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Introducti n

The current Jevelopoent of low-toxicity oil dispersant concentrates .,ill

incL"ease ten-fold the sproying time of vessels at sea. everthcless, because

of the difficulties of deploying s~fficient spraying vessels nt short natice

~n European \,:ater", the Iilovencnt of a very laree oil spill may have to be 1.:11 ted

by sinking it with s~nd.

Prev10us wor~ t th~s lab rato~y (Blackman, 1972) hau established that

sunken crudc eil wap, ing sted by bro\Yn shrimps (Crangon cranp,o~) and re~ained

in thc foregut u t5,l the next Boult. It was also found that the presence ,af

sunken ail could reduce the rate of feecling af shrimps on normal foods. This

paper ue<'cri1;es experiElents to assess whether the presence of oil in the prey

of dencrsal fish, 01' on the botton of tanks in which thes fish were held, would

int rf re with t' eir preuation of shri~ps and other benthos.

Materials and I~thods

T ppcu KU\"dit Crude oil (280 degrees C residue) \"as sunk in plastic bins

using <1.n a parat'us to sinulate oil-sinl:in at sea, built by th \varren Spring

Laborato~y' of the Dcp~rtill nt of Traue {lnd Industry. The resulting layer uf

sanu and sunken oil ~ms reElOVCU to a separatin_ funnel ~nd washeu qy pass~ng
"

se \\Tat' l' urmarJs thr u[;h it. The rcqui ed qu ntities of ~vashed oil \vere then

sprend on the Eloors of thc ex,erimental tanks 01' caees.

(a) Feedin[; un uiletl substrat s: Plaicc (Pleuronectes platessa) of averag

lenßth 15cm 'olere trawl~C. from thc Cr \leh es tuary. and heal thy and undarnuged

animals were )lac cl si~[;ly in 10 litre pers?ex tanks for 2-3 JRyS an their

faeces collected and exaroined under fl'binocul l' microscop. Faeces characteris­

tically containcd remains of eithe~ olychaete worns, small bivalv nolluscs

an<! hydrobiid snnils, ur sI1all br wn shril'lj)s, crabs an~ amphipo<.l crustacea.

Fish Jruducin faeces containin" the former assemblaee were placed n a substrate

f mixed sieved sand;:tn estuarine mud to a depth of 2.5-3cw; fish prouucinp'
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the lat ter assemblase l,'r_ie lil' c~u un a substrate of' clean' s{eved sand to the

same deptn. The i)lastic tanks useJ had a capacity of 56 litres and a bottom

area ~'f Ö. 28r;/, .,nd were supplied lvi th ~~,-,ration and Hi th sea water at 100­

250ol/nin. Sunken to )pe~ oil \-1"S ac1c.1ed to these substrates tu p,~ve a concentra­

tion of 60mlh} of tank floor. A selection of ~)rey arg l.i.sms removed fror:l

"s tu rin mud uuring sieving was addeJ' to 'the muo s\,lbs trates and' small brown

shririIi:)s wer added to the S' nd substrates. Tank \vater temperatures ranged froo

17 to 21 eleurces C during the experiment (July-October 1973).

Hhen isolate fish hau ceased t) produce faeces they wer placed in the

test tanks far 2 uays to feeel. They w re then reooved. exaoined and wiped

carefully \vith damll tissue t remwe any a(~herinß substrate or oil. Only very

licht smearin:.; \-Jith oil '""as ever r. ticed and this \·ms sily rel,loved due to the

external l.lUCUS layer. Fish \Ye:ce then returned to il-fr e 10 litre ~) rspex

tanks, receiving fil terecl sea \Yater, for 2 days. Tb faeces were collected and

examineJ for evidence of iJrey and inßeste oil. TI!is sequence \.,as c' rried out

t\-Jice. after \yhich the"fish' \,rere killed, diss~cted, and the gut contents and

uuccal c~vity exam~n d for oil.

R sults

Exaninativn of faeces showeJ thnt partially diGested brown shrimps and

nuabers of the eL!lpty T partially dizested hydrobiid snails contained oil droplets.

Exanination of prey from the oiled su strates shü\yed that nany shriops had

indeed inuest Joil, but xaminati n of over 70 hydrvbiid snails, tosether

with polychaetes anc.1 small bivalves~ revealed no visible oil oroplets. It

appcared that nil found in the faeces of f.i,sh n sand substrates was present

in the i)rey \'lhen inßestecl. but that oil \vhich appearecl,in the faeces of fish

on nud substrates was Jirectly in3est~d either Rlon~ or tagether with the ~)rey.

In another xperiment four. fish 1vere therefore placed on the sieved nud

\.,ith oil su strate3 but \'lithout Jrey or.)an~sras, nd the safllC proce ures follow d

as <:wove. One vf these. four pr~c!yced f~eces c.Jntainin oil roplets and ,.,hen

killed anJ examined had sraears '.JE' viI on its ouccal crushine plat s.
. . h,2Table I summar~zes the results of these tests. Us~n~ th Exact C ~ test,

fish an·a,mud substrate were sißnificantly more likely to have'oil in their

f ces chan fish on .:l sand sul>strate (at P = '0; 002). an ',,,ere sir,nificantly more

likely to have oil on their crushinß plates (at'P ~'O.OI).

2



(h) Feeclin~ on oil cl shrimps in clenn conclitions: 12 ~l ice of 24-30 cm leneth
2

\.rere maintainecl l.n a tank of 216 litres an bottom area 0.72m fqr at least
. ,

7 n nths, su plied with flowin~ aerated w ter and Icd so}ely an clean brown
. .

shrimps. Before th e~Jerirnent~ fish were isolated in 56 litre tanks an

transferred to a 216 litre t?nk for feeJin~ trials. Tank water t rngeratures

xperiment (Oct9ber-DeGember 1973).the

15 ~lastic mesh ca~e$ per 10 litre Jers ex
. ' I'

suppli~J with i'lcTC'\tion and with flm.rin8 se~ water a~

fell from f7 to IO'Jecr s C Juring
, ,

ßr6wn shiim~)s 'were isolateJ in
2

tank of uGttorn area O. 1m •

1U0-150ol/Liin. All were fed clean food~ eonsisting of 3 rarts m c;erate 1

Mytilus ti;~~e to I part maeerat~d Gadus tissue bound with celatine, until th y
"

l!loulte. Tb y wer th n left unfed for 4 uays for the n \V eutiele to; harden.
'1.

nu Vl:lc J in eaees eontaining sunken to...> ed oil at a coneentr tion of 600ml/m

, ,
of t,,:uik floor. After 10 uays they w r exar.l1.ne alive for inp;estion f oil nu

if this ha oeeurreJ th eUße was taßeed an 1 the shrim s were useJ in fee ine

trials. Control shriuips \.rere 1ept untier simil r eonditions, but \.rere not plaeed

on sunk n oil and ler marked by punchinr, a small hole in eaeh exopod\iFe. The

wound tissue \Vhieh formed was black and rea_ily visible in the tanks. \fuere

excessive .round tissue formed) or the xopudite was tcrn) th shrimps \vere

discarded.
\

A fish was piaceJ in the larue trial tank and then 10 clean and 10 oiled

shrimps wer~addeJ siault~neously at the op~osit, end of the tank. Th tank

was observed c ntinuously for 5-6 haurs an t frequent int rvals thereafter

ver 3-4 Jays. The tili~s at whieh ehases and catches of cle n and oiled shrim?s

oecurred ,,"ere recorcleJ ~ver the former periocl, anJ the numbers of clean and
~.1

oiled sbrimvs survivin~ \Jere notecl at frequent intervals over th latter period.
. . ,

ehnse was efined as thc final rush tow rus a shrim1 with the mouth opened;

slow pr~'i{nii~ary a iJrüaches \.rere ign re. A eateh was reeord J only when the

shrim~' was 'taken intQ the m uth of the fish. lfuen trials -were re~euted, each

fish was starv J for 2-3 ays previüusly. Trials w re also run with 20 clean

shrimps and the S.:11 .... IJrocedures followed.

Results

Only 6 of the 12 fish chased an cau~ht 0re t an 10 shrimps nv r a 3-4

ay veriou (Fish A-G in Table 2). The other 6 fish were therefor xelude. from

the ass ssrrcnt. Ti! )ermittcd re~)e ted tests \-lith only 2 fish (A <lud ~, l.n

Table 2). Table 2 eives a sunmary of the results of the feedinp, tri ls. Tbe
,

first eutry is that at the tiBe when the first rcc0nled clean ~priP.lp was ~cfußht;,
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thc seconcl ep.try is that after 2 ')eriod of a,JproxitIk.'ltcly th s m uura,tion,

recorded throußhout the tri~ls; the third ntry is that of the last recorJed

captur~•

Results for the 3 tria~s with fish A \'1 re combined, gl.Vl.nz 56 eh ses

directed at oileu shriuys and 44 Jirected at clea~,shrimps. Thus oiled shrimps

w re not chased si~n,ificantly Flore often than clepn shrimps, but it must 1>,e

~oint d;out that fish A was vcry nctiye in rnoy.ing around the ta~k and this

r sult may not hold for largely stationary fish. However, of the 56 chases,of

oiled shrio~)s, 14 were succe,ssful, whereas of tl).e 44 chases of clean ,s.}:);rüus,

..:mly 6 \.Jer,e successful. Althou;::;h not si~nificant by thc Exact Ch-i
2

tes,t ..

the resuly.s s\lsgest: that ilcu shrimps \'lCre more easily caueht th n cl an

shrim~s, anu thc pattern of catches with tim sU1Ported this. In only one trial

<lid the total of clean shriTi1~)s caut;ht exceed the ,tutal of oiled shrir.lps cau..,ht

at any recorJed time within the first 15 catches of the trial. It was

c nsid red that when less than 5 shl:'im~s \.Jere available, .the ,chances of the

fish encountering Olle of the reD in"nr; oileJ shrimps wer;e small enuur,h to

outweißh any relative ease of their c<lpture.

(c) Ouservations: Durin~ the periode of continu us 0bservati8n the behaviour

of th shrimps "laS noted. Oiled shrimps frequently l)erform d ackward circling

m vemen~s or compl te somersaults when retreatin~ or cscaJine. They were liable

to swim to the water surface and alang the tank walls just below the surfaGe,

unlik~ tqe clean shriqJs which tendecl tl) move .:lbout more on the bot tom or to

remal.n 1n the cyrners f the tank. The I:1ovements f the oiled shrim?s renderec

th m more likely to encounter a stati nary fish anll induce its feedinß

activities, or to become th tar;et of feeuin0 activity of slowly mo~in8 f~sh.

The atypical b haviour of the iled shrim;ls led to an investication Qf the'

effects Jf inßest cl oil on th~ir buoyancy.

() The s ecific gravity of uiled shrimJs: The specific :jravity of clean and

oilec1 shria s of cOIDtJarable cara lace 1 n~th \.Jas rne surc~d by placing them in sea

water in a wide grauuated tube. Concentr ted brine (300 :~/l) ,,,as added slowly

as the mixture was stirr d. When th shrimp flvated in thc middle \ f the water

colunm a san le üf the lixtuI;'e \"as ~"ithdrawn and lOeasure"l with a sp~cific

ljravity bot~lc~ No shrimiJs \vere used th,at hau recently maul ted, but no acco).lnt

was tak~n üf sex, lipid conte~t or l'reviQus feedin:~ .re,< ime. 12 ai,led shrimps

of TIll?:aI). carapace \ nijth 11.73mm (SE 0,,0 I~) haU. a r.l",an f:i ~ecific :)ravity,af 1.085

(SE 0.003), \"hilc 13 clean shrimps of mean carapace length 11.50mm (SE 0.016)
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had a menn s ~cific 0ravity of l.i09 (SE 0.003). There is no sir,nificant

tliiference uen.reen the menn cnral ace l",n·~ths, uut the mean ~?ecific ."ravl.ties

ar significeaU.y differ~ ,t (at P ". 0.001).

Discussion

Th xp riments witt: laice confin~ that they will catch anr' eat üi1ed

shrimps and continuo to s arch for end eat burrmvin3 benth s 1n iled substrates.

The fact that un° er 1 boratory contlitions shrimj.Js and plaice inr:esteJ sunken

i::. at seabed concentratiuns ave!:" 3 times lüwer than those calculated as beine

likely tu follow immetliat ly after oil-sinking activiti s at sea (data frot:l

V~n'Dixho rn, Vän'Ln~eren . d Menacie, 1970) indicates tuat the ~otential problem

of ~aintin:~ of cocunercial catcnes may :k,~3ist after conc'idera le dilution of

buttorn uil concentrat~üns uy diEpers~on and burial. It would also appear that

:)1 ic • lik shrin~ s, in;.,; st 3ud~ n top Jed oil as a ·Jotenti<.el food, rather than

inEest oil un' ntentional:;, 1Vhile :~a'::chin3 and s\>,a11owin3 prey, but that the

f e'in~ h bits of a eoersal fish will dffect the emounts likely to be eaten.

Th feedin", trials \'li th oiled end clean shrimi1s indicate that the forner

may e eate~ prefe:- ntially, not because th y are more attractive, but because

incestiün f üil rentl rs shri8ps mo~e likely to encuunter a predatür or to ue

r.lure easily cauijht dnc~ cilase', It is not clear whether th effects af ingestion

f ai.l, \·,hich_leacl t .mo~e encounten: \vith..fi.sr. and less success at esca, inq;,

stern früm interferenc with behaviüur or sens ri-Qotor control or result entirely

f~:Jm incrcased buoyancy and instaLility.

SUIIrr.1ary

1. TIl~ lUß stion of sunk n topped cruJe oil ren~ers bro\Vl1 shrim' s more easily

caur,ht by a predatury fish,

2. Shrim)s that heve in:3ested sunl~en oil have a reJuced specific (~ravity.

3. Plnice will eat oiled shrimO)s on an oil sand sujstratc, but fish searching

for food in an oiled mud substrate are rl re likely to ingest sunken oil.

4. Sunken eil may be eaten by plaice as a pot nti 1 fooo. nd not !"lerely by

accident whil catchin,.:, and swallo\ving prey on an oil cl substrate.
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Table 1 The nurnbcrs of plaice shm"inp, eviJenc 0 inßest d sunken oil

Oil l.n faeces Oil l.n faeces Oil on buccal No evidence Total
en on bucc:lI a one lates alone of oil
plates

Fish on a mud sub-
strate + prcy 6 2 3 12

Fish on a s'nd sub-
strate + prey 0 0 5 6

Fish on mud sub-
strate \"ith no
prcy 0 0 3 4
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Table 2 A sUillnary of the results of trials of feedine plaice
\.;Ti th oi lecl or clean shrinps

No. of oiled No. of clean Time
shrimps shrimps (Hins)
caught caught

FISE

A (test 1) 2 1 123
8 4 1295
9 5 1625

A (test 2) 3 2 106
8 8 1410
9 9 1590

A (test 3) 5 I 245
9 5 1380

10 8 2620

B ( test 1) I 2 160
4 3 1380
5 8 8200

C 3 I 270
4 4 1380
9 10 4400

E I 2 1110
I 2 1590
8 4 11360

F 2 I 65
4 3 1260
H 6 8550

G 4 2 235
5 3 1380
7 6 7140

Clean shrimps o. ly

FISH

A (test 4) 1 2
18 1500

B (test 2) ! 2
19 470
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