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Size,\,~~ aG'e.ana:l~.is..p~. scallops. f'rom· bods in lthe ,English .ChO"""ll1el sUGgOGt that

eonsiderable .variation in l;Towth rateo ·.ooeur.' ·,Tbe slowcs.tt·GTo~v:'ng seallops are' :
• .. ' • w '. • • • • ~- - •.' .". ~ •• •

f'ound in ,the., ,",ostern ,Ghanne11; though in some of ~these .populat:i.ono- n:o.croseopie'. ":
J.,'.. ".' . /... ." .. '. • ~. '. -". .

interpreta.tion of' annual ~ing~..::has:.:proveddif'ficult.WhCl.'e.::rings appeal:'. indistinct,

• mieroseopio examinatio!}, ~f ~h~..s~ll' regul~:.inoreL:lCnts· in 'shell' l;TOl"th,:'c.the

striae, has proved valuable in eonf'iroing ring positions. Counts of' r.~bors of

stria.e,per! growth .band· suggest Q., possiblo, daily, relation::::hip d'U:!:inß" tho :f.irst one
• • • '&" •• ' .,'!~ ." .. , • •. •

or wo growth seasons~ but there are signifieant difforenec:J .. in,the nUTllber"of

striae per band beween di:ff'~~e~t~ pop~~'tiops•. ··, Con~rar-J:~o . .c:~peotations, ~ scallops

from. thc slow::-ßTowing Polperro (COrn'ffLll). stock have a oignifieo.ntly hicher' pumber
\ ,~ ••• .... '- . • . •• .". ~ I.. ..

of strio.e tho.n the fastor-growing otoeks oxanincd, but thc st=io.o arcsoaller.

.r: .-' ."". ~ . '.• " I.'
I' I •

, " .'

DJTRODUCTION •'•. :." "I':" .. '.l .. ~

I
I
I ~.

There has recently been a eonsidorable inorcase L~ f'iohins effert on seallops

off,·.the~south. eoast ,of England•.. Rosoarch ho.s· bocn earricd cu-~ ~ on tho su~.tability
••J :....J.,J ."J \ \. ,... :: \. .... .•~'.. .. '.. . .' • •

of' available conservation I:leasures ~~h9uld thc; situn.tien rcq'.li:~e.·seme., form cf·' ."
; ,"' •• ' '. I .1 •

fis~~ri?s l~~is}~tio~.· ,On9 such.,I:loasuro~io thc .. implcmantation·of.anatior.al:·- ~'.~,:.;

mini.mun. size, .. but regular eateh tlonitoring has.:indicatcd:·tho.t·,tho sizes -of:' seallöps.. " . ' ....-. .
l~dedvariel:Lgrcatly f'romport ...tQ port•. 'scll11ops· g,:mc~2.l1ye::tl1ibitan ·aIl.."lual ."'.... ." .

,ring: on,.the shell.:!3urfaee .o.t thc ··start of each year.l s :band of gr6ilth~·.. lPreliminär,y
• ~._t.J. ... " •• ' , .- , '". • . ,.,' .

analyses of ~hcll,~andingindicatc~:thatthissize diff'orcnec.betwcon ports;wds a;.' , .. ;', -.. , ." . . -.. ..~

. f.'unction of vary1ng growth rates, as; ,,,ell: as .;differene~o.;.in .:age-alass ·"strueturo. :, "'.
... ': ••:'••' ... : ... ,.'. ....... .' • _... ... h " •• • •

However, seallops .f'rorn sqne;.-J?opul~tions:h~d:indiotinct a.nnuo.l··xi.."1go, with'~intör- :.:
.J " ~ , , , ." - . • ...\" #

pretation beil1ß' Dade diff'ieult by the presenee of spuriouo :dnga eariood. by 'some:'"

form of disturbanee to thc anima!.

Growth in seallops oeeurs m.oat~ in the spring-autumn period und io o.chievcd'·

by thc addition of small (0. ~,?:,E:.?~..:~L_~?P..~~I.:~~JE.~:;'~O12;' .o.tr;j.~Q_·.9.;rJ;ihellJ
around thc. shellI:nrain.-... This po.pcr .ohows ;how Pierescopie oxn.::c.inn;/;ion 'and 'analysis. ~,. ., , ,... .... .. .' . .

of' :t.h.ese. o~r.iae ha~ proy~d to b~ :extr~rno;J.y.,usef'ul,.1n ,10catL"1ß': tho ,t=uo .posi tion: .

ofthe' annual rings. '. :.,
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Several specieo ef"bivalves hn:iö' been show t'o\~Xh·fbit·än apparent daily ".'

growth ban~i~',(Clark,? 1974; Farrew? 1912; Wheeler Ei~. ,:,.1S75; \'lrannp 1972), and.~:

Anteine~(1S78)'suggested. a strong daily relationship in the'formation of Pecien

shell striae during the first we growth seaoons. New data on thic frcc.
experirileriti:: using captive .ocallopo 'are present~d'here. .. ;", ! ':, :/''';' ";'.;":;'

!1ETHOllS ..... ,. .~.. ,' ; , -, -.~ ,'·:..l ~r :.....,:. : a,; ...I;-·_C.. ·.: .:. "...... -'\'" ' .. ': . . .... -' ..~

Previouo werk on micrc)scopic growth incrcrionts' has a'ften uidlised "shell ':-,.,:', ~,"!

sectioning to reveal thc growth linec,e.~.Richardson, et 0.1., (1979) fer Cardium

edule and Antoirie (1S'18) for Pecten rnaxiI:Ius. Tbe technique used here wao s!uiplY-··

toobserve the'shell surface with a binocular light microsc6peat'X10~X40 "

oagnificati6n~,', "}here shella :required prior clean1ng;" this was' done by ge'ntlö

ocrubbing ,after 1.t:Imersion.in '0. streng detergent fer 24 h. such·:'treatoent .was

,uscd:as 'little:ao possible t6 avold'd.a.c.agingthe striaer:',' ;:-:..-~,r,' '; ..:,
Sampleo ef' scallops exac.ined were a:J follows (see' FigUre 1h"-" ,',':

•

•. ; . ", " ...

, (i) '" from comoercial catches taken 'fre:n 'bedS in tbc Bye, "Ply06uth arid ,-

Pölperro aroao of the English Chamlel;,' .. " "

:,:(ii) ,,~,young scalleps caught by divors ef:f~ Lulwerth;'" " ~ .

',,: ':',(iii), "yoUng ocallops caught-'by divers ein' start Thiy,arid"tranoplänted to

Salcombe; . .. ...

(iv) first year scalleps caught

captivity in Drighton 11a.rina.
: .~. :0.:.,.. ,

. '.

on artificial collectors and kept in

. .. ,"'.'.•
••.. • ~"a.:.

, .... :1'

,-;. 'Orice.'the pooitions of, the annual ringe 'had been varified' (:300 below) ceunts'.<t::

ef otriae per growth band were carricd out far all samples. Tbe cean slzri ei'

striae, 1.e., thc lateral intor-s,t.ri.ae diotance, wao"genorally estic.ated by'tho ,~::'~~'.:e
sioplo division of band width' by ,st:riae nu.I:lber. Hewevor, 'actual oeasurcI:1cnto ..

of otriae on sooe of thc Lulworth 'scallepo (eelccted becauoe the striao ware very

distinctly fermed) were carried out using an eyepiece graticulo to neoeen variation

in striae aizc ',ovar the growth ocaeon. Variationo' aro' found whori:striao riu::ib6rs

and size are oeaeured at difforent parts of thc ohell. :All;"oounts and oeasur<ment's:
inthis paper refer .to thc area beween thc central' ribo (1:·e.· ,th~ dorilb';:'venttal
axis) of thc flat valve. ,',', ,'.i..;,..-,,~.,:,'" .:,. ;':.;. :,,~. :'.~;"

RESULTS . ;. ;'~:'~ '.' . '. .-.

A) Identificatien of the position of thc annual ring' " ," .. , , <;, ~ "~~',

: . 'lticroscopic exaoination: of· ' 'difficult' 'oholl s revcalod fOur' distinct tyPos '.'-" ".::, "

ef ring, any,.of which could bc takcn oacroscopicälly to correopond to thc 'annuai

ring:
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(i ) Pigmentation band. This is norm.a-lly a ~ band of darker eoloUration

extending over the width of several striae. No differenee in the formation

of the striae is observed. Bands or groups of striae of lighter eolouration

(near-white) usually oee~_..?t:. tbJLQO enceo.ent:...o'f·..nElllL....spXing.-g:r.ow.th. . -'

, .-(ii) , Interferenee. or' disturbanee ring. This is seen tlici-"oseopically as

. a deep.~left between two striae with usually no difference in stria~ size

on ei~her side of the 'ring'. It: is caused by short-term adverse~bofiditions.'

:.. (iii) Ridge. This 18 a form of abnormal growth seen in some 'caged sp~ciIDens'

"ami slow-growing wild" :!:ltoeks. The striae bunch elosely together ami fom' a.
.'

protruding ridge around the shell. Sinee the ridge ean be composed of more

than twenty striae 9 the cause is probably longer-term environmental changes.

(iv) True annual ring. This i6 eharaeterised by striae beeoming elosely

grouped (soaller) before the 'ring and by a rapid increase in'siriae size

after,the ring 9 as is shown by the striae measurements for Lulworth seallops,

tW\)' e~aroples·.of which are presented in Figure 2. The aetual ring is orten

ceQ~Qsed'of thin, pale, overlappirtg striae whieh oeour ät the commeneement

'Qf.. ·the new season t s growth.

Mieroscopic analysis of striae.amplitude ehanges ean therefore distinguish the

true annu.a.l winter ring and allow size at age analysis' to be uridertaken, which was

done·:.for the range of samples to assess regional variation in growth rates.

B). GTowth variation

Growthdata 'obtcdned from dredge samples of scallops' fra three selected areas

(Rye, Plymouth and Polperro) are presented in Table 1. Comparisons can be made,

for the 1~70 year-elass, of breadth ät age, anntial breadth inerements and number

and size of striae for indiv'idual gro-Wth bands. It i8 immediately apparent that

the western Channel (Plymouth arid P6lperro) saffiples have a mueh lower growth rate

than those from Rye in'the'eastern Charmel- (Figure 3); this i8 most obvious in

the early years, breadth increment differences being rnuch less marked after the

third growth season. The oaxioum sizes (B Q) arrived at by Ford-Walford plot

are 130mm for Rye, 980m .for~~lyoouth and 8)mID for Polperro•. Thus' even Ioeal
.,

differences, e.g. be~een Plymbuth and Polperro, ~y be ioportant'in any consideration

of regulation by minimum size.

Striae analysis, provides useful information onhow the observed growth

differenees come about .' The nULlber of striae per growth band deereased progressive'ly

after the second year for all the populations studied9 presumably beeause the

energy available for shell growth deereases with size as metabolie require~ents

lllc~ease~ However, the growth differenees observed between populations in any one

year are not the result of a reduetibn in striae number: in faet 9 Polperro seallops

tend to have signifieantly more striae per gXowth·band in the first· wo growth
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seasons. It is the size of the striae which is related to the growth rate; Polperro

acallops, for exaople, have striae less than half the size of those from Rye in

the early,years.

;. '. ~ .
;'.'

C. Direct measurement of growth increment freguency

The annual growth saason for scallops can very roughly be said to cover the

sevep ~onth (~, 200 day) period April-October inclusive. The counts given'in Table 1
...o'", •

ipdicate,(allo~ing for ~ariation in spat settlement time)that striae are laid down
.... f '... • • _

at r?~hly ;daily intervals during the first and second year and that the rate falls

b~ abo~.t ~~lf by the fourth year. Experiments with captive ani.IJals were undertaken

to confirm this.
,'. '.

:.~.. i'" •

,r .(i). ri~st ,year scallops (spat). Spat scallops obtained from artificial

co~lectors in.Start Bay in late summer 1919 were transferred to cages in

Brighton M~r~,wher~ they were left for aperiod of just under 10 weeks, when

counts were m~de,of the striae laid,down'subsequent to the growth check which

occurred at transfe,~. ' In, i;he 65-68 days -available for growth (the exact period

depending on when during the transfer the scallops began to' grow) an average

of 66 straie were laid down, appearing as fine, dark lines rather than the

,,(~; ';,~ ~9;ncentric ~idges seen in subsequent growth bands.

{i,~) Older~?allops. A number of three-year-old scallops were obtairted bt'

diving in ßtart Bay in May 157 and transferred to the nearby sheltered S&1combe

Estuary. Some of these were recovered in September 1579 und counts made of the

nuober of striae laid down subsequent to the growth check caused by.the-trarisfer.

On p:yerQ-ge 50 striae were laid down for 110 days at liberty, i. e. roughly one

per two days.

The,se, exp,erimeIfts thus support the, results obtained from the striae-' counts

,\; of ?o~~r~ia~ cat?hes; they also suggest ,thct the reduction in growth rate ~

wit~,age indicated,in ~able 1 is n result of reduced frequency of striae',
... ' ,..... • ~ .. ~ ",' •• ' : :, '. J • .. .•

additions over the growing sea~wn rathe!< than a shorteniri8' of the', season itself.

DISCUSSION

Analysis of the striae pattern on scallop shells appears to be an extre~ely

useful method of identifying the position of annunl rings, especially in areas where
l'

the shells are characterised by the presence of disturbance rings. The,"use 'of .. "

this method has allowed confirmation of different gro\vth rates faund for thiee

scallo~ populations in the English Channel. These growth differences appear to

result nainly froD differences ,in striae size rather than frequency. : There is~orn:e

evidence that the term 'daily banding' could be applied to the striae' during their
";.t

first and second growth seasons, but, the frequency with which these'are laid down
.:'~ .... .'

falls ~rkedly in later years. The method could prove useful in calculating
I.' • \

instantan~ous values ,of growth during the season; abnormalities inay then' be compared

with phYsical parameters, e.g. temperature or salinity fluctuations.
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Table 1. Growth of 1970 year-class of scallops in three areas of the English·
Channel

.' ~'\ .,'~'
. . ." - . ,~

....i
'. ~ - ;

(a) Measm-ed' annuai breadth (r.nm)

Growth bands
(sAie in'yr 1.. ': ',,' :,:, ... 2 L."::.i:""---.• ";'.' ,

-; ," .

3 4 ..... 5
' .... ':

.:;;' .:~. .'

Rye." r ,.:' " "" 28; 1·
Plytlouth 22.! 3
Polperro 19.7

69.0. ,l 91.8
.;.,50.5-:,:.: ~;.68. 7 .

44.3 52.3

111.6 .118.9
.·:.L;:.60.0 .,,_...:,,:·~8.5~5

15.7 81.• 5'

122.1
" "89.7
" 83~8

.', ," :

(b) ~ual.:breadth increments ~ (Ii1t1) .

7.1.
5.5
5.8

14.0
11.3
13.4

26.8
16.2
18.0..

, -~·~~4"Ö'·::~~·-'·~
28.2

,: 24.6

~... : .~

"28;1
22.3
19'.7

Bye
Plymouth
Polpe;rro, I ::;';'"

Ry~ ., 141 •.. ;:;w.. ,200 167 124· .65 "36
Plyr:louth 153 .:' / _. 199 133 ;;,,-,105 70:' \ .... 48
Polperro 229-

. '

259 145 100 68 42

(d) Mean size of striae (IJIll)

Rye 0.20 0.20 0.17 0.11 0.11 0.11
PlyrJouth 0.15 0.14 0.14 0.11 0.08 0.09
Polperro 0.09 0.09 0.12 0.13 0.09' 0.05

-/' . ... ~.
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Polperro

Figure lOrigin of sampIes for striae analysis.
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