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Introduetion
, ~

Early in 1962, during a visit'to illing gate fish mar e' in London~ and

to'a hellri h proeessing'faet ty, th~;~ugge 'tion was mad~ that imported Danish

. t1ssels.:..a.bla ~ecu. to posse S IR.rg~r addu6.1;Ü m.uscl'eLt a.n..-Brj]iiSh. . usels'e ~L::'.similaj. ·size. It was dEJeided to ci .ke 6b. er\lat~ons on the hen, rheats and

1( dduetor'inu$clJ\!l'~fiimported Danish'mus~cls'and'toeomps:.re f theai..tJ1."t 0

!. :Ehtish origin. "Th:e auihor :s currclntly eng g(;(l on experiments desi neo. to

examine predation by the star i h C· sterie. .rube !'l 1i.. )' on the e ible mus el

(Mytilus edulis L.), in eonneetion with proposals to relay musseis below low

water mark. Mussels relaid thore grow .o.nd fatten h tte.r than those in the

intertidal zone, but p edation by tarfish is likely to assume greater import

anee. The po sibility of a greater resis anee to a fish attaek by muss ls

po e sing larger a duetor museie. thercforG -Iso s em d orth investigating.

Ithoug the work is ineomplete, prelirün':l.ry aeeount of so Je of the

•
result of these observation is given in this paper in the hOP0 th t it dis

eussion will hclp to resolve BOmG cf hc p oblems whieh have emerged •

E ~INATION OF MUSSELS

Various samples of mus~els were obtained from:-

a) Danish Limfjord, fra a natural subli tor 1 population taken in 4-8
metre depth of water (Professor Gunnar Thorson, pers. eoo.). Thes were

imported via Billing gP.tc llLrke Landon; and s mples ,ere obtained on 26

February .and 21 .'u ,ust 962.

b) Southend-on-Sea, Essex, from the inter id I zone, 28 Fobruary·1962.

e) ConwaY2 North ales, from the intortidal zone, 28 Mareh 1962.

0.) Wales, r kcd from a natural popul?-tion ju t below

L.~.O.S.T., 21 962.

Thc s all of c eh mü~sel was measurad with vernier calipors to the nearest

millimotrc below, or its .,aximuo length, breadth emd widt (See Figure 1).

The valves wcro cpar tao., rele ing thG muselo from one valve using a scalpel,

and thc widost and narrowo t diameters of the adductor muselo measured in

millirnotres using ealipers (Figurc 1) - thc dcgree of ccuracy of these measure

ments was not vory high bee<.usE:' of tho elastie n, ture of the !!lusel tissue·,

iud
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but it w s considored to be adoqu~tc for this purpose. A scalpel was used to

remove the fresh meat from tho sholl. E~ch maat ~as roughly blotted and its

volumo found by displaceDent cf water in a 00 r.J measuring cylinder. The

"condition" of , hellfish norm lly oxpres"'cs thE: poo ed mea.t volumo of a group

of indivictuals as a porcontage of the internal volume of the shell (Baird, 1958) 
in these observations the objact was to relato hell IGngth to maat volune and

adductor museIe dimen!ions of individual musseIs, and whole volume and shell

volume measurements were not taken.

Thera was no way of assassing thc age of any of the musseIs used, and

shell shape was so variab ~ within oae_l anplo that referenco to this has been

avoided. Thc rosults ma 0 s~narisod as follows:-

1. Shell length!breadth relationship

ussols from the thrGG British s~ples (b-d) showed siDilar dimensions. ~
Danish and British Dussels of up to about 40 mm shell length were similar, but

Danish musseIs longer than this showed a slightly greater breadth.

2. Shell longth/width rolationship

Thera was no detectable diffcrcnce between thc four samples of musseIs.

3. Shell length/frosh maat vol .0 relationship

The flGsh of mu solR varios throughout the year (Savage, 1956), anJ for

this reason sampIes from thc difforent are wcre oxamined as nearly as possible

at tho same time. MusseIs fro_~ bclow low wat r nark generally have bett er me ts

than those from the intertid.l zone (Baird Drinnan, 957). These sampIes wore

no excEption - thc meat volume, 0 Danish nus"'els wcre noticeably better than

those of Southend intertid 1 musseIs of siDil r shell length (Figura 2). Tho

me.ts of Conway sublittoral mussals were only slightly better than those from ~

tho Conway shore, nd the meat volUt!lOS from both Conw.y saP.lples were more like

those cf Danish musscls than cf Dussels from Southend.

Pinnothores pi um, the pea erab, was found only in Conway intertidal musseIs,

of whieh 6% werG infected. It was noticG ble that tho mGats of infeeted mussol

were of less than ave aga volumo (Figura 2) as wa~ that of on6 mu s6l infocted

by sporoeysts and eharacteristic tailcd eoreariae of Buceph~lus mytili (Colo,

1935). MusseIs from Southond were infoct d by the copepod parasite ~ytilicola

intestinalis, but no reeord wa kept of the level of infGction. This parasite

ha not been recordüd at Conway, and it was not faund in a se~ple of 60 Danish

Limfjor mu sels 6xamined in August 1962. The ~ebruary sampIe of Danish mussels

was not examined for ytilicola.

4. Sh 11 lcngth/acctuetor muscl~ rolationship

In Figure 3, tho mcan diameter of the adduetor mu eIe of oach mus cl has

beon relatod to shell length. The relationship for D nish mussols and for both

Conway sampIes appcar d to bo linear, and whcn str ight lines were fitted by

regression a high degrec of corr lation w.s obtained (tho correlation coefficient

for Danish musseIs was 0.96~ for Conway sublittoral and Conway intertid 1

musseIs it was 0.90 nnd 0.85 rcspectively). linear relationship did not
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appoar to hold for Southond nussols of 60 r.n shell lcngth and la=GGr, in which

,the rato of increaso of moan dia.motor cf adductor Llusclc wi th shell lcngth scemed

to bo much reducodo

Data from Danish and Scuthcnd mussols have been shown in full in Figuro 3,
with regression linos' for Danish and both Ccnway samplos. ~ho results of snall

confirmatory sanplcs of Danish o.nd Southcnq nussals cxamincd lator in tho yoar

have also becn o.ddcd to Figurc 3. It co.n bo seen that tho moan dic.moters of tho

adductor musclcs of Danish mussols woro groator than any of those in British

samplos. Tho difforance in sizo is ovon moro apparont whan tho areas of muscle

tissuo are compnrcd as in Figuro 1, in which tho averace areas of adductor

muscles from nussols in tho four samplos havo beon compo.rcd.

Tho Donish r.~ussols werG quitc eaGily distinguishablo by oye fram British

mussols. This knowlodge was put to practical uso sooner than was oxpcctod, when

4It in Junc 1962 arcport was rcceived th~t '0. Norfolk shcllfish morchant had

depositcd n consignnont cf Danish Dussels on a laying in thc Wash, Norfolk.

Thc possiblo introduction of rlytilicola into this Dussel-producing aren dcmandod

immediate investigation, and a,sasplo of drodged mussols was despatched by a

Fishory Officer töthis laboratory for oxanination. Thc nussols rccoivod wore

found to possoss 3dductor nusclos of sinilar size to those proviously cbsorved

in British sanpIes, and a telophone onquiry rovealed that thc musseIs in tho

samplo woro nost likoly of Scottish origin. Tho important fact that Scottish

. mussols, which could possibly ccntain Mytilicola, had beon dopositcd in the Wash

was not previoucly known. Ä second s~Jplo containcd only asnall proportion

with ovorsizod adductor ~usclos, and most of these were inmcdiatoly distinguish

able by eye from tho rcno.incler, \7hich Vlore assULlcd to be native Wash mussols 0

Without proknowlodbe of tho unusual sizo of aclductor musclos of Danish musseIs,

it night have boon assUEed that a vory nuch largor samplo of inportoclDanish

nussols hnd been oxaninod far Mytilicola than was tho case. In fact of 155
nusseIs oxaoincd, of which 23 were bolioved to be Danish, none was faund to

contain l\lytilicolCl. 0

5. Discussion and conclusions on adductor museIe sizo

(i) In thc samplos examincd, :1&~1eh sublittoral musseIs had adductor

musclos of larger moan dianetor than those of intortidal or sublittoral British

Dussels of sinilar shell length.

(ii) The possibility oxisted that Do.nish Llussols bolong to aseparate

Gpocios, but Professor Thorson (pors. com.) confirmed that thoy belong to the

common odiblo specios Mytilus cdulis Lo

(iii) This difforonco appoars not to bo rolatcd to she~l shapo, and par

ticularly not to shell width i.o. distance botweon tho two valvcs, which was

sinilar in all four swmplas.

(iv) Danish Dussels had better froGh Deat volumes, but Figura 4 shows that

moat voluDo and ~dductbr Dusclo sizo were not correlatcd. Tho adductor musclos

of Danish nussols were larber than thoso of Conway sublittoral mussols, which

\
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had cnly slightly smallor moats ~t tho s~mc shelllcngth (Figuro 2).

(v) Tho agos of mussels oxnmined werG not known, but sinco sublittoral

growth in known to be faster thnn in tho intortidal zone, Danish mussols might

ba oxpoctod to bc youngcr than British intcrtidal mussels of the same shell

lcngth. Tho largcr SiZ8 öf Danish adductor musclos is thcroforo unlikoly to

rosult from thcir greator aga.

(vi) The Danish mussals ware bolicvod to havo como from tho groatest dopth

(4-8 motros), while Conway sublittoral cussols, althoush pormanontly aubmcrgod,

werG eloso below L.W.O.S.T. Tho possibility rcmains that thc sizo of adduotor

musclo is rolatcd to the porioi and uepth of immersion of tho mussols. This

vrould be somowhat surprising sinco i t might bo oxpootocl that mussols oxposcd on

thc shore for periods, with tho nood for avoiding dosiocation by keeping tho valvc

valves tightly olosod, would havo bettor dcvolopod muscles than those which are

pormanontlysubmorgcd. In fact, tho ~usclcs of Conway intGrtidal mussols wero ~
slightly larger than thoso of Conway sublittoral mussols (Figura 3). A compari

son betweon D~nish sublittoral musscle nnd. those from 11. ncarby intortidal area

should yield somo usoful information, togothor with compnrntivo observations on

musacls from othor fully submorged and intortidal aituations in Gront Britain.

(vii) It sooms roasonablo to assume that tho strength of an adductor rr.usclo

is proportional to its sectional area, in which case the force exortod by a
starfish to open a Danish mussol would nocd +'0 bo grcator than for a British

musseI. In the following section 11. dcscription is givon of experiments designed

tofind out whother Danish mussels show groator rcsistance to stnrfish attack.

STIJtFISH FEEDIUG on HUSSELS

The two experiments doscribod hore formed part of a largor sGrios d€signod~

to invostigato tho foeding relationship botwGon starfish and museols ovor a

range of sizcs cf cach. Tho rosults of.thc twe experimonts aro prosontod in

Figure 5.

In Experiment 1 9 throo largo Astorins of maximum radius len~th 120 ~n' were

offorcd ton Southend and ton Danis~ mussols 9f a similar sizü rango(50-70 nm

shell longths). Betwoon 28 Fobruai:>.y'.l1nd 19 Hareh only throG Danish, comparcd

~ith all ton Southend 9 mussels were enten •. A further fivo Southond Dussels

addod woro eaton in a fow dnys. The starfish wero' thon offorcd tho choico of

ton Danish musseIs with ton Conwny ffiussols co~ted by barnaclos and ton Conway

mussols without barnaclas. All twenty Conway mussals were eaten beforo tho

first Danish Dussol was attackcd. A coating of.'p~rnacles appoarod not to

influoncc fcoding by lareo starfish, and none of the barnacles was eaten. The

starfish continued to feod on Danish mussals, but at ~ slewor rate than en

Conway musseIs. Betwcon 16 April and 15 May, only fivo Danish mussc:a wore

eaten, Lo.five in 29 days compnrcd with twanty Conw2.Y mussols in 24 days, and

a new experiment was commcncod to study thc offect of brazingby the same

Asterias on the full sizo range of Seuthand mussols. Thc rosults of thc lattor



experiment 1 in which groups of musseI of different sizes were added

at intervals, will be reported separatcly but were included in Figure 5
to show tho increased rate of feeding and for comparison with the results

of Experiment 2 during the same period.

In Experiment 2, five Asterias of maximum radius 83-99 mm were

confined with ten Southend and ten Danish musseIs, and 1 as in Experiment 1,

only three Danieh 1 cornpared with all ten Southend 1 musselswere soon eaten.

Four more Southend musseIs added were quickly consumed, followed by two

Danish a few days later. In the subsequent experiment 1 on 23 March ten

large Conway musseIs (70-82mrn) were offered to the same starfish togother

with ten Danish musseIs (48-69 mrn) tho shell lengths of which were less

than that of the smallest Conway musseI. By 29 March seven Conway musseIs

were eaten. MusseIs were then added to bring the total to five Conway and

eighteen Danish, but only one Danish musseI was eaten before the last

Conway mu seI was opened on 10 April. The size range of Danish musseIs

availablo was then increased, bringing the total to 26. During the next

eleven days only two Danish musseIs were eaten, so in order to test

whether the starfish were hungry tWO of the five were removed and fed with

Southend musseIs, of whieh 42 of various sizes were eaten in 24 days

eompared with only two Danish by tho remaining three starfish. During this

period an opened Danish musseI was added to each of the tanks used for

Experiments 1 and 2, and this was quickly consumed. A further ten days

elapsed with no additional feeding by the five starfish, and then when

19 Southend musseIs ~Jere added they were quickly consumed. The slow'rate

of feeding on Danish muss81s was resumed for a few days, and then, when

26 days had clapsed with no further foeding, ten Southend musseIs were

added and again quickly eaten. Throughout the period during which

starfish were limited to Danish mussels 1 they were frequently observed to

enter the eharaeteristie feeding position for long periods without

sueeessfully opening the musseIs.

6. Conclusions on feeding by Asterias on Danish musseIs.

(1) Starfish offered an equal choice regularly ate more British

musseIs in preference to Danish musseIs.

(ii) When given cn:y Danish mussels 1 tho rate of consumption by

starfish was mueh slower than that of British musseIs.

(iii) The high rate of feeding on Southend musseIs in Experiment 1

from mid May to July, and on those added to Experiment 2, suggests that

starfish confined with only Danish musseIs would have been eating more

if suitable food had been available.

(\v) The immediate feeding on openod Danish mussels 1 and the

persistent attempts by starfish to open live Danish musseIs, suggest that

the flesh of Danish musseIs is not distasteful to starfish. The

possibjliiy thai British musseIs are more attractive to starfish should

however be investigated by carefully controlled food preference experiments.
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(v) Thc observations doscribed suggostod thatDanish mussols

could bo opened by ~sterias only with difficulty. Tho shells of Danish

mussols oponod by starfish were frequontly broken or ehipped at the

edges, but this r8xoly happoned with British musseIs. This eould

suggcst oithcr a groator force nceessary to ovoreome ,tho,adduetor museIe

of D'anish musseIs, or perhaps that the shell is more fragile. This will

be investigatod.

DTSCUSSTON

rho rate of feoding by starfish on British musseIs was mueh grcater

than that on'Danish musseIs. Thc preeise re~sons for this have not yet

been discovered, but the evidenee suggests th~t the starfish, even whon

obviously hungry, found Danish muosols more difficult to open than

British mussols, and this was corrolated with tho larger size of adduetor

mu!."cles of Danish museols.

Professor Thorson has written (pors. com.) that althcugh starfish

are present in Danish 6ussel bedo (an average of one Astorias per two

square metros was rocordod in thc Limfjord by Sp~rck and Lieberkind (1921)
they are not a problem. Tt would be intoresting to eetablish tho present

densitics of starfish and sublittoral musecls in tho Danish Limfjord and to

compare them with those on sublittoral museel bods in Holland and Great

Britain, whore starfish are knoTIn to be a problem. Tt is not known how

closoly feeding rates in laboratory tanks roflcct those under natural

conditions, but ~uring tho fivo monthe January to May, tho throo largo

Asterias used in Exporinont 1 consumed 157 mussols, almost all of which

wore 'of commercial si~G, i.e. >50 mm. During Junc and July tho same

starfish ato 317 mussole cf botween 10 and 70 ~a sholl length, the

oajorityboing c~-40 ITß. Previous experiments (Hancock 1955, 1958)
showed that mussuls are normally a favourod food of adult st~rfish, and

at this rate of fcoding it is ovident that evan e fairly low dansity of

starfish could cause ~ considorable 10s8 of musseIs.

If etarfish do not in, fact'present a'problco on Danioh oJssel beds

it may be becauso thoir numbors arc'vory small relative to mussel

donsities. It is possible howevar that Unlike British musseIs, D~nish

musseIs do not reprooont a favourite food of starfish, due porhaps to

difficulty of opor:"\.ng,but possibly also to reduced attraction. It is

not incor.coivable that eontinuous predati6n over many years below low

wnter mark has led tothe soloction of mussols having the grüatest

resistance to starfish attack. This could moan that thü grüntest success

with tho relaying of musseIs in the sublittoral zone is to be expec~ed

from using the Danish type of musseI, poosibly renred artifi?ia~ly?' though

prelimin~ry trialo would bc nocoss~ry to bo sure:th~t its specia~

characteristics'would porsist in later genoretions. Tt should be me~tioned,

howovor, that thore is some indieation that in Britain the processors, while

requiring good quality mussals profor those which do not hava a high

proportion of musclo.
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SUMMARY

1. S~mples of Danish and British musseIs have been compared for

shall dimonsions, meat ccntent and adductor museIe size.

2. In thc sampIes examined, Danish musseIs possessed largcr

adductor muscles than British mussüls of the same shell 1ength.

Thera was no obvious corrclation botween adductor muscla size

and 8holl shape, meat contont or aga.

3. In laboratory experiments, the rato of feeding by starfish on

British mussols was consistently higher than on Danish musseIs.

It is suggosted that Danish musse1s were more difficult for

starfish to open, though the possibility of a lower chemica1

attraction cannot be dismissed.
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Figure 1. DiC1gram to show shell :neBsurements ttken of mU3sels, with a

compnri son from four SD\IJr1es cf the averqee 5iz~ of adductor
m,lscle o~· a :r.ussel of the shelllength shc'Wn (66 rom.).
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Fieure 3. Relationship between shell length and mean diameter of aduuctor
museie of musseis in the ssmples shown. Dat3 froUl Donish a 1Ild
Southend mussel~ hnve been givcn in fUll, with regression lines
for Danish (Februa~) and Conwny (March) somples.
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iigure 5. DiagI'[lm showiog the sk~ll ler:r:;th:> cf' Ll;·.;..;:]l~ ',.:r\te!1 ü.::, ily durirog
h.arch - Jul.v 1962, in :~:~)'.::riulCnt 1 b~1 tilr~e ..A.'lt~tj f.!! of ':15::Lnum
roJiu5 l~O L111•• , [Jnd in 3:·:i..'::rilll~:!1t 2 b,r f'i\-e ..\Lt..:!:..0.-:: of' .ll ;~i;;"llU1re l"~d ius U3-9~ nl~l. ,~:~hell l~h.di;;tl"djJ.~io:·I.~).;, (,IUß'>C].:;

Clw:reu, .,. dott: cn .All.eh 0I11~ (':·(;')0'.1 .l.J.1rl1.oh :;lU:3Se.l. ndued,
~ .0rini::>h mu:;;,el;" ~.;:ri.tL:.;h ~;)l1'u~:l'3 (. C(~VI~l·l~d. Uj' b1l"t".clu;J).


