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'!hese rronitoring studies indicate that the fenitrothion treat-

.rrent had no effect on the small songbird, small mamnal, forest slug

or aquatic fauna c:arplexes in the areas studied. cor residues within

the 1957 spray area were found to have dropped to' ba.ckground levels in

soil, fOClUse brains, forest slugs and fish. Exanination of past sa1m::ln.

run estimates showed that the i.rrpact of the 1957 oor treatment on salrron

populations wasn't noticeable in tetms of the number of adul t sa1m::ln

fran this year class rebJrning to spawn in later years.

Ces etudes r~velent que Ie traitC02nt au fenitrothion

n'~ eu eucene r~percussion sur 12~ cOu?l~~cs de petits oiseaux.
chanteur3 et manmiferes. de linaces des for~ts et de la £aune

. d 1 _. -t d· - Dans 1a ··.-gL·on qui a fait
aq~~t1qu~ ans a reg10n e U 1ce. L ~

l'objpt d'un arrosage de DDT err 1957, les taux de residus de

ce produit daus Ie sol. dans Ie cerveau des souris et

chez les li.tl:.aces et les poissons sont revenus a leur niveau

initial. Un~ etude des estioatioTIs des montaisons de sauman

pour les ann~es precedentes revele que le trQitement au DDT

de 1957. nla p23 eu de rcp~rccssions notables sur les populations

de saumons du point de vue du nombre cle suj ets adultcs de la

cl~s~e de cctte annee qui sont rcvenus fcayer les ann~es suivantcs.



'Ibe forests of the coast and ootlying islands of British

Cblurrbia have pericdically becx:rre infeste1 with cutbreaks of black­

headed bu:::n..onn, Aclel'is glove1'ana (Wlshm.). O1Emi.cal control measures

to protect the infested forests were first cxnducted on Northern

VanCXXNer Island in 1957 (British Cblurrbia IDggers Associatioo, 1957).

using the chlorinated hydrcx::arbcr1 insecticide wr. This insecticide

had been sham by spray trials oonducted in 1956 to pr<Nide excellent

oontro1 of black-headed b\rlw:)nn 1aJ:va at an applicaticn rate of 1 lb. of

wr per gallon of spray solution per acre (Brown et al, 1958).

The cperational program oonducted in 1957 was organized by

the Pest Control camu.ttee of the B.C. :Lo;Jgers Asscx:iation. '!he federal

Departrrent of Fisheries arrl the B.C. Fish arrl Garre Camrissicn were

invited to participate in the planning of the treatment ope.raticn in

order to suggest prcx:e:lures to avoid damage to fish txJPU1ations within

the treat:rrent area. COOsu1tation with these fisheries bcrlies led to

nurrerous rrodificatioos in the operational procedure use:] incltrling the

elimination of the use of streams as spray plot OOmdaries, the

establishment of untreated zcnes cne swath wide aloogside rrajor streams,

the shutting off of spray when crossing streams, reductioo of the dosage

of DIJl' applied to l.cwar value t.i.ntler areas and rE!TOVal of sate areas

near streams fran the area treated (Crouter & Verncl1, 1959). Fisheries

observers in an cbservatioo aircraft reported that these precautionary

rreasures were adhered to as closely as p:)Ssible by the pilots of the

spray planes. Despite these precautioos, Crouter and Vernoo (1959)

rep:Jrted extensive damage to fish and botton faWla. pop.llations in

several streams within the treatJrent area. '!hey expressed particular
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o:::ncem over the a~tly cx::JtPlete rrortality am:ng Cdx:l sa.lm::n fry in

tiE Keough River, a major Col¥:> salnon producing river-system. Coho

salJron have a predcminantly three-year life cycle arx1 the:i felt that

their ~aticn might not be restored for many cycles with the low

IXJPJ1aticns being reflected in pcx:>r sa.1m:n catches every third year.

In 1973 an infestatioo of black-headed bl..lJWJIITl had again

reached high hazard prop::>rtirns in the same area of Northern Vancouver

Islarrl treated with IDl' in 1957. '!he Pest Centrol CCrnnittee of the B.C.

I.o:Jgers Asscx::'iatial carried Olt a chanical CQ1trol prcqram using the

organq:hOS{t1ate insecticide fenitroth100 applied in t:w:> suo:essive

aRllicaticns of two amces per acre three days apart. Fenitrothion

has l::een used extensively at this applicati.c:n rate in New' Brunswick

and has been sflJWn to have no effects l.Ip)l1 caged or native fish

p:pulatioos and no significant effects up::ln aquatic insect p:lp.1lations

(MacDonald ani Penney, 1969; Penney, 1970). FenitrotlUon has also been

shCMIl to have no detectable effects on forest scngbird and mamnal

p:>pU1atioos at operational awlicatioo rates (Buckner et al 1973).

'!he Ehvi.romental Irrpact sectioo of the Chanical Control

Research Institute m:mitored the effects of the 1973 operational

Fenitrothicn treabte1t 00 several culipc:uents of the forest ea::>system.

Bird p::lpU1aticns 00 treat:ment arrl CClntrol plots~ rronitored t:hrc:oghcut

the trea:tne1t pericd and snall marrrnal. and cquatic fauna p::lp.1latiO'lS 0'1

the treat:rren.t and control plots~ canpared aboJ.t six \o\eeks after

treatment. At the sane t.iJre, sanples were collected for DDT residue

analysis and fish and botton fauna pop..1latioos in the Kea.1gh River were

assessed to detennine any enviroomental damage still evident fran the

1957 cperational oor treatment.
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Breeding bird and small mamna.l IX'PUlatian census plots were

set mt on btrlwonn rronitoring plots established. in treatment areas by

R. CarrCM' of the Pacific Forest Research centre. Treat::ment plot 7 was

established. in an iImature stand (approximately 30 ft high): treatment

plots 8 and 9 were established in mature timber (150 ft). One rontrol

plot (plot 12) was located in an imuature stand and the other con.trol

(plot 12A) was established in a mature stand.

Control plot 12 was located in a very dense stand of hemlock

about 30 ft high with a few scattered alder and ceClar regenerating

along an old logging road running through the plot. Ground cover was

very dense with nurrerros blow:icwns scattered. throoghout the area. '!he

imnature stand where plot 7 was located is very similar except for a

slightly higher percentage of alder. Plots 12A, B arrl 9 were located

in mature stands of a very similar nature, mainly hemlock with scatterffi

fir, cedar and spruce. Understory was sparse and there was very little

COler between the very high canopy and the forest floor. '!he forest floor

was darrp and received very little sunlight. A deep rross layer covered

the ground and scattered blowda-ms ~e found thralghout the plots.

Breeding bird fX'PUlations were roonitored on 20 acre plots

using techniques s.imilar to those described by Buckner and Turnock

(1965). Rotating daily :PQp..11ation censuses were conducted (either early

InOn1ing or evening), starting al:::out two weeks before the first

application and running throogh to abalt six days after the 5ea)nd spray.
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Small marrrnals were trapped on all plots apprCDdrnately six

~s after the last spray using standard snap-back traps set at 10 yard

intervals along a 90 yard line. Five traps at one yard inteJ:vals

acrass the center line ProIIi.derl a total of 50 traps or 150 trap nights

per plot. 'D1ree ccnsecutive nights were trapped and all anirrals were

examined for species, sex, age and parasites and then dissected to

determine general health and breeding ccnditicns. 'lhe brain of each

specilYe1 was carefully ran:JVed and individually preserved. in residue-free

methanol to be taken to the l.al:::oratory for wr residue a.n.a.lysis.

A soil sarrple was oollected fran each plot for oor residue

analysis by mixing together soil oollected at 10 yard intervals along

the mamral trap-line. Once thoroughly mixed. a quart sealer was filled

with a p:Jrtioo of the a:JYp05ite sClTlple and taken back to the l.a.1x>ratory

for analysis. large forest slugs were also collected fran sane of the

plots to be analysed for IDT ccntent. Cbservations were made en the

relative abundance of these slugs before and after fenitrothion treat:rrent.

Aquatic studies were conducted at n..o sampling locations on the

Kec:Jugh River watershed and in a snall p:Jnd on treatrrent plot 7. A small

l.IDl'liUTed creek, called Keou;Jh lake Creek. in this rep:>rt, was sanpled at

the Faint where it flCMs past treatrrent plot 7 before flDwing into
•

Keough lake. '!his stre.:rn waSIl I t sprayed during the treatment operatioo

rot may have been oontaminate::i t1t drift of the spray products or by

insecticide washed down the steep slopes of the valley by the heavy

rains Wrich are cc:mron in this area. 'Ule stre.3Tl was very shallON, slON

flowing and silty when it W3.S saIlpled (August 19-21) rot had been

faster flowing and scmewhat deeper when the adjacent forest was treated

with fenitrothioo (July 26-29). '!he area fran which l::ottan samp]~s were
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collected \oaS a very shallow (1 to 2 indles) m:x:lerately flowing riffle

area with a botton coo.sisting pri..rrarily of gravel and <::X:>a.rse sand.

Fish and oottan fauna pJpUlatians fran Kea1gh lake Creek

were c:ncpared. with populations present at a station in the Keoo.gh River

adjacent to the control plots (plot 12 am 1.2A). '!he area sanpled

was the sane as one of the staticns (station III) established 00. the

Kea1gh River by =ter •Vernoo (1959) "*'en they stl!,ljed the effects

of the 1957 q;:l&ational our treat:rrent. TIle river is very clear a.n:J.

fast flCMing but when sarrplecl (August 19-21) the water level was very low

and rruch of the river bed was dry in the riffle areas. Botton samples

were taken fran a typical fast-flowi.ng, shallow (3 to 6 inches) riffle

area with a botton of fairly large (3 indl diameter) well ro..uXled stones

and gravel. Pcx:>ls l::e1ow riffle areas were up to three feet deep and had

<ParSe sand, rubble, or bedro:k bottans.

Basic water d1anistry parameters of the areas satpled were

detenni.ned in the field using a Ham kit. Botton fauna samples were

collected with a foot-square Surter sarrpler (Surber, 1936) and all

organisms were picked fran the sanple while still alive and preserved

in methanol. later they were identified to Class or Order and camted

and in sane cases rreasured. Fish a.."ld water striders were collected

with a dip net. Cbservaticns on the abundance of juvenile sa1m::>noids were

made fran the share and en one occasion by snorKeling in a pool at the

Keough River station. ~e use of snorkeling equi.pnent facilitated. the

collection of salm:m, troot, sculpins and caddisfly larvae for wr

residue analysis. ~is material W3.S preserved in residue-free metharnl

am bnJUght back to the laboratory.
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ct:servations were ll\3de throughout the treatment pericx:l on

salamander eggs and larvae exp:Jsed to Fenitrothion in a sna.ll silt­

bottare:i p:>nd located in a clearing on treatment plot 7. Q1 August 21

this p:nd was sanpled with a dip net and OIganisms found in it were

preserved and later identified to family. At the time it was sampled

ITUlch of the p:>nd had dried up and its area and volume were greatly

reduced. fran the levels present during treatment.

RESULTS

Fenitrothion Treatment

Birds. - '!he small song-bird canplex was well established in

bree:li.ng and foraging territories prior to the first fenitrothion

treatment. sane: bird species prefer a particular habitat and are

seldan found outside it. For exarrple, brCMn creepers were only located

in stands of nature t.irrber while winter wrens and several species of

thrushes were fCAJJ"ld only in the lONer crGm of forest floor areas in

all stand types. Golden-cravned kinglets and several warbler species

foraged in the u~ craYnS. The UfPer crown foraging species were the

ITDst likely to make direct contact with the aerially applied insecticide

and were watd1ed very carefully far any signs of iJrpact. '!he gramd or

lower cro.vn foraging species were the least likely group to be in direct

contact with the spray but could have shown signs of lXlisoning through

eating contaminated fcod. Populations of the varied. thrush, Swainson's

thrush, Alrerican robin and winter wren which inhabit the lCMer cra-m

and forest floor area remained. fairly constant throoghout the census

period. Populations of upper CrcMI1. foragi.ng" species such as the golden­

crowned. kinglet, orange-crowned warbler, Wilson's warbler, and Hutton's
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vireo were also fairly constant. Fox spa.rrcws, which frequent openings

or fringe areas also ranained unaffectoo.

Ccrrparison of populations of birds on the rontrol plots

(Tables I and II) and the treatment plots (Tables III, rv and V) indicates

that the trea:trrent had no significant iIrpact upon the resident bird

POF\llations .

snaIl Manmals. - Chly one species of snaIl animal, the deer

roouse, Peromy8cus maniaul.atus (wagner) was taken during the three day

trap pericd (August 19-21). Pop.1laticns were fairly even in both mature

and inmature stands. No juvenile anilrals ~e taken and only four (t:w:l

males and two females) sub-adult animals were traI;Ped. Qlly one female

was pregnant but several others contained placental scars. None of the

male mice ~e in breeding oorrlition. '!hese data (Table VI) indicate

a recent decline of the breeding cycle as was expected at that ti.Ire of

year. All animals were covered with a dense coat and dissections revealed

gocx'l fat dePJsits and ~e ar;:pa.rently in gocd health. No adverse affect

up:m this species of small marrmal oould be determined.

lquatic fauna. - large nunbers of hatching salamander eggs

~ present t:hralghcut the treatment period in the silty bottared p:md

located in an open area on treatment plot 7. Close cbservations revealed

no rrortality up to a ~ after the sea::>oo spray. 'n1e pond was examined

again approxi.mately two rronths after treatrrent arrl still contained many

lazval salamanders and the aquatic invertebrate listed in Table VII.



Table I

Bird Population Census on Control Plot No. 12 (Immature
North Vancouver Island,-British Columbia

June 13 to July 6

Forest)

Avian Populations Pre-Spuy Post Spuy , 1 Post Spuy , Z

Day Ave. t:o. Day Ave. No. Day A\·e. ~o.

Family Species -13 -12 -11 -I. -, -4 -1 of Bird. +(' ., +2 3
of Birds +1 +2 3 ., .] fiO of Bi~~

Per Dav Per Dav Per til

Tetl"aolll~.1e !hl!!~d Crouse • • • • • • , .., • • • • ••• l' • ,. 0 , • ,..
Trochiltdee ii:1.I!o;,:s P.1.I::-.l'llflgblrd • • • , • • , 1.4 • • I. • 2., ,. • • • I. • ),3

TyUllllld.1e ~est~l"n Fly:"tcher • • • • • , •• ••• • • • • ••• • , C • • C ..,
Corvldae Sn Uars Jay • • • .. ,. • , . 7.8 • • 15 , ,.. • • , 0 0 • 0.'

Paddae Ches~~~t·~lcked ~lckadee 0 • • • 3. ,. I. 7.1 • • • • ••• • 6. 0 • 1. :0 20.0

Stlttldae Red-~reasted ~~thatch • • • • ,. 0 0 U 0 • 0 0 0.0 • • 0 • 0 0 •. 0

TrQglod)'ticae lo:lnter :Jren -" ", I. 6l' 4. .. 3D 4S.7 ,. • " 10 13.7 0 .. 20 0 " 20 16.6

Turd1dae A::ertc:all Robin 0 0 10 0 0 10 0 2.8 , • 0 0 1.2 , • 0 • 0 • 0.'

lIUtnit Thrush 0 20 • 10 0 10 10 , .1 • 0 • 0 '.0 0 0 0 0 0 • 0.0

VBl"led Thrush • • • • 0 21 10 '.0 • 0 • I. 2.' 0 I. 0 20 0 0 ,..
S~alnson'l Thrush II 2. 3D ,

" 60 60 39.2 3. 20 ,. 3D 27.5 4. 2. 10 , 4. " 2~ .1

Sylvt1dle Colden-cro~~ed Kinglet • 0 0 • • I. I. 2.8 • • 0 • ••• 0 0 20 • 20 • 6.6

Vluonldu. Hutton'. Vireo 0 • • 2. • ,. 3. ,., • • 2. • '.0 • , 1. I. • , '.0

Parvlidlle Crallge-cro~ned Warbler 50 2. 10 3D 50 2. 3D 30.0 20 • 2. • 10.0 • 20 • 0 1. " e.3

~tlscn's ~4rbler 20 1. • .. I. 10 20 15.7 0 10 1. 10 7.' • 20 10 1. 10 3D 13.3

Frtngtntdae Ore~on JUIICO ." -., I. I. • 6l' • 24.2 0 • 15 • 3. , I. • , • 0 0 1.6

FOle Sparrow • I. 0 10 ,. 10 10 7.1 0 • 0 • ••• 0 10 0 • 0 10 3. l

~erie3n Cold finch 0 I. • 0 • ,. 20 ,., • • • • ••• 0 • • C • , •••
Totals 26. m ,. m ,., 29. ,,, 212.8 61 ,. m 61 78.7 8. 19. ~s " III ::'0 llS. B

.
• Fledgl1nll Observed

'"



Bird
Table II

Pppulation Census on Control Plot
North Vancouver Island, British

June 13 to July 6, 1973

12A (Mature
Columbia

Stand)

Avian Species 'n-Spr.~ 'o.t Spray' 1 Pon Spu1 , 2

Day Ave. ~:o. nay Ave. No. nay lAVe. So.

Family Species
-"

cf llirdlJ of Birds of !!1r~1J

1- -11 -7 -- 0 5- - _I" -1 Per !;la" • .2 • J Per C.... 0 .1 .2 ., '" er c.,-

Trochl11dllt ~ufou. ~u~~l~&b!rd
, 0 0 0 0 10 10 2.' 0 , 15 20 10.C 0 10 10 0 15 0 5.'

Picldu 1"!:llr~' ~·oodp..c:l:cr 0 0 , 0 5 0 0 0.7 0 , 0 0 0.0 0 0 0 0 0 0 0.0

Cor"I'::.,,, !tcllu'. Jay 0 0 0 0 15 10 " ,.. , 10 15 0 7.' 0 0 20 10 , 10 7.'

Parldae Che.tnut-backed
CMchlee eo 15 0 0 " JO 60 J6.~ 10 0 " " J2.~ 0 " 20 20 15 10 25.8

Stltllae i!.el-breauel ·:\It,".:ltd~ 20 0 , , 0 0
. ,

'.5 0 0 0 20 5.0 10 0 0 0 0 10 '.J

Certhl~l3t :ro~" Creeper C 0 , 0 0 0 0 0.' 0 0 0 10 2.' 0 0 , 0 0 0 0.0

Trol:1od}'t ld '" ~ir.tfr ~'ren " " JO JO 50 " J5 39.2 0 10 J5 " 21. 2 20 " " 40 40 J5 39.1

Turdldu A.-erlcan ~obln 0 0 0 0 10 " 0 7.' , 0 0 0 1.2 0 0 0 0 0 0 0.0

\'uled Thru.h 0 10 0 , 10 20 10 7.1 0 15 " 0 '.2 " 20 0 0 10 0 9.1

Swalnson'. Thru~h 10 10 10 0 10 , 15 8.5 20 0 15 " 11.2 10 20 10 10 10 10 11.6

!)'lvlld:le Colden-crO~T.ed Kln~1el 70 20 0 0 0 0 0 12.8 0 0 0 0 0.0 JO 0 " 0 10 5 15.8

Vlnonldae liutton's \"irlO 60 15 0 50 JO 20 JO 29.2 0 0 20 0 '.0 , 50 0 10 20 JO 19.1

Farulldae 11acC:illivray's ~I.rbler 0 10 0 C 0 0 0 1._ 0 0 0 0 0.0 10 0 0 0 0 0 1.6

Oran ..e-crb~'TIcd ~'ubler 20 JO 0 10 20 40 20 20.0 0 0 20 10 7.5 15 0 0 0 C 0 1.5

1I'11,on', ~arbler 0 0 0 0 0 0 10 1._ 0 0 0 0 0.0 0 0 0 0 0 0 0.0

rrinl~lltdllt FOil Sp.rrclo/ 0 10 0 0 0 0 0 1.4 0 0 0 0 0.0 0 0 , 0 0 0 0.0

OnIon Junco J5 lJ5 0 J5 0 15 0 31.~ 10 0 15 5 7.5 10 10 20 0 5 :"]5 30.0

All'erlc:ln C:ohl!inch " 0 0 0 0 0 0 10.7 0 0 0 0 0.0 0 0 25 0 0 0 _.1

TotaJ.s 510 305 _0 125 220 ll5 215 235.7 " " 20C 18C U8.7 135 175 180 90 110 2" 159.1

'"
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Table IV

Bird Population Census on Treatment Plot 8 (Mature Forest)
North Vancouver Island. British Columbia

June 22 to July 6

I Avian Populations Pr~-SDrav Ccn.uI Post Sural' , 1 Post Soray , 2

Day Ave. ~o Dav AVI. ~o.

"-~y
Ave. No.

Family Species oC &ird. DC lird. DC lirc•-, -, -4 -. -I o Per 0.1" +' +2 Pflr 0,1\' +' +] +4 +5 +' +, Per Dav-
Corvili.11 eU}' .!a~· 0 0 0 0 0 0 0.0 0 " 15.0 0 " 0 0 0 0 5.0

Steller', Jay to , 0 lC 0 " 1e .0 0 0 0.0 " 15 to 0 " 5 15.0
Partela, C~e'~r.ut-backtd Chickadte " 0 0 0 " " 12 .5 0 0 '.0 15 " 0 o 105 5 21.5
Ctrth11lin !ro~.r. CrUrtt 20 , 0 c 0 0 .3.) 5 " 17.5 0 to 0 0 to 0 ].]
tr0t-Ioc)" t lcu \:~r.tcr ~'ren 70 " 60 50 0 50 16.6 ,n 40 50.0 4' 50 " ]0 60 ]0 47.5
'Iut'dlc;le ~,r1e;lr. ;:;C'~1n 10 0 , 0 0 10 ].J , , 0.0 0 0 0 0 0 0 0.0

S""1I1nson's ~r,,'h 10 " " 20 " 4' 25.8 45 40 1i2.5 20 50 50 40 55 40 42.5
\'.rll'd tr..rU$ll to , 15 Ie " ". 12.5 0 10 5.0 10 20 0 0 to 10 ,.]

Sylvl1c;lt Co~der.-cr~n Klr.11et 10 " 20 " 10 , 2],) 0 20 10.0 10 20 20 10 " 0 n.o
V1t'eonidae liu~ton', \'ireo 40 4C 20 40 20 20 10.(1 " 20 22. 5 " 40 " 20 45 " ll.6
Pat'ul1l!u vaeC11:1vrDy's ~.rbler 0 0 0 0 ]0 ]0 10.0 10 0 '.0 0 10 10 0 20 10 ,.]

\~11.on'I l.'arbler ]0 ]0 10 lC " ]0 22.5 ]0 30 30.0 40 " 20 0 20 20 21.6
ft'1nltll1cu ror. Spuro... 0 0 , 0 0 0 0.0 0 0 0.0 0 20 0 0 , 0 4.1
Cnknovn Spp. 0 0 , 0 0 0 0.0 0 0 0.0 to 0 0 0 0 0 1.'

Totals 2ll m 150 220 145 m 2ea,) " 220 197. 5 200 '" 2ll 100 19l 14' 233.3

, Flecllinc, Cl1urved

~



Table V

Bird Population Census on Treatment Plot 9 (Mature Forest)
North.Vancouver Island, British Columbia

June 10 to July 6, 1973

Avian Fauna
PU-~fl"'O!" CUd<"'! l~t !ftr~v C,n,u. 2nd !: r~v (er,u.

Family Species Day. "ver~.' Sc. Day "ver~Jl,e 1'0. Day Aver3" flo.
of tird!! of Bird, of U.rd.

-101 -, -, -, -, -1 , r,r 1'1<1\' ., .- Per 1'11." • ., ~ • • ~ Pir 0.\'

Tetrcni~3e
-P,,!fe~ Crcu,e C ,

" 0 , , .c \,4 , , '.0 'B 0 0 , 0 0 2.'

:n"h!I1~.. Rufou. Pu~~!r.&~!r~
, , , 0 0 , , \,4 < 0 0.0 0 0 0 0 0 0 0.'

Plci~1'E t'eiry ~'C"C'<:Fec;';er . C C lC 0 , • 0 2.1 0 , 0.0 0 0 10 0 10 0 l.l
C'I"rvic.e Cr~}" ;01.\' , , 0 0 "

, 0 %.1 0 0 C.O 0 0 0 0 0 0 0.0

~tell~t" J.y 0 0 0 0 , , 0 0.7 0 0 0.' 0 , 0 0 0 0 0.8

Plot ~d3' C:.es trlut-~3el:ed
Chtek.du 0 0 '0 " l' C " 13.5 10 " 35.0 '0 " 1< 0 2C 30 2).3

St! t ticO!e ~ed-trI3tte~ Sut~3te~
, , , , ,

" 0 0.( 0 0 0.0 10 10 0 0 , , 4.1

CH~!': (id.1( EtO'-T. Cr.erer 0 0 10 C , , 0 \,4 , , 2.' , 0 0 0 20 0 4.1

trllf,~od~·tld.. t:lr.tl'l' vr~n 30 " JC JC " " " )i .1 " " 60.0 " " "
,

" " n.t
T1,; 'I'd tcae \'<ldee I'1'.rush 0 " 0 10 2C " 11 10.(1 0 0 0.0 )0 )0 0 , 10 " 12 .S

Ee=!t n,r\:,n 0 0 10 , , 0 10 2.8 " lC 1~.0 10 , 0 0 0 0 \"

S~~tn.on'. :~ru$h " 0 0 , 11' 20 , ,., " 10 12.5 , 0 0 10 0 , ,.,
5=rL\'! !1I.. C~lde~-er~~T.ed Kin,let " 10 4C " )0 )0 20 n.s " 0 22.5 0 0 0 0 , 10 1.'
\·treon!dllt !!uttor.'. Vireo 10 " " " " l5 " 'i. Eo l5 " 30.0 " 20 " 10 )0 )0 25.S

f.1rulld.,e ~:i!$or.'. I.'.arble:r , 10 0 0 , 10 , ~.S 10 , 1.l 10 0 0 0 0 , 1.'
Oran!c-eto..Ted ~4rbl.r 0 0 0 0 0 ( , 0.0 10 , 7., , 0 ( 0 0 10 1.6

~L1.(.Clll1"r4Y's "'4r~lcr
, 0 ( ,. 0 , 0 0.' 0 0 0.0 0 0 , 10 0 0 1.6

fr~n!:ll1Ld4e fo:r. S;<lrrcw ,I 0 0 , 0 , 0 0.0 10 10 10 0 0 0 0 0 0 0.0

Total Birds " m 210 1" H'O ,)0 In ISJ.S 220 '" 205.1 '" III " l5 1)0 "' 127. 5

~ rledcHrz, Obstrvcd

:::;



Table VI

Small Mammal Populations on Treatment and Control Plots
North Vancouver Island, British Columbia

1973

Males Females
, Adults 1

Plot Numbl2t" Pregnant Plaeental
aad Sub Sub \lith Sears Not Total

Descriotion Juv Adults Adults Total Juv Adults Pre'Oant Scars Onlv Prelme.nt Total Animo'!ls

7 immature 0 1 5 6 0 0 0 0 1 1 2 8
stand
treatment .

8 lIIature 0 1 1 8 0 2 0 0 4 0 4 12
stand .'
tre~tt!lent

9 mature 0 0 8 8 0 0 0 0 1 0 1 9
stand
treat:nent

12 immature 0 0 3 3 0 0 0 1 2 0 4 7
stand
control

12A u:ature 0 0 8 8 0 0 0 0 0 9 9 17
stand •
control

Totals 0 2 31 33 0 2 0 1 8 10 20 53

....
w
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Table VII

Jlquatic Invertebrates Cbllected Live fran the Salamarrler

Pond, Treatrrent Plot 7, lIllg 21, 1973

Oligochaeta fresh vater bristle\'oODll

Ephsreroptera Fam. Baetidae mayfly nyYl1!i1

Hemiptera Fam. Gerridae Witer strider
Faro. Cbrixidae water }:x::)atman

Cole:JPtera Fam. Dytiscidae diving beetle and its 1=
(water tiger)

Diptera Fam. Tipulidae cranefly larva
Fam. Chironanidae midge larva
Fam. Heleidae biting midge larva

Pelecypoda Fam. Sphaeriidae fin:jernail c1ilm

Gastropoda Faro. Planorbidae snail

'1tle variety arrl abundance of aquatic invertebrates found in

this IXJTl.d 'bIO m:mths after fenitrothion spraying indicates that the

insecticide had no effect <rl the aquatic fauna of this systen. Similar

results have been ootained fran forest porxls in exper:iIYeltal fenitrothion

spray plots in Lara;;e Forest. Cbtario (Kingsbury, unp.lblished data).

Water dlenistxy data and tottan fauna pq;:ulations in the

Keough River arrl Keough Lake Creek are presented. in Tables VIII and IX.

The differences between the oottan faunas in these tw:> streams appear to

be attribltable to differences in their physical and chemical

dlaracteristics. Organisns typical of sl~ flcwing water (oligochaetes,

leeches, _ter mites, zoop1anlct:a1) were faurl in Kea1gh lake Creek
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whereas organisrrs better suited for faster fleMing waters (mayfly nyrtt:hs,

ca:ldisfly larvae) """" abmdant in the Keo.1gh River. '!here _re also

distinct differences in the size distribution of mayfly and stonefly

nyqtls in the b«:> strea:n13 due to develcprent differenres related to

altitude. 'lhe effect of altit1.De en insect develop:rent in this area has

also been ex::tIIlBlted en with respect to the target organism, blackheaded

~ (Carrcw 1974). '!he presence of large m>lbers of very snall

(2 ImI in length) mayfly n}'llltls in the Kea1gh River shc><s that ovipositicn

and hatching of the eggs had already occurred. 'lhe mayfly n}'llltls present

in Kecugh Lake Creek. were rrostly relatively large indicating that they

belcnqed to an older qeneraticn whidl hadn't yet errer<jed and oviposited.

'!he reverse situati.cn was found for stalefly nyrrp,.s with the Keough Lake

Creek populaticn being a:>'p;ee<! priJnarily of very snall individuals

(2 ImI in length) <nd the Kea1gh River populaticn of larger individuals.

'!his can be interpreted as earlier hatching and faster grcwth of stcnefly

nynp,s in the Kea.1gh River because of its 1= altitude and slbsequently

warner clinate.



Table 'VIII

Water Chemistry Pararreters of the Keough River
and Keough Lake Creek
Aug 18 and 20, 1973

Keough River Keough Lake Creek

Date sarrpled Aug 18 Aug 20

TeI1p 100e 10.SOC

02 (rrg/l) 10 8

IiI 7.0 6.S

kidity (gpgCaaJ3)

Free 0 0

lbtal 0 0.7

Alkalinity (gpgCax>3)

Phenolphthalein 0 0

lbtal 2.3 2

Baroness (gpgC<C03) 2.3 3

....
'"



Table IX

Bottan Fauna Pcpulatim in the Keoug:l River and Kea.1gh Lake Cn!ek
as NUIlbers and StaOOard IJeviaticns of Organilll18/sq ft

Vancnlver Island, B.C., AIJg' 19 to 21, 1973

Kea.1gh Rivel: Keough Lake Cn!ek

Nlmber of sarrples 5 5

Water Ten{>erature 9.5"c lo"c

E\i1errercptera 100.6 .32.1 12.6 ± 8.2

PleOCl?tera 50.2 .18.6 41.2 .19.8

Tricl1cptera 23.8 • 10.9 0.6 :!:: 0.8

COleoptera 20.6 .13.2 0.4 ± 0.5

Diptera 62.2 .23.9 57.8 .27.2

furbellaria 0.4 ± 0.7 -
Oligochaeta 5.4 :!: 2.8 75.6 .33.1

Hirudinea -- 0.4 ± 0.5

IIydracarina 4.2 ± 3.1 7.0 ± 6.3

~ipcxl 0.2 ± 0.4 -

/obllusca --- --
Total 267.6 • 77.5 195.8 • 55.4

!::i
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Rai.nl:ow trout rSaZmo flaipdneri Richardscn) and coho salrron

(Oncorhynchus Kisatah Walbaum) fingerlings and paar ~re very abundant

at roth the statirns where oottan samples ~e taken. Small (4 to 5 an)

t:roJt and salIron~ collected fran riffle areas in the Keough River

and larger trout (up to 20 an) were observed and oollectErl fran p::X')ls.

Stanach content analysis sh~ that all the fish at this station

l¥ere fee1i.ng primarily on mayfly nyrtl};i1s and midge larvae with caddisfly

larvae, stonefly nYJ1Pls, adult insects, cranefly larvae, beetles and

water mites rraking up the rest of their diet. There was a higher

profOrticn of saJ.m:n to trcut present in Keough Lake Creek than in

the Keough River. The salm::m and trout fran this stream Y.ere quite

uniform in size (4 to 6 an), with the absence of larger trout being

due to the lack of suitable deep pcx::lls along the secticn of stream

sampled. 'Ihese fish v.ere feeding primarily on midge larvae and zoc:plankton

with mayfly nymphs, adult insects, stcnefly n:J'IT1P1s, water mites and

isop::x:ls occasionally present in the stanach contents. sane of the roho

paar had hundreds of cl.adocerans in their stanachs whereas the rai.nb:w

trout paar stanachs -....hich had zOClplanktcn in them containe::l primarily

ostracx::ds.

Other fish observed or captured at the Keough River station

were fresrn..rater sculpins (9ottus sp) and the threespine stickleback,

Gastel'Osteus aculeatus Lirmaeus. Water striders~ very abtmdant at

both the Keough River and Keough Lake Creek. stations.
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other Cbservatians. - 'I\o.1o species of large forest slugs,

Arion ater and Lima:t: maximus were observed inhabitating the forest

flCXJr on all plots. Cbservations indicate that p::p.llations were not

affected. by the applications of fenitrothion and that roth species

were d::>served to be quite nurrerous on all plots 1:\oX) rronths after the

second spray.

oor Residues

Marnnals. - DIJI' residues found in the brains of deer mice

are presented in Table x. '1lle specimens fran plots 12 and lZA,

tb:! only plots within the 1957 DIJI' spray area, doo't oontain residues

greater than the mice oollected. fran the other plots. The exception

to this is a single rrouse brain fran plot 12A with a total wr residue

of 0.487 ppn, alIrost four tines higher than the total Dm' residue found

in any other specirren analysed (0.123 FPll fran plot B). With the

exception of this individual, the range of residues found in mice fran

plots Oltside of the 1957 WI' spray area was similar to that found for

mice fran plots 12 arrl lZA.

SoiL - ror residues found in soil sanples collected fran the

same areas where mice were trapped are presented in Table XI. 'Ibtal

DIJI' in the soil of plots 12 and 12A lie within the range of values for

soil fran the plots outside of the 1957 IXJl' spray area. '!he ratios

of residues in soil to residues in mice brains fran the varioos plots

range fran 1:08 for plot B to 1:25.8 for plot 7A. Plots 12 and 12A

have ratios inter:rnedi.ate in this range (1:3.6 and 1:4.4 respectively).

Fbrest Sll¥]s. - ID1' residues in forest slugs were similar to

the levels found in soil (Table XII). 'Ihe ratio of total wr in soil



Table X

Averages and Ranges of I:DT IEsidues (wn) Found in Deer r.tJuse,
Perrnryscus maniculatus, wagner, Brains fran Plots 00

Northen1 Vancx:uver Island, Aug 19 to 21 1973

Nunber of roE o,p-IDr p,pl_DI1l' Total !Dr
Plot Brains Ave Range Ave Range Ave Range Ave Range

12 8 0.002 T-O.012 0.003 N.D.-0.020 0.015 T-0.060 0.020 T-O.060

12A 15 0.003 T-0.017 T T 0.042 N.D.-0.470 0.044 T-0.487

7 14 0.0004 T-0.005 0.002 N.D.-0.015 0.022 N.D.-0.l05 0.024 T-0.l05

7A 6 0.002 T-0.014 T T 0.016 N.D.-0.074 0.018 T-0.088

7B 8 T T T N.D.-T 0.014 T-0.048 0.014 T-0.048

8 14 0.004 T-0.016 0,002 N.D.-0.032 0.021 T-0.l08 0.027 T-0.123

9 9 0.0004 T-0.004 0.001 T-0.006 0.013 T-0.045 0.015 T-0.055

"o

DIE 2,2-Bi5(~loro,nenyl)1,1-dichloroethylene

Q.,~our 2, 2-Bis (Q.,E.-C!llorphenyl) I, I, I-trichloroethane

E.,E.'-DDT 2,2-Bis (,E-chlorophenyl) l,l,l-trichloroethane

T : Trace « 0.002 ppn)

N.D. = Not detected



Table XI

OOT llesidues (ppb) Found in SOil fran Plots 00
Northern VanCOJver Island, Aug 21, 1973

Plot mE o,p-DDT p,pl-oor lbtal OOT

12 T T 5.5 5.5

12A 2.9 2.3 4.8 10.0

7 1.4 0.6 5.4 7.4

7A 0.4 T 0.3 0.7

7B T T 1.0 1.0

8 4.7 1.2 28.8 34.7

9 3.2 0.8 12.6 16.6

T· Trace « 0.3 ppb)

N,..



Table XII

Averages and Ranges of DDT Residues (wb) Found in Forest Slugs,
Arion ater and Limax maximu8, fran tw::> Plots on

1'«)rthern VanCOUV'er Island, Aug 20, 1973

Nunber of roE 2.,~ror E,E,'-IX>T 'lbtal oor
Plot Animals Ave Range Ave Range Ave Range Ave Range

12 2 0.4 0.3-0.6 0.6 0.6-0.7 0.6 T-1.2 1.7 1.0-2.4

7B 3 0.2 T-0.3 0.5 T-1.0 0.3 T-0.9 1.0 T-2.3

T: Trace « 0.2 jOpb)

~



Table XIII

mr Residues (wn) Found in Pooled Fish and Caddisfly Larvae
S<orp1es fran the Keoogh River, Northern Vancoover Island

A\.r;jUst 21, 1973

Species Average Length IJllE £,£""IDr IDD E.,E.'-IXYr Total oor

COho salJ1'al paar 8.5 0.002 0.001 0.001 0.002 0.006

Rainbow trout paar 8.8 0.002 0.002 0.003 0.007 0.015

Rainbow trout 16.5 0.002 0.001 0.001 0.003 0.007

Freshwater smlpins 5.9 0.001 0.001 0.001 0.001 0.004

Caddisfly larvae- 2.1 0.007 0.011 0.010 0.024 0.052

1< Results wx:ertain due to small size of sample.

'"w



- 24 -

to total nor in slugs was 1:0.3 for plot 12 and 1:1 for plot 78.

Aquatic Fauna. - 'll1e cor residues fo\.Dld in aquatic fauna fran

the Kecugh River are presente1 in Table XIII. 'n1e results represent the

residues present in a pooled sarrple of several irrlividuals h:m::xJenized

tog'ether. '!he total 0C1I' residues are relatively low and not greatly

different for fish of di£ferent trq::hic levels or size. Caddisfly larvae

appear to have accunulated significantly higher DOl' residues than fish,

rot the srall size of the sartl'le collected (0.5 grams) may have affected

the analytical results.

DisOlSSi.cn

Fenitrothicn TreatJtent.- 'lhere is no evidence fran the rronitoring of

birds, small Il\3ITffi3.1, fish and aquatic fauna p::p.1lations that any of

these groups suffered adverse effects in the fenitrotlrioo treatment

areas IY01.itored. Aquatic rronitoring cxnducted ~ the EnviLuuleutal

Q.la1ity Unit of the Fisheries and Marine Service suggest that fenitrotlrion

treatrrent did adversely affect botton f<nma popliaticns in the

Cayeghle Creek watershed b.1t there was no effect m caged coho sa.lm:m

fry or caddisfly larvae held in this stream (Carrow, 1974).

IX11' Eesi.dues. - R.e:latively few stlJdies have been made a1 the duraticn of cor

residue persistalre in pc:p.1lati.als of small nanmals fran treated areas.

Diloond and Sherburne (1969) reported "",,,le body residues in small

marrrnals fran plots in Maine with various trea:trnent histories. Deer mice

and voles had very similar residue: levels which decreased fran an average

of 1.06 FPlI (range of 0.43 to 2.69 FPlI) in the year of treatrrent to 0.04

WIt (range of 0.03 to 0.06 ppn) in animals fran plots treated eight

or nine years previalSly. Animals fran tu'ltxeated areas CCl1tained average

residues of 0.03 ppn which ranged fran 0.005 to 0.07 PfITI in individual
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speciJrens .

Pesidues of organo:::hlorine pesticides in brains of rrarrrnals

seen to provide the best diagnostic crjteria of toxic effects (Stickel,

L.F. 1973). '!he average residues fOJIld in the brains of deer mice fran

plots 00 Northern Vanccmrer Islarrl are of about the same level as

found .in wtxJle l:x:xlies of deer mice fran untreated forest areas in Mllne.

With me excepticn, mice fran plots within the 1957 wr

spray area oontaine:::l residues of the same mignib.1de as mice frem

untreated areas, indicating that wr residues had~ to backgroond

levels. The 0.487 ppn residue fOJIrl in a single IIOlse fran within the

1957 spray area remains an enic:JYla. '!he mr residues found in soil on

t:h2 mice plots are also very lCM and represent background levels of

CCI1tamination. '!he low residue levels fOl.md in forest slugs indicates

that they doo1t concentrate oor residues to any extent.

Many surveys have been made of organcx::hl.orine pesticide

residues in fish. AlIrost all species of fish fran all across canada

have been shown to carry total IDr residues of 0.02 ppn or greater (Reinke

et al 1972). '!he levels of DIJI' found in fish fran the Y..eoo.gh River all

fall below this level and can be o:::nsidered as backgramd levels. 'lhe

higher (0.052 ppn) level found in caddisfly larvae may be due to

analytical error as noted. It CXJU.1d also result fran their feeding

00. particulate matter filtered fran the current. wr is krlo.om. to

becane cx:rlcentrated 00 susp€!lded particulate matter in streams to levels

lI'aI1y tinEs higher than found in the water itself (Yule and Tanlin, 1971).

Crouter and Vernc:n (1959) reported severe nortality of =00

salJrcn in the Keough River during the 1957 cur spraying. Com salJron
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in this river have a predaninant 3-year life cycle and the spawining

runs oonsist a1m::>st exclusively of fish of the sane age class. Calcern

was therefore expressed by fisheries officers that the number of adult

salm::m of the affected year-class returning to spawn would be insufficient

to restore cdlo populations in this river for many cycles. Similar

ccncern was expressed over the salIron PJpulaticns in other rivers and

strecrns within the 1957 spray area.

Exanination of estimates of the nllllber of adult Coho salm::m

returning to spawn in these streams in succeeding years fails to reveal

such an effect. The m.1I'lt~rs of individuals present as flY in 1957 and

returning to spawn in the fall of 1959, fall within the range of

estimates of~ runs during the 6 years preceding oor spraying

and are not noticeably la..er than the ntmt>ers of adults u!laffected by

spraying and returning to spawn in 1958 and 1960. IIc>Ioever, ocmnercia1

fishing in 1959 \'1as OJrtai.led owing to a strike of fishe:anen, am runs

into the spawning strearrs may have been prop:>rtinately greater than

usual on that aceamt. Examination of similar data on spawning nms

of pink, chum, spring and sockeye salrron in streams within the treated

areas reveals no effocts of DDT spraying.
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