4470.6cal/qg, that of the Fucus group was 4089,lcal/g; -
the difference, 38l.5cal/g, ‘is sigx’xificant at 99.95%.

*.. Ash content. of the group was 14.68. Therefore, the
ash free caloric value was 4788.2cal/ash free gram. There
were 263.4 calories -in 55.0mg dry weight of the snails,
based on a total dry weight of 64.4mg. . .

A wet weight of 34.2mg of 'Fucus vesiculosus wag eaten,

having a dry weight’ equivalént_of 12.3mg. Since the ash
conter;t was JD.é\, ti\e iZ.Bmg_had an ash fr‘ée equivalent:of
_8.5mg.  With caloric vvnlue. Vzalj.lcal/g, or 4071.0cal/g ash
free gram, there were 34.6 calories'in the 12.3ng ash free
of alga taken in, ' ~- :
- i Feces produce§ b‘y the group amounted to 5.6mg of
dry matter, having an ash content of 23.1% and caloric
content of 2160.3 cal/g. Corresponding val’u‘es.‘ on an ash
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.free basis, are 4.3ng dry matter with 2809.2cal/ash free

gram; a total of 12.1 calories were lost in feces.

N Combining the caloric value of the initial group

with the results obtained above (325.0 + 346 -"12.1 calories),
a net value of 347.5 calories is obtained. The actual value

for the Fucus group is 263.4 calories, or about 80 calories |

less. Assuming a dry wﬁxght of 68.5mg for the group, 11 8
ml of oxygen consumed would have an oxy-caloric equivalent
of 66.9 calories. As with the estimates:for che other
experimental groups, this is a minimal value. It seems .

theri, that the Fucus group, like the Ascophyllun group, used

all its energy simply to mamtain 1tseli, there was no

growth in the group. N

(c) Laminaria group . N

The Laminaria group was the only Logy Bay group

showing a change in shell length; specifically,.this was-an’
insign;ficmt decréase of 0.1mm. Thre was a decrease. of
J?.quvin wet weight, significant at the 99.9% level, and
an- insignificant detréase of 2.1mg in dry veight.
' mhe.caloric value of the group was 4270.8cal/g,
199.8cal/q less than the value for the initial group, and a
" difference significant at the 99.95% level. With an ash
content 14:4%; the Laminaria group snails had an.ash free
caloric value of l9897.30a1/q. The total dx;{ matter for the
. . Sy




animals was 70.6mg, so the net value was 301.4 calories. in

60. 4mq of ash Eree dry matter.

A
Like the Bonne Bay Lammana ‘group, the Logy Bay

Laminaria 'smails ingested the largest -amount of food among
the three groups. A wet veight total of 143.4ng of L.

digitata was eaten, having a dry weight. equivalent of 18.8
my, or 15.3mg ash free (18.5% ash). . The caloric value of

the alga was 3287.3cal/g, of 4033.5cal/ash free gram: Thus,

- 61.7 calories were ingésteﬂ in 15.3mg -of algal dry matter.

A dry weight total of 13.9mg of feces was produced;

' with an ash content of 17.9% and an ash free equivalent of

114.mg." "The caloric value of the feces was 2375.6cal/g, or

2893'.5ca1/_a5h free gram. A total of 33.0 calories were lost
in feces. :

With an omqinal calonc content of 325.0 calories,

an intake of 61.7 caloriés, xna a loss of 33.0 calones,

the Laminaria group came through the experiment with a gain
of just under 29 caluries. Assuming a dry weight of 71.6
PN for the groyp, . the 14.4ml of oxygen used would have an

oxy- calorx.c equivalent of 69.8 calones. It thus appears.

that the Laminana group may. have ‘actually gained a'little,

. i} i ;
at ‘least in terms of enerdy. content.
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IV. -Bonne Bay and Logy Bay Experiments

(a) Shell length

Little can be concluded concerning the outcome of i
the experiment® from an exanmination of the shell lengths
of the animals, Of the six groups, two showed an increase

of 0.1mm, one showed a decrease of 0.lmm, and three remained

unchanged. ' The only consistent point is that in both series

c( expenments, it H!l the Ascophyllum group which remained i

The only groups-which gave x.x:e"
(namely an increase in shell length) were t.:hebB‘unne say‘m
and Laningria groups. On.the basis of shell length alone,
then, the conclusion seems to be that the two .Ascophyllum i
groups, with the Logy Bay Fucus group, took in and used

sufficient energy to maintain themselves in a state of
equilibrium; the Logy Bay Laminaria group did not do so, and
therefore "lost"; the Bonne Bay R_E and Laminaria groups
took in-and utilized a surplus oE_ er‘xequ, nnd thereby "gained”
by the addition of shell material. Perhaps the correct
conclusion, considering the shell length data 'Lg their
entirety; is 't.hai: there was no.change 'in shell length.
Examination of the shell length measurements on an
individul basis shous that, of the tafter' (or final)
meuuremm:a, some were louet, some were unchanged, and - some
were hi_ghe:, compared with tfle original measurements.
Within a given group, if the d'i‘fferenl:e between the lowest:
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,

’.and the highest is considered to constitute a range; t‘he»
ranges vary form 0.5mm (-0.3mm to +0._2m) ‘for the Lc;gy Ba;(

. Fucus group to"l.6mm’ (~0:5mm 0" #1.1m) £or the B‘a‘r;nevBay
Ascophyllum group. - The majo‘riciﬂpf the .measurements eiéher
did not change, or changed by only 0.lmm; with a maxxmum B
range of only 1. Emm, and w1th shell length being measured
from apex to ‘some 'most d1stant' point on the lip, it is
not difficult .to see how expenmental error.may have

influenced the tesults, desplte care be1ng> taken in measuring.

Perhaps a moré useful alternative would have been

to anore shell length as such, and to use’ ‘addition ta
shell, ' or 'shell growth index,' or some other such term,
instead. In this;caéé, since all snails had a line of paint i
applied to the edge’ of the shell at the beginning of the -
experiment; 'the initial measurement would be zerc. Final

measurements would be obtained by simply measuring the

pezpendzcular distance’ from edge of paint to edqe of shell %

(the lip).. This should eliminhate’ negatwe :esults, as the.

values wo:xld be either zero (nothing added to'edge of the

shell) ‘or plus some amount. Judging from the shore snalls,

such ; lne;:hod could 'provide an. exaggerated measure of shell

length; the degree of exaggeration could probably be determined,
- and\ from this, the actgal change in shell length could be

calculated.

That an increase in shell length was expected, at

least in the .Bonne Bay sl{gils, is justified by a consideration.




of the shore snails, which exhibited sibstantial shell
growth duiring the same period.-: Nicol (1967). points out

that shell qrowth in thtonna 1 torea is accelerated

 during sprim; and simmer, _— that, while shell formation.
ddes :occur ‘all year, 1; is slowed in V(xnter. The Bonng ~
Bay . groups were subjeéted to & temperature range of 12.6 to
16°C as measured in the .wet bench (see p. 16); the tempexature
of ('.he 1nccming water- was about the same, 12.8 to 16.3°C

(Table 3). .The Logy Bay snails, hqwever, expenenced a

range of 5.5 to 12.4°C; byt the’ temperature of the mc,aml’ng‘
water was' considerably lower, 2.8 to 6. 00 (Table 4). .Thu;.
the Loqy Bay,snails were in w;nter tpmperatuxes, and a
'slowing or_ cessation of growth is not ‘unexpected. '

Moore (1936) and Fish (1972), studying growth’ in

natural populations of L. littorea, presented data indicating

a decrease in shell length occurring about. November and

December; Fish had one’ population in which the decréase

.. took place between September .and November. Both these:workers,

" however; were periodically sampling large natural populations; |
'not‘necg;ssariiy measuring the same individuals on each ; 4
occasion. . Nevertheless, there does appear.to be a definite‘_ ;
downward trend with the onset of winter. Therefore, it does -’
not. seam too unreascnable to 'assume the 1aboratory animals

were reflectinq a natutal phenomenon. '

"‘Newell (1955) » studying the crawling rate of L. -

littorea at different temperatures, concluded that between
- . . : . Srf




/6°C and 8°C, winkles become inactive; thus, they are"

inactive quring most Of the winter. xnactivuy,' of course,

i uuphes @ lack of feeding. In thxs reqazd it’is Xntetestmq "
to upeculate about possible ahnorptxun ot the lheu.
especially in view of Paine's (19712) éonsiderations of .-.
Ithe energy congent of shells. hé axp\lnt of energy involved,
<& : however; is very small, and -as’ Ptette: and Graham (1962) i

‘point out, no part of the nhsll ‘of the pexiulnkls is lust

\‘ w durinq its ‘hfetime. Preumhly, th;.s ohse:vauan pxec).udes
L) nhnn Ahmrptxon. 3
"(h) Wet véight g o e -

Results obtn!nad fron measuring v‘et'veightﬁ are. ..

inconclusxve, akept for me decreases in-both -Fucus ‘groups,

there are no clearly-deﬂned pau.ems among “the, six ‘goups.

Amng the Bonne Bay -n.u-, th,aze was no chanqe in the det

ueiqhu of the Aacoghxnu- and Fucus groups, but \he Lamina.:ia
group showed a alqnxficmc h’lctea:e. .Among thn Logy Bay .
snails, significant decreases occurred in the Ascophyllum

. und Laminaria grmlp‘n, but there wa§ no change Ln the P-cuu' &
group. ' The only co‘kzespondence between the tuo series of .

axpar;ﬁentl vau ln the )‘ucus qroup!, both of which showed

insigniﬂcant decreasea in’ wet ua/ith.
& ; &5
If shell lengths ‘are considered with udugm,

the reaults complement each other,-and dre. qenually “more

K zoups v,

} conliltent. 'A'hnl, “the Bonne Bay Ascoghxllm and Fucu




Logy Bay Fucus group, all with rio change in sheli
“length, Wad'no change in vet wéight. The Logy Bay Laminaria
group, wu;
& significantdecrease in wet wdight. The Bonse Bay

Leninaria group\iad a Significant lincresse in both neasure-

cunsxs\:ent 15 ehe Lody Bay Ascughxllum
gmup, with no- chan

ments. Somewhat
in shell:length, but w1th a sxgnlflcan
decrease in Wt weight ’
(c) Dry weight

A decrease in dry v
°expezimenta1 groups. xnsignxf, ant - in four groups, the loss

X

‘vas. Eignxflcant at the' 99 9% ieve in the Bonne Bay
Ascophyllun group,, and at the 98% Jevel in the Bonne Bay
Fucus qrm.:p.' A summary of the relev: t data ‘is'i:x.esen‘ted
xn Table 18, which xllusEzateskseveral\g

The dry wez.qht results are consxstent in .several.
respects. In béth series. of experiments, it ‘is the 3
Ascoghxllum group which showed the gteaﬁest\dss m dxy
weiqht, and the Laminaria group whxch showed the least.
This maim:ams whethe: ':he total” dry weights or the ash ftee

dry weights are consxdeted.

Anothet obvxous feutuxa of the ﬂata is that \the "

Logy Bay Tesults are consimently Zower ch.m the' Bonné Bay’

resulta. Not only are the values smaller on an. mdnvid\:al

group ba‘sis, but the ranges among the groups are smaller.

\ an' insignificant decrease in shell lempth, had ..

£

ht’Was. observed in. all six. '

catures of the data.
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s »Amng'the Bonne ‘Bay. groups, the differences Tange<from 12.7
X © ““to 36.8mgy a range of 24 l,mq. Among the .Logy Bay groups,

» the !ange from 2. 1 to 9 9mg is only 7.8mg. similai-).y,

s ussng the ash free dry weights, the range is 19.6mg for
‘the Bonne, Bay snaus, but! only 5-6mg for the» Dogy Bay snails.
If the ~dxffezence between mxtxal and final dry

wexghts is expxessed as a pe:centage of the uutxal value,

= the te%uldg show' a ‘similar pattern.: For the soine Bay | .°

" snails, 'the values are:34.9,7 23.0, and 12.0% for the

Ascoghxllum:

-an ash'free basis, the cotréspcndlng values are 34,2, 23.6.,

'ucys, and Lam n‘:u'

g:eups v tsspectwely -

* and 12.5%. -Fox the ,Logy Bay Ascophyllum, Fucus, and Lamir s
®

4 q:nups, the total dry wexght values are 13.6, 11 4,.and 2. n,

. vely, the’ corresponding ash free values are 1234,

12,1, and 3. 55.

10 i U Hhile all g:cups 1ost: dry weight, the loss is more

evident among the Bonne Bay snaxls. Tms is probably a
xasult of the greatet activxty of these’ snaxls m u_baqhex

1y, the low values for .the Logy

iay snails may be anc:hez indi%ation of thelt lack of

activu:y at lewer temperaturev

There also appears- to. be an ﬂnvei'se relatianshxp

hetwegn the quantity of dry maf te: 1ngested as algae, ‘and
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(BB, Bofine Bay: LB, Logy Bay; péc, Ascophyllum?

S Table 20.  Six experimental grouph. Dry weight data.”

= " gt
" ’ Fuc, Fucus; Lam, linaria) - &
: oo & - 1
. Total dry weight. (mg) b
i ;
Initial ' Final { Initial-final
BB Asc Yos.2 . . e84 | 368
Fuc’ . 105.2° ' | 80.9 24.3
" Lam | . 108.2 <25 TR
A E " %t .
v ” r .
LB Asc 72.7 o 62is | 9.9
' (3 N & .
Fuc - 72.7 64.4 / ) 8.3
: . : | .
< Lam 72.7 g 70.6 . 2.1
« . B o / L7
Ea s " ;
. Ash free dry. weight (mg) .
L Initgal Final - - Initdai-final
' BB Asc. 90,1 .. +59.20 - e -
Fac: 90.3 SLoesd L b
“ram . 90,17 wa o,
3 7.8
L 1.6
viage 9,
. 3 . /
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matter. - The Logy Bay snails ingested the smaller.amount

of dry matter, and lost less dry weight. More specifically, ; .~ . ' !

., in both series of experiments, the Ascophyllum snails - # P
ingested, least dry matter;. but lost most dry weight. ‘un, 5 7 et

the other hand, both Lam:

aria groups 1nqested most dry | s

mattex‘, and showed the smallest lnss in dry weight. N
. carefodt, {1967b) conbined total dry matter ingested . ol
and lost as feces to-calculate the percentage of ‘food g s, b
absorptiqn: food consumed - feces x 100, For the "Bonne
oodconsumed - R
Bay groups, these eflficlencies -are 50%, 70%, and 83% for . ..

" \ J . .
the Ascophyllum, Fucus and Laminaria groups; respectively. .

?‘he corre"s_izondin@ values for the Logy Bay groups are '81%,

{1 o .
"l%’ and 26%. Note that the order of' efficiencies is reversed
in the Logy Bay s‘naxls. That is, the Ascoghx)..\um group has

the hiqhest efﬁcxeney among the Logy Bay snaxls, but the -

lwest among the ‘Bonne Bay snaxls. Conversely, the Laminaria

group has the highest efficiency, among the Bonne Bay gnéils,
But the lowest among the Logy Bay snails. Co i
uefoo'c's {1967b) ‘results, based on a se“y‘of the
suhlittoral gastropod, Aplysial punctata, range £rom 45 to T,
The ' range of values in.the present study is' conside:ably :
brcader. Paine (1971a), referring to assimilatxon
efﬂiciencies' based On caloric value rather than d:y weight,

tound a value of 7Dl £ar the hezbivotous h\tert;dal qasttoped,

\\<> Tegula E\mebraua, nnd indicated thnt "higher’ val\leé are not




uncommon in .the literature."
) Differences in the efficiencies may be related to
factors in the algae used in the experxments. Thus, the '~
ducrepancy between t:ha two Laminaria values is prohably
due to factors in the two species. The different values .,

for Fucus may be a result of environmental factors, since

he alga vas collected locally in each case. More Aifficult
£o explain is the 31% difference in the Ascophyllum groups,
.since m;h only was the samé species used, but . 1n both series
of experiments, the Ascoghxll\m\ was collected at Honne Bay.
' Possibly, seasonal variation of that magnitude can occur,
- though it does not seem likely.
B carefoot (1970), feeding two species of Aglxuia on
“a wide variéty of marine algae, observed loss of dry weight
‘in both species when fed certain specxes of ‘algae. . He
considered these algae to. Be "of less experimental value®
" than the others, and ceased uunq them in the experiments.
In the present study, the dry weiqm: results seem to indicate
| that the tlirée species of algae used were unsuitable as food .

for Littdrina littorea.' It is interesting, perhaps,’ to

speculateon the outcome were the experiments éq:ried out

over a much longer time. It seemsfiiikely the animals wou]\.d’
: : |

. slowly starve to death; despite ‘an abundance of food. . |
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(d) Caloric content B E ’ ) o

Date on calorimetry for marine benthic¢ algae are -

provided by Paine and Vadas (1969)." ,For Fucus distichus,

they give values of 3. 43kcu1/g dry weight, 26% nsh, and

4. E4kcal/q ash £x'ee dry weight. Values given for Laminaria

nmglanata are Z.Sskcal/q dry weight, 39% .ash, and 4.34

kF.a!/g ash free dry weight. Fof L. saccharina, the ..

c%mresf»nding values are 2.84kcpl/g, 35% ash, 4.37kcal/g:

Er%r L. setchelii, ‘they are 3.28Keal/g, 26% ash, and 4.43

kcal/g ash free dry weight. . . o
Values obtained in the present study are gene;ally

-lower than.these published data in part because of different

. ash contents. Published data were not provided for. ’

Ascophyllum nodosum. However, it is one of the Fucales,. as.

is Fucus distichus, to fqhich it can be compared for d. scussibn

;purposes. If the total dry weight caloric value of A.
nodosum were converted to an ash free value, using the

(publ.\shed) ash content of F. distichus (268), the result

) _would be 4565. 8cal/g, which is f.;ixly close to'4.64kcal/g,

the value for I-‘. distichus.

T - Caloric valuea in the ptesem-. utudy for both species
oE Laminaria are considerably Yower than the data given abnve.
£ (2AMANAERd

for three othux species of Laminaria.: However,' by ulng the

ash contents qlven for the three specles to conve:t the

present data to cal/ash free gxam, a ‘range of values is \




workl on the b

foujd the ash-free’caloric values to be' 6503cal/g for eggs;

thak differences g:entet than 500 calories/g ‘are "assocxated

el L - 76

obtained (2973.3 - 5389.0cal/g) which includes thie published -

values.

Using the Same procedure on Fucus vesiculosus
still yields lower caloric.values than those given for

F. -distichus, suggesting that other factors besides ash

content are affecting the results. Paine and Vadas (1969)

point out that|there is-some seasonal variation in ‘caloric
content of marine 'algue, and in some sbecie’s,' geographical
variation' of 7 - 148. There is also that factor which°Paine
1971b) calls “inate organismic variability." He cites the =

g Philaenus spumarius by Wiegert (1968), who -

and 4976ca1/g for ﬂxstz instar ‘larvae. ‘Wiegert alsé indicated ’

_wi h sexual or nutritional' differences or changes in state R A A

or season.” “he implication seens to be that differences

as) hxgh as 500 caloriea are not necea!arily related :o any F
o! these\flctcrs, nor are they necessarily Sbnormal. .

caloric values to: feces had a ranqe of :about. 700"

cf 1¢tien/q dry weight for the Bonne Bay Enaxla and about
JSOcaI/g dxy weight for the Logy Bay snails. Alsa, the Logy
ay. valua‘s were lt_wer‘ than the Bonne Bay values by about §00

‘¢al/g. Using ash fvree':dry weights, ‘the Bonne.Bay range of

]vmea fell to about 320&;1/;} ‘at Tdgy Bay, the €wo known °

values differed by'abouﬁ 85cal/g.
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Gross wetht efﬁciencies for each qroup were ’ N
considered in dlscussmg dry weights. 'The same formula, i
I-E, 100, may be used, subsucuuné appropriate caloric
va{ues for the dry wezghts, 46 calculate the assim:.latmn
efficiencies of the expe:imental animals. (Paine 1971a).
ugizk ingested and egested calories/ash free gram, the
assi_fnilation effitiencies for the Bonne Bay snails are:
_Ascophyllum group, 65.8%; Fucus group,78.4%; Laminaria g\‘raup
83.68. for the Logy Biy 'snails, the corrgsponding values
are 77.713, 65.08, and 46.5%. The assinflation officiencids
folloved the aume pattern s the qross uaighc effxclencxes,
in that’ among tha Bonne Bay groups, the value ‘vas lwe t in:
the- Ascoghxllum group and hxghest in t:he Lminaria gruup,
whereas among the’ Logy Bay animals, the value was. hiqhes? in,
the Ascaghx‘uum,gmup’ and 1ow§§c in the Laminaria g;w‘p.

The values obtained' in the‘ present s’cudy, lranginq ‘from 46.5%

to 83.6%, are comparable to ‘a range of 50 to 708 for Navanax

inermis (Paine.1965), and to Paine's (1‘971a) valoe of 70%

. for Tegula funebralis. - Odum and Smalley (19597, calculated

&
a value of 458 for- Littorina u:mrata. « .

The Imgy Bay Ascsghxl.lum grpup was the only one
with urgmss weight efficiency” higher t/hun auimilation i
‘efﬂci‘enc}(. . Since the gtcn ueighc efficiéncy is based on'
tcful dry weight, it is sugqea ed that the higher value 1s g
related to ash contents of alqae and feces.‘ The ﬁecal .ash

S




. There appears to be an inverse relationship between the ash

K the algae..

“weight efﬁcxency of 831. In this case, the alga had an ash

‘a‘Surplus of.caloric contént at the end of the experiment.

content for thu group was assumed ta be 25%, the hxghest

among the logy Bay groups. At the'same time, the'ash,

content of ‘the alga was 16.4%, the lowest valug agong all-. :

The Bonne Bay Lamlnaria grdup had an asagmxlation

efficiency of B3. 5| whlch almust coincides with the gross

content- of 31.7%, the highest af all thealgae, while the

fecal ash content was zo 9%, one of the lowest ' values.

content and the assimilation efficiency. f 8
The hth value for the Bonne Bay Laminaria qzoup

max explain the fact that this group was the Dnly one with

This. surplus resulted /espite the low caloric value of L.

1’ongicruris,,zgun.dcal/g, f_VI;e lbwea_t of all the algae.
; The Bonfie Bay Laminaria group had a final dry weight
of 92.5mg; the snails ate 220._91h_g of dry algal ’matter, or
238:8% of their.final dry weight. The highest propo‘rtion
ingested by:a remaining group was 51 8% for the Bonne Bay %
Eut‘:\is g}'oup. The" l.arge quantity of alqa ingested prohahly L
compensated, in put at least, for the low calozk: content of
‘the alya, The quantity of food ingested is_evidently due to

characteristics of the alga, and 'hardness' is' likely the _

chief characteristic. Compared to laminaria digitata, which

R . X . . . . iy




is tough and leathery, and resis‘tantﬂ damage; .L: longicruris

is soft and- .eas'ily damaged. Thus, it is easier for a

rasping orqanxsm 11ke L. 11ttuxea to obtain a meal from

L. longicruris. The ombinatioh of h.\gh atures (i.e.

the summer cen\peratuxes prevaxlmg at Bonn‘e Bay) and 'soft'
and abundant food was apparently a suxtable Dné to permit

‘the Bonne Bay l.alninatia snaus, and only thes: . to'gain in

terms of caloxic content under expenmental c ndicmns.
¢ P
“ ; 5 i 7 .
» V. Summaxy and Conclusmns

ks of six. gxoups uf snaxls {ed on experln\ental dxets
of macrophw:es, nnly the Bmme Bay Lam.inan.a group shcwed
any indication of qrowth at ‘the’ end of-the experu\_ment. on

‘the basis of the data obtained, it is obvious that, generslly,

the:e was no growth of the experin\ental animals. .-Considering

au characteruties measured, there was- either no change, or
a decrease in a qxven measurement.

. “Lack of growth in the snails may have been due to
éne, or @ camhxnauon, of many factors. The snails were

cons;dered mature, a/nd growth is slower in mat.uré snalls.

The times when the ts were 0 ntly

coincided with. natural periods of rétardat_inn or .cessation

. of growth. . At Bonne Bay, this is assumed to be the ‘post-

péud’ing pen:.od; when little qx‘cwtﬁ occurs; nt Logy _Bay-'it

o is undoubtedly related to low tempexatures severely limiunq -

the activicy of. the snails. ' N v %

|




The expe: 1 condi _the és were almost™ .-
certainly lil_itipq. Captivity removed many natural
environmental factors, some of which act as stimuli,
resulting in increased eating aétivity. For example, in
nature it is the ebbing tide which-acts -as the agﬁulu; for
}_.. littorea to increase its browsing activity (Newell 1970).
The diet of the snails was obviously restricted; in nature i
the winkl_.es'l‘mve access to Q variety of alqa‘e. Such a variety
may bé necessdry to nzi;fy the nutritional requirements of

..Littorina. The experimental algae may well have lacked certain

amino acids‘, or the snails may have lacked the necessary
enzymes- to fully utilize a particular alga.

considexinq‘au the data, the conclusion lgu‘ns.to. be
that the artificial diets provided in the experiments were
unsuitable for Littorina littorea. Zack Of growth in itself
does not necessarily indicate unsuitability, but the decreases’
in almost all measurements, whether l‘ignif}canc or not,

confirm this conclusion.
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/. " TableAl., Weight factor' experiment. Snails 1:367. water weights,

air weights, average air weight/water weight.

- 7
Snail Air weights (mg) Average Average air weight/.
No. air weights .water weights (mg)
! * : (mg) fot
8w’ L0 D J | y
7 = T 7
st 3 ..1817.4 = 1804.9  1826.8 1829.2 2.27 /
2 1 . 870.8  872.4  850.4 . 860.9 2.08 :
i / 3 649.1 1635.9 1624.6 1630.3 . 2.20 .
¥ 4 1059.0 °1Q08.7 1000.3'  1027.9 2,21
5 “1770.1  1780.5 * “1763.0 1806.0 / 2.37 /
/ 6 2179.3 °2154.7 '©2204.3 2187.9 2.24 %
s 2 2784.4 - ~2634.4 2734.3 2.23 ' -
8 2304.0 2266.0 2289.1 2.27 :
A 237.4 2188.2 2227.2 2.41 2
©10 2244.8 2233.6  2236.1 . 2.36 ’ J Y
‘ Wz 1012.0 1028.5 1017.5 Vg 2,13 »
12 36.3 1886.0° . 1896.2 2.44 =
13 1474.7 1416.4 1433.3 2.20 ¥
14 1528.6 / 1504.8 1501.4 2.28 , <
.o 15 4. 1140.7 1163. 2.35 2
T 850,5 841.9 840.3 . 2.20 N k
& A 17986 .9 1658.7 1725.2 2.24 > i
18 2885.1 -2733.5 2814.1 .. 2820.1 2.7 ( -

‘/
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— G
1 Snails 1-36: water weights, -

Table AL. Weight factor experiment:

air weights, average air weight/water weight:

N\ TR
Snail” Water ¥ ¥ Air weights (mg) ) Average Average air weight/
_MNo. weight. (mg) air weights water weights (mg)
i (mg) - &

A B c D "
19 612.5 1471.5 1484.5 +.1433.6 1447.9 1459.4. o 2,37 T / .
1831.4 r 2.25 / .
2683.4 2.12 < i
3000.5% 2.13 7
1633.3 -2.26 S t
. 1591.8 2.36
172.2 2.15 .
467.5 2.19 - .
2680.1 2.39 * 23
1617.7 2.19 v
5 2.21
1757.%\ 2.35 -,
2047.2 2.20
1193.0 2,225 7
1389.6 "= 2.26 s
1388.7 - 2.22
3854.5 2.16. e
1628.9 2.21 :




Table A2. -Weight factor experiment.. Snails 37-72: water weights,

air Weights.

calculated air weights (water weight.'x 2.25), air weights,

Snail Water ‘Calculated Air weights Average air
No. . Weights (mg)  Air Weights (mg) . - weights (mg).
WP T o e, S TEs 983 D '

37 70429 1586.0 1572.6 i
38 433.4 -975.1 928.2 i

39 408.4. 918.9 / 895.5. i

o 0 .0 477.0 - 510.0 /

41 395.3 889.4 885.2

42 977.9 . 2200.2 2147.2

43 525,4 182.1 2123.5

44 894.6 2012.8 2017.5 E
45 1317.8 - | 2965.0 |3245.0

46" 550.0 1248.7 1232.0 ¥

47 275.4 619.6 660.8 .
a8 1360.2 - 3060.4 3029.9
49 800.6 - . 1801.3 1843.4,°
50 831.6 1871.1 | 1837.8

r 51 . 765.1 1721.4 1701.4 .
5! 516.7 . 1162.5 ‘{2157,
< 53 226.1 508.7 -516.6 %

54 469.4 1056.1 | 1028.2




o) 2 " . : . b3 B %
; .7 Table A2. Weight factor experiment. Smails 37-72: ~water weights, i e i

calculated air weights (water weight x 2.25), air weights, average air weights.

B ‘

Snail Water Calculated Average air % 5 -
No.. . Weights (mg) Air Weights: (mg) weights: (mg) . i . S
[ D
55 822.1 | 1838.7 1807.3
56 738.7 1645.7 1667.2
57 935.5 2303.6 2275,7
58 442.6 - 977.4 ~998.0
59 1000.6 2261.2 2380.7 3
- 80 532.9 1136.3 1201.1
61 ~485.9 1324.1
62 1241.1 N 2892.9 - ' -2907.3 . 3 =
63 1163.7 2479.8 2529.5 :
64 1230.2 2564.9 2594.9
+ 65 722.7 1557.9 1610.3 8
' 66 898.0 1913.3 1944.7
67 933.8 - 2280.9 2269.4
i 68 1163.9 - 2594.4 2647.8
i 69 "1367.3 2988.2 2996.5
70 1079.9 2470.2 2459.6 (d
71 849.7 1810.1 1838.3
72 807.4 1732.3 1812.0 ¥
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