
Slums OF TIlE lMPJ\Cl' OF AERIJ\L APPLICATIalS

OF TIlE SY!llHE:I'IC P'iRE'lHroIO NROC-143 Cl'I N1JNITC EX:C6VS'I'I'H3

by

P. D. Kingsl>.Jry

Chemical Control A!!search Institute

Deparblent of the Enviromlent

ottawa, Chtario

Report O:-X-127

~, 1976



- i -

NROC-143 applied by air=aft to snall lakes at enitterl

dosages of 35 g AI/ha and 140 9 AI/ha affected zooplankton and botton

fauna p::>pulations arrl led to changes in the type arrl quantity of fcx:xi

ingested I:!v native fish. Effects at the lCl'f't'er dosage were relatively

short lasting and mx:h less severe than effects at the higher dosage,

which incluled sore fish IlOrtaUty, heavy IlOrtality of shallow d\.elling

,art.hrop:xls, ani supression of zooplankton arrl oottan falma fOPUlations

over several nonths. NROC-l43 applied to a creek at the rate of 70 9

AI/ha caused dranatic tut short lasting increases .in the drift of

aquatic insects tut did rot siqnificantly affec± oottan fauna IXJP..1lations.

Substantial impact on terrestrial arthropods was revealed by knockdown

onto the creek's surface.



- ii. -

RESLME

IX1 NROC-143 applique par avion sur de petits lacs ~ des

doses de 35 et de 140 gramres d' ingredient actif (rA) par hectare a

eu 1.m effet JTIarq\E sur Ie zoop1ancton et la faune des fads et provoque

des changEfle1ts quantitatifs et qualitatifs sur la RJUrriture ingeree

par les poissons indigenes. Les effets des faibles doses ant e~

relativenent de courte duree et beaucoup rroins graves que ceux des

fortes doses (rrortalitli: des poissons, rrortaliU! JUti:treuse des art.hrop:XIes

d 'ea:u peu profonde et suppressioo du zooplancton et de la faune du

forrl (X'UI' plusieurs rrois). I.e NRI:C-143 applique sur W"1 ruisseau 11

une dose de 70 gramres IA;'hectare a provoque une augrrentation brusque,

mais de courte cIt.rree, du Cl::IIp)rtenent de derive des insectes aquatiques

mais n' a pas infloo de fac;on significative sur la faune du fone!. L' effet

de chcx::: sur les arthropodes terrestres a ete assez marque, came l' a

rf'vtile Ie I1CITt>re de ces demiers flottant a la surface du ruisseau.
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Fbr nany years large scale i.nsecticida spraying has teen crndu:ted

o~r Eastern Canoo.ian forest regions in order to reduce tiE daIra~ caused by

the sprtD:! budworm, ChoristOl'1€ura fumifeT'ana Clem. over the years, rrany

insecticides ha~ teen tested for their suitability for crntrolling this

pest sfecies with mi.ni.m.Jryl disruptioo to I'1CI1-t.arget organisIrs of the forest

habitat. Iecently, interest has teen fOCU3ed a1 newly developed synthetic

pyrethroids as pranising new tools for spruce b~rm crntrol operations.

These carpomds are structural!y similar to tha natural pyrethrins \\otUch

have been used for controlling insects for years, rot they are rrore suitable

for use in forest (:est cmtrol operaticns tecause they are note stable, rrcre

toxic to insects am less hazardous to nanrrals <ni birds than natural pyre

thrins (Abernathy and Casicla 1973, Nishizawa 1971). lhfartmately, the

synthetic pyrethroids are similar to natural pyrethrins in that they are

highly toxic to fish (Mat:ek et al, 1976). Natural pyrethrins have also

been found to be highly toxic to sene aquatic insects (Bridges am C_,

1965) and as synthetic pyrethroids display greater toxicity to insects in

~neral, they can re expected to I:e highly toxic to aqu3.tic insects as well

as to fish.

During May and JUle of 1976 p>rscnnel of the Ciel1i.cal cmtrol

llesearch Institute (OCRI) cendocted field trials to test the synthetic

pyrethroid NROC-143 (Pernethrin) against the spruce bu1\.Qrm. In cenjuncticn

with the efficacy trials, field trials to determine the effects of several

dosage rates of NRrX::-143 on aquatic fauna were. carried a.rt.. The purpose of

t."ese trialJ! was to determine if NIDC-143 presents too great a hazard to
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aquatic ecosyst.em3 to be used in forest .rest CQ'ltrol operatioo.c; arrl if not,

""at dosage rates of this chemical wculd be reas<nably safe in terns of

hazard to aquatic organisrrs.
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['etilW'awa Forest Exferi.Irental $tatiro: Ole treatJrent lake, the treatJrent stream

and the mtreated CCJ1trol lake and stream \Ere located within tte Petawawa

Ebrest EJq;erinental Statim (PEES) near Chalk Ri""", O1tario (Fig. 1).

Tre treatrrent lake, 'lb:tnas Lake, is a small (approx. 10 hal ,

shalle>< (1lBX, depth 3 m) circular bog lake. 'll1e lake has been used fur

rrany years as a lnlding pend for logs for a research sawmill located O'l its

srore, and as a result the bottan is ~red with a thick layer of ba.rl<:

and wcod cEbris and the lake water is hicj11y coloured (Secrl1i disc reading

of mly 0.75 m). ~ of the shoreline of the lake ornsists of a floating

layer of sphagnum rross, Sphagnum ap." supporting thick gro.o1ths of heaths,

primarily laborerlor tea, Ledwn sp. J and sheep laurel, Kalmia angustifoLia

Linnaems. ~ ootlet stream flews cut tiE north end of the lake thraJ.gh

an alder, Alnus sp. J swarrp and hcrl little flCM t.h:roJ.91~ the stuly prriod.

'Ihe surromding forest is pri..narily a mixture of tanarack, Larix larioin.a

(OJ Foi) K.. ¥Dch, end black spru::e, Picea mariana (Mill.) B.S ..P., ,-ti.th occa

sional large white pine, Pinus strobia Li.nnaeus. .Aquatic ve~taticn in tIE

lake is limited to sparse gro<th of spatterrlock (yell"" "'ater lily), Nuplzaro

luteumJ because the floating nasses of spha91um Il'DSS cover tie~ shore

line ani the bottcm drcp; off """y rapidly fran the shore leaving alnost no

shallow areas suitable far rooted ~tic plants.

Tte W1treated oontrol lake, Yomgs Lake, is located al:x:rnt 6 km.

,,~t of '1b:Jnas Lake and is twice as l.arga am deiep (awrox. 20 ha in area

"Ti. th max. depth atout 6 m). It i!'> a bog lake with a bottan of orlJ8l1ic debris

and silt but has sarewhat clearer water (seafu. disc rea1ings of 1.5 to 2l1'J
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than TlDma.s Lake. It also has a rrore gradua.l sloping bottan whi.d1. s~rts

a 15 to 30 rn wide corrpact bcr1d of W'iite water lily. Nymphaea odorata J

aloog the shallav wargin of tiE lake. '!he shoreline '\egetation CCtlSi!'lts

prirrarily of alders in front of a forest of black sp:ru::e, \'Alite pine and

white birch,Betela papyrifera Kirsh.

A stretch of Yoongs Creek aboot 5 km in length, te"",*", Race Ibrse

FC:x:d and "~dian Foad, was treated to study effects rn stream fauna. Youngs

Creek fl."", alt of Yamgs Lake about 6 km above the treated partial of the

creek and flows into the Ottawa River aOOut 8 kIn Ck:Mnstream fran the treated

secticn. The creek flCMS at a rroderate pace throu<jl an oren valley appro

x:i..nately 50 to 100 m wide. TlE creek varies from atout 3 to 10 m in width

and fran abcut 30 an to 1.5 m in depth. Tho creek bed is primarily fine

sand which is oovered with silt and "'l:U"tic plant <jIXMth (I!05Uy wildoelery,

Vallisneria americana) in sorre sectioos. Alders and grasses gra.J almg tte

banks but ~re is no overhead forest canq:Jy. Maunsell Creek, the m.treated

centro! stream, flOh'S into Yamgs creek abaJt 1.25 kmabo'l.etle treated FOr

tim and was sanpled just upstream from where it enteIS Youngs Creek. as it

passes under Baseline lbad. It is similar to Youngs Creek but srraller and

shall~r with less floy.

Lac Tassel, ~: Lac Tassel is a fairly snail (awrat. 30 r..a), relatively

deep (11BX. dePth 14 m) oli<:pt.r<:pUc lake located in Percbe Tcwnsmp, PenHac

COunty, Q.>ebec aboot 120 km north of Ottawa and 42 km ,",st of MmiwaJd,

Quebec (Pi",. 2). It has clear waters (a"",,"-9" Secdri disc reading of _

3.5 m) and a wide variety of bottom types ranging from arP..as of sam, stales,

rooted aquatic \oe<]etatiCll (pri..Jra.ri.ly pipewort, Eriocaulon 8eptangulare)~

larc:Je' rrx:ks, \oOXi debris or tt-.id<: gilt al eng the shoreline to ~ thidt,
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oozy silt fou1d in deeper portions of the lake. A snail outlet stream

fl""" from the sooth side of the lake (Fig. 3) and a shalla.; sandy area

at its nouth is utilized in t.h:! gpring as a ~q area bv~te su:kers,

Catwtomus cOrrrTle1'8oni (Lacepede). '!here are three bea~ lodgas with a:1jacent

sumer<jed wocxi piles alcng the smre of the lake where lar\>' nunbers of

fish ~Ie ob6e~ on rrany cxx::asiOlS. A ShallCM silt bottared bay at the

\¥eSt end of tbe lake is tte ooly area '\here large schools of minnows can be

foun:1 in the lake. Srra1.l.Iro.lth bass, Microtel'U8 dolorrrieu Lac~, nest aloog

the sffireline of all but the ....t shore of the lake.

The shoreline of Lac Tassel is forested priIrarily with stands of

balsam fir, Abies balsamea (L.) Mill., interspersed with J;:q)lars, Populus

.p.
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Fig. 2. Locatioo of smdy site at Lac Tassel, Quebec.
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TreatnEnt~ and Deposit ~urerrent: 'Ihree applicatioo rates of

143 were applied directly aver stu:1y areas to deteLI"line their effects en aqua

tic fatma (Table 1). All spray fonnulatiCl'lS were dyed with tarate B dye

to facilitate neasurement of insecticide deposit.

Table 1

NRDC-143 £onnulations applied to aquatic study areas, 1976

ipman Chemi Ltd., 50% oil C01cen

Canaor:t I .• , 8M oj]
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Ml applicatioos were made by a:ro's Cessna 185 aircraft fitta:1

wi th a MicrooailYspray emissioo system. Wind speed and clirectioo,

t.err(:erature and relati '-"'! tnJrrddity~ rrea.sured durirq treabrents at PFES

by the forest rreteorology unit of~. A p:Jrtable anenmet.er was used

to detennine wi.OO. oonditioos at the tine of treatrrent at lac Tassel.

Insecticide depJsit in the treated areas was estinated by two

rrethcxis: oolori..rretric rreasurement of dye de;x:>sited on aluninum pans, and.

oounting of spray droplets landinq on Krcrrekote cards. Deposit sarrplers

o:nsisting of two alt.mrl.num pans 13 x 17 an and a 10 x 10 an Krmekote cam

were put cut i.mredi.ately before spraying began. On the heated lakes

a line of ten deposit sarrplers on styrofOOJ1"\ floats was anchored across the

lake J.=ex:pendio.l1ar to the direction in Nhid1. the lake was sprayed. At the

treated steaJT1, three lines of four deposit saJTPlers were placed 00 the

shore across the creek bed at earn end and the middle of the treated sec-

tion of st:.ream. Insecticide deposit 00 the: aluminun pans was detennined

by Ivashing the dye off the pans with tolu:me and determining the alTOunt

of dye depositen on the pans with a colorineter. This was c::Clnn3.red with

the arrount of dye in a reference !'ltandard taken fran the original spray

fornulatioo to dete:rmi.ne the actual deposit.

'!he Krorrekote cards were sent to the National Aeronautical

EstablishnBlt where insecticide: deposit a1 them was detemri.red by a

CXf1l'U1:erized spot-rounting systel'l (Slad<, 1973).

Water ChemiRtry and '1'errperature ProHleR: Phvsical iUld chemical oararreters

of the "'lU<'tic systellS stuli.ed were rrcnitored t:hrougInrt: the stuly period.

Terrperature profiles of the lakes were taken using a portablp. thermistor* .

• UytID)lal Cc:q<Jralion, l\Ustin, Texas.
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Dissol~ oxygen, [.H, alkalinity and hardness at various depths were detenn:ined

by the use of Kermerer water sarrplerR ** and Hack water chemistrY kit.c:***.

'furtl:lerature and water chemistry of the sttrly streams were also rronitored as

well as chan~ in their water le~l.

Zooplanktc<" Zooplanktcn populaticns in tre treatrrent and central lakes

were sanpled throughout the study period. Zo:plankten JX'I.=Ulations in 'Ihanas

and Youngs Lake h'ere sarrPled by tONing a silk belting cloth (49 neshes to the

amt:irretre) tD-J net with a 500 cm2 cpaninq alcng the surface near the centre

of the lake for arProxirra telv a ten-lTEtre. stretch between two rrark.er blDys.

ZOq:!lanktoo. in Lac Tassel was sanpled with a Sd1..i.rrl1er-Patalas planktal trap

(Schindler, 1%9) with a 154 rresh to the centiretre straining net, whidl

captured all the zooplanktoo present in 12-litre water sarrples. 'Ihese sarrples

were taken fran the surface at the shoreline of the lake aD:l ftttn the surface,

4 m and. 8 m at a bl.XJY anchored near the centre of the lake. All ~lanktal

san,.::les t.lere preserved with formaldehyde and later counted and identified in

the lalx:>ratary by placing them in a gridc"k:;rl dish 1..D"1CEr Cl dissecting micros~.

ZCX>planktCll nurrbers fran tcw net sarrples were obtained by extrapolating fran

the nunbers counted in awropriately sized slbsarrples, but planktoo. trap

sarrples ~e counted in their entirety.

Benthic Inwrtebrates: Botton fauna pq>ulations in the lakes were sarroled

with an Ek:rran grab which sanpled a 232 c:m2
(36 inh area of the hottan. Five

sarrples were collected an each sanpling date at '!hams and Youngs Lakes and ten

sarrples on each date at Lac Tassel. Sanples weIe oollected fran the sane area

~. Wildlife Supply Company, ~a~inaw, ~lichiqan

*** Bach Chemi cal rbrTpany, AnP.s. T(M<=l..
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of bottom en eam occasicn and f1'Ol"\ a relatively na.J:"l:'(M range of depths.

I30ttan sanples fran the creeks were collected fran Rhalla-l (10 to flO an) areas

using a 0.093 If? (foot £qUaCC) c;uIDer sanpler (Sw:ber, 1936). ']\..0 staticns

were sampled in the treatrrent stream: Statim 1 (Fig. 4) was located at a

gravel bottan imrediately d<>mstream fran Maridian Ibal am Statim 2 (Fig. 5)

was situated alcng a silt covered, sand bottrned stretrn of scream near the

centre of the treated stretd1 of Yamgs Creek. '!he centrol statim CI1 Mamsell

Creek was located i.rrnedi.ately davnstream fran Baseline Ibad en a silt covered,

gravel bottared portion of streanbed (Fig. 6). All bottan sanples were preserwd in

their entirety in the field with formlldehyde am the organism; in them were later

separated fran the s_trate in the lab with the aid of a "buI:bler" (Kingsbury and

Beverid~, in press). Bent.'1ic organisrrs were then counted arrl identified to

order or family.

Aquatic insects energi.ng as adults fran the surface of '!hares and

Youngs lakes ""re sanpled with stbrerged energenoe traps (Flannagan and Lawler,

1972) suspended fran styrofoam floats. Ten traps ""re set almg the shoreline of

'llianas Lake while five were used in Yotmgs Lake. Mult insects whidl had errergerl

into the traps "",re renoved daily and counted.

Drifting "'lUStic in~rateswere sanpled in Youngs Creek by placing

a drift net in the creek for thirty minute pericx1s each rrorning and evening

(Fig. 7). The net sanpled a 46 an (18 in) wice portion of the creek's flCM fran

surface to oottan, including the surface film. 'lWo additicnal me hour drift net

sets~ trade imrediate1y prior to and follclod.ng the insecticide applicatirn to

dOC"Ull'Ent i..rmedi.ate effects en aquatic invertebrates an:] to semple terrestrial arth--

ropo::ls knocked into the. creek . Drifting aquatic and terrestrial organ.isrrs were

also captured jn ablodtinqseine set ac::ross the entire width of the creek (Fig. 8)

and enpt..iP.d earn rrorning and eveninQ.



F'ig. 5 Younqs Creek, Pf1o;;
Surber saJTPlinq ilt
treatIrent StatiO' J..

Piq. 4 Youngs Creek, PFES
TreabTent Station 1.
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Fig. 6. Maunsell Creek, P~. Surber sarrplinq
at the untreated control 9tre;'lm.



Fill. '.
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Fish: Fish rrortality related to NHX;-143 treal:ITent was stu:lied by trapping

fish and caging them in the sttrly lakes and creek. In 'Ihorras and Youngs lakes,

sna.ll fish of a ntlTber of families were placed in cages which were attached

at various depths 00 a line running from the surface to the botton anchored

near the CEntre of the lake. Cages were held at the surface, 1 m, 2 ro,

and 3 m (OOttan) in 'Uuras Lake and at the surface, 2 m and 4 m (OOttan) in

Youngs Lake. Fadl day all cages were raised to the surface and exanined

for rrortality ancng their cootents. A single Cd9=: of cyprinids rCypnnidaeJ

am ITUlminnows (UniJr-idael was held in Youngs Creek at the cbmstream end of

the treated area and checked twice daily for rrortality.

At lac Tassel, hatche:ry raised brook trout, Salve linus fantinalis

Mitchil.l, am native white slrlters and yellcw t:ereh, Perea flavescens

(fo'itdlill) , were caged in the lake prior to treatnent. Six brod< trout and

ten su:kers were held in ca~s right alcng the shoreline. Cages of bI'tXJk

trcut, su::kers arrl perd1 'Were anchored at various depths near the centre

of the lake. Brode trout were held at the surface (Fig. 9) and 4 ro, \<ohi.te

suckers at the surface and 2 m and a single srmll. cage CClI'ltai.ning u,.,,:, perm

was held at 6 w. 'Ihese cages were not br<:u;jlt to the surface to examine their

c:xxJ.tents but were checked. for rrortality by snorkeling down to where they

were held.

Five Illinn<>oI traps baited with bread ""re set in each of the stu'ly

lakes and the catch rerroved, comted and retw:ned to the lake daily. 'IWo

minrlc:M tra?,> were set in Youngs Creek and checked o\r:ice: daily in the noming

and evening. In earn case, the traps were enptied prior to tmatDent CIl the

tree,bnent dale. In addition, a large trap net was set in Lac 'fassel and its

catch rem:JVed, ('Olmte::l and ret:urrlc>d to the lake daily.
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'lhe fish populations of the sttrly lakes were sanpled periodically

by leaving gill nets set in the lakes overnight. Gangs of gill nets with

30 m sections of various rresh size ranging fran 1.3 to 5.1 em square were rup.

out in the late aftemocn from points of attachrrent along the shoreline to

wards the oantre of the lake,and pulled the following norning (Fig. 10).

Fish caught in the net were rennved and prese.rved whole with fonna.l.dehyde.

A cut was rrade into the atrlominal cavity of the lar~r fish to facilitate

penetration of the preservative and s~ digestive processes within the strnach

and intestine. Preserved gill net catches were returned to the laboratory

where a nlrrber of fish of each species were selected for treasuring, weighing,

sexing and analysis of starach caltentS. Ideally, for each sanpling period

twenty fish of each species were selected from the treat:Irent lakes and ten

fish of ead1 species from the control lake. It was not always p:lssihle to

capture the desired nmber of fish of each species for each sanple. On sene

occasions fish sanpled by gill netting were supplerrented with fish caught

angling to increase the sanple size. P.fter recording the total length, fork

length, preserved weight and sex of each fish, the stonad1. and intestine

was rern:::lved and preserved. lIDtil a later date when the centents of the digestive

tract were renoved, their volurre recorded and their carpositicn detenni.ned

under a dis.sec::ting microscope. 'Ihe contents of only the starach were analyzerl

for fish with distinct storladls (sma1l.rIDuth bass, p.mpkinseed, Lepomis gibboBUS

(Lirmaeus), yellCM perch, brcMn bullheads, Iatalurus nebuloBUB (Lesueur)) but

the ccntents of the entire di~stive tract were analyzed for fish without a

distinct stanach (white sucker, fallfish, Semon tUB corporal-is (Mitchill)).

In rreasuring the volme of the digestive tract caltents, the an01.mt of indi

gestible naterial present (ingested silistrate etc.) was estimate::! and. the
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rreasured volme oorrected accordingly so as to cnl.y represent cw=t.ual volurre

of food itel15.

1he effects of tiE insecticide application rn sna1..lnnlth bass repro

du:tioo in Lac Tassel was stu:lied by CCIldocting surveys of nesting bass using

scuba and snorkeling equiprent. 'D1e entire shoreline of the lake was surveyed

initially and the streteres of shorelire suitable for bass nesting were stb

seguenUy surveyed rer:eatedly and individual bass nests uarl<ed. A nUIbe:red

aluminum nm:ker was placed beside earn bass nest and en each visit to the nest

the presence or absence of the gu>nling rral.e, eggs and fry >ere reoonled.

Pepeated cbservaticns were also nade al aggregaticns of fish around the nouth

of the outlet stream and near several subrrerged beaver food pUes aloo9 the

shoreline. During these urrlerwater surveys, cbservatioos were also IJBde 00

~tic invertebrate, mi.nnc:w, sIX>tted newt fTriturus vil'ideacena), and tad

pole populations.
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Fig. 9. Caged brook trout anchored near the ccn' -j ,r r lC' Tassel,
Quebec. '!his cage is held at t"te surf;)< '-.~1 1" 0ther cages
are attached at various depths along t.ht-? [11iI: runnino to
the bottcm of the lake.

Fig. 10. Ieroving a gill
net fran 'Dlaras Lake,
PFES. after an overnite
set.
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RESULTS

nxmas rake - P= - 35 g AI/ha' nxmas rake was treated fran 1912 to 1920

OOurs on 25 May (Fig. il). The lake was treated in a north-south direction

b:!gi..nn.i..ng at the \<lest side ani progressing east. Meteorological coo1i.tions

over a 45 minute period fran the beginning of treabTlent \Ere:

Mean win:! spea:l

~ T

Tur.bu1ence factor

Stability ratio

Dry l>llb tarperature

Relative hunidity

1.51 mls

-O.soC

1.6

-2.19

22 m: ~ I3.S o C, Range (14.0 - 12.9)

6 m: Mean 14.0°C, Range (14.6 - 13.4)

22 m: Mean 68.9%, Range (67.1 - 72.2)

6 m: Mean 62.7%, Range (61.2 - 64.8)

Spray dep:>sit on 'l1nnas Lake is presented in Table II. Although the

spray was applied urrler neutral to slightly unstable oorxlitions (stability

ratio -2.19), a very gcxrl rrean dep:>sit of the anitted dosage was achieved.

Spray deposit was fairly uniform over the whole lake'5 surface but a slight

increase in the wi.rrl fran the east towards the em of the application caused

a SCIYEWhat lighter dep:Jsit of spray materials on the east side of the lake

(EI, £2, E3) and a tEavier dep:>sit near the centre of the lake (E4, ES, WS).
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's cessna 185 trea ing Thana.s Lake, PFES, with NROC- 43.



Table II

Dep:>sit of the fCllUllation of NRtC-143 (7.48 g AI/I.) applied at 4.68 1.,Iha to Th::rnas Lake, PFES.

Colorimetric Assessment NAB t eountin Assessment
oeposit sarrpler Average depos~t m tw:I pans Percentage 0 DepoS1t on te card Percentage of

(1.,Iha) snitted rate (1.,Iha) emitted rate

OIl (west s1de of lake) 2.37 50.7 *
W2 2.18 46.6 3.59 76.7

W3 2.22 47.5 3.62 77.4

W4 1.97 42.1 2.16 46.2
N
N

W5 2.93 62.6 *
E5 2.46 52.6 4.60 98.3

E4 2.58 55.2 *
E3 1.86 39.8 2.71 57.9

E2 1.27 27.2 2.14 45.7

El (east side of lake) 1.13 24.2 *
Average 2.09 (15.6g AI,Iha) 44.7 3.13 (23.4 g AI;haJ 67.0

* No estimate of deposit given by the eXlrp.l'ter because of the large area oovererl by overlapping droplets relative
to the total area =vexed by droplets.



- 23 -

At the time of treatJrent 'Jhcmas Lake was essentially

unstratified but stratified rapidly over the next few days of wann

weather (fig. 12). Water chemistry p.;-.rameters in 1'hcJras Lake s~

little variation over the study period until early in July when sane

oxygen depletion in the oottan waters of ~ lake 1::lecare noticeable

(Table III). Similar oxygen depletioo in the botton waters of YOlU"gS

.Lake was evident in July (Table IV). 'l'a'rp:!rature stratificatioo in

Youngs Lake developed ITIJCh tiE same over the stuly period as in 'Itx:mas

Lake (Pig. 13).

'lbe heavy deposit of anitted spray on the surface of

Thcrnas Lake was awarent inned.iately following treatment. '!be carrier

oil was easily seen on the suface of the lake and strards of dye were

clurrped along the windward shoreline. Mult blackflies shcJ\o3d an

imnediate reacticn an:l oould be seen to fall distressed into the lake

minutes after the plane passed over. »:> other distresse::l organisms

\Yl&e observed the evening the lake was treated but over the next two days

one distressed mi..nnow and several dead and distressed aquatic insects

were fourrl (Table V) •

SUrvival of caged fish in 'IOOnas am YOun:;J5 lakes was excellent

during the period fran caging until treal:ne"lt (8 to 12 days in duration)

but all the darters caged escape:! due to their sral1 size. M:lrtality

artal9 caged fish in both lakes after the treatment date is recorded in

Table VI. r-tJrtality was heaviest in the surface cage in 'Ihcrnas Lake

where the caged cyprinids, bullheads and sunfish suffered a.1m::>st C'CIlplete

rrortality .between the third and ninth day after treatment. Less extensive

rmrtality cx:curred arong cyprinids, bullheads, sunfish a.rX3 sticklebacks

lipId OOP. rrcter below th:! surface. LillIe to no nortality occurred aJtDng
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other groups of caged fish held deeper in 'I'hanas Lake or in Younqs lake.

Miru1W UilJ) Cilt<.:lrS ill 'l'hJ1ns and YOUfltJs lilkes before and after

treatrrent are recorded in Table VII am total minn<7.¥' catch fran roth lakes

is presente:l grapically in Fig. 14. Mi..nnc:J..i trap catches in Ttanas Lake

consisted rrainly of tb:! cyprinids, Chl'OSOfflUS eoa Cope (northern redbelly

dace), Notropis romutus (Mitchill) (ccmron shiner), Pimephales proomelaa

Rafinesque (fathead mi...nrxJw) and Notemigonu.s cl'yaolencas (Mitchill) (golden

shiner) along with SI1\3.l.l pmtJl<inseeds. SlTall bro.om bullheads, Johnny

darters, EtheoBtOlna nigrwn Rafinesque, Iowa darters,8theostoma exile (Girard),

and brook. sticklebacks, Culaea inconstans (Kirtlarrl), were also caught in

Ttx:rnas Lake. 'lhe minrx::Jw fauna in YCll.U"lgS lake was very similar but also

inclWed many snall yellow perch.

'Il1e daily catch of rniruxMs in the treat:Jrent lake was consistently

high throL"Joout the study period but drcpped off SCIl'eNhat for a short tiJre

.i.rm'edi.ately after treatment due to a sharp decrease in the nlIlll::ers of

cyprinids cau:jl.t. Minnow trap catches in the control lake were ITI.JCh smaller

than in the treatrrent lake throughout the study period, particularily after

tl'e catch of perch fell off in resp:mse to wanning of the lake's surface

wa ters. No noticeable decrease in catches c:x:curred in the control lake

00 the 0.0 days after treat:ne1t when catches were depressed in ~ treabrent

lake.

Plankton tow net catches in 'l'haras an:3 YOl.ln;JS lakes through::)ut

the treabrent perioo are recorded in Tables VIII and IX. '!he cx:rtpOSitioo

of the plankton falD'la in these ~ lakes was similar with farr genera of

cladocerans (Bonmina, Daphnia, DiapwulBoma, and HolopeditITl) and a mixture

of ca.lanoid and cyclopoid cepepods represented in the catches. No dcMn

~ trr>nds in plankton mrrbers in the t.reabrent lake 1NIere seen W1til
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t.re 5aITtJle taken on the ninth dny after trcat:nent when nlJl"l'i:lers of

all four genera of cladocerans ...ere found tD have dropped dramatically

and ntrnl:ers of copep:xls also stn..e:l a substantial decrease. All gIOlpS

except for Holopedium were present aqain in large nl..Jl'tlers when the lake

was sarrpled forty days after treabnent. Planktoo mmbers in Youngs lake

were i.ncreasirg during the period of decrease in 'Ihanas Lake, but nunbers

of cladocerans were much reduced in the early July sarrple.

Elrerging insects were trapped fran 'Ihcrras and Youngs lakes over

a three week period around the treatment date. '!he catch fran txJth lakes

consiste:l al.rrDst entirely of ererging midges (Diptera:01i..ronanidae).

Very few errerging insects were trapped fran the treat::nent lake except

for one day, ten days before treabTEnt (Table X). Aside fran the

catch an this day, the nrnbers of merging insects trapped before arrl

after treatne1t in 'Ib:ma.s lake were fairly similar. Far larger nunbers

of errerging insects were trat=Ped fran YOt.ll"gs Lake even though only half

the OlJtiJer of errergence traps~ used there. A very high n\.1ll'i)er of

insects~ also caught in Youngs lake on the tenth day preceeding

treat:nEnt of 'Ihanas Lake.

All Ekman grab sanples taken fran '.l1xm3.s Lake sampled a very

similar botton type e<nsisting of a thick layer of fibrous WClCXi debris

o:::>Vered. with silt. '!he rot"tan fatma present ccnsisted alrrost entirely

of chironanid larvae (Diptera,01ironcrnidae) and "glas....,nns". larvae of

non-biting m:>sqUitoes (Diptera,CUlicidae) of the genus Chaooo1'U8 (Table Xl) .

A sarewhat qreater variety of botton types were saTP1e.1 in Youngs lake

ranging fran areas of wcx:xl debris a.rd silt similar to 'lhcrnas Lake to

areas of ha.rrl fK'cked silt and aquatic plant roots and hard oottans of
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~n.,' I ston{'~ ('ovpr('(l wi l-h sl ick." al... l slil. f1cntJlic ropulat ions sampled

also s~"d it qrcatcr variety 01" orq;~1I1isms pr-cscnt but SCJ'TeWhut similar

total nU1bers as in 'Ihanas Lake (Table XII). F'ollOOnq treabTent,

oottan fauna IX'pulations in 'Ihanas lake decreased substantially due to a

large drop in the nunber of ChaObOPU8 larvae present arxi a sanewhat

Sffi3.11er decline in chironanid larvae populations (Fig. 15). Chaobopus

larvae populations gradually increased back to arout tv.o-thirds their

pretreatm:mt level by early July but chiralanid larvae J,X)pulations were

quite low again in July after sh::::J..1irg sore recovery by the eleventh day

after treat::nEnt. Total oottan fauna, ChaObOPU8 larvae and chironanid larvae

populations in Youngs Lake were all quite stable over the study {:eI"iod.

Fish stcrnach samples frau Thanas Lake s~ large changes in the

volurce and a::frlI.X>sition of their a:mtents follCMing treat:rrent of t.h::! lake.

Both white suckers (Apr:errlix,Table I) and brown bullheads (Apperrlix, Table II)

had much larger voll..JIres of fcx::rl material in their stanachs four days after

treabnent than at any other tine, primarily due to the presence of hundreds

of Chaoborzw larvae in alrrost all the stanachs sampled. White suckers

s~ an alJrost canplete S\Vitch to Chaobm'uD larvae (an average of 94.5%

of the velure of each stanach) fran a varied pre-spray diet of chironanid

pupae (31. 7%), copepods (28.9%), chironanid larvae (21. 9%) and ChaoboY'U8

larvae (13. 6%). later sampling periods shCMed large decreases in the

nunber of Chaobopus found in each stanach and. smaller decreases in the

contribution of Chaoborus to the volUJl'e of fcxxi in the stanachs while the

nunbers and contribution to volune of chironcrnid larvae and copepcxls

increased. Brewn OOllhead stanachs before treat:Irent contained primarily

chironanid larvae (35.0%). Chaobm'u.8 larvae (27.5%). mi.nnoN rena.ins (23.8%)
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ilIld chironanid pupne (J2.5'1.). Four days rtftc.r treatrrent /'//lu"',1I'1/;;

larvae predaninated in the stanachs (67.9%) but sizeable CCXltributions to

the average percent volure of each stanach were still being made by minnow

renains (20.5%) and chiIoranid larvae (7.6%). By o...lve days after

treatment 011y sna.ll nurbers of ChaOboPU8 were found in bullhead stanachs

and their diet crnsisted alJrost entirely of rni.rlnc:><s (48.3%) and chiroranid

larvae (46.7%). In early July rni.rlnc:><s (35.0%) and terrestrial insects

(32.5%) predaninated with snail nunbers of Chaobol'Ua larvae arrl J)t.lpae

ex>ntributing fairly large percentages to the volure of each stanach (12.5%

and 9.6% respectively). Larger aquatic insects were very scarce: in 'ItKnas

Lake arrl were not found in any of the fish stanaehs except for four days

after treatment when one caddisfly larva and 0.0 dragonfly fIY'1Pls were

foorrl in sucker stanachs arrl one aquatic beetle, one dobsonfly larva am.

one dragonfly nyrrph were found in bullhead starachs.

Stanach sarrples of four fish species fran Youngs lake generally

s~ a decrease in the average volune of fcxxl tier strnach aver the

study pericx:1 with no evidence of a large increase in the volure of stcmach

contents arourrl the treat::nent date. White sucker starachs did, lx:Mever,

shcM a similar change in diet in late Mav tCMards Chaobopu.s larvae as

seen in the treatment lake (Appendix,Table III). Stanach contents changed fran

a mi.xt:ure CXlIp)sed primarily of chiroranid larvae (45.9% volune of each

stanach), Chaobor'Us larvae (14.0%), caddisfly laLVae (10.5%) and dragonfly

n\'ll{lhs (8.0%) in the pre-spray sanple to mainly Chaobor'U8 larvae (57.8%)

and chiroranid larvae (26.7%) four days after trea:tnBlt. '&!elve days

after trea.t:.rrent tte diet was alnDst exclusively Chaobol'U8 larvae (64.0%)

and chi.roncrnid larvae (31.5%). By early July only small nunbers of
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Chaoboru. larvae am pupae aweared in sucker stanachs am chiroocrnid

larvae (35.7%) and cl.adocerans (24.3\) dcminated their diet. Brown

Bullheads in Youngs Lake \\ere never found to feed 00 ChaoboPU.8 to any

extent. Their diet in May oonsisted of a wide variety of aquatic insects,

minnows and crayfish rot bE!carre rrore limited by early June when it consisted

alrrost entirely of fingerna.il clams, dragonfly nynphs,~ aquatic

larvae of 9JITle dipteran anI chironanid ~e (Apperrlix, Table IV) .

Punpkinseed diets in Youngs Lake chan:;Jed fran a wide= range of aquatic

insects in early May to a fairly equal mixture of snails, terrestrial

beetles and a sanewh,at narrower range of aquatic insects by early June

("HJendix, Table V). 'lhe majority of the yel.l.ow perch taken fran Youngs

Lake had enpty stara.chs with rni..rmows, chirorx:mi.d larvae, crayfish,

chirornnid p.tpae arrl caddisfly larvae making up the CCI1tents of the rest of

the stonachs sanpled <JlWendiJ<, Table VI) .
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Table III

Water chenistry pararreters in Thomas Lake, PFES, 1976·

Date Depth Temperature Dissolved oxygen pH Alkalinity Hardness
(CC) (ppn) (gp;j CaC03)' (gp;j CaCX(3)'

May 12 Surface 13.5 9 6.5 1 2
(-13) Bottan (3 m) 1l.5 9 6.5 1 2

May 29 Surface 21.0 II 7.0 1 3
(+4) I

W

June 3 Surface 22.5 10 7.0 1 2 0

(+9) Bottan (3 m) 1l.5 10 6.0 2 2 I

July 5 Surface 27.0 8 6.5 1 2
(+40) Botton (3 m) 14.5 5 6.0 1 2

* grains per gallon calciun caroonate.



Table IV

Water chemistry pararreters in Yamgs Lake, PFES, 1976.

Date Depth Tanperature Dissolve;j oxygen pH Alkalinity Hardness
(OC) (wn) (gp:; cam)l* (gpg CaCXl3)*

May 13 Surface 13.5 11 6.5 1 2
Bottan (4 m) 12.5 10 6.5 1 2

May 28 Surface 17.5 10 7.0 2 2
w
~

Jillle 4 Surface 22.5 9 7.5 1.5 2
Bottan (5 m) 11.5 7 6.5 1.5 2

July 6 Surface 25.0 9 6.8 1 3
3 rreters 16.0 6 6.5 1 2
Bottan (4.5 m) 11.5 0 6.0 2 2

* grains per gallon calcium carl:onate.
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Table V

Aquatic organisms found dead or distressed foHewing treatrrent of
Thomas Lake with NRDC-143, 25 May 1976.

May 26

May 27

Pisces

Hemiptera: Belestanatidae

Nepidae

Coleoptera:Dytiscidae

Hydrophilidae

Gyrinidae

Coleoptera: Dytiscidae

•

One fathead minnaY' PimephaZes promelas (Rafinesque)
Total length 72 nm.

One giant waterbug Lethocerus ameriaanus Leidy (70 TIm)

'IWo water scorpions RanatrQ sp.

Three predaceous diving beetles DytisC!U8 8po (37, 39 and 43 nm)
One unknCMl1 predaceous diving beetle (18 rrm)

'IWo water scavenger beetles Hyd:f'ophiZU8 sp.
One unknown hydrophilid larva

'&Q whirligig beetles

One predaceous diving beetle Dytisr:JUs sp. (42 rrm)
One unknCMI'l predaceous diving beetle (11 mn)

w
w



Table VI

~orta1ity among caged fish in Thomas and Youngs Lakes, PFES, May 25 to June, 1976.

Each X indicates an individual found dead on the day indicated.

THOMAS LAKE

No. in cage on
treatment day +1 +2 +) +4 +s +7 +8 +9 +10

Total
Mortality

Surface
Cyprinids
Bullheads
Sunfish

1 meter
Cyprinids
Bullheads
Sunfish
Sticklebacks

2 meter
Cyprinids
Bullheads
Sunfish
Sticklebacks

3 meter
Cyprinids
Bullheads
Sunfish
Sticklebacks

YOUNGS LAKE

Surface
Cyprinids
Bullheads
Sunfish
Perch

2
2
3

2
1
2
2

2
1
2
2

2
1
2
2

)

1
2
2

x
xx

x

X 2
2

XX 2

X 1
X 1

X 1
X 1 w

~

0
0
0
1

All fish died due
to cage being
pulled into oxygen
depleted silt.

All fish escaped
due to cage
falling open.

Continued .. ,



Tlible VI Cootld.

No. io cage on Total
treatment day +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 ~ort:ality

YOUNGS LAKE Cootld

2 meter
Cyprinids 3 0
Bullheads 1 0
Perch 2 0

4 meter
Cypdnids 3 0
Bullheads 1 0
Sunfish 1 X 1 w
Perch 2 0 '"



Table VII

Minnow trap ca tches in Thomas and Youngs Lakes, PFES. 15 May to 4 June, 1976.

~umber of days Cyprinids Bullheads Sunfiah Darters Perch Sticklebacks Totals
before or
after treatment Thomas Younge Thomas Youngs Thomas Youngs Thomas Youngs Thomas Youngs Thomas Youngs Thomas Youngs

-10 171 1 8 27 4 40 198 53
-9 104 5 1 8 51 1 22 156 36
-8 271 2 2 3 1 54 1 275 59
-7 260 12 45 15 49 275 106
-6 131 10 2 22 4 29 5 142 61
-5 210 22 7 2 1 1 2 220 27
-4 TRAPS NOT EMPTIED
-3 291 10 5 1 1 1 298 11
-2 288 4 22 2 6 1 301 32
-1 285 6 1 23 3 1 4 289 34
-0' 298 6 1 5 304 6
+1 158 1 1 20 6 2 4 165 27
+2 83 22 8 1 1 92 25 w

'"+3 197 18 43 1 241 18
+4 220 5 45 1 1 1 267 6
+5 264 3 24 1 4 289 7
+6 200 1 1 22 1 1 1 224 4
+7 235 3 22 5 257 9
+8 280 1 7 1 288 1
+9 185 2 4 3 5 188 11
+10 128 4 3. 52 2 180 9

* Traps emptied before lake was treated.
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Fig. 1. Total numbers of minnows caught in Thanas and Youngs lakes, PFES, 15 May to 4 June, 1976.



Table VIII

Plankton tow net catches in Thanas Lake, PFES, 1976·

May 12 May 25 May 29 June 3 July 5
(-131 (0) (+4) (+9) (+401

Bosnina 890 10,650 3,180 5 13,700

Daphnia 1,380 5 1,700

Dia['tlanosaM
w

60 2,520 10 7,000 '"
Iblopec1iun 18,600 10

Total cladocerans 950 10,650 25,680 30 22,400

calanoid copepods 130 4,900 200 1,300

Cyclcpoid copepods 230 425 10,140 2,300 15,700

Capepodids 930

Nauplii 4,720 4,075 4,260 550 13,200

1btal copepods 6,010 9,400 14,400 3,050 30,200



Table IX

Plankton tON net catches in YO\ID3s Lake, PFES, 1976.

May 13 May 28 June 4 July 6

Bosmina 400 3,900 9,200 220

Daphnia 200 450 1,200

Dial;l1anosara 500 30
w
'"Ho1opedium 300 3,000 23,200 70

'Ibtal cladClCerans 900 7,350 34,100 320

calanoid copepods 350 1,350 650 980

Cyc10p0id copepods 28,050 14,400 14,850 8,200

COpepodids 450

Naup1ii 5,550 1,150 9,050 5,000

Total copepods 33,950 17,350 24,550 14,180
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Numbers of emerging insects caught 1n ten traps set in
Thomas Lake and five traps set in Youngs Lake, PFES,

14 May to 3 June, 1976.

1 26

11 52

2 13

0 23

0 11

Traps not emptied

2 9

Traps not emptied

1 11

1 2

0 3

1 13

2 10

1 5

2 13

2 9

2 22

0 30

1 17

1 16

1 16

Number of days
before or after
treatment

-11

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

-0 *

+1

+2

+3

+4

+5

+6

+7

+8

+9

Thomas Lake Youngs Lake



Table XI

Mean mrnbers and standard deviations of benthic organisns oollectec1 in Ekman grab

samples fran Thanas Lake, PFES, 12 May to 6 July, 1976.

Date May 12 (-13) May 25 (0) May 29 (+4) June 5 (+11) July 6 (+411

Average depth sarrples
taken fran (neters) 2.25 2.15 2.35 2.40 2.45

A

Diptera:Chi.ronani.dae 3.6 ± 2.7 4.4 ± 0.9 1.6± 1.1 2.6 ± 2.3 1.2± 1.3 ....
(midge larvae) I

Diptera:OJlicidae 11.8 ± 15.0 12.0 ± 3.8 2.6 ± 2.7 4.6 ± 2.2 7.8 ± 4.7
(Chaoboru8 larvae)

Diptera:He1eidae 0.4 ± 0.9 0.2 ± 0.5
(CuZicoides larvae)

Arn[:tlipoda 0.2 ± 0.5

Total 15.4 ± 12.8 16.8 ± 3.1 4.4 ± 3.2 7.4 ± 2.5 9.0 ± 3.2



Table XII

Mean numbers and standard deviations of benthic organisms collected

in Ekman grab samples fran Youngs Lake, PFES, 13 May to 6 July, 1976.

Date M;y 13 M;y 28 June 4 July 6

Average depth samples taken
fran (rreters) 2.15 1. 75 1.55 2.15

Epherreroptera:Baetidae 0.4 ± 0.6 A
N

Odanata:Libellulidae 0.2 ± 0.5 0.2 ± 0.5

Trichoptera 0.2 ± 0.5

Diptera :Chironanidae 5.8 ± 2.9 4.4 ± 2.7 5.6 ± 5.3 4.6 ± 4.8

Diptera:Culicidae 1.2 ± 0.8 1.2 ± 1.8 0.8 ± 1.1 0.8 ± 1.3

Diptera:Heleidae 0.4 ± 0.9 0.2 ± 0.5 0.4 ± 0.6 0.4 ± 0.9

Oligochaeta 1.0 ± 1.2 0.8 ± 0.8 0.6 ± 0.6

Hydracarina 0.2 ± 0.5

Gastropoda 0.4 ± 0.9 1.8 ± 3.0 2.6 ± 2.5 1.8 ± 2.1

Pelecypoda,Sphaeridae 0.6 ± 0.6 0.4 ± 0.9 0.2 ± 0.5 0.8 ± 0.2

Pelecypoda:Unionidae 0.4 ± 0.6 0.2 ± 0.5

Total 9.8 ± 3.0 9.0 ± 3.6 11.0 ± 6.1 8.8 ± 5.3
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Youngs creek - PF'ES - 70 9 AI/ha: 'lhe 5 Jon stretch of Yourgs Creek between

~idian arrl Rarehorse fbads was treato1 bcb.een 1935 ard 1945 h:Jurs CI1 2

June. 'l\.o identical swaths were flown up the centre of the: creek valley

fran east to ~t (in an upstream directim) emitting 35 9 AIjha on each

swath f= a a:mbined anitted deposit of 70 9 AI/ha (LO oz AI/acre) •

~teorological ccnditions over a 30 minute ~iod beginning at the start

of spraylllCJ were:

0.85 mi'

+ O.9'"C

Relative humidity

Mean wind speed

6 T

'I\1rbulence factor

Stability ratio

Dry lllib tarperature

L8

+12.45

22 m, Mean 20.4·C, Range 20.7 - 20.0

6 m, Mean 20.3·C, Range 21.2 - 19.2

22 m, Mean 38.7%, Range 38.2 - 39.8

6 m, Mean 37.1%, Range 36.4 - 40.0

Dep:>sit of anitted spray at three p:>ints along the treated p:>rtion

of the stream varied considerably (Table XIX), probably due in large part

to variations in the arrount of screening overstory arrl general "openness" of

the stream valley at each location. Despite the stable calditions under which

the spray was aw1ie:1 (stability ratio +12.45), the: average overall rooasured

dep:>sit at t:IE three stations was ooly atout OI"IE! fifth of the enitted dosage.

Los. of spray proclucts to tre ablOSFbere through evaporaticn .... probably

high because of tre high taTprrature and low relative lunidity.



Table XIII

Deposit of the fOJ:llUlationof =-143 (7.48 9 AI/i) awlie:l at a total of 9.36 i/ha to YOllnjS cree:<, ?,ss.

Colorimetric Assessmmt
Dep::lSl.t sarrpler Average deI=Osit in boK> pans Percentage of

li/ha) anitted rate

Station 1 1 3,46 37.0
(Meridian R:l.) 2 3.18 34.0

3 3.40 36.4
4 4.00 42.8

Average 1-4 3.51 (26.2 9 AI/ha) 37.5

Station 2 5 0.94 10.0
6 1.26 13.4
7 1.40 14.9
8 0.91 9.7

Average 5-8 1.13 (8.4 9 AI/ha) 12.1

P.acehorse Rd. 9 0.17 1.8
10 0.14 1.4
11 1.15 12.3
12 1.63 17.4

Average 9-12 0.77 (5.8 9 AI/ha) 8.2

All sarrp1ers 1. 80 (13.5 9 AI/ha) 19.2

NAB Sp?t Counting Asse.ssne..-:,=

•
•
•
•

0.71 -.6
0.83 2.8 ..

'"1.36 ", :::_... ~
0.76 3.1

0.92 (6.9 9 AI/ha) 9.8

<0.01 <0.1
<0.01 <0.1
0.56 6.0

•

* No estimate of dep::>sit given by the ccmputer because of the large area covered by overlapping dr~:'ets relative
to the total area covered by droplets.
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water dlanistry paraneters in YOJIY;Js Creek v.ere quite similar

to those of the surfaoo waters of Youngs Lake, with a fi:I of alxJut 6.5 and

alkalinity and hardness both equivalent to 2 grains per gallon. Maunsell

Creek had a pH of 6.0 and alkalinity of 1 gp;j ca<Xl:J while hardness approached

4 gpg CaCD]. Its waters were generally wanrer than Youngs Creek due to

the presence of lakes arrl SlCM flowing l:nggy areas along its length arrl

they held less dissolved oxygen than Youngs Creek. water levels in Youngs

Creek dropped about 40 en beo-m 27 May and 6 June, clirri:>ed about 15 en

ty nwhJune and then fell a further 25 en ty the end of the first _ in

July. During tre same period water levels at the station in Maunsedl Creek

did rot vary by ITDre than 10 an.

As soon as treatment of YOl.lJ"'lS Creek began, knocked cbm terrestrial

and krDcked up aquatic organisns were cbserverl in large mrnbers on the creekls

surface. 'Dlese .i..rclu:1e:l spiders, ants, caterpillars, flies, ~t mayflies

arr:i caddisflies, I1yrrerx)pterans, terrestrial bJg"s arrl beetles, springtails,

water striders, water l::xJatlTen anI larval and adult aquatic ooleoptera. Mi..nnoIr.>s

were observed picking these organisns fran the creek I 5 surface. A heavy

defX)sit of oil was ooticeable on the surface for al:x:n.1t an hour after treatment,

b...u Il'li.nrows ~e fourrl swi.nmi.n:J belly-up in distress in front of the blocking

seine set across the creek 1::elCJll'1 the treabYalt area. N:> other affected fish

~e seen after this time, even th:Jugh the creek was visited twice daily over

the fleX three days .

.Minrooi trap catches fran Youngs Creek a::nsisted of Northern rerl

belly dace, UJ:lIIOlI shiners, brook sticklebacks am central JTll.1dni..nn:J

11mb"" limi (Kirtland). Nunbers of mil1l'lOWS caught fluctuated oonsiderab1y

(Table XIV) but catctEs were relatively low over the first thirty-six toJrs

after treabrenl of the creek. No rrorLality occu.rre::l up to four days after
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treatnent aroong a group of cyprinids and rm.rlminnows held cage:! in the creek.

Drift net catches prior to treat:rrent consiste::i alrrost entirely of

blackfly and midge larvae (Table XV). Irrrnediately follCMing treatrrent a large

variety of aquatic insects ~e found to be drifting. Nunbers arxl variety of

insects in drift net sanples rermined high the JOC)ming after treat:rrent, droJ;:PE!d

sarewhat by that evening, and then fell to very 1= levels. The very SllI3.ll

drift net catches three arrl four days after treatment reflect the large decrease

in the creeks flew noted during this pericrl. Only a gnaJ.l increase in the rate

of drift of other aquatic invertebrates, primarily arrphip::rls and water mites,

was oooerved. Numbers of fish caught in drift nets before arrl after trea:bnent

were quite similar. Terrestrial insects am spiders occurred in very large

numbers and variety in the drift net sample taken i.Ime:liately after treat:ment

(Table XVI). '!'he~ was very short-lived except arrong sane dipterans,

lepidoptera, cnle<:ytera, hyrrenoptera and spiders, where it lasted fran ~ve

hours to several days.

Similar effects of the NRrX:-143 treatrnalt~ seen in aquatic insect

catches in the blocking seine set across Youngs Creek as in drift net catches

(Table XVII). Pre-spray catches again consisted mainly of blackfly and midge

larvae with larger nunbers drifting during the late evening and night arrl being

rarove:i fran the seine in rroming (am) sanples. '!he sarrple taken the rroming

following treatment contained very laIge lllII'Lbers of a wide variety of aquatic

insects with particularly large rrumbers of springtails (Collem1:xJla), heptagenid

ma.yfly nymphs (Ephereroptera:Heptagenidae), water scavenger beetle larvae

(Coleoptera:Hydrophilidae), midge larvae and pupa.e, water l:oatmen (Hemiptera:

Cori.xi.dae), predaceous diving beetles (Coleoprera:Dytiscidae) arrl caddisfly

larvae ('l'rictpptera). Aside fran another large catch of hept.agenid wayfly

nyrrphs ova ~ serond evening and night after treatnalt, nurnl:ers of aquatic
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insects caught in the blocking seine in subsequent pericx:ls were relatively l~

though still quite diverse in variety. Water mites sh~ up in large ntDT1bersin the

"Jlockinq seine i.ntrediately after treatJrent. Fish ~re not caught in the blocking

seine in large nrnbers except for fairly substantial nunbers of a~tly

healthy brook sticklebacks captured in the seine tetween two and four days after

treat:nent. Extrenely large nunbers of terrestrial insects knocked. d.c:Mn into

the stream follCMing treabnent were captured in the blocking seine (Table XVIII) •

Kn:x::kdcMn to sane extent up to three days after treatnent was still apparent aIrOrg

sore groups of dipterans, beetles, hyrrenopterans, lepidoptera lazvae, caddisflies

and spiders.

Surber samples taken fran YO\lll9's Creek (Tables XIX and XX) and

Maunsell Creek (Tabl~ XXI) did not differ significantly with res~ to

changes in aquatic insect p:>pulations over the treatnent pericrl in the treat::rrent

versus the control stream (Fig. 16). '!he areas sanpled yielded fairly laY'densities

of aauatic insect: poou1ations Tl"IAde un orinariJu of midQ:! larvae arrl ot:hP.r diptera

lacrvP., hut tI1e fEM rrayflv nyrrohs, drrlconflv nvrrrhs, stooefly nVIIlils, ca1disfly

larvae and coleoptera larvae sampled generally reveal no distinct adverse effects

of the treatment. 'Ihere~ also no significant effect noticeable on 1XJPulations

of the other oottan organisms sampled. Substantial mnbers of fish eggs were

found in several bottan samples fran both streams before treatment. '!he presence

of larger mDnbar of fry with arrl without yolk sacs following treatrrent irdicate::l

that egg develcprent and hatching wasn't noticeably affected by the treatment.
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To'l.hle XIV

Minnow trap catches in Youngs Creek, PFES,
1 June to 6 June, 1976.

Number of days
before or after Cyprinids Mudminnows Sticklebacks Totals
treatment

-1 am 129 0 1 130

-1 pm 0 0 0 0

-0 am 3 1 0 4

-0 pm' B 0 0 B

+l am 3 0 0 3

+l pm 2 0 0 2

+2 am 4 0 0 4

+2 pm 13 0 3 16

+3 am 6 1 0 7

+3 pm Traps not emptied

+4 am 31 0 0 31

* Traps emptied before creek was treated.



""ablfl xv

J'<:1\~.tir. :iJu::ect~ I otl-oer aquatic i.nvert~.brates an". t'ic;h

cau<jlt ill 31) T"in. drift net setc; in Ynung9 Neel·, p~ I 31 May to 6 ~Tune, 197E.

'"'JI'I"i:)er r>::: da'lS before or after treebTent T.J'Pl""E"iliately *
-2 -1 -1 _0 -0 'Defore AftP.r +1 +1 +? +2 +3 +1 +4,... "'" .",. ill"

"""
ill" W "'" pro; "'" pr. aJ'"

Collel'li:ola 14 1 1 1
Fphereraprera: Be.etidae 1 1 1: 1

I!eotageniidae 8 1
C'.dcnatn 3 1 1
oleccpterCl q 2
r~6!lipt'3!ra: corixiclt\e ?

FelJridoe 1 OJ'

'"Coleoptera: Haliplid<le 2 I
Dytiscidae 3
Gyrinidae 5 1
f~yc".r<:JPhilidae 2 4 1 2 1
Fll'lid"" 1 3 1

Tric'1optera: Hydroptilidae 12
unYJ1O'm 2 2 3 1

Di~tera:CU1icidae 1
ChirO'l.omidae 12 2 6 6 1 14 78 60 32 6 7 2 1 3
~i.muliidae 60 84 20 19 17 31 196 54 43 10 5 1 1
Unkna-m 1

'!\:ita! f.¥:IUatic in!".ects 7' 8G 26 26 19 45 342 138 83 20 13 3 1 4
Oliqoch""ta 1 2
I!irondinea 1 1
kphir.oda 1 2
kMi 1 6 1

'lbtal other aquatic invertebrates 2 1 2 8 1 2
Fish 2 2 2 1 1 2 2 2 1

• 1 hour sets



Table XVI

Terrestrial arthropods caught i.n 30 min. drift net set in Youngs Creek, PFES, 31 May to 6 JW'le, 19;6.

~ of days before or after treatrrent Inmediately •
-2 -1 -J -0 -0 Before After +1 +1 +2 +2 -3 -3 ,4
F'" am pn am pn am pn am pn a"7. ;:rn .;1\

Thysanoptera 4
Hemiptera: Nabidae 1

Tingidae 2
Lygaeidae 1
Coriscidae 2
Unknown 1 J

Hrnr.ptera :Cicadellidae 1
1Je1phac1dae 1 -,
Aphididae 2 1

~

Fulgoroidea 14
C01eoptera:Cicindelidae 1

Carabidae 1
Staj:hy1inidae 8 1 3
Elateridae 2
Curcu1iooidae 2
Unknown 5 1 1

Trichoptera (adults) 14 2
Lepidoptera (larvae) 20 7 5 2 1
Diptera:Tipu1idae 5

Culicidae 4
Oli..ra1anidae 2 1 125 19 6 10 1 4 3
Simu1iidae 6 2 8 3 1 2 17 2 6 7 1 1
Bibionidae 1
Unknown 71 5 7 3 J 7 3

Hyrrenoptera:Braoonidae 1
Ichneurronidae 3
Formicidae 2
Unknown 8 1 1 1

Arachnida 7 2 1 2

Total 6 2 10 4 2 2 325 39 30 26 3 14 4 3

• 1 hour sets.



Table XVI1

.~quatic insects, other invertebrates and fish removed from a blocking seine

set across Youngs Creek, PFES, 31 May to 6 June, 1976.

Number of days before or -2 -1 -1 -0 -0 +l +l +2 +2 +3 +3 +4
after treatment pm am pm am pm am pm am pm am pm am

Co11embo1a - 5872* 28· 6 8
Ephemeroptera:Ephemeridae 23 3 1

: Heptageniidae 638 3 331 11 1 1
:Baeticlae 5 17 2 2 1 1 1

Odenata:Aeshnidae 2
:Cordu1egastridge 1
:Libellulidae 1 3 .n
:Agrionidae 15· 1 1 1 ~

:Coenagrionidae 1
Hemiptera:Corixidae 316* 16 5

:Notonectidae 1
:Nepidae 2 1
: Gerridae 1 38 11 3
:Hebridae 3 7· 1

Coleoptera:Haliplidae 3
: Dytiscidae (larvae) 16· 1
: Dytiscidae (adults I 258· 58 3 1
:Gyrinidae 18 7 5 1
:Hydrophilidae

(larvae) 1 1 415* 68 15 7 1
:Hydrophilidae

(adults) 7 1
:Elmidae 1 1 1 1 1
: Unknown 3



Table XVII (Continued)

Number of days before or -2 -1 -1 -0 -0 +l +1 +2 +2 +3 +3 +4
after treatment pm am pm am pm am pm am pm am pm am

Trichoptera:larvae 2 1 2 244* 7 10 2 4 1 4
: pupae 1 2 2

Diptera:Tipulidae 1 1
:Chironomidae (larvae) 16 28 13 61 44 328* 14* 54 4 40 7 57
:Chironomidae (pupae) 96*
:Simuliidae 363 286 19 454 37 5 4 4 1 1
: Unknown 1 2 6*

Total aquatic insects 381 317 36 521 87 8323* 228* 440 31 59 11 71
"

w
Nematoda 1 2 2 1 1 2
Oligochaeta 1 1 2
Hirudinea 1 1 1
Acari 192* 24 1
Gastropoda 8 2 22 12 55 19 58 7 75 9 3

Total other aquatic
invertebrates 8 5 23 14 249* 43 61 7 76 10 7

Fish 1 1 1 5 1 1 11 19 2 16

* Includes numbers extrapolated from subsamples.



Table XVII!

Terrestrial arthropods removed from a blocking seine set across
Youngs Creek, PFES, 31 May to 6 June, 1976.

Number of days before or after -2 -1 -1 -0 -0 +1 +l +2 +2 +3 +3 +4
treatment pm am pm am pm am pm am pm am pm am

Bphemeroptera 1 18 2 2
Odonata 1 1
Plecoptera 6
Thysanoptera 3 1
Hemiptera 102* 2
Homoptera:Fulgoroidea - 1124* 1 1

dlphidoidea 397* < 3
: Unknown 5 21 2

Coleoptera:Staphylinidae 1 131* 17 4 4 '"~
: Elateridae 1 105* 2 2 3 1
:Coccinellidae 1 1 17 31 5 2
:Chrysomelidae 1 1 1
:Curculionidae 97* 1 1
: Unknown 2 5 2 389* 76 20 13 2 1

Trichoptera 2 449* 54 27 4 5 2 1
Lepidoptera ( larvae) 2 - 1023* 106* 2 33 1 3

(adults) 2 1
Diptera:Tipulidae 2 2 1

:Chironomidae + Culicidae 1 1 12789* 196* 129 97 11 1
:Simuliidae 1 42 362* 12 70 3 2
: Unknown 1 1 456* 54 61 3 9 2

Hymenoptera:Formicidae 1 1 2 1 96 16 2 35 14
: Unknown 3 1 - 1561* 79* 5 19 1 2

Unknown Insecta 12 7 1 1 4
Arachnida 651* 29* 10 3 1 1

Totals 10 7 8 2 418980* 1459* 287 350 30 37 10

* Includes numbers extrapolated from subsamp1es.



Table XIX

Mean numbers and standard deviations of benthic invertebrates collected in Surber samples

from Station 1, Youngs Creek, PFES, 27 May to 7 July, 1976.

Date May 27 (- 6) June 6 ( +4) June 16 ( +14) July 7 ( +35)
Number of samples 3 4 4 4
Ephemeroptera:Heptagenidae 1.0 ± 1.0 1.2 ± 1.0 a. 5 ± 0.6 0.5 ± 1.0

:Baetidae a. 2 ± 0.5
Odonata:Libellulidae 0.5 ± 1.0

:Cordulagastridae 0.5 ± 1.0
Plecoptera:Unknown O. 5 ± 1.0
Coleoptera: Haliplidae 0.3 ± 0.6

"":Elmidae 0.2 ± O. 5 0.2 ± a. 5 <'
Diptera:Chironomidae 1.0 ± 0.0 4 . 5 ± 2.1 a. 5 ± 1.0 8 . 8 ± 4.3

:Simuliidae 0.2 ± 0.5
:Tabanidae 0.3 ± 0.6 O. 2 ± 0.5

Nematoda a. 3 ± 0.6 O. 2 ± 0.5
Oligochaeta 1.0 ± 1.7 2 . 2 ± 2.1 9 . 8 ± 2.6 7 . 5 ± 11. 8
Hirudinea 1.3 ± 2.3 1.2 ± 1.5 0.8 ± 0.5 0.8 " 1.0
Amphipoda a. 8 ± 1.5
Decapoda 0.8 - 1.0-
Gastropoda 0.3 ± 0.6

Total 5 . 7 ± 4.6 11.0 ± 6.3 12.0 ± 1.6 19.8 ± 15.6



Table XX

Mean numbers and standard deviations of benthic invertebrates collected in Surber samples

from Station 2, Youngs Creek, PFES, 30 May to 7 July, 1976·

Date May 30 (- 3) June 6 (+4 ) June 16 (+14 ) July 7 (+35 )
Number of samples 4 4 4 4
Ephemeroptera:Ephemeridae 0.5 ± 0.6

: Heptagenidae 0.2 ± 0.5 0.2 ± 0.5
:Baetidae 0.8 ± 1.5 1.2 ± 1.5

Odonata:Gomphidae O. 2 ± 0.5 0.2 ± 0.5 0.2 ± 0.5
:Aeshnidae 0.5 ± 1.0
:Cordulegastridae O. 2 ± o. 5
:Libellulidae 0.5 ± 1.0

Trichoptera:Unknown 0.5 0.6 0.8 ± 1.0 0.8 ± 1.0 '""Coleoptera: Elmidae 0.5 ± 0.6
Diptera:Tipulidae 0.2 ± 0.5 0.2 ± O. 5

:Chironomidae 6.2 ± 7.1 4.5 ± 4. 5 20.5 ± 14 . 2
:Heleidae 0.5 ± 1.0
:Simuliidae 0.2 ± 0.5
:Tabanidae 0.5 ± 0.6 0.5 ± 1.0 0.2 ± 0.5

Nematoda 0.5 ± 0.6 0.2 ± 0.5
Oligochaeta 8.5 ± 6.4 8.5 ± 7.8 3 . 0 ± 2.9 3.2 ± 1.7
Hirudinea 0.8 ± 1.0 0.5 ± 0.6
Amphipoda 0.5 ± 1.0
Decapoda 0.5 ± 0.6 0.2 ± O. 5
Gastropoda:Ancylidae 0.2 ± 0.5 O. 2 ± 0.5

: Unknown 0.2 ± 0.5
Pelecypoda:Sphaeridae 0.5 ± 0.6 0.8 ± 0.5 0.5 ± 0.6

Total 18.8 ± 11.5 18.8 ± 11. 5 5.5 ± 3.5 27.2 ± 17.6



Table XXI

Mean numbers and standard deviations of benthic invertebrates collected in Surber samples

from Maunsell Creek, PFES, 1 June to 7 July, 1976.

Date June 1 June 6 July 16 July 7
Number of samples 3 4 4 4
Ephemeroptera:Baetidae 0.2 ± 0.5 0.2 ± 0.5
Odonata:Cordulegastridae 0.2 ± 0.5

:Libellulidae 0.3 ± 0.6 0.2 ± 0.5 0.2 ± 0.5 0.5 ± 0.6
Coleoptera:Gyrinnidae 0.3 ± 0.6 0.2 ± 0.5 '"'"Diptera:Chironomidae 12.7 ± 19.4 5.8 ± 3.3 2.8 ± 1.5 27.8 ± 22.2

:Heleidae 0.3 ± 0.6 0.2 ± 0.5 0.8 ± 1.0
:Sirnuliidae 0.3 ± 0.6

Nematoda 0.7 ± 0.6 0.2 ± 0.5
Oligochaeta 7.3 ± 2.3 17.5 ± 24.9 13.5 ± 10.9 28.2 ± 29.8
Hirudinea 0.7 ± 1.2 1.2 ± 1.5
Amphipoda 0.2 ± 0.5 1.0 ± 2.0 0.2 ± 0.5
Gastropoda 0.2 ± 0.5 2.0 ± 3.4 2.8 ± 5.5
Pelcypoda:Sphaeridae 0.7 ± 1.2 0.8 ± 0.5 0.5 ± 1.0

Total 23.3 ± 18.8 24.5 ± 15.5 21.0 ± 9.5 62.2 ± 46.4
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Lac Tasse1--Quebec-140 g AI/ha' Lac Tassel was treated fran 0600 to 0612

InJrs on 31 May in an east-west direction beginning at the SOlth shore and

progressing north (Fig. 17). Portable weather equ.iprent slrJwed zero wind

vel.cx:ity at the tirre of treatment with the ~ature at lODe and relative

tn:rnidi.ty was 90%. 'I.lese corrlitions arxl the probable presence of a strong

tatperature inversion inn'aiiately over the lake at the ti.rre of sprayin3'

resulted in an extrerrely high recovery of emitte1 spray on the dep:>sit samplers

on t.!e lake I 5 surface (Table XXII). '!he very dense deposit of spray droplets

on the Kranekote cards made it irnp:>ssihle to accurately assess the volure

depJsited by the S};Ot cx.\.U1ting method because of the large rn.rct:lE!rs of over

lapping droplets.

At the t:i.Ire of treatment lac Tassel s1l:Jwed a m::X.Ierate degree of

t.E:fIperature stratification with a fairly distinct t:hemr:x::line lying betw:!en

tw:> a.rrl three metres (Fig. 18). The top tw:J metres of the lake's surface c0n

tinued to venn rapidly through to mid-June with the tharocline cx:ntinuing to

lie beb.een twJ and three metres and beccrni.ng nore distinct. water chemistry

parameters duri.rg this period remained. quite stable (Table XXIII) and cx:ntirroed

to l:e 00 until late August when sore depletion of oxygen in the lake's oottan

waters becarre ooticeable.

sane fish llOrtality (Table XXIV) and heavy aquatic and terrestrial

arthropod llOrtality (Table XXV) ..ere observed followinJ treatJrent of Lac Tassel.

Shortly after the lake was treated large nunbers of knocked oo.n terrestrial

insects ""'"" present en the surface. M:lSt dead insects disappeared fran the

surface by the next day and ""'" ..ere found en the _tan alcng the slx>reline

between six bJurs am tw:> days after treabtent. By six loJrs after treatnent

large nunbers of aquatic insects and arrph.ip:xis were fcurd distressed on ~

001 tan. Dr_nfly, damselfly and non-burrowing mayfly nynphs ..ere overturned
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Fig. 17. CCRI's ('..essna IRS treatinq Lac Tassel, Quebec, witl1 NJOC-143.
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Table XXII

Deposit of the formulation of NRDC-143 (29.9 9 AI/!)

applied at 4.~8 t/ha to Lac ~assel, Quebec.

Deposit sampler Average deposit in two pans % deposited
(t/ha)

51 (south side of lake) 3.10 66.3

52 5.76 123.2

53 5.31 113.5

54 6.04 129.1

55 4.50 96.1

N5 4.86 103.3

N4 4.98 106.6

N3 2.76 59.1

N2 2.20 47.1

Nl (north side of lake) 3.50 74.7

All samplers

•

4.30 (128.6 g AI/ha) 92.0
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onto treir backs arrl stowing~ respiratory rroverrents while b..lrrowirxJ

mayfly fll'lIl'hs, caddisfly larvae and anpupods """'" either prostrate

or writhering on tiE botton. water mites exhibited awar;ently ootmal

behavior. Large rrasses of dead Chaobo'Pus larvae an:i p.lpCJe WJere fourd

alo~ the stDreline the day after treatment. M::Jst of the affected

aquatic insects and anph.ip:xls had died by the first or secorrl day after

treabnent altixlugh distressed b..lrrowirxJ mayfly fll'lIl'hs """'" still fourrl

three days post-spray. Fungal grcMth was apparent on the dead insects by

this tilre and all rot the largest dragonfly nynp,s had disaweared at the

em. of a week.

Affected native fish~ first seen distresse:i on the surface

about twelve rours after treabnent. lifter the first day post-treabnent

00 rrore distressed fish ...ere seen rot numerous dead fish~ fourrl either

on tiE lx>ttan or alon;J the .s1l:JrelinE:!. 'I1u:oughout the entire treat:rrent

period observaticns """'" Il'ade of large nunbers of awarently unaffected

fish of all species present in the lake. lob noticeable effect was seen 00.

the large shoals of suckers, perch, fallfish and bass repeatedly observed

near subrerged beaver food piles. Normal overall dace and darter activity

was seen at the sane tilre dead and distressed individuals """'" being fourrl.

White suckers l¥ere cbserved spa.wn.i..rv:J in the shallCM nouth of the outlet

strean the day after treabnent of the lake. T«lpole and spotted ne<t

pop.Jlations also aweared normal after treabnent.

1\m:ng the caged fish held in the lake _ brook trout in the

shoreline C33'e sh:M:d signs of distress br.elve lnlrs after treatrre.nt of

the lake and had died by the next I1Orning. <nl white su:::ker was fourrl dead

in the stncelme cage a week after treatment rot the rest of the brcxlk

t..r"a1t am suckers held in tiE lake ranained tealthy' until released eighteen

days after trea.tment. 'l1le bo.o yellow perch held at 6 metres died the day
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after treatment but nay have been affected roore by hariiling and terperature

chan:je than by exposure to the insecticide.

Mi.Jlnc:M trap catches in Lac Tassel consisted mainly of Jotmny

darters, Iowa darters arrl Northern redbelly dace, with a fetl snall ress,

perch and suckers bei.n:J cau:Jht as well. Many p:>ttro newts and tadpoles were

also caught in the mi.nno.oJ traps. Mi.Jlro.I trap catches were generally STIal1.

in Lac Tassel (Table XXVI). particularly following trea-.,t of the lake

when only five fish were caught in the first four days after spray cx::rrpared

to fourteen fish the four days before treabnent. Trap net catches s1Dwed

no decline follcwing treatment with large nunbers of white suckers being

caU:Jht t.hrcu:Jhout tba pericrl the net \f2S set.

Planktoo samples fran aloll3 the shoreline (Table XXVII) ani near

th9: centre (Table xxvIII) af Lac Tassel indicate a dramatic arrl relatively

long lasting effect of NROC-143 on zooplankton pqxJlations. Cla<looeran

~ulations in both locations drof.ped off imredi.ately after trea-"t with

00 c1adcx:.'erans at all present in salTples taken after one~. Cl..adcceran

p:JpUlations ranainec1 at extrerely lCM levels up until mid-July along the

shoreline arrl until August near the centre of the lake. Cq)epod ~ulations

shc::w;rl less dramatic, IIDre gradual declines in mrrbers follOOng treatment

with ~ulations ratai.ning quite depressed up until August.

Botton fauna PJPUlations in Lac Tassel are given in Table XXIX arrl

presented graphically in Fig. 19. l\qUatic insect populations sh<JI,el a

gradual decline followirg treatnalt with the nmt>ers of 00rrcwing mayfly

n~. dragonfly TJYI1llhs. and chUoranid lazvae steadily droppirg to very

lCM levels by mid-July. Caddisfly larvae disappeared ccmpletely fran

bottan 5aIl'les shortly after treatment while Olrrbers of aquatic colecptera

larvae rarainerl at or a:J:ove pre-spray levels t.h.r'ou3'1nJt the Sl.ItIrer. Oligcx::haete,
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snail ariI fingernail clam p:>pU1ations increased until mid-June when they

declined again. AJTP1ipods am isopods disappeared fran oottan sarrples

right after treatnent. In late SlI'llTer PJpulations of alnost all benthic

invertebrates were very laY am. shc::AYed no signs of increas.in:.:J.

Analysis of large n1.JTi:lers of white socker stanachs over the

study pericxi revealed changes in diet related to the effects of NRIX:-143

on J;X)pulations of fish food. organisms withi.n lac Tassel (Appendix, Table VII) .

Pre-spray samples sln.e:l that in mid-May suckers were feeding aInost

exclusively on cl.id:::lcerans which nade up a rrean of 78.4% of the volrne of

each starach. .Irme:li.ately before treat::rrent they sh:Med a rrore varied. diet

consisti.n:] pri.rrari.ly of Chaobol'uS larvae (35.0%), clcdccerans (23.1%) an:i

chirorxmid larvae (15.8%). Folloo.ng treat:ne1t suckers were f()\ll"¥j to have

fed extensively on affected aquatic insects, primarily b1.lrrcr<Iing mayfly

nyrrphs, alderfly larvae (Megaloptera:Sialidae), ca<Xlisfly larvae, Chaoboroua

pupae ard heptagenid mayfly nynphs. As plankton ard I10St aquatic insect

pc:lpUlations fell to ION levels in mid.Jtme suckers began feedi.rv:J on chironanid

larvae (63.2%) and snails (12.1%). Chironanid larvae and rrolluscs (snails

and fingernail clams) rerrained praninent in sock.er starachs throu:.Jhout t.l'e

remain:ler of the smrrer but as plankton p:lpUl.atirns recovered suckers began to

feed haavily on copefOds ard later on cladocerans. ChaOb01'U8 larvae ard

pupae totally disappeared fran sucker stanachs fran mid-June en. smallrnouth

bass stcrnach cxmtents reflected even greater changes due to effects of the

treatment on fish food organisms (JIWerrlix. Table VIII). Extrene gorging on

dragonfly J1Y11P:1s occurred after treatlrent of the lake foll""-"ld I:¥ an aJJtost total

diS3fP"£'rance of aquatic i.nsect.s fran bass staMchs. By mid-June bass were

feeding alJnosl exclusively on terrestrial an:J flying insects with a snal.l

ilITnunt of feedio:J on mirlJlCMS including one case of pre::1ation on bass fry.
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late in the S\IlTI"er the small CIrO..lJlts of fcxxl present in bass starachs o:::nsisted

pri..rrarily of cladocerans, terrestrial insects and rni..nocMs. Yellow perch in Lac

Tassel fed prirrarily on Chaobol'us larvae arrl pupae prior to treabrent of ~

lake (Apperxlix, Table IX). FoIICMing treat:nent, extensive fee:li.ng on affecte:l

bu.rr'cwi..ng mayfly nyrrphs \OIElS evident. SOOrtly after treat:Irent the rre:m volunes

of fcx:rl present in yellCM perch stemachs fell to very low levels with the

majority of the fish caught having empty stanachs. ChaObOl'U8 cx::npletely

disaweared fran yellCM perch stalachs fran rnid-June 00. Fallfish stonachs

~e only sanpled on me occasioo in late August when analysis of eleven

stanachs _ they were feeling primrri1y en terrestrial insects (63.3%),

snails (17.8%), mi.nnc>os (11.1%) and c1adocerans (5.6%).

5rra.llrrouth bass in lac Tassel first began spawning t\tIO days before

treat:rrEnt of tre lake am by the time the lake was treated eighteen bass nests

oontaining eggs had been located (Figs. 20 arrl 21, Table XXX). In the first four

days followin:1 trea:l:nalt of the lake guard.i.n;J nales disaweare:1 fran ten nests

containing eggs arrl four nests wit:lo.lt eggs while eggs were laid in t\Yelve

nests which previously had no eggs in them (Table XXXI). Of the forty-seven

active nests locate:i, forty-three produe::e:l eqgs and fry were hatd1ed fran

b.e1ty of these. Three weeks after the treatn-ent date bass nesting had been

ooop1eted and large nU1iJers of free swimni.rg bass fry were cbserved along portions

of the shoreline (Fig. 22). Unden.ater observatioos in July and August

fcxm:l snail nl.llbers of tie fry present. During these surveys in mid and

late sumEr an a1Jrost CCIIl'1ete lack of a:jUatic insects along tie sb:n:eline was

evident. A few larval and adult aquatic beetles -were fCllD'd as well as

abundant nmters of freshwater spJrqes, bryozoans, flatworms, water mites,

snails an:1 clams .
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TablE XXIII

Water chemistry parameters in Lac Tassel, Quebec, 1976.

Date Depth Temperature Dissolved oxygen pH Alkalinity Hardness
(OC) (ppm) (gpg Caco

3
)* (gpg caC03 J*

May 17 Surface 13.5 10 6 . 7 1 2
9m 8.0 10 6.7 1 2

June 4 Surface 19.0 10 6.5 1 2
8m 8.0 9 6.5 1 2

'"'"
June 7 Surface 23.5 9 6.5 1 2

8m 8.0 10 6.0 1 2

June 16 Surface 21. 5 8 6.6 1 2
9m 8 . 0 7 6.0 1 2

July 15 Surface 21. 5 8 6.5 1 2
8m 8.2 7 6.0 1 2

Aug. 25 Surface 23.0 9 7.5 1 2
4m 18.0 9 6.5 1 2
8m 8.5 4 6.0 1 2

* grains per gallon calcium carbonate.



Table XXIV

Dead and distressed native fish found in Lac Tassel, Quebec

following aerial treatment with NRDC-143.

+12 hours Two white suckers (158 rom and 108 rom)
Seven northern redbelly dace (mean length 60 rom)

Distressed on surface
"

+1 day One brown bullhead (122 mm, gorged
One northern redbel1y dace (69 rom)
One Johnny darter (49 rom)

Found dead

with insects) - Distressed on bottom
"
"

+1 day

+2 day

+3 day

+7 day

+9 day

Three smallmouth bass (190 rom and 69 mm, both large males gorged with
insects) .
One white sucker (230 mm, not gorged with insects).
Three yellow perch (181 rom, 91 rom, and 52 rom) •
Two northern redbelly dace (69 mrn and 50 rnm).
One common shiner (8l rom).

Four smallmouth bass (187 rnm, 184 rom, 71 rom and 70 rom).
Three yellowperch (95 rom, 81 rom, and 81 mm).
Four northern redbelly dace (mean length 60 mm) .
One common shiner (135 mm).
One Johnny darter (46 mm) .

Two smallmouth bass (340 rom and 192 rom) .
Two northern redbelly dace (72 mm and 69 rom).

Seven minnows seen dead on bottom (~4 m)in the course of scuba diving
observations.

One yearling smallmouth bass and two minnows seen dead along shoreline
during bass nesting surveys.
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Table xxv

Dead aquatic and terrestrial arthropods found in Lac Tassel,

Quebec following aerial treatment with NRDC-143.

Terrestrial "kno::kdovm." - very extensive over entire surface of lake
sh:>rUy after treabren.t.

'\0 90% Dipterans (prinarily mid~c; and bladcflies) Also~
terrEstrial beetles, spiders, hyrrenopterans, caddisflies and
mayflies.

lquatic "knod< up" - very extensive, noticeable effect by six hours
after treat1rent.

Chaoborus (Diptera:CUlicidae) - rrasses of thousarrls of dead
larvae and p.Jpae (about 95% larvae) found aleng windward
shorelines •

Dragcnfly nyn{i1s (OXnata:JInisoptera) - TjreJlulidae- l>idymops ep.
very large nUllbers dead en bottan aleng shoreline.
-AeRhnidae-Aeshna ap. - srrall nUl"lbers dead en bot:tan
-('.oopUdae-GomphUB sp.-snail nrnt>ers dead en bottan.

Mayfly n}'lll;l1s (Epheoeroptera) - Heptagenidae - Stenonsma sp.? 
extrarely large nllliJers dead en bottan alcnq shoreline.
-£t:i1.erreridae (hurroodng mayfly nyrTt:hs) - Hexagenia ap.
very 1ar\):! nl.ll'l'ters dead 00 tnttan aloog shoreline.
-Baetidae - LeptophLebia sp. - fairly small nUllbers dead
en bottan.

- Ephemeretla ap. - srrall nmt:ers dea:1 00 bottan.

caMi.sfly larvae (TridlOptera) - various families - l'Oderate1y
large nmbers of larvae arrl a few pup:le representing a
nmber of specip.s dea::l 00. bottan.

l'IrPripods (l\nPUpoda:Gannaridae) - Crangonyx sp.? - m:xlerate1y large
nrnt>ers dead en bottom.

Da!TBelfly nyn{i1s (CIblata:ZygJPtera) - CC>enagricnidae-EnaHayma sp. ?
- a few dead en botton.

l'quatic lepidoptera larva (I.epidoptera:Pyra1idae) - one individual
founrl dead on bottan.

Gi.ant water bug (Hemi.ptera:~tana.tidae) - Lethocerus americanus
(leidy) - ene wry large individual foorrl dea:! on surface

aloo.q shoreline.



Table XXVI

Daily minnow trap and trap net catches in Lac Tassel, Quebecl
before and after trea tment with NRDC-143.

Number of days
before or after -4 -3 -2 -1 -0' +l +2 +3 +4 +7 +8
treatment

Minnow traps
Darters 16 1 2 2 3 2 1 2 1 7

Cyrinids 2 4

Smallmouth bass 1

White suckers 1

Perch 1 ~

~

Newts 1 2 3 2 2

Tadpoles 4 6 4 1

Trap net

White suckers Net 60 79 6 14 30 97 82 43 Net
Brown bullheads not 2 1 not
Perch set 2 set
Smallmouth bass 1

• Traps emptied before lake was treated.



Table XXVII

Plankton catches from the surface at the shoreline of Lac Tassel, Quebec, 17 May to 25 August, 1976.

May 17 (-14 ) May 31 (O ) June 4 (+ 4) June 7 (+ 7) June 16 (+ 16) July 15 (+45) Aug. (+ 86)

)smina 1 47

lphnia 38

.aphanosoma 73

)lopedium 44 1 1
llyphemus 2 82 85 36

unature 16 ,
lknown 5 1 "I
ltal cladocerans 3 185 1 0 1 86 156

llanoid copepods 2 9 5 53

'clopoid copepoda 5 4 4 42

luplii 17 3 1 2 32

ltal copepoda 24 16 4 1 2 5 127



Table XXVI I I

Total plankton catch from surface, 4 m ani 8 m samples taken from near the centre of
Lac Tassel, Quebec, 17 May to 25 August, 1976.

May 17 (-14 ) May 31 (0 ) June 4 (+4) June 7 (+7) June 16 (+16) July 15 (+45 ) Aug.25 (+86)

Bosmina 1 1

Daphnia 96 87 2 1

Diaphanosoma 1 100

Holopedium 106 317 3 3 ".w

Polyphemus 3 3

Immature 23 4 1

Unknown 1 1 1

Total cladocerans 227 412 6 0 1 3 106

Calanoid copepoda 169 177 19 14 34 291

Cyclopoid copepoda 126 37 24 22 5 17 226

Copepodids 1 1 15

Nauplii 230 159 187 15 7 23 85

Unknown 1 1

Total copepoda 527 374 230 52 12 74 617



Table XXIX

Mean numbers and standard deviations of benthic organisms collected in Ekman grab samples

from Lac Tassel, Quebec, 17 May to 26 August, 1976.

,
- May 17 (-14 ) June 4 (+4 ) June 8 (+8 ) June 17 (+17) July 15 (+45) Aug. 26 (+86)

I ,

~ depth (m)
I

2.n5 1.952.05 2.25 2.0n 1. 78
E!t>en"eroptera:Ephemaridae 1.5 ± 1.8 1.3 ± 2.5 0.7 ± 1.5 n.1 ± 0.3 - -
Olonata:Gc11PUdae 0.2 • 0.4 - - I 0.1 ± 0.3 - -

: Libellulidae 0.1 ± 0.3 0.1 • 0.3 0.1 ± 0.3 - - 0.1 • 0.3
:COenagrialidae - 0.1 ± 0.3 - - - -

Lepidaptera:Pyraljdae 0.1 ± 0.3 - - - - -
Trichoptera: tJnI<naon 1.1. 1.7 0.5 • 0.7 - - - -
Cblecptera: Elrnidae 0.3 ± n.7 1.1 • 2.2 1.9 • 4.3 0.3 • 0.5 0.5 ± 1.1 0.7 ± 1.3
Diptera: Olirmatd.dae 18.1 • 6.8 13.3 ± 8.0 14.2 ± U.2 7.0 ± 6.0 1.0 ± 0.8 1.4 ± 1.4

:Heleidae 0.9 ± 1.1 0.2 ± n.6 0.8 ± 1.3 0.2 ± 0.4 0.1 ± 0.3 0.1 ± 0.3
:~inuliidae 0.2 ± 0.6 - - - - -
:Tipulidae - ".1 ± 0.3 - - - -
:l.hkncwt - - - - - 0.1 ± 0.3

1Urbellaria - - - 0.2 ± ".4 - 0.3 ± 0.7
Olig<:>d>aeta 0.7 ± 1.5 1.2 • 1.9 0.5 ± 0.5 3.6 ± 2.9 1.9 ± 2.2 2.3 ± 1.4
AnPUpoda 0.6 ± 0.8 I 0.1 • 0.3 - - - -
IBqlOda 0.1 ± 0.3 - -I - - -
C,astropoda 0.4 ± 0.7 I 0.4 ± n.7 , 2.2 ± 2.6 3.7 ± 4.6 0.5 ± 1.1 0.5 • 0.9
Pelecypocla: S,naeri.dae 0.2 ± 0.4 1.4 • 2.2 1.3 ± 2.8 2.8 ± 2.6 - -

I ,
1btal 24.5 • 6.9 19.8 ± 12.7 21.7 ± 14.9 , 18.0 ± 8.3 4.0 ± 3.0 5.5 ± 3.7

,
,



21

18

a15
fIl

.Q

C..
Cll

r=
0 12E
.:Ie
lL1..
CD
Q.

II).. 9CD
.Q

E
:J
c:

c:
0
CD 6
~

3

I
I

I
I

I
I

I,
I

I,
'".,--'---..... - ...

""

Aquatic Insects

Other aquatic invertebrates

,-_ .... ---- _---.--- ------

-...J
lJ1

I

-20 -10 0 ..10 +20 +30 +40

Number of days before / a fter treatment

Fig. 19. Eo tan fauna };X>pulations in Lac Tass 1, Quebec, 1976.

+60 .eo



Fig. 20. M31e sua.ll.rroJth bass quarding his nest, Lac Tassel, Q.lebec.
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Table XXX

Condition of forty-seven marked bass nests in Lac Tassel, Quebec.
from 30 May to 17 June, 1976·

Number of Number of nests with :
days before
or after No male, Mal. Mal. No male Eggs only Mal. Male only Fry only No male or fry
treatment eggs or but no with or eggs on nest with on nest on nest on nest which

fry eggs eggs on nest which fry which which previously had
or fry which previously previously previously male and fry

previously had male had male had male
had male and eggs and fry and fry

-1 22 7 18 0 0 0 0 0 0

+2 16 1 25 3 2 0 0 0 0

+1 14 0 23 4 6 0 0 0 0

+2 14 0 21 4 8 0 0 0 0

+3 13 0 20 4 10 0 0 0 0

+9 0 2 6 4 19 15 0 1 0

+17 0 0 0 4 23 6 2 4 8
I



Table XXXI

Numbers of bass nests in Lac Tassel on which spawning activity
was terminated or initiated following treatment with NRDC-143.

Number of days
after treatment Male disappearing Male disappearing Eggs being laid in Eggs being laid in

from nest without from nest with nest previously previously unoccupied
eggs eggs occupied by 8 male nest

+, 3 2 3 6
~

'"+1 1 4 0 2 ,
+2 0 2 0 0

+3 0 2 1 0

+9 0 10 0 12

+17 0 1 0 0
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Fig. 22. 9naJ.JJrouth bass fry swirrming in £rent of a bryozoan
CXJ'VerE!rl stick in Lac Tassel three weeks after the
NR:IX-143 treatnent.
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DISCUSSlctI J\Nll CIll'OffiICN>

'Ih::mas Lake, PFES: 'I.'re rreasured dep:>sit CJ1 'Ib::Iras lake of between 15.6

and 23.4 g NROC-143/ha of the 35 9 AI/ha emitted can be cxmsi.dered

representative of a high level of contamination likely to occur only

occasionally in aquatic systans in areas treated with this dosage of

NRIX-143 urrler operational corrli.tions. The effects of this deposit on

the fauna of 'Ib:ma.s Lake were m:Xlerate and slnrt-lived. t'brtality

occurred anong caged fish held right at the surface of the lake with

rapidly diminishing effects on fish held progressively deeper. Native

fish suffered essentially no rrortality l::ut a sOOrt lasti.n:j drop in mi..nnow

trap catd1es may incticate a slight behavioral effect. 'lhere were in:lications

of a delayed effect on zooplankton, particularly cl.adocerans, but rea::Nery

appeare:l to be rapid an:i eatplete. sane rrortality <XX.'U.ITed arrong surface

breathing aquatic colecptera and hemiptera. An _ate and substantial

impact cx::curra:i on botton fauna. due to the lake' 5 shallow nature. The

effect on Chaobo2"'US larvae populations was partial and recxJlJery was

evident and ~l advanced within six weeks of treatment. A snaller blt

awarently longer lasting effect cx::curra:i on chironani.d larvae populations.

No effect on anergiog insects was awarent, reflecting the generally

greater resistance of p.Jpa1 stages of insects to insecticides than slx:w1

by larval stages.

Fo~ treabtelt of the lake, lItlite Slclers arxi to a lesser

extent _ bullheads gorged t.Isnselves <rl Chaobol"US larvae. Very

heavy feeding of white suckers on Chaobol"US larvae also occurred in

the C<rltrol lake at this tilIe rot did not result in the kin:l of large

increases in mean \IOlune of stonach oontents seen in fish fran the

treatment lake. ('haobo1'US larvae continued to ccntribJte significantly
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to fish starach contents t:hrcuglnlt June aOO into July in 'Ih:rras Lake

irxlicating that they remained available as inq:x>rtant fish fcxxl itans

despite the adverse effects of treatment on their p::p.>lations. Similarly,

chi..roocmid larvae cootinued to be available to fish in fairly large

nmt>ers after treatment. nus irxlicates that the effects of the treatment

on fish focrl organisms were oot severe enough to seriously deprive ~

lake's fish populations of food organisns. The presence of larger

aquatic insects in fish stamchs imrediately after treatnalt suggeSts

they were affectei !:¥ the treatment aId made susceptible to predation

because of lethal or sublethal effects of it.

Youngs Creek, PFES: ire neasured deposit of 13.5 g/ha of NROC-143

on Yamgs Creek represents light centam.i.natim of an aquatic system

treated at the dosage of 70 g AI/ha, aId cannot be ooosidered representa

tive of the greatest inpact likely to occur in streans treated operationally

at this dosage. It hid minimal effects on caged or native fish in Yoongs

Creek rot caused dramatic, short-lived increases in ~ drift of aquatic

insects, particularly springtails, heptagenid Irayfly nyn;>hs, SCIre larval

aId adult aquatic beetles, waterlx>atmen aId chironcmid ·larvae. Bottan

fauna SiEples stn.e:l that despite this .ircreased drift, aquatic insect

p::p.>lations did not decrease significantly when~ to p::p.>1atioo

chan:Jes in tlE control creek. KrJxkdown of terrestrial insects an:l

spiders into the: creek was very heavy ani lasted up to tw::> days despite

the SIra1l area actually treated with NilOC-143. Heavy aId relatively

larg lasting inpact was particularly JDtieeable o~ flies, beetles, wasps,

caterpillars, caddi sflies arx1 spiders.
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lac Tassel, Qu<bec: 'lhe n-easured deposit of 128.6 g NROC-143/ha on

Lac Tassel represents a level of contaninatioo unlikely to occur under

operational corrlitic:ns except at extreme dosage rates or in the event

of accidental nultiple swathing. It resulte1 in heavy irrpact on

aquatic organisns. Within lo.lrs of trea1:llelt extrarely heavy roortality

of shall"", &.elling aquatic insects am anpupods occurred. Substantial

m.tnbers of individual fish representi.n:] rrost of the species present in

the lake were killed by the trea1:llelt,~ overall nmtality was

not significant in tenns of total fish PJPllations aId the majority of

native am caged fish did not appear to be directly affected by toxic

effects of the spray. Zooplankton pop.>lations were severely reduced

after treatment with copepods~t less affected am recovering

faster than cladocerans. Substantial recovery of the total zooplankton

camnmity was not evident until three rronths after treatrrent. Bottan

fauna pop.>lations "'""Pled fran depths l:Jebo!en 1 am 3 neters decreased

relatively slowly after treat::rrent ani ~e not severely depleted until

July. '!his suggests that they were affected primarily by the overall

ecological disruption within the lake rather than by nortality related

to direct toxic effects. 'l1le severe effects at aquatic i.nvert:ehrate

p:>plla.tions resulted in dramatic cl'l.:ID1es in the volure arrl carp:>sition

offocrl found. in fish stanachs. In particular, the severe effects on

plankton am larger aquatic insects eliminated these focxl itans fran

the available prey of fish Oller IlDSt or all of the Sl.JlIter. SUckers

utilized available chi..:ronanid larvae and ITDlluscs for fc:xx1 in the absence

of other itens \obil.e snal.hoouth bass fed prinarily en available terrestrial

insects am. to a snail extent Q1 mi..noows. It is not yet clear loklat
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effects these changes in diet could have on fish grc>Ith rot attaTpts to

evaluate this will be made after the c::rnpletion of the growi..rg season.

Overall smallnouth bass reprcduction in the lake was oot ooticea.bly

affected by the treatment rot the question remains as to the survival

an:! grc>Ith of the 1976 year class of bass because of effects en its

food supply, particularly the zooplankton on which the newly hatched.

fry feed.

.. It .. * *

In srnmary, it is concluded that heavy dep:>sits of NROC-143

applied at 140 gm,tbectare (2 oz./acre) present a substantial hazard

to aquatic envirorments in terms of p:ltential effects on zooplanktoo,

aquatic insects, fish an:! the eeol09ical relationships beo-m these

and other U1tl'0nents of aquatic systems. 'the effects of application rates

of 70 grv'bectare or less do oot~ at first awraisal to be overly

hazardous to the integrity of aquatic systems, rot require further

evaluatien before they can be fairly crnpared to the environnental

hazards IX'sed by d1emi.cal insecticides currently in use.
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APPENDIX

Stc:JTach ccntentor:; of native fish fran

lakes treate:l witil ~lROC-143 am

an mtreated central lake.



Table I

Percent occurance I average percent oontributicn to the volume of each stanach and average nunber
in each stanach present in of various food itens found in white sucker stanachs

fran 'Iharas Lake, PF'ES, 11 loBy to 6 July, 1976.

Date May 11 (-14) May 29 (+41 June 6 (+12) July 6 (+41)

N\nber of fish scanpled 20 20 20 6

Mean total length (nrn) 262.4 280.1 273.0 294.3

Mean fork length 244.0 262.6 254.6 278.3

Mean presetVed weight (g) 208.9 260.0 230.9 299.3

sex ratio (llI3.1es: females) 4:16 3:17 8:12 1:5

Mean voltJre food present/stanach (rol) 0.80 2.77 0.83 0.50 a>....
I

Percent occurance of food itens:

~y stanachs 10 5

Caddisfly larvae (Trichoptera) 5

Chaoborus larvae (Diptera:CUlicidae) 30 95 70 67

Oili:onanid larvae (Diptera:Chironanidae) 75 15 80 83

Chirorx:rnid pupae (Diptera:Chironanidae) 70 10

COpepods (Copepoda) 45 35 17

CUliooi.des larvae .(Diptera:Heleidae) 25 5 5

Dragonfly nymphs (Olonata) 5

Snails (Gastropoda) 5



'1'1lble . I ("nnHnue'l)

J'l>te "'-ay 11 (-14) H;=ty ?9 H- 4) June ~ (+).2) JUlv 6 (+41)

live-rage '[)P-rcent vol~ oontriJ11.1ter1 hv:

lladdisfly larvae 1.3

Olac::ix>ru.s larvae 13.6 94.5 56.6 53.3

Clliroo.anid larvae 21.9 1.0 32.9 30.0

Olirmanid !>JP<ll! ]1.7 1.8

COpepods 28.9 8.4 16.7

Culicoides larvae 2.8 0.3 0.3

Dragmfly nynp,s 3.0 ro
ro

snails 1.1 I

Average nmber/staMch present in:

Caddisfly larvae 1

Chad:>orus larvae appI'Ox. 60 approx. 415 aw=. 130 appro><. 20

Olironani.d larvae approx. 6 1 appro><. 6 appro><. 8

Olirmanid p~ 6 1

Q:lpepods awrax. 800 awrox. 120 awrox. 100

Culiooides larvae 2 1 1

Dracp1fly nynp,s 2

Snails 3



Table II

PerCEllt cx::x:urance, average ~t CCJ1tribution to the volurre of eac.l-t st:anad1 and average nurller in
each starach present in of various fcx::rl items found in bI"OWIl bullhea::l stort'achs from '!hares Lake

PFES, II May to 6 J\lly, 1976.

Date May 11 (-14) ~.ay 29 (+4) June 6 (+12) J\lly 6 (+41)

NUI!tler of fish sanpled II 20 7 8

!'ean total length (mn) 170.1 174.0 154.0 192.2

l'ean fork length (mn) 167.2 170.0 151.3 188.8

!'e.... preserved ""igot (g) 76.0 85.2 56.8 99.2

sex ratio (males: females) 5:6 6:14 4:3 0:8

I-'ean volurre food present/stanac:h (ml) O.ll 2.87 0.83 0.56

'"'"
Percent occurance of food i terns: I

E)tpty stomadls 64 5 14 25

hjuatic beetles (COleoptera) 5

O1oclx:>rus larvae (Diptera:OJlicidae) 27 85 28 50

O1ac:borus pupae (Diptera:Culicidae) 35 62

O1ircnanid larvae (Diptera:01italanidae) 36 55 57 38

O1ircnanid pupae (Diptera,01italanidae) 18 10 14

Cqlepods (Cqlepods) 9

CUliooides larvae (Diptera:He1eidae) 15 14 12

DOOsmf1y larvae (Megaloptera :COrydalidae) 5

Dragmfly nynphs (Qirnata) 5

Flying insects 25

Minnow remains 9 35 43 38

Terrestrial beetles (COleoptera) 5 38

.,



Table II (CCntinued)

Date l'ay 11 (-14) ~1ay 29 (+4) June 6 (+12) July 6 (+41)

Average percent volurre CCI'ltributed by:

Aquatic beetles 0.3

Clladlorus larvae 27.5 67.9 4.2 12.5

Olaoborus pupae 1.6 9.6

OriI'O'1arU.d larvae 35.0 7.6 46.7 3.8

Chirmanid I"'l?"" 12.5 0.3 0.8

COpepcxls 1.2

CUlicoides l.arw 0.6 <0.1 6.7

D>bsCI'Ifly larvae 0.3

Dragcnfly nynp, 0.5

Flying insects 21.7 I

'"Minne« renains 23.8 20.5 48.3 35.0 0

I

~rre8t.rial beetles 0.5 10.8

Average nurrber/storrad1. present in:

1quatic beetles 1

Chac:i:lorus larvae 14 approx. 300 9 7

aiadxn:ua pupae 3 2

Chirmanid larvae 3 1, "fPl"OX. 20 3

Chirmanid 2 1 1pupae

C'opepods 1

CUlicoides larvae 2 1 2
Dab&nfly 1azvae 1

Dra9'Jlfly nynphs 1



Date

Flying insects

Minnow remains

Terrestrial beetles

Table II (Continued)

May 11 (-14) May 29 (+4) June 6 (+12) July 6 (+41)

2

? ? ? ?

2 2
'"
'"""I



Table III

Percent occurance, average percent oontribution to the volurre of each starach and average nunber
in each stanach present in of various food items found in white sucker stanachs

fran Youngs Lake, PFES, 12 May to 6 Julv, 1976

Date

Number of fish sanp1ed

Mean total length (lIl1\)

Mean fork length (lIl1\)

Mean preserved weight (g)

Sex ratio (males: females)

Mean volume food present/stanach (rol)

May 12

10

252.5

238.5

157.1

5:5

2.19

May 28 June 5 July 6

10 10 9

271.2 273.9 241.1

256.7 257.3 226.8

206.9 224.7 135.3

2:8 0:10 1:9

1.67 1.45 0.53

Percent occurance of fc:xxi i tans :

Eh1pt:y stanachs

Amfhipods (Amfhipoda) 20

Borrowing mayfly nytltlhs
(E{:heneroptera: EphEmeridae) 10

caddisfly larvae (Trichoptera) 40

Chaob:>rus larvae (Diptera:CUlicidae) 40

Chaoborus pupae (Diptera: CUlicidae)

O1ironanid larvae (Diptera: Olironanidae) 90

01ir0nanid pupae (Diptera:01ironanidael 60

Cladooerans (Cladocera) 10

Copepcds (COpepoda) 10

Culicoides larvae (Diptera:Heleidae) 70

Dragcnfly nynp,s (Odonata) 20

Fingernail clams (Petecypo<la:Sphaeridael 20

Mayfly n}'lll'i1s (Epheneroptera:Baetidae)

Snails (Gastropoda)

10

10

70

70

20

10

30

20

10

10

70

80

10

30

10

22

22

11

78

44

33

11

11

11

11

'"'"



'table III (Continued)

Date May 12 May 28 June 5 July 6

Average percent volute contributed by:

J\IrP1ipocls 2.5

Burr<:><irq mayfly flYI1l'S 4.5

Caddisfly larvae 10.5 1.1

Chaobon1s larvae 14.0 57.8 64.0 6.4
'"Chaoborus pupae 5.0 '"

Chironanid larvae
I

45.9 26.7 31.5 35.7

Chirrnanid pupae 5.6 1.7 0.5 7.8

Cladocerans <0.1 24.3

CopepocIs <0.1 0.6 5.7

Culicoides larvae 5.0 5.6 3.0 4.3

Dragonfly nynp,s 8.0 3.9 5.0

Fingernail clams 4.0 0.6 5.7

Mayfly nytT1!tls 2.2

Snails 1.0



Table III (COntinued)

Date May 12 May 28 June 5 July 6

Average nUlliJer/stanach present in:

hnphipxls 10

Burrowing rrayf1y llYlll'hs 1

Caddisfly larvae 6 1

Olaoborus larvae approx.60 approx.300 approx.200 8 I

O1aoborus pupae 1 '"A
O1.ironanid larvae 38 18 39 4

Chironanid pupae 8 lit 1 1

C1adocerans awrox· 1O awrox.500

Copepods approx.lO approx.lOO approx. 500

Culicoides larvae 6 5 12 2

DragcnflynyITtXls 9 2 2

Fingernail c1ilms 6 1 12

Mayfly nynq:ils 2

Snails



Table IV

Percent occurance, average percent CCIltri.bJtion to the volune of each stanach arrl average nllllber
in each stanach present in of various foed items found in brownbu1lhead stanachs

fran Youngs Lake, PFES, 12 May to 5 Jl.ID.e, 1976

Date

Nl:I1tler of fish sarrpled

Mean total length (om)

Mean fork length (om)

Mean preserved weight (g)

Sex ratio (males:fsnalesl

Mean vollm> food present/stanach (roll

Percent occurance of fcx:rl itens:

ElTpty stanachs

l\qllatic beetles (COleq:>tera)

Burrcl<ing mayfly l'lyIl'lfi1s (EPherreroptera:EF/1EJreridae)

caddisfly larvae (Trichoptera

01a000rus larvae (Diptera:01licidae)

Chironanid larvae (Diptera:Chironanidae

Chirax:Jni.d pupae (Diptera:Chironanidae)

Crayfish (Decapoda)

Q,l1jmides larvae (Oiptera:Heleidae)

Dragonfly l'lyIl'lfi1s (OcX>nata)

Fingernail clams [Pelecypoda: Sp,aeridae)

May 12

10

202.3

198.6

101.8

8:2

1.33

May 28

10

204.0

200.8

106.5

4:6

0.72

June 5

10

188.6

186.1

87.7

8:2

0.11

60

20

10

10

10

10



Table J)J (Continued)

rate May 12 May 28 June 5

Mayfly nynpl (~:Baetidae) 10

Mayfly nyI!I!ils (~:lIeptagenidae) 10

Minncw remains 20 20

Snail.a (Gastropoda) 10

Tabanid 1arv<Ie (Oiptera:Tabanidae) 10 10

TenestrW beeUes (Coleoptera 10

llnknown aquatic dipteran larvae (Oiptera, ?) 10

llnknown terIestrial insects 30

'"'"
Average percent volure contribute:! by, I

Aquatic beeUes 3.3

Burrowinq mayfly l"IY"P>s 12.5

Caddisfly larvae 5.6 8.3

Olaoborus larvae 2.6

ChiIooanid larvae 2.5 2.8 5.0

01ir0nanid I'-'P"" 1.6 1.1 20.0

Crayfish 9.4 7.2

Culicoides larvae 0.2 2.1 1.2

Dragalfly nyI!I!ils 41.9 30.6 25.0

Fingernail clams 0.3 25.0

Mayfly nyI!I!ils (Baetidae) 0.6

Mayfly l"IY"P>s (Heptagenidae) 8.9

Minncw remains 23.8 15.6



Table rv (COntinued)

Date May 12 May 28 June 5
Snails 0.6

Tabanid larvae 1.2 6.7

Terrestrial beetles 3.3

Unknown dipteran larvae 23.8

Unknown terrestrial insects 7.2

Average nUtt>er/stanach present in:

Aquatic beetles 1

llurrtMing ""yf1y nyrrphs '"1 ...
Caddisfly larvae

1
1 1

Chaoborus larvae 1

Chironcmi.d larvae 2 5 1

Chironcmi.d pupae 1 2 3

crayfish 1 1

Culicoides larvae 1 1, 2

Dragonfly nyrrphs 1 1 1

Fingernail clams 1 1

Mayfly nyrrphs (Baetidae) 1



Table IV (continued)

Date May 12 May 28 June 5

Mayfly nymphs (Heptagenidae) 1

Minoow remains 1 ?

Snails 1

Tobanid larvae 1 1
'"Terrestrial beetles 1 a>

Unknown dipteran larvae 6

Unknown terrestrial insects 1



Table V

Percent occurance, average percent contri..bJtion to the volurre of each sternach arrl average number
in each stanach present in of various food items found in PJIlPkinseed starachs

fran YOWlgS Lake, PFES, 12 May to 5 JUne, 1976.

Date

Nurrber of fish sampled

Mean total length (nro)

Mean fork length (nro)

Mean preserved ...ight (g)

Sex ratio (males: fana.les)

Mean vol""" foed present/stanach (rol)

Percent occurance of fCXld iterrs:

Empty stanachs

Blll"rl:l"':ln:j mayfly nyTll>S (Epharerq;ltera:EPhaneridae)

Caddisfly larvae (Trichoptera)

ChaOOorus larvae (Diptera:Culicidae)

CbiIonanid larvae (Diptera: Chi.ra>anidae)

Chircnanid pupae (DiPtera: Chironanidae)

Culicoides larvae' (Diptera:Heleidael

Dragonfly nynp,s (Odcr1ata)

Mayfly nYJlP1s (Epharerq;ltera:Baetidae)

Snails (Gastrqxxla)

Tabanid larvae (DiPtera:Tabanidae)

May 12 May 28

10 10

117.5 123.6

113.5 118.9

30.5 31.3

8:2 6:4

0.20 0.24

10 30

30

30 20

20

40 20

30

10 20

20 10

10

20 20

10

June 5

10

123.5

117.4

32.4

3:7

0.10 '"'"I

30

10

20

10

10

10

30



Table V (ContinuedI

Date May 12 May 28 June 5

Terrestrial beetles (Coleoptera) 30 30

Unknown terrestrial insects 10

Water mites (Acari) 10

Average percent velure contributed by,

Burrowing l1'ayfly nynp,s 11.1

caddJ.sfly larvae 11.1 14.3

Chac:b:>rus larvae 20.0 9.3 I

Chironanid larvae 20.2 15.7 5.7 >-'
8

Chironani.d pupae 6.1

Culicoides larvae 1.7 3.6 0.7

Dragonfly n}'llJ;tls 16.1 9.3 3.6

Manfly nynp,s 2.1 12.8

Snails 2.6 15.7 33.6

Tabanid larvae 11.1

Terrestrial beetles 27.8 33.6

Unknown terrestrial insects 11.4

Water mites 0.7



Table V (Continued)

Date May 12 May 28 J\.1ne5

Average nlJllber/stanach present in:

Burrowing mayfly nynp,s 1

Caddisf1y larvae 1 1

O1actoros larvae 8 5
I-'
0
I-'

Chironanid larvae 20 6 1, I

Chironanid pupae 2

Culicoides larvae 8 1 1

Dragonfly nymphs 1 1 1

Mayflynyrrphs 1 10

Snails 1 2 8

Tabanid larvae 1

Terrestrial beetles 1 1

Unknc:Mn terrestrial insects 4

Water mites 1



Table VI

Percent occurance, average percent contribution to the volurre of each starach and. average m,1Tlher
in each stanach present in of various fc:x>d it:em3 fOl.1n1 in yellcw perch stanachs

fran Youngs Lake, PFFS, 12 May to 6 July, 1976.

Date May 12 May 28 June 5 July 6

Nunber of fish sample:'! 10 10 10 2

Mean total length (nro) 273.5 165.3 188.0 282.0

Mean fork length (nro) 265.4 159.1 180.9 272.5

Mean preserved weight (g) 203.0 46.5 76.0 251.0

Sex ratio (males: fE!l\3.les) 7:3 9:1 10:0 2:0

Mean volure food present/stanach (ml) 0.31 0.14 0.17 0.00 ....
0
N

I
Percent occurance of fcod items:

ElTpty stanachs 60 30 70 100

Caddisfly larvae (Trichoptera) 10

Chironanid larvae (Diptera:Chirrnanidae) 30 10

Chironanid p.1pSe (Diptera:Chironanidael 20

Crayfish (Decapoda 10

Minncw remains 40 10 10



Table VI (Continued)

Date

Average ~t voll.JTe contributed by:

Caddisfly larvae

Chiroranid larvae

Chironanid pupae

Crayfish

Mi..nnCJN' reroains

Average nunt>er/stanach present in:

Cuddisfly larvae

Chironcrnid larvae

Chironcrnid pupae

Crayfish

MinncM renains

May 12

100

?

May 28

14.3

42.8

28.6

14.3

1

1

1

?

June 5

33.3

33.3

33.3

10

1

?

July 6



Table VII

Percent occurance, average percent contribution to the volume of each stanach and average m:mber in each stanach
present in of various fcx:x1 itans fourrl in white sucker stanachs fran lac Tassell, Quebec, 18 May to 26 August, 1976.

Date May 18 May 31 June 4 June 8 June 17 July 15 Aug. 26
(-13) (-0) (+4) (+8) (+17) (+45) (+86)

NI.I!tler of fish sarrp1ed 20 10 10 17 20 20 20
Mean total lSlgth (mn) 345.3 268.5 281.9 353.6 276.7 389.9 342.4
Mean fork ler>J'th 320.8 252.0 263.1 334.0 261.1 368.1 316.4
Mean preserved weight (g) 304.6 289.2 553.9 284.7 440.4
Sex ratio (males: females: i.nmatures) 14:6:0 3:4:3 5:4:1 4:13:0 18:2:0 5:10:0 12:7:1
Mean voll.l11'e food present/starech (ml) 2.62 1.25 3.45 4.27 2.15 1.11 1.62

Percent cxx:urance of fcod i terns: ,.,
0

<rnpty starechs 5 20 10 12 7 15 ...
Aquatic beetles (Colecptera) 10 7

,
Aquatic beetle larvae (Coleoptera) 5 6 5 7
Arrphipoda (Arrphipoda) 5 10
A1derfly larvae (fot!galoptera:Sialidae) 20 50 76 10 13 5
Burr<:Ming mayfly nynphs (EJ.:lhareroptera:E[;i1areridae) 15 90 82 20 7
Caddisfly larvae (Trichoptera) 10 30 20 71 7
Chaobol'UB larvae (Diptera:Cu1icidae) 10 40
Chaoboru.e pupae (Diptera:CUlicidael 20 65
Chiroranid larvae (Diptera:Chiroranidae) 20 40 30 47 100 67 45
Chiroranid pupae (Diptera:Chiroranidae) 5 6 35 13 30.
Cladocerans (Cladocera) 90 40 6 55
Copepoda (Copepoda) 5 27 20
CuUaoides larvae (Diptera:Heleidae) 10 40 20 18 75 47 10
Damselfly nyrtJ::hs (Odonata: Zygoptera) 5 6
Dragonfly nynp,s (Odonata:Anisoptera) 20 10 6 10 10
Fish eggs 5



Table VII (Continued)

Date May 18 May 31 June 4 June 8 June 17 July 15 Aug. 26
(-13) (-0) (+4) (+8) (+17) (+45) (+86)

Fingernail clams (Pe1ecypocJa: Sphaeridae) 5 33 5
Mayfly nyrrphs (Ephareroptera:Baetidae) 5 18
Mayfly n~s (Ephareroptera:Heptagenidae) 60 18
Snails (Gastrcpoda) 5 20 6 45 40 25
Unidentified aquatic insects 5
Water boat:nen (Heniptera:Corixidae) 6
Water mites (Acari) 5

Average percent voll..1rOO: contributed by: I

....
0

Aquatic beetles 1.8 1.1 '"
Jlquatic beetle larvae 0.5 0.7 0.5 1.4 I

Arrphipoda 0.2 2.5
Alderf1y larvae 5.0 11.2 16.3 2.8 6.4 0.9
Burrowing ll'ayfly nYJlt'hs 4.2 69.9 33.9 4.9 4.3
Caddisfly larvae 1.0 7.5 2.8 20.7 0.4
ChaObOl"U8 larvae 4.7 35.0
ChaobOl"U8 pupae 1.2 12.1
Oli.roncrnid larvae 4.5 15.8 3.6 11.1 63.2 27.5 20.0
Chironcrnid pupae 0.3 0.1 4.5 1.8 5.2
Cladocerans 78.4 23.1 0.1 45.6
Copepoda 3.9 21.4 12.4
CuZicoides larvae 0.4 1.8 0.3 0.4 5.4 3.9 3.0
Damselfly nYJlt'hs 0.3 0.7
Dragonfly nYJlt'hs 6.9 0.6 1.0 4.8 2.0
Fish eggs 0.3
Fingernail clams 0.2 13.1 0.3



Table VII (Continued)

Date May 18 May 31 JUne 4 JUne 8 JlID.e 17 July 15 Aug. 26
(-13) (-0) (+41 (+8) (+17) (+45) (+86)

llayfly n~ (Baetidae) 0.5 1.3
Mayflyn~ (Heptagenidael 11. 7 1.3
Snails 0.5 1.2 0.1 12.1 18.0 10.3
Unidentified aquatic insects 0.3
Water boanren 0.2
Water mites 0.3

Average nmt>er/staTach present in:
I

Aquatic beetles 1 1 f-'
0

Aquatic beetle larvae 10 1 1 3 '"
l\Ilt>hipods 5 5 I

Alderfly larvae 1 6 6 1 2~ 1
Burrowing rrayfly nl'llPls 1 11 4~ 1 2
caddisfly larvae 4 3 4 10 1
Chaobo1'U8 larvae -250 -375
Chaoborus pupae 5 14
Chironanid laI.Vae 9 24 7 24 -80 26 11
Chirornnid pupae 3 1 4 3 1~
Cl..adcxJerans -1100 -600 1 -400
Copepods -1000 -1500 -300
CuLiaoides larvae 2~ 3 2 3 7 7 1
Damselfly nl'llPls 2 1
Dragonfly nynFls 2 1 1 1~ 2~
Fish eggs 10
Fingernail clams 1 26 1
Mayfly nl'llPls (Baetidae) 6 1
Mayfly n~ (Heptagenidael 3 1
Snails 1 1~ 1 7 5 9
Unidentified aquatic insects 1
Water boanren 1
Water mites 1



Table VIII

Percent occurrance, average percent contributed to the volurte of each stanach and average nunber in each stanach
present in of various food items found in srrallIrouth bass stanachs fran Lac Tassel, Quebec, 18 May to 26 August, 1976

Date May 18-30 June 1-3 June 8 JUne 18-22 June 14 Aug. 26
(-13 to -1) (+1 to +3) (+8) (+18 to +22) (+44) (+86)

NuT1ber of fish sampled 2 8 2 19 2 9
Mean total length (nm) 247.5 229.6 246.0 250.1 305.0 223.7
Mean foIl< length 241.0 223.6 235.0 240.3 288.0 212.3
Mean preserved weight (g) 196.5 206.6 252.5 160.6
Sex ratio (nales:females:i.nmatures) 2:0:0 5:3:0 2:0:0 11:4:4 0:2:0 7:1:1
Mean VOlUTe food present/stanach (rol) 0.1 5.21 0.80 0.75 0.00 0.34

Percent occurance of food i tans:

El1l>ty stanachs 50 26 100 33 ....
0

l\dul.t dragonfly (Odooata) 5
...,

Adult Midges (Diptera:Chi.ronanidae) 10 11
Burrowing mayfly nynp,s (Epheneroptera:Ephelteridae) 75 50 16
Cladooerans (Cladooera) 44
Chaobol'US larvae (Diptera:CUlicidae) 12
Chaobo1'U' pupae (Diptera:eulicidae) 38 22
Chirannid larvae (Diptera: Chircnnidae) 50
Chironcrnid pupae (Diptera:Chironanidae) 5
Damselfly nynp,s (Odonata: Zygoptera) 50
Dragonfly nynp,s (Odonata:Anisoptera) 62
Flying ants (Hymenoptera) 50 16
Minrows 5 11
Mayfly nl"'PJs (Epheneroptera: Baetidae) 25
Mayfly nymphs (~ra:Heptagenidae) 62
Spiders (Arachnida) 5
_llJrouth bass fry 5
Terrestrial beetles (Coleoptera) 50 47
Unidentified flying insects 12 50 26
unidentified terrestrial insects 50 22
water mites (Acari) 50



Table VIII (COntinued)

Date May 18-30 June 1-3 JlD1e B June 18-22 June 14 Aug. 26
(-13 to -1) (+1 to +3) (+8) (+18 to +22) (+44) (+86)

Average percent volurre oontributed by:

Adult dragooflies 2.8
l\dultmidges 4.3 3.3
Burrowing ll'ayf1y nytll:hs 24.4 40.0 3.6
Cladcx::erans 45.8
Chaobol'U8 larvae 0.1
Chaobol'U8 pupae 8.1
Chironanid la.1;vae 2.5 ....
Chirolxmid pupae 2.8 4.2 0

Damselfly nynlE:hs 3.4 '"
Flying ants 100 12.8
Minnows 7.1 16.7
Mayfly nYl1Phs (Baetidae) 2.5
Mayfly nynphs (Heptagenidael 24.0
Spiders 0.4
SIl'a1lnouth bass fry 1.4
Terrestrial beetles 5.0 47.1
unidentified flyin:] insects 1.9 25.0 17.5
unidentified terrestrial insects 25.0 30.0
water mites 2.5



Table VIII (Continued)

Date May 18-30 June 1-3 June 8 June 18-22 July 14 Aug. 26
(-13 to -1) (+1 to +3) (+8) (+18 to +22) (+44) (+86)

Average number/stana.ch present in:

Adult dragonflies 1
J\dult midges 1 1
Burrc>rlng mayfly nymphs 11 ? 1
Cladocerans -110
Chaobopua larvae 5
Chaoborus pupae -45 1
Chironanid larvae 1
Chi.rorr.mid pupae 1 3

....
0

Damselfly nynphs 6 '"
Dragonfly n}'llll<ls 8

I

Flying ants 1 2
Minnows 1 3
Mayflynymphs (Baetidae) 5
Mayflynynphs (Heptagenidae) 18
Spiders 1
Srnall.rrouth bass fry 9
Terrestrial beetles 1 2
Unidentified flying insects ? ? 3
Unidentified terrestrial insects ? 3
Water mites 1



Table IX

Percent oc:curance I average percent contribution to the volune of each stanach and average nurrber in each stanach
present in of various food items found in yellow perch stanachs fran Lac Tassel, Quebec, 18 May to 26 August. 1976.

Date May 18 May 31 June 4 June B July 15 Aug. 26
(-13) (-0) (+4) (+8) (+45) (+861

Nunber of fish sampled 7 11 13 23 2 20
Mean total lenath (1lIlI) 143.3 198.4 210.5 210.7 210.0 160.0
Mean fori< length 138.1 191.9 201.3 203.2 200.0 153.0
Mean preserved ...ight (g) 42.3 96.1 124.2 124.2 109.0 46.0
Sex ratio (rrales: females) 7:0 7:1 10:3 14:9 1:1 7:13
Mean volme focx:1 present /stanach (mI) 0.68 0.51 1.21 0.14 0.05 0.0l.

Percent occurance of food items: ~
0

E}lpty staMchs 29 15 48 50 80
Burrowing mayfly nynphs (EpheTieIOptera:Ephen'eridae) 29 85 48 50
Cadd; sfly larvae (Trichoptera) 18 15 13
ChaQborus larvae (Diptera:Cu1icidae) 43 91
ChaobOl"UB pupae (Diptera:Culicidae) 73 4
Chironanid larvae (Diptera:Chironanidae) 14
Chiron::rnid pupae (Diptera:Chiroronidae) 14 9
Cladooerans (Cladocera) 29 36 20
CopepCxls (Cq>epoda) 5
Dragonfly nj'!T1Jhs (Odonata:Anisoptera) 9 15 4
Mayfly nj'!T1Jhs (Ephanerc.ptera:Baetidae) 14
Mayfly nynphs (Ephemeroptera:Heptagenidael 29 8
Unidentified flying insects 4



Table IX (Continued)

Date May 18 May 31 J\.lne 4 June 8 July 15 Aug. 26
(-13) (-0) (+4) (+8) (+45) (+86)

Average p!rCent volure contributed by:

Burrowing mayfly nyrrq>hs 21.0 87.3 85.8 100
Caddisfly larvae 3.6 2.3 2.9
Chaobof>US larvae 54.0 50.4
ChaoboPUB pupae 27.3 0.4
Chironanid laIvae 1.0
Chironanid pupae 1.0 0.4
Cladccerans 5.0 9.1 78.8
CopefO'ls 21.2 ~

oragoofly nyrrq>hs 9.1 9.5 8.3
...

Mayfly nyrrq>hs (Baetidae) 8.0
Mayfly nyrrq>hs (Heptagenidae) 10.0 0.9
unidentified flying insects 2.5

Average nurber/stanach present in:

Burrowing mayfly n~s 1 10 3 1
caddisfly larvae 1 1~ 2
Chaoborus larvae -230 37
Chaohorus pupae 40 1
Q1ironanid larvae 1
Chironanid pupae 7 1
Cladocerans -250 -270 6
CopefO'ls -140
Dragonfly nyrrq>hs 1 1~ 1
Mayfly n~s (Baetidae) 2
Mayfly n~s (Heptagenidae) 1~ 1
Unidentified flying insects 1
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