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Abstract'

.
..'<

After exposure for 24 hours to 1.0 ppm of the organo­
phosphate insectici'de, Sumi thion,' Atlantic salmon. pari w'ere' more
vtilnerable to,predation ,by large'brook trout.' The; experimerits
were conducted in large out-of-doors'concrete' pools in which the
salmon had acc'ess 'toa safe haven. Sumithion at 0.1 ppm, .und

'0.07 ppm DDT,.had no noticeable effect. The.results, particularly
for Sumithion, correlate weIl with previouslaboratory work on the
effect of insecticides~n;th~ ~earning ability of salmon.

'Introduction

. T~ere ~s now good.·evidence.~hat,fish.whic~:surviveexposure
to insecticides can exhibit changes.in.their physiology and behaviour'
(Anderson, '1970)'. The results ha~e come almost.entirely from care­
fully controlled~laboratoryexperiments in whichlittle rittempt h~s .
been made to approx~m~te natural,conditions inthe.ficld.. ..,'

Some of the' above, work' indicntes tha t insecticides, admini­
steredin sublethal:doses, can affect the learningability of fish
(Warner etai., 1966; Anderson and Peterson,,1969;,Anderson and
Prins, 19rO;:-Jackson et al., 1970; .lIatfield" 1970)., This fact, to-
gether wi th , the. assumption that .learning ,plays .some" rele : in the .
ability of young fish.to 'escape natural' predation, prompted the .
present investigati~n. Itreport~ on' the effect on.the abilityof
Atlantic salmon (Salmo salar, L.) parr~ when-the'latter a~e exposed

,to sublethai levels of a chlorinated' hydrocarbon insecticide and
an organophosphate insecticide,. to escape'predation by'large brook
trout (Salvelinus fontinalis, Mitchili) •

. ' ,

Materials'and'Methods.

e The broo'k tr~ut ,were' two' and' a·"half ..yea'rs:~ld~ and ranged
from 30 t'o 35cm, in~length•. The Atlantic 'sillmon wcre 'ycarlings, 10,
to 12 cm in, length. . . ", ...,.(,

The predato'r-prey experiment~ .wer,e 'cdnduc~ed' in. -:two ~. , " ~ .
circular outdoor concrete ponds wi~h gently sloping bottocis, each ~ond'
holding 'approximately, 11,000 litres ..'of water. 'Water 'depth'in the
ccntre of each pond was about'l metre. Theponds were protected
from direct sunlight .~y overhead ~hading.:

The 'ins'ecticides u'sed \~ere' Sumithion* .and DDT**.' All·
-eiposures were for 24 hours, in '25 'litres,of water, one fish per
exposure container. Both insecticides were tested' at, conc'entrations
near'the96 hr LC50 level. For Sumithionthis was 1.0 ·ppm
(Sprague, personal communication) ;for DDT i t w'as 0.07 ppm ' (Gagnon,
1958). In addition Sumithion wastested.at I/10th its 96hr ·LCSO
concentration, a level generally acceptedas beingbiologically .
safe (Mount and' Stepha~l, 1969; Sprague, 19?0).Acetone was. used

• ? •

* This is" a trade name; p'roposed: cominon name, Fenitrothi~n; ,
chemieal. formula 0,0- DINETHYL 0- ({-NITRO-m-TOLYL) . ;PHOSPIIOROTHIOATE.-.. - ~ . ,

** Technical grade.
,">
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as th~ "carrier for DDT.' Untreated (control) fish were similarly
held in 25 litres of (clean) water'·for24~hr. After exposure all
fish, treated and controls, 'were held for 24 hr in clean water
before the experiment was begun •

..,' : Ea'chpond :Was' pr'ovided "vitha haven for'thes'älmon' in the ' .
. formo'f a 2.5 x 1.5 x 0.2 .metres·'high galvarlized poultrY.'wire·,box made
.of 3 x 3, cm mesh through ,wh,ich. the. salmon could easi~y';pass but the
trout could not. Preliminary. work seemed to' indicate that .20 '.
salmon parr and' 10.trout in each'.pond provided ci. good predator-prey
ratio'. ' " ' , ,',.,." .'. . ',' . .. .... .,.' ... ".. ',. ' '.

, • ~, .: ' l" pt P f

• _ ". ". ...' ( " . t t .. ~ .

Both ponds,were used fcir' eachseparate 'experiment (trial).'
In one pond 10 of the salmon were 'treated; the other 10' '(pelvic
fin-clipped) were untreated controls. ,!he other pond contained 20

'untreated control salmon. Each tiici.l was:replicated six times.ln
addition sixtrials were,run.inwhich both.ponds, coniaine~ 20·tin-,
treated.control srilmon.' A new batch of salmon.was 'used for each .
trial', but the same 20' trout were used as. predators throughout the •
experimental series~' '. I ",.' ., ." " ' , ,

• .. I.. ,~ .. _' ....' , • '." •• • .~ : .. ~ :.,'

Each 'tri'ai r'an"for' 24hours, sta'rting' at Og'O'O hrs oh '
Monday, Wednesday, and _Friday, of each. week. . Each .trial began by
releasing the salmon beneath thclvire 'mesh: haven~ ,and was' terminatcd,
by rietting thesurvivors' at .thc .end of ~he.24~hour·period. '"

" ,,_., l, • • '. _' .' ~', •• ,- ',.' • ""'; •

The experimen'ts' w~rc c'oricihctdci'dur'ing -the. p:eri~d mid-May
to mid-July, , 197,O~ :Watert~mp~ra tureJn .'the' .p.cinus.'·gra~ually,·in-.
creased from 9 C at thebeg1nn1ng and reached a .constant.tempera~

ture of 16 .e by' mid-June.· Temperatures'uid :not' .fltl:ctua'te by. more
than 1;5 0 for any:one,'trial.', 'All ~exposures·:to··insecticides.were
doneat constant temperatures,ap~roii~ating'the:curr~rit .out-of~doors
pond temperature. "'. ", "..,'" . ; :", ~.' ;",., ";','

, " " •. ~._ ,,:.: ,: ).~ ',': ._~<o~~_••~ ~. ;.. I: ,__

. Results . , ,,,,t<,.,. "

. The troutcaught salmon by' charging the school and then •
continuously chasing'on~·individual~~ntil~augh~, or.mos~"~~t~n·by
singling an individuaLout fro'm'the group and'forcing 'it against.
thc'side of, the pond, .where it.was casily eaten. Salmon escaped
predation by outswimming. or~ outmanoeuvring' thetrout, ,including .
re.tr,ea ting ,tothe'wide-mesh havcn ;'and"occas1~na11y by, sudden1y

, 'becoming'immobile ;'aresponse. which' seemed' to inake ·tp.em "invisible"
to th,e trout •. ' '." .• ;'. . ';'.' , :.:",.' ~ ."" .. ,,' ':.:':':" , :' .. ;,.,

Skill in the use by,t~e·:~~lJ6;~~i·ih~:wiic-~e~h.haved_
seemed .to increase"wi th time • After. 12 -15 hoursa stahle predator­
prey.relationshfp appearedto, beestab1ished':'s'ince"'fe\"';· additional .
salmon lV'cre caught. ' "',. ,\ ~ '.

' ''!" . ~ ~ , ~ _ .:_'t I .'.' • , ,'\ ; ... ~,.

, .' ,InFigure 1 A' is 'sh~wn·.··Üie predation' 'mo'rt'~liti 'in 'thc'
two,I)OIidS (ea'ch' vertical bar represents' a 'pond) ·forthe' si" ·trials
lVhen all o{'the 20 s'almonin each ·of,·the' twoponds<were unfreated~

,On the average 60% of the salmon were eaten~rom each,pond. The~c

is no' significant diffe!ence betlveen, the' ponds ~ ,.'- . 'c' ,;

The remaining: histogra~s,.compare ,for each .trial', ·the ..
numbcr of sa1mon e~ten in the pond. containing on1y"~ontro1~fish'.

. (right-hand. vertical. bar for each_ trial) ,wi th' thc', number of' salmon
eaten in the pond in which 10 of the.. 20 salmon"were' treated~
(Treatedfish: denoted. by' s'olid black part' of bar f cxtendcd open
part of bar' denotesuntreated' fish)'~ " . ',. "

The' results for 1.0 .. ppm,.Sumithion (1 B) are'the' mcist·.
'interesting. On the average (for both.ponds· taken" together).
67.1 % of thc salmon lvere eaten •. ' In every trial more l-lere enten
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in the pond containingthe treated"fish' than in' the pond-containing
only the .control fish; furthermore~ inthe·former.pond 95% of the
treated fish were eaten_as'compared:to~'only:58% for·the~ntreated

ones. The.predation pressure.. on:the. treated fish.might.actually
have been greater than.indicated.since·in four'of the trials all
of the treated' fish had been eaten by.the.end. of the 24-hour,period,
but in none ofthe trials wem all:of_the:control fish eaten. Un­
fortunately.·it .. was: not.possible to record the 'exact time~course of
predation,because the' control fish could.not easily.be~distinguished

from the treated fish' dtiring·the experiment .'. It seems likely, :
however,.that the treated salmon parr might.have~been ,shown .to be
even more vulnerable.to predation if. more than 10 treated fish 'had
been used. Statistical analyses, employing' a: normal approximation

·test for' binomial proportions (Brownlee;' 1960), show that.the.
greater:predatio~of trout on 1~0 ppm Sumithion-treated salmon .is.
significant. ..

Analyses of the. data·. for 0.1. ppm Sumithion- and' '.07. DDT- .
treated fish cortfirm'the impression, given.by inspecti6n.6fFigures .
1 C and 1 D, that these treatments had no .effect on p~edation .rates.

Discussion

The Sumithionresults above correlate weIl with previous'
laboratory work. The treatment·of. salmon parr with.l.O ppm Sumithion
inhibits.learning ability in.a shuttle-box conditioning. apparatus;
0.01 ppm.Sumithion has no noticeable effect on learning (llatfield,
1970). .

•

; . .
The res~lts for:DDT are'somewhat more equivocal. The:first

paper on the effect of DDT. on learning' (Anderson and Peterson, 1969)
indicated that learning (in.trobt) was. inhibited. by exposure to .
sublethaI DDT. However, it was subsequently'shown. that by.modifying
the apparatus' and trainingprocedure,. salmon and trout could' bq. ,
trained in a" shuttle-box apparatus. (Jackson, et al., 1970). Hatfield,
using the very same apparatus,. and.the same techiiTques, as used and
described by Jackson, et al~, e~tablished,as reported above:that· '
Sumithion-treated salmonparr did'showsevere,learning impairment~
Furthermore, Hatfield not only confirmed.that DDT treatment'didnot­
inhibit learning in his:fish~.:but·stated,that'his data.suggested"·
that the DDT-treated salmon:might:even'have:learned faster than'his
contro! fish., I1owever" our: results', (Figure 1. D) do not suggest' that·
DDT- treated fish were any better.: able' to: escape predation' than:.un­
treated fish. (In the ponds containing:the treated and control fish
together, 39 DDT~treated and 38 control fish were eaten.)

..
Sumithion, because.of:its-relative~non·toxicitytofish~

has replaced DDT as·the insecticid~used:in the massive annual
aerial spraying program to control~the spruce budworm.in the Province
of New Brunswick. Fish mortalities~have'certainlynot been a con­
spicuous feature of the present~:spray program. However, the resul ts'
presented here indicate that: the' lack of mortality does not necessar­
ily mean that there has been no effect.



- 4 -

Referenees.

Anderson', J. 1-1. The assessment of the effeets of p011utants on
physi010gy and behaviour. Phi1. Trans. R. Soe. (In press)

"

•

..

1969. DDT: Sub1etha1 effeets
Sei enee 164eS 878): 44 0- 44L

Statistiea1 Theory and Methodo10gy in' Seienee
John Wi1ey and Sons, Ine., New York, p. 121.

Anderson, J. M., and H. B. Prins. 1970. Effeet of sub1etha1
DDT on a, simple reflex in brook,trout ..J. Fish. Res. Bd.
Canada 27: 331-334.· '

Anderson, J. M., and M. R. Peterson.
on brook trout nervous system.

Warner, R. 'E.; K. K. Peterson, and L. Borgman~ 1966. Behavioural
pathology in fish: A quantitative study of sublethaI pestieide
toxieation. J. Appl. Eeol. 3 (suppl.): 223-247.

Brown1ee, K. A. 1960.
and Engineering.

Sprague, J. B. 1970. Measurement of po11utant toxieity to fish.
111. Sublethai effeets and safe eoneentrations. Wat. Res.
(In press)

Gagnon , A. 1958.::j La toxiei te du DDT pour le saumon de l' At1antique
(Sa1mo sa1ar Linpe) et 1es a1evins de truite (Sa1ve1inus
fontinalis(1-1~te~i11)). Can. J: Zool; 36: 479-487.

Hatfie1d, C. T.1970. Effeets of four ~nseetieides on the ability
of Atlantie' salmon (Sa1mo salar)to 1earn and retain a simple
eonditioned·response. M.Se. Thesis, Queen's University,
Kingston,'Ont., Canada, 100 p .. ,

Mount, D. I., and C. E. Stephan. 1969. Chronie toxieity of eopp~r

to the fatheadminnow (Pimepha1e~iprome1as) in soft water. J.
Fish. Res. 'Bd. Canada 26: 2449-2457.

Jaekson, D.A., j~M. Anderson, and D. R. Gardner. 1970. Further
investigations of the effeet of'DDT on 1earning in fish. Can.
J. Zool. 48:~577':'580.

;,. . ~



20
0- All Fish Untreated

.- 1.0 ppm Sumithion
Treated

0- Untreated

A B

I 2 3 4 5 6

N um be r

2 3 4 5 6

Tr i 0 I

o

5

10

15

10

5• c
Q)-0

UJ

c 0
0 2 3 4 5 6 2 3 4 5 6
E
0

CI) • - O. 1ppm Sumithion
.- 0.07 ppm DDT Treated- Treated

0 0- Unt reated 0- Untreated
20

~

Q) C 0.D

E
:J
z

15

Figure 1. Predation morta1ity expresseJ as the numhe of
salmon parr eaten in each of the two ponds used for each
trial. Ten traut and 20 salmon per pond. A - Control
salmon only in each of the ponds. H, C. and n - Treatment
with 1.0 ppm Sumithion, 0.1 prm Sumithion, and 0.07 ppm
DDT respectively. For each trial the right-hand bar
represents the pond containing only contra1 salmon. In
the adjacent bar, the 10wer (solid) part represents the
treated salmon; the upper (open) nart represents the control
fish. In the ponds containing treated fish, 10 were treated,
10 were controls.
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