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A survey was carried out in 1976 of the distribution and abm1dance of
I1vtilicola intestinalis Steuer in those Scottish waters "Ihere it had been recorded
i~~ pr"e-;"Te;;s-surveJs. 'The level remains very low in the Firth of Forth, but has
increased since 19/1 in SOle areas of the Clyde. A pepsin digestion teehnique,
sui 'Lable for use \-Ti th large sa::lples was tested ana. used in part of the survey.

Introduetioi.1
....... • ~.--4

The increasing interest in the cultivation of bivalve molluses has high
lighted the need to prevent the spread of pests and diseases. There had been
li ttle recent eha.'"lge in the distribU'~ion and levels of infestation of mussels
,(!'1;y:tp.us ~l};s) by the gut parasite Hl.ti).icola. :!:E.:.cest.ipalj.;; in Seotland. Interest
now eentres on detection of the parasite at very low levels of infestation, thus
involving Iarge samples of mussels •

The use of a papain digestion teehni~~e has been suggested by Dare (191/).
This ';jethod is unpleasant to use. producin o' an obnoxious smell. 11. similar. but
less obnoxious method, using pepsill digestion has been used to detect the
presenee of nematode larvae in herring (Smith and 1:ioo. ten. 1915). The present
pager reports on the use of pepsin uigestion in a survey of those parts of
Scot12.nd where ~0:ti).ic.o.l!: ~1as lmmm to oceur (DrirJa1ater; 1972).

Method

Sa~?les of 50 or 100 mussels were t~cen at eaeh sampling station.
were ex JineQ in the field by disseetion and others Nere deep frozen for
ex~n~nation i. the laboratory by the digestion method (Table 1).

Some
later

L

Prelininary tests \-rere earrie out to find. out "-Jhether the· parasite was
digested by pepsin apd also to determine the time i temperature; and eoncentration
at \vhieh the enzY:16 \",as most effective. The most eor.venient method finally
adopted was as follows:-

The ~ussels were opened by knife anel the flesh removed) leaving the ~dduetor

muscle attached to the shell if possible. A digest solution was made up of
10 g of 1:2500 pepsin powder per litre of 1~ HCl. The musseI tissue was
added to the digest solution~ allowil1g a maximum of 250 g per Iitre. The
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beakers (usuallJr 1 01' 2 litres depending on quantHy) containing the mix'eure
were then put into a hot air oven and maintained at 400C. After sixteen
hours the s~mple tTaS lightly stirred wi'i;h a circular "otion. If any large
pieces of unQigested tissue were throvnl against the tr~!sparent side of the
beaker the sai:1ple vlas left for a further 30 minutes. after Vlhich the digestion
tvas usually completed. The solution Has then passed through aseries of three
sieves 9 2400/u~ 1000JU anel 3001u. The contents of the sieyes were then
exaiained micToscopidüly in pe ~ri C'Lishes T'1arkecl v,i 'ch a grid. The rna,jori ty of
:.\Y:t,i).icS'l.?- were retaineel by -ehe sI;\all and medium sieves. 'l'he f0:ti1-icola
~ere conspicuous m~ongst the small globules of undigested material. byssus
threads peads an~. grit providec1. the digestion process had not been allo1'ed to
proceeo, for too long, in which case 'ghost' Ul.t;i.lic21.?: were pre"valent.
'Ghosts' are the transparent exoskeletons after the viscera have been wholly 01'

partly digested. They were; however easily recog~llsable. ~fter severe
diGestion only the egg sacs of rTx.tj}icol.?: rer ained undigesteu.. If digestion
was inccmplete an amorphous mass of semi-digested 1 translucent Dusele fibres
tencled to clog the fine mesh and hina.er microscopic examination. e
Results. . ..

In 'ehe preliminary test a sample of infested musseIs Ivas divided i to tuo
lots of 50 individuals. One lot \tlere exa;:üned careflüly by ctissection. ancl
yielded 31 individual parasites. The second lot were digestecl in pepsin anel
34 parasites .vere found. Half the parasi tes dissected out of the first lot \:lere
,igested for 5 hrs at 520C~ the other half for 18 hrs at 37°C. None of the
~b[Gilj2P~was destroyed.

.nother test was then carried out usin- a 1ess thorough dissection
technique - Sill ilar to that operate under fielc.l cO::'1di tiOi1S. 500 mussels
yieldecl 379 parasi tes by clissection. anel a sim:i.lar ba-cch of 500 revealed a
total of 648 parasites after digestion.

The s~pling stations, anel the distribution ffi1 abundance of l~il~~
are shown in Figures 1 - 3. Table 1 shows the percentages of mussels infeste
an the average nurJber of rarasites per mussel at each sta·~ion. The
corresponcling results obtained. in 1971 are also inLicated. The areas coverecl
are 1i;~ited to those where ~:I;yt?12:..c~~ has been four.d in the past. The station
ntunbers are the s~ne as those used previously (Drilli(Water 1972). It should
be noted tha'i; the cliagrams express level of infestatiol1 as r:1ean numbe~s per
. ussel. an not percer.tage of population infes-tecl, as this is not revealed
b~r the cEgestion metho. 'The rele:tionship oe':'\:leen these tt'lO v lues, deri ved
fro~ ~arlier results, is sho~m in rigure 4.

There have been no important changes since 1971. In the Firth of Forth
the level remains very low. In Linne llliuirich (Loch Sween). where l1ytiÄ}cola
vlas first found in 1970; the level is sü'lilc,r -Co that found originally. No
spread to other areas of Loch Sween has been fOtL~d. In the Clyde Sea Area
the ~.1ail'1 concentratiol1 is still in Loch Ryan (Stations 124 anel 1 ':'5). il..rdtarig
in Loch Striven (Sta·~ion 79) Emd Arclmore in the Clyde Estuary (Station 104) both
show a considerable increase. Other changes are s~a1l.
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In 1971 it seel, e(l possible that ~.fytilicola might sradually disappear from
the <irth of Forth. The present sur;;ey-sho~that this has not yet happe.1e~.
There are a few stations where the parasite is still present in small numbers.

In Linne Hhuirich and parts of the Clyde there has been in increase 1 possibly
caused bv 1,he \'lar:n \1eather in recent years. The fact t at there has been no
spread fron! Linne .1huirich to acljacent areas is encourabil1g~ but it must be borne
in mind that the s~npling technique so far used there ~ay not reveal low levels
of infestation.

One of the main advantages of a digestion '~echnique~ as pointed out by Dare
(1977), is that large nunbers of musseIs can be processecl in a reasonable ti ,e I anc.
the results from such larger s~~ples are more reliable. 'rhe present technique
has been shown to give rather bettel' results than those produced under field
conu~tio s by si~ple dissection. It is certainly likely to give more wuform
resu ts 1'1hen applied. 'Dy a nu:1ber of differer..t wor-::ers.

Pepsin is both cheaper and nore readily available than papain, and daes
not produce the nauseating smell 'tvhich Dare ascribecl to papain. Tests have not
yet been carriecl. out using pepsin o~ musseIs in the sllell; modification ruight
be necessary to keep the pR value within the re~~ired rallge.
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U!1e ~tude B. ete entreprise en 1976 portant su~· 1.a distribution
et l'ebcndance de la·~tilicola intestin~lis steuer d&~s ~es eaux ecossaises
ou sa pr~sence a:vait ~t~ enregistree lOr5"des Gtudes precedentes. Le nivea.u
reste tres faible dans 1e Firth of FOl-th, mais il a. augmente a.epuis 1971
dons certains secteurs df~ 1a. Clyde. Une tech.·..dque Oe digestion par 1&
pepiJirle, 'pou.vant etl-e employee a:""ec de granits echant.illals;) a ete ess~6e
et employee au cours dI une partie d.e l' ihuc'.ae •
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Table 1. .

." L~vels of'infestation at each station (Statio~ Non. a.s in Drinl::w:l.ter, 1971)

Sisse Ra 1- of t.w3sels
Meen no. oi

. Station <:f .;::t I-fytilicola.
t , , e:mmil'led .... infelltad

~. per lI1t1Sael'·
, 1916 1976 1911 "1970 1911..

~ .............

4 Mw3~elbu.rgh ' 40-63 50 P 0 0 o· 0

5 . J'oppa 46-65 50 p 0 0 0 0

6· Leith '. 5(}..70 100 p. 2 0.02 0.02-
7 lfewa:v,",lß 46-63 50 p 0 0 0 0

.8 Oranten Pt 50>- '8 50 p' 0 4 0 0.04
S{'" . Snah pt 43-60 46 P 0 0 0 0

10 ~ti,?~le Cßt1tlo 50--66 50 ~ 0 0 0 0

11 !fauna. Pt 43-65 50 p 0 - 0 -
12 l'JOng Craig Pier 47-63 50 P 0 0 0 0,
13 .South Qucumferq 35-15 50 p - - 0.02 -
14 Ropetoun 49-68 50 p 0 0 0 o·
15 'BlactCD(rGs 45-65 50 p 0 0 0 0

16 lünoard.1ne~ 50-69 50 p 0 - 0 ....
17 Ou.lross 5cr62 50 P 0 0 0 0

I

18 Grombio Pt 50-69 50 p o· 0 0 0

19 Clla'10si:O'..m 45-67 50 p 0 0 0 0

20 l3'orlh QMf:mfarr:; 52--69 44 P o· 0 0 0

2~ Inver..:eithing 55-13 50 p 0 - 0 ...
23 ~al~t:r Dc\Y 44-66 50 p 0 4 0 0.04
24 .'l.üerdcur 54-71 50 P 0 0 0 0

25 :Burntialand 42-74 50 p 0 0 0 0

58 'Llnne Xhuirich 34-83 150 p - 14 2.16 0.16

76 Carry' Pt 40- 100 P - 6 0.77 O.f.'ß

77 Ard a' Chapu.111 40 50 p - 32 0.84 0072-
Ardta.r!g

,

79 ·400- 100 P - 0 1.50 0

82 Innallan 4~ 100 P - 0 0.13 . 0

83 ' Sai:idbvtlt 40.. 100 P - 12 0,,47 00·,6

84 Strone
.

33-50 100 p - 0 0 0

86 Arden:tinn,y 40- 100 P - 0 0 0

87 Cro:ri0'.;. 40- 100 P ..., - 0.01 -
88 Lochgoilhead. 40- 100 P 0 0 0 0

9 .A:rroc..'1a:r 40- 100 P 0 0 0 0
91 Coul~ort 38-46 100 p 0 ·0 0 0

92 , Kl1crl'Jggan 3~5 100 r - 2 ~o051 0.02

i
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Tnble ·1 (contd)

Size 10 cf mussela
Hean no. of'

St!l.ti.on R:>~
Mytilicola

, 'mra
infezted. par mtlSsel

1~n 1916 1971' 1916 1911 ., .j t'

I . ---- -_.-

.'93 Rosemath Da;, 56-65 50 H (; 0 0.14 O.

94 Streul' Ds3 40-.. ·100 P - - 0.01 -
.97 'RO\\~ore 42-72 50 14 10 0 0.10 0

'98 Oareloohhedd 46-73 100 P 2 0.01 O.al

100 Shandon 43-04 50 )( 10 - 0.12 -
101 ' Croy· 41-60 50 Jl 6

.' 0.06- -
, . .' , ' ',S- '"

: ... . ':102 mm 42-62 .50 '. '.0 0 ·0 0
. .

, . .103 HelenubUr~ . 47~ 50 1'( 10 0
.. 0.10 0

........
. .'. 104 . Ardlllore 4.~1 50 52 4- ," ~

)! 1004- 0.04
.

-. 105 Newark Oastle 44-64 50 K 12 0 0312 0

. ,
106 .. Qreenook 42-67 50 J4 2 2 0.02 O~02

•..• <, Gouroc1c 46-56.. ~ . '107 50 K 0 0 0 0

: 108 Cloch Pt 24..<)2 25 K 0 2 0 0(1102
' ..

. ~ ..'. ·109 Inverklp 33-62 50 H 2 0 0.02 0

110 SkelDlorlie 39-58 50 11 0 2 '0 00ca
. , 111 Largs 33-52 SO }( 0 0 0 0

.. ..
112 ·JJ'a.irlie 39-56'. 50 H 0 0 0 0

., I

~'. ..:"'~ .' : 118 porlcncroea 25-38 50 K 0. "
0 0 0

'119 A...'"drossan 33~5 50 •• 0 0 0, 0

.. 120 Troon 29"-46 50 )1 2 0 o. 0

. . ,.. 121 .' Ayr 34-49 50 J: 2 9 '0. 0 0 10

•••• 122 Turnberry 39-62 50 U '0 0 '0 0
., .. ' .

..
"

.' ·123 GlrVBn 32-54 '50 H ',0 0 0 0

124' Cairn1"Yan 51-70 50 X 58· ;0 0.12
..

125 Stranreer 53-67 50 )I 86 42 9· 0.90
.' -.

'.

. ' .
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·Pig. 4 Relationahip between the percentage of the population infested
and the mean number of paraBites per mussel. . .


