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ASSTRACT

l{adder, Douglas James. M.Se., The University of ManÍto.ba, November,

1977. The Disappearance From, Efficacy rp and Effect on Non_Target

Organisms of Diflubenzuron, Methoprene and Chlorpyrifos in a Lentic

Ecosystem. Major Professor; I"L!. Lockhart.

The disappearance from, efficacy in, and. effect on non-târget

organisns of Èhe mosquito larvicides Diflubenzuron, Methoprene and.

ChlorpyrÍfos rnras studj-ed j-n a lenric ecosystem. T\¿elve sod lined.

pools of ca. 5,000 0 capaeÍry (5.5 x 3.4 x 0.5 ur) locared aË the

Universíty of Manitoba, Glenlea Research Station (çe. 15 kn souÈh of
lJinnipeg) qrere used for Ëhe study. Diflubenzuron as. Dirnílín trrrp-25

ât 0.056 kg aí/ha, Merhoprene as Alrosid SR-10 ar 0.056 kg ai/ha and

Chlorpyrifos as Dursban 2.5G at 0,028 kg ai/ha were repeÈirively

applied to 3 pools eách leaving 3 as controls,

. Bioassay using fourth instar Aedes aegyptí (1.) (Cut:.cidae) J-arvae,

quantj-tåtive gas f-iquid chromatographic analysis of rìrater from the

treated poo1s, and qualÍtative observations sho¡¡ed that Diflubenzuron

and Methoprene disappeared rapidly. No detãctable residues (> 0.0005

ng/[) attributåb le to the parenË compounds neïe present afteï 2 days

post-Ëreatment and no bíoactivity in evidence after g dåys post_

Èreatment. Bioassay and qualítative observations showed the d.isappear-

ance of Chlorpyrifos to be significantly slower than Ehat of the insect

growth regulators r¡rith bioactivÍty, determined by development of nosquito



larvae Ín the poo1s, present for 2 r,¡eeks posÊ-treatment. xi

Emergence traps, semi-quânt itative lrater samples (Van Dorne bottle

samp1"es) and quaLitative observations tzere used to determine the effects

of the insecticides on the targeË specíes Culex tarsalis Coquillett (Culi-

cidae) and on non-target fauna, Chlorpyrifos was found to have Èhe grea-

test efficacy producing control (reduced adult emergence) for > 22 ð,ays.

Diflubenzuron produced control for 8 to 15 days and Methoprene for 0 to

16 days. Chlorpyrifos caused the most severe effecÈs on the l-argest

number of taxa íncluding most Insectâ and CrusLåcea. DifLubenzuron was

found to be more sel-ective affecting primarily Cladocera, Ephemeroptera

and Dípterâ while Methoprene r,rå.s the most sel-ective conpound deleteri-

ously affectíng only Diptera.

tr'or Ëhe control of Culex tarsalis where non-target organisns are of

lÍtt1e inportance, ChJ,orpyrifos would be recommend.ed. If non-target

organisms were of significance Diflubenzuron r¿ou1d be preferred. Due

to its 1ow efficacy Methoprene could not be recornrnended for the control

of this speci"es.



INTRODU CT ION

Recent research has sho\,m that insect growth regulators are

practical ínsecticides (Staal, 1975; Anonynous 1-974). Two of these
'I

cornpounds, Methoprene- (Altosid ; ZR-515; isop ropyl-1,1-neÈhoxy-3, 7,11-

trinethyl--z ,4-d od ecad.j-enoate ) and Diflubenzuron2 [orrrrrr, ; PH-6040;

TII-6040; 1- (4-chlorophenyL) -3- ( 2,6-difluorobenzoyl) ureal w111 be nar-

keted in Canada. These cornpounds are expected to be used as urosquÍto

larvicides¡ howeveï, litt1e ínformation is currently avaÍLable descrL-

bing theír effects on mosquito breeding habitats.

This study vas desÍgned to compare efficacies, residual lives,

and effects on non-target organisms among Methoprene, Díflubenzuron,

and a widely used organophosphate insecËícide, Chlorpyrífos3 lDursban ;

Lorsban ; O,O-díethyl-- ( 3,5 ,6- tríchloro-2-pyridyl) phosphorothioate ] when

used as mosquito Larvici.des. Effects of Chlorpyrlfos on mosquito bree-

ding habitaÈs have been well documented, although only cursorily in

Canada. It ¡^ras used in thís study to compåre the effects of the gïora'Ëh

regulators with a eonventj.onal ínseclicide,

lzo."on Corporation, ?a1o A1Lo, California, U.S,A.

2Thoro"o., 
Hayward Company, Kansas ciÈy, Kansas, U.S.A. and Phi[ips

Duphâr ¡.V. Company, Ho11and.

3Dor¡ chernical compåny, Míd1and, Michigan, U.S.A.



I,I TERATTJRE REVIEI{

This reviernr vriLl be confíned to líÈerãËure pertaining to the

disappearance, effÍcacy, and effects on non-target organísms of Difl_u-

benzuron, MeÈhoprene, and Chj.orpyrifos in aquatÍc fïeshkrater lentic

ecosysÈems, IurÈhermore, díscussion of the fotnulaLions of these

compounds will- be restricted prirnaril-y to those used in this study.

Díflubenzuron

Diflubenzuron was introduced as an experimental- insecticide by

the Phí11-ips Duphar 3.V. Co. of Holland in 1973 (posr and Vincent 1973)

and Íts chernical properties have been described by Bíj1oo (1975). It

is an insect grohTth regulator belongíng to the gïoup 1-benzoyl-3-phenyl

ureas, which can cause the disïuption of cuticle production ín arthïo-

pods. The development of l--benzoyl-3-phenyl ureas, including DÍfluben-

zuron, as insect control agenLs has been revierared by Bíj1oo (Lg75),

Post and Mulder (1,974), Elings and Dieperínk (L974), posr and VincenË

(1973), Mul-der and cíj sriigt (1973), Olíver er aL, (f976), Weltinga er al.
(L973a, 1973b), and van Daalen er aL. (1972)

'I

Disappearance-

The rate of its disappearånce and the degradation paËhwâys of

Diflubenzuron in various situations have been studied by Schaefer and

bi".no.rtrrr"e is used
which may have caus ed

throughout as a general term
decrease in rvaler residues.

for all phenomena
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Dupras (1976), MeÈca1f et al. (1975), and Ruzo et aI. (1974).

Studies by Schaefer and Dupras (19,76) using hígh pressure J.iquid

chromatographíc (HPLC) analysis deterrnined that the primary factors

causing degradatíon or disappearance of DÍflubenzuron. from waEer r^rere

hydrolysís of the parent compound and adsorptíon onto organic matter.

Further, increasing r,Tater temperatuïe and pH L,ere found to promote

degradatÍon, while the presence of microorganisns and./or sunlight had

no effect.

¡'ie1d trials were also performed by Schaefer and Dupras (1976) to

neasure rates of disappearance of Diflubenzuron fr'orn mosquiÈo breeding

habitats. ApplÍcation rares of 0.0224 xo 0.112 kg actíve ingredÍenr

(aí) /ha resulted in residues that were less than O.OO2 rLAl g, or beloûl

deÈectable limíts (< 0,001 ¡qg/l,) within 3 days of lreatment. Disappear-

arrce r¡¡as formd to be due, ín paït Èo hydrolysis of the parent corrpound

(eonfinned by the presence of the p-chlorophenyl anilíne metabol-ite

after Ëreatürent), but adsorption appeared to be a more signÍficânt fac-

tor. Treated areas wíth l-arge amounts of organic rnatter shorared 1ow

efficacy and resÍdues, and a high dÍsappearance rate in comparison to

areas r,rith lÍttle organic marter. Thus adsorptÍon onto organic mateÌiaI

caused a l-oss of biological actívity and r.¡as the prinaïy factor renovíng

Diflubenzuron from treated r¡ater.

From lhese data it rdas apparent that Ðiflubenzuron r4ras degraded.

relativeLy quickly, yet Lzas present for long enough to control flood-

r ater and asynchronous mosquíto larval populations. . Despite these

properties of Diflubenzuron itself, for¡nulations have been developed

to exlend the life of this compound so that the duration of control

can be exÈended. ¡'ormulations ÍncLude silicate capsules (Sjogren and
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Thies 1975), granules (Mull-a and Darwazeh L975c), sand and vermiculite

(Rathburn Jr. and Boike Jr. 1975).

The for¡ru1atíon most conunonly used in mosquito conLrol is the

Dimilin I{P-25 formulatíon developed by PhillÍps Duphar B.V. tt Ís a

wettable powder (particle size < 5 ¡) containing 25 percent active

ingred.Íent by weight (Anonyrnous 1975).

Water from fiel,cl stuilies with DimÍlin hlP-25 at application ïates

of 0.011-2 to 0.560 kg ai/ha have shor¿n bioassay actj.víty against mos-

quito larvae from 2 to 10 days post-treatment, and redueed emergence of

rnosquitoes from 4 to 14 days, wilh higher application rates acting for
a longer períod. Normal application raÈes (0.028 to 0,056 ke ai/ha)

produced bÍoassay activity for 3 to 4 days, and reduced emergence for

6 to l-0 days (}tu1la and Darwazeh 1976, I975c; Schaefer et aj,. 1976,

1975, !974a; Mu11å er aI. L974a; pelsue er aL. L974).

At the applicaEíon rate used Ín rhis srudy (0.056 kg ai/ha) resi-

dues r¿ou1d be expected to be belov¡ GLC deteitabl-e lirnÍts (< 0.0005 Dg/Î,)

r^rÍthín 3 to 4 days of treatment and bioLogical åctivity to be lost wÍthÍn

6 to 8 days of treatrnenc.

Èfficacy

Studies of norphological and physioJ-ogÍcal effects of Difl-ubenzuron

on nosquitoes have been published by l{iura.et al. (1976) and Busvine

eL a1. (1976). l,ethal and sublethal effects on Culex tarsalis Coquí1lett

are reported by Jakob (1973), Georghiou and t,in (1974) and Arias and

Mu1la (1-975a, 1975b).

Díflubenzuron inhibits deposition of cuticle; j_ts specific bio-

chemícaI mechanism is beyond the scope of this revieraT, Hor,rever, some



5
infornation can be obtained from Sowa and .Marks (1975), yu and Terríère

(L975), Ishaaya and Casida (L974), ?osr and Mulder (1974), and Mul,cler

and Gijswíjt (19i3).

All nosquíto gpecies tested have shown sensiËivÍty to Diflubenzuron

(Gaaboub and Busvine 1976; Takahashi and 0hraki 1976; Elings and. Diepe-

rink L974; sËeeLman et al, 1975). Sensitivíry of eggs (IC,^l = 0.025- .fu

ng/ø , Culex pipiens fatigans WÍedeurann) is low in comparison with that

of other iffnature stages. All 1arva1 sÈâges are sÍmilar in sensitivity

to Diflubenzuron (LCon = 0.0013 ro 0.0025 ng/1,, C. pípiens fatÍgans),

although Late thÍrd ínstar larvae tend. to be the most sensitive. SensÍ-

tivity decreases substantially in the pupal stage, and is virtually non-

existenÈ in the adult (Busvíne et al. 1976). Death usually occurs during

the first moLt after exposure to Ëhe compound, but at 1o¡¿er concentratíons

several molts are required (Schaefer et aI. f974a).

DifLubenzuron eliminates larva1 populations ptesent in the breedíng

area at the tine of treatment. Due to íts rapid ilisappearance the duïa-

tíon of control (l"ack of adult emergence) depends upon the presence of

unhatched eggs and the speed of development of the subsequent mosquito

population.

Ihe toxicity of Diflubenzulon to nosquito larvae ranges from (LC'O

values) 0.0003 to 0.005 ng/ø for Cu1ex, Aedes and Anophel-es spp. (nath-

burn Jr, and. Boike Jr. L975; Busvine ex aL. !976; ItuLla et aL. L974a).

Sígnificant activity has also been shown agaínst psorophora and Culíseta

spp. although no âcute toxicíty data have been published. The genus-

specific sensitÍvÍty shown by Methopïene (cf. Ínfra) is not evident r,¡i th

t"ar¡(gr) is that concenLration in mgl|, requireil ro ki1l 50 (95) percenr
of a test population.
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Diflubenzuron even though it binds to organic mattêr (Anonymous 1974;

MuLla and Darvaze]l. I975a, I975c; steelman er al. 1975). LCA5 values

range from 0.001- to 0,01 mg/!, for Aedes, Culex and Anopheles spp.

(Jakob 1973; Rathb¡.¡rn Jr. and Boike Jr. 1975; Dame eL a1. 1976; Mu1la

ex al. L974a).

The reconunended appLicatíon rates for Difl-ubenzuïon âs Dimilin

WP-25 are frorn 0.028 to 0.056 kg ai/ha or a concentratÍon rânge of 0.01

to O.O2 nE/9,.

The duration of control and the. efficacy exerted by DÍflubenzuron

in Èhe present study r¿ould be expected to be only moderâte d.ue to the

asynchronous nature of 1arva1 Culex tarsalis populations and theír

relatíve1y rapid developmen! rate under the ei?erimental conditions.

Effects on Non-Target Invertebrate Fauna

Miura a:rd Takahashi (L97 4a, 1974b) descríbed effects of Dif1u-

benzuron on non-target aquatic invertebrates in lâboratory studies

on 37 groups of organisms íncluding a1gae, rotifers, crustàceans and

insects. Mortalíty rates shoÌred that Díflubenzuron ís toxic to species

of oLadocera, Conchostraca, Notostraca, Chirononid.ae, Ephemeroptera,

NoLonectídae and Odonata at concentrations of O.OZ r'lg/g, or lor.rer, In
arfifícial containers Diflubenzuron at 0.005 urg/.Q, suppressed Cladocera

and copepod populations whlch requíred ïecovery.times of at least 2

¡^reeks for copepods and greater than 4 weeks for Cladocera. I'ield experi-

ments at applÍcaËion rates of 0.062 to 0.1"24 kg aÍ/ha had símÍ1ar results.

?opul-aÈions of Cladocera (Daphnia sp.), Conchostïaca, Notostraca and

Copepoda were sÍgníficanlly reduced due to treatment, but appeared to

recover r¡ithin 1 to 2 weeks of application. These treatments also

resulted ín a reduced chironomÍd and ephemeropteran emergence after
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Miura and Takahashi (L975) applied Diflubenzuron as Dinilin I.Ip-25

to flooded pasÈures for mosquito control aË rates between 0.025 and

0.062 kg ai/ha and .studied subsequent abundance of 62 specíes or species

groups. ReducÈions in numbers of Epherneroptera nymphs and Cladocera

r,Jere evidenÈ though these numbers recovered within 1to 2 r,¡eeks of

aPplicatÍon. Sinilarly, numbers of copepods were reduced in some in-

stances though noL by Large proportions and recovery occurred quíckly.

Itrmature insects such as dytiscid larvae, chironomid pupae, and hydro-

philid larvae were also killed aIÈhoulh no popul,atíon reductions ¡¡rere

found. Repeated applícatíons at monthly intervals did not eLiminate

any of the organisms studied. Sinílar datå ar.e also reported by l{iura

and Takahashi (L97 4a) and Mull-a et al. (l-975a).

Several- sËudíes (Mul1a et aL. L976; lg75b, J.g7 4b) have been under-

taken to deterraine the polential of Difl_ubenzuron for chironor¡rid control

(considered non-target organisas iñ this study). Applications of 0.056

Èo 0.280 kg aÍ/ha resulted ín reduced emergence of ehironourids from 4

days !o 4 l¡eeks afÈer Ëreâtment. Higher applicatÍon rates gave more

prolonged red.ucÈion of emergence and also reduced densities of chírono-

mid larvae. As previously mentioned, this apparent residual effect Ís

prinarily due to the presence of unhatehed eggs and the devel-opmental

rate of Lhe resulting Èarget organism.

Steelman g! al. (1975) studied the use of Di¡nilin I^Ip-25 foï rhe

control of Psorophora columbiae (Dyar and Knab) in ríce fíelds. Some

field experíments ínclud.ed quantitative determínatÍon of effecËs of

treatmenfs frorn 0.001 to 0.280 kg aí/ha on non-target organÍsms, No

signifÍcant differences were found betr,r¡een treated and conÈro1 popula-



tions of âdult or Írnmat ur e notonectids, corÍxids, o, .d,rlt Therro'""?u,

sp. (Dytiscidae), but a signíficant reduction ,r, ,r on r"..rrrlì*ljj"
(HydrophÍJ-idae) and 1íbel1ul-id naíads raras evident. A sÍgnÍficant in-
crease ín baetid naiads and chirononrid larvae was also reported that

rdâs aÈtributed to the decrease in pred.aÈors mentioned above.

DÍfLubenzuron selectively kilLs some aquatic ínvertebrates and

is not as specific âs Methoprene in respect either to developmental

stage or to taxa affected. Generally, sÍgnÍficant effecÈs have been

reported against certain taxa of Coleopteïa, Epheneroptera, odonata,

Diptera and cladocera. some effects on mernbers of these taxa ìo ur-ct

be expected when applying Diflubenzuron at normal application rates

for mosquito conlrol.

Methoprene

I'fethoprene raTas introduced as an experimenta1 growth regulator

by the Zoecon Corporation ín L972 (Schaefer and trIilder 1972). IÈs

chemÍcal properties have been described in Anonynous (1973). Develop-

ment of thÍs and other juvenile hornone analogs as insect control agents

has been revie¡,red by Staal (1975), NorLand (1973), Slama (197J.), Menn

ãnd Beroza (197 2) anð, Slama er a!. (L974).

Disappearance

One of the factors lÍniting cornmercial d.evelopment of many j uve-

nile hormone anaLogs has been their environmental instabiliLy.
Schaefer and Dupras (1973) first studíed the degradation of

Methoprene in water and reported a half-life of technical MeÈhoprene

in tap rrater pl-aced in direct sunlight of about 2 hours.

Schooley et a1. (1975) shor¿ed that this degïadation r,7as primaril_y
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due to photoisomerisn. I¡nnediateLy upon ex?osure to sunlíght more than

50 percent of l{ethoprene Ís ísomerized to íts ZZ isomer, an essenÈiâlly

biologieal-ly inactive compound. Further degradation studies reported

by the s arne researchers sho'¿ed that MeËhoprene, when placed in pond

r,rater containing a rich u¡icrobial population, also degraded very quickly,

even ín the absence of light. It was concluded that degïadation of

Methoprene by microorganisms and by photoisomerÍsm is rapid and exten-

sive though actual degradatÍon pathways ahd råtes Ín the field would

depend upon meteorological- condÍtions, Ìrater temperature and microbíal"

communíty Ín the tteated area.

Iield studÍes using emuLsifiåb1e concentrate (EC) formulaLions

applied to mosquito breedíng habitats díd shori.very rapid degradatíon

rates (Schaefer and Dupras 1973; Sehaefer and ÍJilder 1973; Steelrnan

et al. 1975). Application rares of up to 0.56 kg aÍlha resulÈed ín

lùater residues r¿hich fel1 be1oi,¡ gas liquid chronatographic (GLC) and

mosquÍto bioassay detection limits (GLC detection líIrlit 0.0003 ng/.e,)

within 3 days of treatment.

The short half-líves of technical Methopïene and its EC formulatÍon

are desírab1e environmentå.11y, but they l"init use as practical mosquito

control agents. The active compound is not ptesent long enough to

affect all the 1arva1 rnosquitoes present. In order to l-engthen the

effective period several- s1or.r release formul,ations have been tested

e.g,, polyurethane foam (Dunn and Strong 1973), sand and vernriculite

(Rathburn Jr. and Soike Jr. 1975).

The Altosiil SR-10 for¡nulatÍon regístered for mosquito control in
Canada (developed by the Zoecon Corp.) consisËs of a liquid suspension

of polyrner-MeËhoprene particles havlng a meân diameter of 1.0 p with
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the final product 10 percent active ingredient by h'eight.

tr'ield appl-ÍcatÍons of Altosid SR-10 ar rares of 0.056 ro 0.56 kg

aí/ha xo rnosquito breeding habitats (flooded pastures) in California

rrrere described by Schaefer and Dupras (1973) and Schaefer et al, (1973).

Application râtes belorÀ7 0.112 kg aí,/ha resul-ted in resídues that degra-

ded beLow cLC deÈecrable limits (0.0003 riLg/t) 2 days after rrearmenr.

AppJ"icatíons of 0.28 to 0.56 kg aílha resulted ín 1ow residues (< 0.01

mgl0.) at the end of the sÈud.y, 3 days after' treatment. Biolo€iicâl acti-
vity as shorvn by fourth.instar mosquÍto larval bioassay was appaïent for
4 to 5 days after treatment at an applÍcation ïate of 0.112 kg ai/ha.

Sírlilar degradatíve rates, as monitored by bioassay and mosquito emer-

gence, were reported for the Altosíd SR-10 fornulatj-on at applicatíon

rates of 0.01 to O.I mg aí/9, by Bueí et al_. (1975), Schooley er al. (1975),

ttul1a et al. (L974a), and peLsue 
"t ,i, (fgZ4)

At the application rare used in rhis srudy (0.056 kg aí/ha) residues

vould be expected to degrade below cLC detection limits (< 0.0005 mg/Í,)

r¡:ithin 2 to 3 days of treatment and biological acÈívity lost r^'ithin 4 to

5 days of treâtmenÈ.

Efficacy

The rnorphological and physíological effects of MeÈhoprene on mos-

quitoes have been descríbed by Hooper (1976), paulov and paul"ovova (1977),

Judson and de Lumen Q976), Buswine et a1. (J.976), Naqví et aL. (L976),

Doû¡ner et aI. (1975) aûd Quisrad et al. (1975). Lerhal and sublerhal

norphological and physiological effects oa the mosquito Culex tarsalÍs

have been descríbed by {rías and Mu11a (L975a, 1975b) and Georghiou and

Lin (19 74 )

Iïre above-mentioned studÍes as well as those concerning Methopreners



effects on other insecr groups índicare thâE irs mode of action is .leï
sirnilar to, íf not the same as, juveníle hormone. The specific mode of

action of juvenile hormone analogs is beyond the scope of this review,

although infornation concerning it can be fo.nd in Menn and Beroza (1972).

All mosquito species tested have been susceptíble to Methoprene,

rrrith the most sensitive stage being .the fourth larval ínstar (Schaefer

and Wilder, 1973, 1972; Naqvi et aI. L976; Busvine er'a1. 1976). Sensi-

tivity increases as development proceeds fróm the egg (f,CrO > 10 ng/g,

Culex pÍpiens fatigans) to the fourth instar larva (i-CrO = 0.00J"4 ng/0,

C, pipiens fatigans), drops in the pupal stage anrl is almost íneffective

in the adult (Judson and de Lumen 1976; Busvine et al. 1-976). Ðespite

the fact that the most sensitive developmentâl stage is the fourth lar-
va1 ínstar, deaÈh does not occuï until after pupation.

' Studies of the toxicity of Methoprene to fourth instar mosquito

larvae has produced LC5O values ranging from < 0.0001 to 0.01 mg/l, for

Aedes, Anopheles and Culex spp. ActívÍty hâs also been shown against

Psorophora and Culiseta spp. al-though no LC5O data have been presented

(Anonymous 1973; Mu1la and Darrn¡azeh 1975e; Steelaran et al. 1975). Ia95

values for Aedes spp. vary frorn 0.0001 to 0.01 mgÁ, (Georghíou and Lin

1974; Rathburn Jr. and Boike Jr. 1975; Majori eL aI. L977, Ðame er a1.

1976; BusvÍne er a1. 1976; lJells er.al. 1975; Buei et a1. 1975).

Cul-ex spp. usually have LC5O values a factor of 10 gïeateï than

those of Aedes or Anopheles spp. Schaefer et al. (1974b) atrributed

thÍs 1or¡er sensitÍvíty to dÍfferences in feed.ing behaviour; culex tar-
så1is is a filter feeder and shor¿s 1ow sensitivity to Methoprene while

Aedes nigromaculis (Ludlow), a browsing feeder, shows high sensitivÍty.
Research reported by Schaefer et al. (1,974b) shows that Altosid SR-10
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settles to lhe boËtom of mosquiEo breeding pools, making it more avail-
able to browsing rather than to filter feeders. Mortality of Culex

Earsalis was increased signíficantly when a charcoal foïmulation r,zas

used, to prevent settlíng.

Altosid SR-10 ís registered for conLrol- of floodwater mosquitoes,

prÍnâri1y Aedes, Anopheles and psorophora spp. Ihe asynchronous nature

of culex and culiseta larva1 populations combine with Methopreners short

residual life and Lor,¡er toxicity lo fil"teï feeders to substanlially

reduce the duration Ëhat control is exerted over breeding habitats of

these genera. As a resuLt Methopïene is not registered for the conÈïo1

of Culex or Culiseta spp.

lhe regÍstered application rates for the Altosid SR-L0 formulation

are 0.028 to 0.056 kg ai/ha or a concentratÍon range of approximateJ-y

0 . 01 to O .02 ûg/ 9".

l1Ìe duration of control and overall efficacy of. Methoprene ín this
study would be erq)êcted to be liÍúted ín víer^r of the target species cul-ex

tarsalis.

Eflects on Non-Target Invertebrate I'auna

The first study to describe effects of MeÈhoprene on aquatÍc inver-

tebrate non-target organisus r^'as thaÈ of MÍura and Takahashi (Ig73).

I,aboratory studÍes were performed on 35 groups of organisrns including

algâe, diatoms, pÍotozoa, nenatodes, platyhelndnthes, rotifeïs, annelids,

mollusks, crustaceans, and. insects to deteïmine Èheir sensitivities to

I'fethoprene. Mortalíty rates in these experiments showed that Methoprene

t¡as of very 1ow toxicity to all organisms studied except Ðiptera, From

these results slgnirícant mortality of organisms in actual breeding sites

would only be expèeted in Diptera rnrhen registered application rates for
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mosquiÈô control are used.

In fíeld sËudies (artificial" conËainers, ponds and flooded pastures)

the Altosíd SR-10 for¡aulatíon aË application rates of 0,1 mg ai/.{, eaused

no detectabl-e effects in numbers of animals duríng the 3 to 4 i"ieek pos!-

treatment observation period, wíÈh the exceplion of energing DÍpteïa

(Chíronornidae, Culicidae, Ephydridae, and psychodidae) (ltiura and Taka-

hashí l-974a, 1973).

In laboratory studies Dunn et aI. (1974) found that concentrations

of Altosid sR-10 as 1o¡¿ as 0.001 mg ai/L delayed puparion of hydrophiliil

larvae, although concentratíons as hígh as 1 mg ¿:i/ t" did not âpparenÈLy

affecÈ the adult emergence rate. Some abnormal adul¿s were present, holr-

ever, as a result of the higher Ëreatmen! rates.

Mu1la et aL, (r97 4b) evaluated Methoprene for contror of chirono¡nids.

In laboratory studies LC50 values for Chironomus spp. r¡,ere less than 0.01

ÃglL. Iield studies using AltosÍd SR-Lo at application råtes of 0.L12 to

0.280 kg at/ha ín 1.6 to 2.0 m deep waEer resulÈed in inhíbition of chÍro-

nomid emergence for I week, and reduced emergence for up to 2 weeks,

although no effects on larval density were noted. SimiLar resulÈs have

been reported by Mulla and Ðarwazeh (1"975a, 1975b) ancr pelsue er g,!. (1974).

Steelman et al, (1975) srudj"ed the use of Altosíd SR-10 for Èhe con-

trol of Psorophora columbiae in ríce fields. sone experimenËs íncluded

qùantítative determínatíon of effects of Altosid sR-10 used at appLicatíon

rates of 0.001 to 0.28 kg ai/ha on non-target organisms. No statistícaIly
sígníficanÈ differences were found betrreen treaÈment and controL popula-

tions of adult or Íûmature notonectíds, adult or iûmature corixids,

lhermonectus sp. adults (Dytiscidae), or inmature baetids. Treatments dj.d

cause reductíon in numbers of Tropísternus sp. adults (HydrophiJ_iclae ) in
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contrast to Ì4íura and Takahashi (1973) who reported no visible effects

on Tropisternus lateralis (F.) when exposed to I mg/ 9" Methoprene for

120 hours. Neitheï do these results agree r,ríth field studies by Schae-

fer e! a1. (7gi 4b) ìr7ho repoïled no observable effecrs on members of this
genus. Steelmân et al, (1975) exposed Tropísternus sp. larvae to }fethoprene

and the effects were not observed until 80 days after treatment ín the

adults. Due to the relatively long developmental peïiod in this genus,

tTeatment effects r¡rere not åpparent rmJ"ess populations of both a¿lults

and ímnatures r47ere monitored for an extended period. Steelrnan et aL.

(1975) also reported ÈhaÈ Altosíd SR-10 treatment caused a signíficant

reduction of irulature Libel luLidae.

Steelman et al. (1975) also found an inctease in chíronomid iruna-

tures in Altosid-treated p1ots. They speculate that this *"y hu.r. b..r,

due to a treatment-re 1âted red.uction of the above-mentioned pred.ators.

Sínilar1y negatíve correlatÍons r^¡ere apparent for x0ost prey-predator

ínteractions ín treated pools indÍcating mortality of predacíous insects

in general.

Norland (1973) and Norland and Mu11a (L975) reported. rhe effecrs

of EC Methoprene appl-ied to pemanent nosquito breeding pools. Studies

of Lhe toxicíËy of Methoprene to CaLlebaeÈis pacificus Seemann (Epherner-

optera) nyrnphs shorved 100 percent mortality when exposed. to r.rater from

pools treated at 0.1j-2 kg aí/ha and to undetermiried residues in the same

pools 5 days after treatment. Thus Methoprene shows a high toxicity Ëo

thÍs species and possibly to other Ephemeroptera not previously observed.

Further field trials by the same authors studied Ëhe effects of

Tepetitive applications (5 day intervals) . of 
. 
0.112 kg ai/ha EC Merho-

prene on nurnbers and bíomass of inverËebrates ín mosquito breeding pools.
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Chironornid larvae were significantly reduced ín numbers and biomass by

the repetitive treatments. A reductÍon in nurnbe rs amd an even greater

reduction in biomass of Ephemeïoptera nymphs and dytiscid Larvae was

also evident. This indicated that Ephemeroptera nymphs and dytiscÍd
larvae in treated poors did not develop pasË theiî earlier larval instars.
In conttast to Steelman et al. (1975) no signifícant effects r,rere deLected

on populatíons of líbel_lu1id nymphs.

Ihe studies discussed above sho¡¿ that i{ethoprene ís selective Ín its
toxÍcity Ín terns both of taxa and developmental- sËages affected. Con_

flicting results among the above studies nay well be due to the varÍous

application rates used, specific taxa and d.evelopmental" stâges treated,
and duration of the post-tïeatment obsetvation periods, Generally signi_
ficant effects have been reported against selected taxa of Coleopttera,

Ephemeroptera, Odonata, and Díptera and Èhese effects may be expected to

occur to some extenÈ at registered application rates.

Chlorpyrífos

Chlorpyrífos, an organophosphäte inseeticÍde developed by the Dow

ghemicål co., r''as introduced as an experlmentar broad specÈrum insecricide
in 1965 (Gray 1965). It rdas fírst reported as a potent mosquíto larvícide
by Ludr,rig and lfcNeiL (J-966) and Murla et al. (1966). chemical properries

of chlorpyrifos are reported in smith (1966). Due to the extensive lite-
rature pubJ-ished pertaÍning to the disappearance from and effects of
Chlorpyrifos on rnosquiËo breedlng habitats only selected papers are dis_
cussed.

Di sappearance

Shortly afte¡ the introduction of Chlorpyrifos several studies ï,¡ere
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publj.shed shor"¡1ng iÈs disappearance rate and degradative pathways in
a variety of habitâts. Lâboïarory studies reported by Smith (1966) and

Ssrith et a7. (L967, 1966) showed that the primary cause of disappearance

of Chlorpyrifos from aqueous systens r47as its. adsorption onto organíc

Eaterial râther Èhan cheDical decornpositíon, Ilydrolysis of the pârent

compound r¿ou1d be expected Ín aqueous systems but iË Í,as thought to be

of little importance. Degradation of bhlorpyrifos to 3,5 ,6- trj"chloro_2_

pyridiol (the prirnary hydrolysis product) wâs pronoted by increasing pH,

temperature and ultrawioLet light intensity. This degradation product

is unstabl-e ín líght and further degrades to a vaïiety of compound.s

(smirh 1968) .

Fíeld studies by several authors deÈeïEined resídual life and factors

that promote degradation of Chlorpyrifos in rnosquito breeding habitats.

One of Èhe more extensive studÍes was that of Schaefer and Dupras (Ig7O, .

1969) who used GLC analysis to determine that the disappearance /de|xað,a_

tion hal"f-lífe of Chlorpyrifos applied ar 0.112 kg ai/ha to flooded pas_

tures (L'ater tempeïature 24 Lo 4Oo C) was approximately 5 hours. From a.

serÍes of laboraËory and fíe1d studies it rnTas confirmed Èhat Íncreasing

tenperatuÏe and the presence of 1íght increased the disappearance rate

of Chlorpyrifos, Èhough the presence of a rich nícrobial" community in
treated ra¡åters did not affect the disappearance rate (Hirakoso 1969;

LÌhi tney 1967). The short residual life determíned by Schaefer and Dupras

(1970, f969) did nor âgree r,¡írh rhe residual efficacy of Chlorpyrifos

reported to be greater than 3 qreeks a.fter treatment at 0.112 kg ai/ha in
mosquito breeding pools. As a result of thÍs apparent contradíctíon in
results, and the laboratory evídence of Smith et al. (j-967) showing adsorp_

tíon to pLant material, Sehaefer ancl Dupras continued their studies to
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deterrrine whether the residual- effieacy was due to the adsorption-

desorpÈion of Chlorpyrifos onto and fron organic mateïial.

They found that Chlorpyrifos dÍd Ín fact adsorb to organÍc material

ín mosquito breeding habitåts but Ít probably did so reversibly and its
dissociation from the particulate matrer Ìrras the cause of Íts extended.

residual effícacy. rt raras not detennine¿l hThether the chlorpyrifos lras

toxic qThen adsorbed onto particulate matter and ingesLed or ¡¡hether

Índeed it had to be redissor"ved ín h'âter (at very lon concentraËÍons) to

be toxic. SÍmílar data have been shown by Mu11-a et a1. (1973) and Hurl_

bert et a1. (L970).

Technical- Chlorpyrifos is degraded ïeLaÊively quickly, yet due to

its adsorp tÍon-deso rp tion propertíes it shotrs extended efficacy. As a

result it wi11 control both floodwater and asynchronous nosquito larval
populations. Many formulations have been deveroped for speeific control-

sÍtuations; those primaríly used for mosquíto conËrol are the EC and

granular formulatíons. The EC for¡nulation Ís usually usecl when fLoocl-

!,tater mosquitoes are to be controlled and eneïgent vegeEation is spaïse.

Granular fornulatíons are used to penetrâte vegetation and to provide a

longer residual life for control of asynchronous mosquitoes. A granular

forurulation, Dursban 2.5G (2,5 percent Chlorpyrifos by weight adsorbed

onto bentoniLe), was used in this study due to its !¡ide use Ín mosquito

conÈrol and because it is most suÍËable for the control of the Ëarget

speeies in this study, Culex tarsalis.

the study most rel-evant Èo thís one was that of Rav¡n (1977) showÍ"ng

the disappearance of Chlorpyrífos from mosquito breeding habitats. Ra¡,¡n

used Gl,C analyses 
.and 

mosquito larval bioassays Èo determine the dísap-

pearance rates of EC and granular (Dursban 2.5G) forrnulatíons of Chlor-



,78pyrifos in 1n- pools with either sand, clay or sod substrates. Rawn,s

study was also performed at the universíËy of Manitobâ Glenlea Research

SÈati.on, approximaËely 100 ru southeast of the pool,s reported hereÍn.

Dursban 2.5c r,ras appl,íed at 0.028 kg ai/ha to sod lineil pools in simílar

fashion to that used here in terrDs of applícation rate, forrnulation, and

substïate. It ís evid.enL frour Fig. 1 (Ra¡¡n 1977) that resídues disap-

peared beJ,ow cLC derectable li¡nits (< 0..0005 mg/¿) and belor¿ fourrh

Ínstâr Culex tarsalis larval bioassay detection lirnits 7 days after
treatnen t.

Selected papers concerníng the disappearance rate of granular formu_

1aËíons of chlorpyrifos from mosquito breeding habitats as measures of
duration of control and bíoassay are discussed. belor¿.

Cooney and Pickard (1974) studied the applícarion of Chlorpyrífos

on clay granules at 0.112 and 0.056 kg ai/ha to floodt¡ater nosquito

breeding habÍÈaÈs. they found mosquiÈo Larval bioassay nortality (> 752

nortality) for nore r:,.a.,- 25 days after treatment $/hen treated at 0.056

kg aí/ha. Dixon and Brust (1971) determined that a 5 percent ai granu-

1ar formulatÍon applied ât 0.028 kg ai/ha to sod lined pools resuJ,Ëed.

ín bíological actívity âs shown by nosquito larval bioassay for 2 weeks

after Èreatment. Tawfik and Gooding (1970) also stud.ied the residual

actívíty of a granul.ar fornulation (attapulgus clay) applied at 0.056

kg ai/ha to mosquito breeding poo1s. They found signíficant resídual

activity for at l-east 4 weeks as shornm by faiJ-ure of re-es tablishment

of the target species. Further data concerning disappearance rates of

Chlorpyrifos applie<l as granular formulations at applícation rates greâ-

ter than 0.112 kg aí/ha are shorom in Mulla er al. (l-973) and McNeill er

al. (1968).
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Figure I. Residues as determíned by GLC and bíoassay (fourth instar
Culex Earsalis bioassay) resul!ing from treatrnent of sod
li""d p."1" "ith Chlorpyrifos (Dursban 2.5G) at 0.028 kg ai/
ha. (Rar+n 1977) .
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At the åpp1icârion rare used in rhis srutly (0.02g kg ai/ha) resi_

dues and disappearance should be sirnilar to thaÈ shor^m by Rar¡n (1,977)

(rÍe. 1).

Effícacy

SÈudies of the mode of actíon and the physÍoJ-ogíca1 
.effects of orga_

nophosphate ínsecÈicides in general- are beyond. the scope of this revier,¡

buÈ these Èopics have been recently reviewed by l{ilkinson (I97 6) ana

.Matsumura 
(1975).

A1-1 nosquLto species tested have been sensitive to ChJ-orpyrifos

(cooney and Pickard 1974; lromeldorf ancl l,rihites eLr !972; NeLson er al, . L976a;

llil"ler et aL- L973; Ba ey er a1, 1970). sensíriviry of eggs r.¡as 1o¡¿ in
relatÍon to other inmature stages. First instar 1arvae were highly sus_

ceptible ro Chlorpyrífos (LC5O = 0.00023 rng/f,, Anopheles freebornÍ Airken)

though sensitivíty decreased r¡ith larval deveLoprnent (fourth instar 1aïvae

LC'O = 0.0035 rng/9, A. freeborni). SensÍtivity contÍnued to decrease in
pupae and adults (adult LC50 = 0.18 ng/1,, A. albimanus lJíedeurann) (Wornel-

dorf and l"Ihítesell- 1973; MulJ-a et a1. 1966). Death usual-1y occurs ¡¿iËhin

24 hours of Èreatrnent.

Chlorpyrifos eliminates mosquito larval populatÍons present at the

time of treaÈmenÈ. Residual acËÍon íÈ a filnction of death of the highly
sensitive first ínstar l"arvae and the developrnent tíme required for the

neú¡ iEnaËure stages after residues drop below toxic levels.

The acute Èoxicity of Chlorpyrifos to mosquito larvae is (LC50)

fro¡r < 0.0001, to 0.014 ng/!, for Aedes, Culex, and Anopheles spp. (l.lome1-_

dorf and lrrhitesell 1972; 'Iar,,tflk and Gooding 19 70; Sinegre er a1. 19 75 ;

I,Iashino et aL. 7972t Georghiou er a1. 1969; Sreelman er a1. 1967; Lofgren

et aL. L967). Toxícity to psorophora and Culiseta spp. has also been
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reporÈed though no LC<^ daËa are stated (Craven and Steelnan J-968;)U

Lera'is et a].- f966). No genus-specífic 
"urr"iti.riay differences are appa-

rent though in some areas of hÍgh pestÍcide use resÍstance Èo Chlorpyri-

fos has appeared. LC9O values vary from 0.001 to 0.03 urg/S for Aedes,

Culex, and Anopheles spp. (Gray J-965; Ludwig and McNeil J.966).

Tîre reeormended applícation raËes for Chlorpyrifos as Dursban 2.5G

are from 0.028 to 0.056 kg ai/ha or a concenËration range of approxi-

nareLy 0,01 to o.02 mglq".

The duration of control and efficacy exerted by Chlorpyrifos ín

this st.udy would be expected to be very hígh; Ín fact, it should be the

most effecti.ve among the 3 cherricals tested,

Effects on Non-Tårget Invertebrate tr'auna

Despíte 10 years of operatÍonal use of Chlorpyrifos as a mosquito

J-arvicide, few laboratory toxicity studies have been reported concerning

aquatíc non-target invertebrates. Those linited data available show

high toxicity i.e., LC5O < 0.01 mg/,e. foï Notonecrídae, HydrophilÍdae ancl

Chaoboridae (tr'ederle and Collins 1976; Roberts er al-. 1973).

FieLd sÈudies performed by HurLbert et al, (1970) determineal effects

of Chlorpyrifos on non-target fauna ín a mosquíto breedÍng habitat. One

study concerned the effects of 3 applicaËíons of EC Chlorpyrifos aÈ 2

rnteêk intervals to a series of freshwaÈer ponds. The applicaËion rate

used was 0.028 kg ai/ha, simíl-ar to Èhat used here, and sÍgnificant

effects were observed on almost all fauna in the habitaÈ. predacious

notonectid and dytiscid populatÍons generally increased in control pools

throughout the L0 week experinent r¡hereas populations in treated pool-s

r¡ere nuch reduced after each treatment and had not recovered åt the end

of the experinent 5 rùeeks afLer the last treatment. Betrostomatids r¿ere
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sinilarly affected but had almost recovered to control populations by

Èhe end of Ëhe experiment. Típulid l-arvae were never caught in tïeated

pools r,Thereas they rtere cåught in large nurnbers ín control pool-s. Zygop-

teran popul-åtions were reduced severely in treated pools but had reco-

vered by 3 to 4 ,.¡eeks after the Last treatme;t. Adult corixids showed

l-ittle adverse t:esponse to the treatment whí1e populations of corjxid

nymphs decS-ined to 0 rríth each treatmerit but recovered within Z weeks of

the. Èreatments vJith the exception of the thfrd one. By 4 weeks after

the LasL treatment hydrophilid 1arva1 populations had returned to con-

trol- levels. EphemeropÈera nymphal popul-ations were reduced to 0 afËer

the first treatment and shor¡ed Little recovery until the end of the

experiment .

The auÈhors stâte that effects on the ínverËebrate populations can

be related to trophic levels. In control ponds the total number of pre-

dacíous insects increased throughout the experinent ürhile populatíons

of herbivorous insects decreased unËi1 halfway through the experiment

and Èhereafter remained relativeLy stabl-e. In treaËed ponds, the first

treatment caused about the same nortaLity j-n both predacious and herbi-

vorous populatíons (40-90 percent) while subsequent tïeatments caused

less evident reducÈions in herbívorous populatíons than wÍth predaeious

organísTns. After cessation of treatments populations of predacíous

insects were significantly lonter than those of herbivorous insects in

treated pools. In control pools the opposíte ln'as true. This is attri-

buted by Hurlbert et a1. (1970) to the general hypotþesis thaÈ for her-

bivorous insects, the insecticide ttreatment partial"ly replaced one

rûortality factor (predacious insects) wÍth another (Cþlorpyrifos),

whereas for predacious insects the treaËmenÈ added an additional morta-
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l"íty factor. PopulatÍons nornally experíencÍng hÍgh mortâj"iry (herbi_

vores) could respond to treatment more efficiently (recolonization by

inmigration, hígh fecundíty, short life cycles) than Êhose populations

vhich nornally experience l-ower mortality rates (predators).

Hurlbert eL aI. (L972,1970) aLso srudÍed rhe effects of rhe rrear_

nent on phytoplânkton and zooplankton in the pools. As.their d.j-scussion

Ís extremely detailed and sínce Cl-adoce¡a and copepods were the only

planktoníc organÍsns studied here, only the effects on Ëhose groups are

' discussed. copepods !¡ere substantiarly reduced by Ëhe treatments but

usuaLly recovered âbove control populatíon 1eve1s within 2 weeks of
treatment r"zhile Cladocera r¡ere more severeLy affected and recovered. more

slowly. tt lras apparent that phycoplankton and zooplankton were affec-
ted in eonrplex ways by Èhe tïeaÈments. Either through prÍmary oï secon_

dary effects the treatments did result in increased phytoplankton which

may have helped the recovery of herbivorous insect populations discussed

above. OÈher studies of the effects of Chlotpyrifos on bacteria, phyto_

plankÈon, and zooplankËon are offered by Butcher et aL. (L977), Nelson

et aL. (1976b), Broum et a7. (L976), and Sreelman et al. (i.967).

WashÍno et aL. (1972,) srudÍed Ëhe effects of EC Chlorpyrifos applied

aÈ 0.0125 to 0.2 kg aí/ha to rice fields for mosquito control. Thej"r

data indicated deleterious effects against belostomaÈids, anisopterans,

hydrophilid larvae, dytÍscid lârvae, epherneiopteran nyrnphs and notonec_

tÍds. No effects were noted, however, on coïixids or on hydrophilid

adults. The authors state that on a seasonal basÍs, there was no obvious

írpairment of most non-target organisrns in the field.

Roberts er a1. (1973) srudied rhe effecr of Chlorpyrifos applied as

a water emulsion at 0.0125 kg ai ha on non-target oïganisns in artificial
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field poo1s. Thís treâtmenË resulted. ln a 5 r¡eek reduction in gerrid.

populations and a 2 week reductÍon in larval dytÍscids. Populations

of chírononíd adults emerging from Èhe pools and chironornid and chao-

borid l"arvae \,7ere apparently not affected by the treatment.

Chlorpyrifos has been applíed at 0.112 to 0.280 kg ai/ha for

chironornid contTol r,.rith a significant deerease in adult emergence

for 2 t.o 12 weeks (A1i and Mul1a 1976; Mulla and l0rasawinah 1969;

Mu11a eL al. L975b, 1973). ResulÈs nosË applícâble to those reported

herein are those of Mul1a et al. (1975b) rvho applied 0.11-2 and 0.280

kg aí/ha to a 1.5 m deep lake. These Lreâtments reduced the nunbers of

chironomid larvae present for 2 and 4 weeks respectively r¡ith reduction

in adult emergence of 3 and 5 weeks respectively.

l'rom these data, íË is apparent that signíficant reductíons in most

aquatic ínvertebrate non-targeË organisms could be expected for 2 or

more weeks when Chlorpyrifos is applied at normal applicatÍon raLes for

mosquito con Erol.
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MATERIALS AND METITODS

ConstïucÈíon of Pools

Having decided to perform a study Èo compare effects of three insec_

ticides on aquatic ínvertebrates in mosquíÈo breedíng habÍÈats, a suitabre

experimental l0cation rnras sought. rt was consÍdered impractical to use

naturally oceurring breeding sites for the folLo!¡ing reâsons:

(a) Lack of rmiformity betr¿een natural poncrs ín respect to substrate,
fauna and flora (nuurbers and composition), and r^rater quâlity;

(b) ¡,act of control over r^7âLer levels Ín naturally occurring breed_

ing sÍËes;

(c) Iack of electrical por.íeï aÈ nost breeding sites (required for
varíous instrurnents) ; and,

(d) originally this experírnerit was inten¿ring to use radÍolabelled

insectícides to follow degradatíon ratês and pathways. Their use would

necessitaÈe as cl0sed an ecos.ystem as possible. Thus pools were l0cated

in an access-controlled area such that the water and. substrate could be

controlled and dísposed of easíly if necessary.

As a resul,t a series of rnosquito breeding sites was constructed at

the UnÍversity of Manítoba Glenlea Research StatÍon. Twelve pools were

constructed duríng Èhe summer of L975, I year prior to the experiment.

They were buílt in the sequence shown in Fíg. 2 to the specifications
(Figs. 2 and 3) and nanner (Fig. 4) described below.

A series of i2 dugouts approxinaLely 5 x 4 x 1 m r¿e re dug by a
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backhoe. Ihey were dug in 3 ro\rs with 4 per row, in a north_south

orÍentatÍon r,7ith a 1n çralking area left between each row of pools.

A v¡ood frame wâs construcËed around the edge of each dugouË extending

at least 8 cm above ground level. Frames were consÈïucted of 12 x 2

to 24 x 2 cm píne boards and anchored by 4 x 7 cm stakes. Final di¡ren_

sions of frames around each pool were 5.5 x 3.4 ¡n. The frames were

consLructed to ïaise the sides of the pools above ground level to pre-

vent r{râter from runnÍng into pooLs frorn adj åcent areas and to provide

a formdation for planks that would extend across the pools during

sampling.

After the frarnes were constructed the sj.des of the dugouts were

altered to their exåct dimensions i.e., slope and size as shor,rn by

Fígs. 2 and 3. This v¡as done by either building up the sides r,¡ith

earih and pieces of sod or trinning the sides do¡m if the original
dugout was Ëoo small.

A2 to 5 cm Layeï of sand (',playsand" - Supeîcrete Comp any Ltd.,
llÍnnÍpeg) was spread over the earth bottom and sides of the pools.

The sand provided a base on r¡hich a polyethylene sheet (10 arill, 0.25

m thíckness) was placed to prevent r,7aÈer loss through the bottom of
the pools, so that at Èhe end of constructÍon all of the pools

could hold Ìrater to the ¡ep of the fianes. ThÍs depth was reduced in
sone pool-s due to slumping of the sides during the spring and summer

of 197 6.

A 2 to 5 cm layer of sand was placed over the polyethylene on the

bottom of the poo1. It was found impracÈica1 to place sand up the

sloping sides over the polyethylene as it.would s1íde down Lo the

pooLrs bottom. The sand was pJ-aced both undeÈ and on top of the poly_
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ethylene to reduce Èhe possibÍlity of its puncture by pieces of earth,

stone, or the pressure of ice in ¡^¡inter.

On top of the polyethylene and sand 2, 6 cm-thick layers of sod

were 1aid. The sod kTas cu¿ from the area where the pools were dug,

as well- as from Èhe areã Í.rnmediately south theteof. A chemieal analysis

of this sod as deÈermined by the I'fanitoba provincial Soí1s Laboratory,

ElLis Building, University of Manitoba, ís sho¡¡m in Appendix A. The

sod ¡^'as laid wi-th íÈs grass side up and such that there were no gaps

be Ër^reen adj acent pieces. The top layer, wherever possible, covered

seams bet\,¡een pieces of sod in the lower layer. As a result there Ìrrere

no åreas where r^rater couLd reach thê polyethylene rrithout passing through

the sod. ïtris constïuction ninimized the possibilíty of adsorption of

the chemical-s onto the polyethylene. A-lso, the thickness of the sub-

strate (approxinatel-y 12 crn) provided suÍtable condiÈions for develop-

ment of such organisms as chironomíds and típulids.

As pools were completed each was flooded Êo a depth of ca. 50 crn.

This left ca. 15 cm frou the r,Jater level- to the top of the fra¡res so

thât Èhe pools could accept 15 cm of raín without overflowing, ThÍs

also provided a substantial land-r¡ater inteïface, rari th emergent vegeta-

tion for oviposition and emergenee of insects.

All r'rater used ín filling and topping the pools during 1975 and

7976 was pumped from a laïge dugout located east of the expeïimental

pools. The \,rater added in L975 was not filtered ín order to aid colo-

nization of the pools by aquatic ínvert.ebrates occurring ín the large

pond. The \nrater level in the pools Íras maintâined at ca. 50 c¡a until
permanent ice formed in the fa11 of 1975.

Prior to the e:,aerÍment during 1976 the rrrater rüas also maintained



3tat ca. 40 cm untÍl chemical- tïeatment r.ras. ínitiated. All water added

ir¡. 1976 folloi,ring Èhe commencemenÊ of the experiment i¡as filtered at

the pumprs inlet valve through a 20 Iiter pail filled r,¡ith chicken

grit and at the exir valve by a "y" filter (Sutherland plunbíng and

Heating Supplies Ltd., llinnipeg). Filtratíon was used to minimj.ze

disturbance of the ecosystem and/or alteratÍon of t reatment-related

effects by addíng organisrns to the pools. llater was not added during

the firsL ú¡eek after treatment and r,¡as added after that time only if
the poolrs trater l"eveL had dropped to such an extent as Èo mâke hrater

sampling difficuLt or the energence traps ineffactíve (cf. ínfra).
This procedure was folr"owed in an effort to naintaÍn naturar" conditíons

in the pools, and to reduce the possibilíÈy of dilution of the insecti_
cid.es i.n the pools after tïeatment. The days upon r,rhích vrut", ..""

added are shornm as notes in Appendix B,

MonÍtoring of Environmental parameters

Monítoríng of atmospheric weather condÍtions was performed by the

staff of Glenlea Research StaLion at a r^reåther staLion ca. g00 m norÈh

of the experimental site. Maxímum and. niníu¡¡m air Ëemperature, raínfa11,

and hours of j-nsolation are shown in Appendix C.

lJater qualíty analysís of pool û7ater vas perforrned severaL tÍmes

during the fall of L975 and the sunmeï of 1976. . Samples were taken

by the author and analyzed by the l"later QualíÈy Laboratory, Freshr,vater

InstítuÈe, Environment Canada, llinnipeg, usíng rnethod.s deseribed by

Stainton ex aI. (1977). In addition, Ëhe pH of Èhe lrater in each pool

wâs deternined inrnediately before each treatment using a battery_

operated Radiometer pI1 meter. These data arè reported in Appenclices

D and E.
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A series of 21 temperature probes connected to å Honeyt^Tell con-

tinuous readíng thermograph ¡¿as used to_ monitor lrater temperature I
0.2oC ín the pools as well as r4Tater temperaËure stratificatíon Ín 1

poo1. One probe wâs Located at the bottom centre of each pool ,

approximately L5 cm away from Ëhe base of the south slope. Ten probes

were placed at varíous locâÈíons and depths in pool 12 to note tempera-

ture stratification. TeÍtperature at eâch probe. was recorded every 15

ninutes from June 23 to Aug. 23, 1976, althbugh onl"y daily maxiuirrm ånd

minÍmum temperatures of. selected probes are reported (Appendix g).

Treåtment of Pools

As 12 pools were avaílabl-e for 4 treatments, 3 pools r,rere Èïeåted

identically wÍth each regirne (Diflubenzuron, Methoprene, Chlorpyrifos

a:rd Control). Diflubenzuron r^'as applied as Dínrilin I{p-25, Methoprene

as Altosid SR-10, and Chlorpyrifos as Dursban 2,5G. These formul-atÍons

r,¡ere chosen because they êre registered and used for mosquito control".

The application rates used for the chemicals r,¡ere 0.056 kg ai/ha for
Ðiflubenzuron and Methoprene, and 0.028 kg âí/ha for Chlorpyrifos which

would produce inírial concenrraríons of 0.02 úe/g. (6.5 x 1O-8 t-t¡, 0.02
a -oÃgl9" (6,5 x 10 'M) and 0.01 rlLel r, (2.9 x 10-o M) respectívely if a1,1

active ingredient was released and dissolved upon Ëreatment. These

applicati.on rates are r.rithin the range of råtes used for Èhese chemicâls

for mosquito conËrol. (The lower rate Ìrâs used for Chlorpyrifos to com-.

pare Èhe results of this et?eríment k7Íth those of G. Rawn []-977] r¡ho

was perforning his experímenÈs at the lower rate.) Thus the resuLts of

these experiments should be si¡nilar to those resulting from normal mos-

quÍto contïol operations "

Uslng the numberir.rg sy"t.r of Fig.2 the pools were randonly



selected for Èreatment as sho\,rrn in Table 1, The treatment" r.ru nJi-
forrned by determining Ëhe r,râter volume of each pool (based on theore-

tical dinensions and measured water depth), and measuring (weight -
DírrÍ1in, Dursban; volume - Altosid) the corresponding anount of chemi-

cal. the chemicals Ì,lere then added to 350 rnl pond lraÈer to produce a

s1urry and imrcdiately poured into the pools on east-west and north-

south trânsects. The críterion of retreatmenÈ rn'as the presence of

EosquiÈo aalults in the emergence tïaps of that treatment group for 2

consecutive emergence trap sanpling days. (This procedure r^¡as dÍffÍ-

cult to follow after the second treatment r,rith Diflubenzuron or Metho-

prene due Ëo their 1ow efficacy). Some críterion had to be set in

this manner as it qras íupossible to determine ',¡hether control hacl been

lost in Methoprene and to a lesser extent Ðiflubenzuron treaÈed pools,

rmtil adult emergence had occu¡red. Thís crlterj-on for retïeatment

Î¡ou1d result in only a relative measure of efficacy as actual- control

programs could not allow adult mosquito .emer:gence.

Monitoríng Disappearance of the Insectícides

The disappearance of the ínsecticides from the pools was monitored

by GLC for Methopïene and Díflubenzuron, and by mosqulto 1aïva1 bioassay

for all 3 cornpounds. Gl,C analysis ¡las not used to nonitor ChJ-orpyrífos

degradation as another project was underway to eval-uate that (Ra!¡n 1,977).

The sarnpling procedures for GLC and bioassây samples for both Methoprene

and Diflubenzuron are outlined belor./. Four sets of glassware were used

in the sarnpling, 1 set designated and used for only 1 treaLmenE group.

Gas l,iquid Chronatography - Methoprene

Prior to sampling a 100 ml-.glass beaker åttâched to the end of a



TABLE 1. Treatment regime.

Treatmenl

Diflubenzuron

Methop rene

ÇhLorpyrifos

Coritrol

Pool

10* 12

511

4x6

Íì* 9

7

2*

3

I

*Pools used for bíoassay.
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1m al-uminiu¡n rod by a steel clamp was rinsed with.rdater from the pool

to be sampled. Thís apparatus r,ras then used to take 5 ca. 100 ¡nl

samples from the poo1. One sample r¿as taken ca. 60 cm from each of lhe

4 corners of the pool with the fifth taken fro¡n the centre of Èhe poo1.

At each site the beaker was 1or,¡ered to a depÈh of ca. 30 cm. After

each sample Ì¡as taken ít r-ras poured into a pre-rinsed 600 rnl glass

beaker. A l-00 ml glass pipette pre-rinsed with pool r,rater r¡râs used

to quantitatively deJ-i-ver 100.0 n1 of the pool water from the 600 nl

beaker Ëo a prepared 250 rnl glass sample bottle. The sample bottle

was prepared by rinsing ít with pesÈicíde grade n-hexane and aír drying.

Ten m1 of pestícide grade n-hexane raTere then quantiÈativeLy deJ-ivered

ínto the sanple bottle, thus preparing ít for..the pooJ- water. After

the pool wateï was pipetLed i.nto the sampl-e bottle, the bottle was

Ëightly sealed with aluninitun foil and a metal- or bakeJ-ite cap. The

bottl-e raTas then rigorously hand-shaken f.ox 2 minutes to aid in the pâr-

t.itíoning of the Methoprene from the pool- water ínto Èhe n-hexane. The

sample was then pJ-aced in the refrigerator (+5oC) at the experinental

site for tempoïary storage, i.e., 1to 2 horrr". GLC samples nere the

lasi taken duríng any sampi-ing day so that there would be a minÍmum

del-ay betr^'een s arnpling and analysis or low-temperature storage.

After: samples were taken they were returned to lÍinnipeg for eiËher

ínmed.iate analysis oï storage at -20oC for up to 48 hours before analy-

sÍs was perforned. Analysis of spiked samples treated in a si¡nilar

úânne r as that described above, shohred no degradaÈion of the Methoprene

afteï partitioning wÍth n-hexane (J. Solomon, I'ïeshr,/aÈer Institute,

Environment Canada, hrinnipeg, unpublished data). A Florisil column

was used to clean the extracL, afLer which a 1 to 5 Ul aliquot tras
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injected into a Tracor W 220 çLC fitted r^rith a glass column (1-.7 rn x

4 nm i.d.) wLtt^ 3% OÍl 225 on 80/100 nesh Chromosorb W, a 20 ml/min

^'rprepurified N, Bas flow and a "-Ni electron capture deÈ€ctor. Tempera-

tuïe conditions rirere as follows: Injector 200oc, oven 180oc, detector

3OOoc. This analysis was developed. by J. Solornon and anal-yses were

performed by the alrthor and J, Solomon at the Freshrarater Institute,

Envíronment Canada. The detection lirni t of this analysís from pool

r{rater was 0 . 0005 rng/!,.

Gas Liquid Chronatography - Diflubenzuron

Sarnp líng for Diflubenzuron GLC analysÍs was identícal to that for

Ìfethopr:ene, wíth the following exceptions. In the.first experimental

run no parÈitioning soJ-vent r^¡as used with Diflubenzuron samples. Subse-'

quentl-y the saîple botÈ1e contaíníng the pool water r¡¡as not shaken and

hras stored rÀ7íthouE a partilioning solvent. Pestícíde grade ethyl ace-

tate !üas used as a partitionÍng solvent for the subsequent runs Ín the

sane manner as n-hexane tùas used for the Methoprene samples. Once the

samples r¡ere returned to tr\îinnipeg they ratere stoïed ât -20o C for a

period of 5 to 6 Tnonths before being anal-yzed. A storage study showed

that samples taken and stored with or Ì/ithout the partÍtíoning solvenl

lzere stable during this stoïage period (AppendÍx F). The analysis was

done by the âuthor using the method of Worobey and Webster (1977a,

1977b) Ín the Pesticide Research Laboratory, Department of Soil Science,

Ilniversíty of Manitoba. A varíån 2440 cLc fítted grith a glass colufm

(L.7 mx 2 ¡m i.d.) \,tith 5Z oV 101 on 80/100 mesh Chromosorb !I' a

10 lll/nin prepurified NZ gas flo,,r r.rd .r, 3H electron câpture detector

was used to perform the anal-yses. Temperature condÍtions used r,¡ere

as foLlou¡s: Injector 179oc, oven !22oc, detecxo r 182oc. The detection
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l1xriË of Èhís analysis frorn pool r^'ater was 0.0005 mg/ø.

Some Diflubenzuron analyses were performed in Ëhe non-linear range

of the 'H detector used for the analysis. To correct for thís non-

linearity in detector response a computer progrâm designed by J. Reiner

(?esticíde Research Laboratory, DeparËment of Soil Science, Uníversity

of Manitoba) was used to determine true ltater concentrations correspon-

ding Ëo the detector response.

Bioassãy Sanpling

The bioassay study focused on l pool in each treatmênt group. The

pools were randomLy chosen \atíthin each treatment grouP as indicated ín

Tabl,e 1.

BÍoassay sampling was sím.ilar Ëo thaË of GLC sanplíng with 5 ca.

100 m.1, sarnples taken from the locatÍons previ-ously described an.d poured

into a 600 m1 glass beaker. An aliquot (100-150 url) of this composite

sample was then poured into a 250 urJ- sary1e j ar, The j ar r.t7as then

tÍghtty sealed r¿ith a bakelíte or meËal cap and stored (1 to 2 hrs) at

arnbient temperature until relurned to Wínnipeg. Three independent

replicate sarnples were Èaken from each pool in this manner.

fourth instar Aedes aegypti (L.) larvae were used to deterDine Èhe

toxicity of Èhe wåter samples. Mosquíto larvae were chosen as the test

organísm as they are Èarget organisms for these insecticídes and as a

resulL are sensitive to 1ow coneentrâtíons. A. aegypÈi were specífi-

cal1y chosen for their ease of culture. Fourth insÈãr larvae r"¡ere used

because they are hÍghly sensitive to Methoprene and Diflubenzuron and

show sÍgnÍficant though lesser sensitivity to Chlorpyrifos.
-È

Eggs of a 2O' year Iåboratory straín (undeterrnined origin) of A'

aegypti r,¡ere obtained from Dr. R.A. Brust of the Department of Entonology,
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Universíty of Manitoba. A cultuïe of this strain supplied sufficient
larvae for bioassays. One hundred and,fifty to 200 eggs were placed

in each of several covered plastic pans (6 x 22 x 30 cm) contaíníng

ca. 1 liter of City of llinnipeg tap water. After hatchÍng the larvae

ltere fed a suspension of fínely ground liver powder (rcN phar¡naceut ic ars

Ltd., CleveJ.and, Ohio, U.S.A. ).
hrhen t7aÈer sampl-es h7e re taken 240 fourtn insEar larvae r^rere removed

fron the rearing pans using an eye-dropper and placed in styrofoam cups

r+iÈh 20 per cup" 4L1 e4cess urater r.ras removed from the cups and 20 lar-
vae r\'ere then r¿ashed with < 5 ml q'ater ínto each of the 3 bioassay s am-

ples for each treatment. A snal1 amount (< 1 m1) of the grounil 1íver

powder suspensíon was added to each bottle to províde food for the 1ar-

vae. The number of Larvae successfuJ-Ly developíng into adul"ts úras

noted ü'ith daily observatíons. Total detachment of the adult from the

pupal" exuvium r¡as used as the criterion of successful emergence.

llortalíty due to treatment was deternined for each tïeatmenÈ and

conected for control mortal-ity using .Abbottrs Formula (Abbott 1925).

I'lonitoring Effects on Invertebrates

ColonÍzatíon of pools by a variety of aquatic organisms including

mosquito Iårvae throughout the faI1 of 1975 and spring of 1976 resur-ted

in pools sinilaï to mosquíto breeding sÍtes. populatÍons of Ëhe aquatic

invertebrates krere monitored for treatment effects using an aquatic sâm_

pling device, emergence traps, and qualitative observations,

Aquatíc Samplíng

Populations of aquatic invertebrates. in the pool-s r,rere monitored

usÍng 4 nodified 2 lírer Van. Dorne borrles (Wf) obtained from Wildlife



F:igure 5. Van Dorne bottle sanpling.
a) VDB readied for samplíng
b) VDB lot¡ered into pool at selectêd sampling positíon
c) Draining VDB
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Supply Co,, ltichigan, U.S.A. (I'Íg. 5). The original drainage system

of the VDB did not allow passage of larger ínvertebrates fron the

cylÍnder and as a res'llt the original cylinders hTere repl,aced with

a comparable section of PVC 12 cm dianeter pipe (2 [ volune) which

had a 2 cm diameter drainspout located 6 crn from one end. A 16 crn

sectÍon of 2 cm diåmeter Tygon tubing was placed on the draÍn and the

flow of r,rater from the VDB regulated wíth a pinch clåIrlp.

A sampling gríd was set out for each.pool so that the VDB sanpJ-es

could be taken aL random l-ocations within a pooJ-. No saurpling posi-

tions qTere Locâted within 75 cm of the poolrs frame so that the sam-

pling device r,¡ould not strike the sloped sides of the poo1s. Also,

no samples could be located withín 1.3 rn of the south ftame board or

at positions 8A and 88 as the emergence traps (cf. infra) occìpied

this area.

Numbered markers from I to B were placed on Ëhe east and rrest f,rane

boards aË 30 cm intervals to provide the north-south portion of the 48-

position gïíd. The east-west naïkings at 36 cm inLervaLs iO ao ,¡ r"t.

naïked with spray painÈ on the 2 x 24 cm plne boards which extended

across the pools in an east-west direction. These boards hrere then used

as sarnp ling platforns. The \ÐB sanpling positions in each pool used on

any specific sampling day were randomly chosen the day before sampling

and a samp J-e sheet showing the samplÍng locations in each pool was

drawn up.

Sanples were always Èaken from the south side of the sar¡p1ing

boards, starting aË the most northerly sarnþ1ing positíon ín a poo1, and

moving south to subsequent sampling locations.

I'our VDBrs were used, 1 per treatmenÈ. The pools were sampled in
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3 groups of 4, each group containing 1poo1 of each treatment. The

pooLs were sampled in the order shorvn Ín Table 2 with 5 samples per poo1.

The VDBrs r¿ere readíed prior to samplíng by opening Èheir ends and

attaching the cable releases to rhe spring-loaded lock (Fig. 5). The

pre-deternined sampling location within the iir"t pool was then read

from the sarnpling sheet and the sanpling platform was moved so that

its south side was at the specified naiker on both Èhe east and rnTesÈ

frame boards of the poo1. The author then walked along the sampling

pla.tforI[ to the samplíng site and lowered thc VDB into Ëhe wateï by its
rope untíl it was completely submerged (fig. 5). The firíng pin at Èhe

top end of the bottle \nras then pressed by hand, releasíng the spring-

loaded lock and closíng the ends of the sampler. The process of lower-

ing the sarnpler into the water, pressing the firing pin and closing the

ends of the sampler requíred I to 2 seconds. The sanpler !¡as then ïemo-

ved from Èhe water and given to an assisÈant for enptying, whereupon

the author r¿ould obtain the next VÐB sample. After each pool had been

sanpled once, the first pooJ- in the group woul-d be returned to, and the

cycle repeated unÈíl 5 samples k'ere taken Ín each of the 4 pools in the

first group of 4 treatments. Groups 2 and 3 were.then sampJ-ed ín a

sí.r¡-ilâr manner.

To enp ty the VDBrs Ëhe top (the end opposite the drain) of the \¡DB

was opened and held open by attachÍng the releâse cable to Ëhe spring-

loaded i-ock (lig. 5). The pinch clamp on the Tygon tubing draín would

then be opened and the contents of Èhe bottle drained out through a

50 p mesh Nítex net. Thís net size was chosen because iË retained all

orgånisms to be studied and still allowed rapíd drainage of the lÐ8.

After drainage of the sample., 50 to 100 ¡n1 of tap water and a brush h¡ere



TABLE 2. Van Dorne bottle sarnpLing regime.

S aüp Ie
Gtoup

1

2

3

Pools were sanpled from grouP
left to right.

1

10

L2

2

5

1 to group 3 and r^tithin groups from

76

811
39
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used to rinse any måterial remaining out of the VDB, The contents of

the net, afLer the excess vr'ater ¡¿as drained off, lrere washed into a

250 m1 jar using 95 percent ethanol and, if necessary, a sma1l stiff

brush. Elhanol htas then added to the jar so that it üzas at least

haLf fuL1. The enpÈy VDB would then be readied for re-use by opening

Èhe bottom end of the sampJ-er and setting its release cabl-e. The sam-

ple jars were sealed ü7iLh bakelite or metal lids and slored until- theiï

conËents could be identífied and corated"

Pools were sampled niÈh the VDBts every Monday, Wednesd.ay and tr'ri-

day fïom June l-8 Ëo August 23, Lg76 vríth the .exceptions of August 2nd

ar.d,2}th, Lg76. Samplíng usually commenced be t\,reen 1000 hr and 1030 hr

and l¡as al-ways compJ"ete by 1-230 hr.

Organisms in the jars were ídentified and counted as outlined below.

Jar conÊents l,Tere emptied and ïÍnsed onto a petïí dish r¿ith a seríes of

paralleL l"ines drawn on the bottom to åid in the counting. A bínocular

mictoscope (x 160) was used to count and identífy, to as low a taxa ås

rras practical, the organisus in the sanrple.

Emergence Trap Samplíng

MeÈhoprene, and to a lesser extent Diflubenzuron, do not usually

result ín obvious deleterious effects to insecÈs until they åttempt Ëo

molË to their aduLt form. As a result it was consídered necessary to

emp loy an emergence trap to deternine numbers and types of emergíng

insects .

ï\ue1ve emergence traps, J- per pooJ-, r,rere consLructed as outlíned

be1or,¡. Trap frames were of 2 x2 cm píne boards. North and south fâces

of the trap hTere constructed as shor,rn in Fig. 6 and were covered r¿ith

whÍte nyJ"on drapery l-ining. T'l-re east and krest faces of each trap were



Flgure 6. Dimensions of north and south faces of
traps (dimensions in meters),

the emergence
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constructed as shor,¡n in Fig. 7 and covered lrith 4.mi11 (0.1 mm thick-

ness) cl"ear pol-yethylene. Ðrapery lÍnÍng was used on 2 sides (north

and south) in order to a11ow sonre novemenL of air through the traps

r,7ith a subsequent ïeduction of heat and condensation insíde Èhe trap.

the polyeËhylene \4râs used on the other 2 sídes (east and west) to alJ-ow

maximum penetration of light ínto the traps and to facilitate viewing

into the Ëraprs Ínterior, thÍs being necessaïy for enptying the traps.

The bottom of the Èïap covered L m2 of !.¡ateï aLthough the actuaL

area varíed sliihtly, due to fluctuatíons ín water 1eve1 during the

experímenÈ. Ihe area under the trap Íncl-uded portions of the pool's

flat botLon, its sloping side and a section of the land-i,¡ater inËerface.

The inclusion of the land-r,rater interface ensured that ernergent vegetation

would be available to those organísms requiri-ng it or preferring ít for

their successful emergence. The top of the tïap r¡as covered r,¡íth a 20

x 20 cm piece of 0.5 crn plywood in the centre of which a 9 cm diameËer

hole r,r7âs cut. An 11 cm diameter netâ1 lid (the lid fitting a 4 1iÈer glass

jar) wÍth an 8 cm díameter hole (corresponding to that Ín the plywood)

r,vas naiLed onto Ëhe p11'wood in an inverted posítion, thÍs arrangement

allowed a 4 liter jar to be screwed onto the top of the tTap. A poly-

ethylene cone 'was positioned in the nouth of the jår to funnel insecLs

into the jar, and reduce the chance of ínsects returning to the main

body of the emergence trap, IdealJ-y, insects after emergence would fly

upr,rard Èo the top of the trap, and into the glass jar and. be trapped.

Not â11 of the insects emergíng under the tTap úrere caught in the g1âss

jar. In order to prevenÈ those insects ncit enteïing the traprs top from

being included in subsequent daysr catches, 
.the 

main body of the emergence

Èråp rras vacuumed out before the removal- of the sampling jars. To thÍs
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end, an. arrnhole, 12 crn in diameter (Figs, 7 and 8) closed wíth a cloth

sl,eeve, was placed on the east face (the side abutting the edge of the

pool) of the trap. A flexible .ru"r-r,rr ,rorr1. r,ras introduced through

the ar¡ohole and all the ínsects in Ëhe main body of the tïap wére

vacuumed ou! using a high-porrered vacur¡m which destroyed then. Despite

this, if there rì¡ere any large insecËs presenË in the body of the trap

that could not enter ínto the glass jar, e.g., large tipulids and

ephemeropterans, they were removed by hand and included Ín that poolrs

eEergence trap count. The tTaps were attached xo 2, 4 x 4 cm boards

which spanned Ëhe pool Ín an east-lrest orientalion. The lraps rn¡ere

located such that the south face of each trap was 75 cm frorn the south

frame board on Èhe east side of each pool.

The actual s arnpling procedure ínvolved first vacuuming out al1 of

the traps, then removing the g1âss jars at the top of the traps contain-

ing the ínsects. The plastic cones weïe left in the. jars to prevent

escape of ËheÍr contents. Metal lids were dcre¡^red onto the top of the

jars as soon as they lnrere removed from the tïap. Imned.iatel_y theïeafter

an empty 4 liter jaï fítted with a poJ-yethylene cone was placed on Èhe

top of the Ërap and lefË there to coll-ect the subsequent daysr emergence.

The jars r,rith i.nsects hrere retuïned to Lr7innÍpeg and placed in a freezer

at -20oC for 24 hours. The dead Ínsects were then gently Ì¡åshed out of

Èhe Jars onto a 100 p mesh screen. They were then washed with 95 per-

cent eÈhano1 into labe11ed L5 rnl seíntillation víals for storage. The

insecËs were subsequently identified to as Lor,7 a taxa as v¡as practical

and co¡rnted ín the same manner as described for the VDB samples.

Emergence traps r,Jere sampled every Monday, Ilednesday and Friday from

Jrme 16 to August 23, 1976 qrÍth the excepti.on of August 2nd, 1976 betkreen



Figure 8. Emergence trap.
a) North and west faces
b) South and east faces





491400 hr and 1600 hr.

QualÍtative observations

Dúring the first 2 weeks of sampling, pïior to the ínitial Èreat_

ment, it became apparenL that many of the 1arger aquâtic organisms were

noË being consistently caught by the VDB's. Some hígh1y mobile aquatic

insects sometimes escaped. Organisns such as notonectids, dytíseids,
hydrophÍ1íds and later insLar culicid Larvae would react to ríater move_

aent or shadow and move ari'ay fïom íts 
"or-rr"a. 

A-s it r^ras inpossible to
prevent hTater movement and shado¡,¡s during samplÍng, these organisms

wete r¡nder-represented in the VDB sarnples. Also, many of Èhe aquatíc

insects stayed near the sides of the pooJ-s r,Jhere the VDBrs could not

be us ed.

. 
rn order to circumvent this problem qualitaËíve observatÍons raTere

initiated on July 2,1976 and proceeded on a more or Less regular basis

until August 8, L976' ObservaÈions could. not be made âfter that d.ate

due to a reducÈion ín help available and the need. to continue oLheï

monit oring procedures.

l{hen qualítative notes h¡ere tåken, each pool would be observed for
10 to 15 minutes, and all organisurs seen Ín the pool r¡ould be noted.

These observations rarere subjecÈ to vaïiation due to differences in a1gal,

and d.uckweed cover as well as kTater turbidíty. Meteorological condi-

tions such as incÍdent light could also cause significant wariation ín
abiLity to observe organisns in Èhe poo1s. Despíte these linitations,
it is believed that these observations are of importance, not in vÍew

of those organisms apparently absent buË, in view of what r,¡as observed

in each pool.

If dead organisms were found Ín the poolì during the qualitative
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observations, they r,7ere collected and preserved in 95 percent ethanol

for subsequent ÍdenËification.

StatÍstical Analysís

GLC and bioassay datâ are shor¿n as the meân and sÈandârd erroï.
ïnvertebrãte population data from VDBts (wíth the exeeptioo of Daphnia

sp. and copepods) and adult emergence are shown as the nean total catch

for each pool in each treåtment group and íÈs stândard erïoï. Daphni-g

sp. and copepod populatíon data are presented as the mean caÈch for eâch

VDB in each treatmenÈ gïoup and its standârd erïor.

The large standard error shornm by the populatíon data as ¡.¡ell as

Èhe lora' numbers of organÍsns caught in most taxa ¡nad e it Ínpossible to

perform parameÈric statÍstical analyses of the datâ except those of

Daphnía sp. and copepods.

Analyses of variance were performed on both Daphnia sp. and copepod

daEa as foll or¿s :

(a) The 12 pools rnere ranked fïom loç,esr ro híghesË prod.uctivÍty

usí.ng the numbers of organisrns (either Daphnia sp. oï copepods) for each

saErpling day before the íniËíal- ttêatment;

(b) Rankets (Sokel 1976) were assigned to each pool accordíng to

their numerÍcal- rank, and Èhe mean ranket deterrnined for each pool over

the pre-treatment period. (Rankets were used to eqdate pools ín terms

of popul"ations of Daphnia sp. or copepods baseil on pre-tîeatment data,

This process results Ín raisÍng means that are in 1ow pïoductÍviËy pools

and lowering those in high ptoductivity poo1s.);

(c) All population data rrere then 1og10x+1 transformed to decorre-

late means and varíancès; and



' 5I(d) The trans formed data for each pool- on each sarnpling day rnultÍ_

pLie¿t by the mean ranket plus 10 for each poor were used as the ,,ra¡¿ data"
'for the analysís of variance. statisÈically dífferent means vreïe cteÈerniied

by the StuilenÈ Kneuman Keul nult.iplè range test.
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RESULTS AND DISCUSSION

Disappearance

The residues and bíoactivity resultíng from the Ëreatments as

detenlined by GLC and bioassay are shor^m in Tables 3 and 4.

Diflubenzuron

. The Diflubenzuïon - GIC data for the fírst treatnent show a gradual

increase Ín concentration ¡¿hich peaks at 4 days after treatment. After
the second and thÍrd treatments, when monítori-ng raras perforned r¡ithin 6

hours of Èreatment, an initÍal. peak was formd ín addition to that at 4

days. After the analyses .o"r" p.rforr"d it was determined that the GLc

method used, anaLy zeð, fo¡ and co-chromâtographed boËh the parent conpound

and Íts p-chloroanilihe netaboLÍte (l,trorobey and trrrebstér |g77b), As

a result ít ü7as postulated that the GLC data shor¡ an ÍnÍtial peak of the.
parent compormd r¿hÍch very quickJ-y dimínishes after which the metabolite
concenÈration increases as hydrolytic degradation proceeds producing the
peak at 4 days after tïearnent, This theory is supported by the work of
schaefer and Dupras (1976) who sÈudied the degradation of Diflubenzuron

Ín pond water. Those auÈhors. used }lpl_C to separate the parent compound

and Èhe netabolite and found the degradatíon curves shov¿n in Fig. 9. If
these tlrTo curves are added the resulting plot is very sÍmilar to the

residues of this s tudy.

The theory is also supporÈed by the bioassay daËa of this str¡dy

(Table 4) which shor,r no correspondíng increase in activiÈy at 4 days
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Figure 9. Residues (Diflubenzuron and p-chloroanÍline) deterninealby HPLC resulting from treatnent of pond water q,ith Diflu_benzuron (Dirnilin wp-25) ar ca. 0.04i ¡nelf iichae¡er anaDupras 1976).

Legend: Diflubenzuron

p-chÌoroaniljriÉì
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after the treaËments. In fact, nortality decreases substantially

during that time. Bioactivity ís losÈ (signifícant bioacËivity is arbi_

trarily defined as > 257" corrected rnortality) from the pools from 3 to 7

days after treaËment while residues, that should cause mortality if they

reflect solely the Diflubenzuron concentration, aïe present for Erea1er

than 2 weeks after tïeåtment.

Schaefer and Dupras (1976) showed Díflubenzuron rlras present for /+ d.ays

above a detectable limit of 0.001 ng/r, when an inÍtial concentration of
ea, 0.042 rng/.e, was present. As the ínitial concentration in this experi-

nent wâs 0.0156 and o.o2o3 nLg/ g, for the second and. third treatments res-
pectively (very close to the theoretÍcal concentration of 0.020 ng/Î,) the

disappearance of Diflubenzuron below 0.001 rog/L could be eleected \^rithin

a simí1ar or shorter time. ToxÍcíty shown by Èhe bioassay up to 7 ilays

afËer treatment may be due to a reduced degradation rate, toxicity at

very J-ow concentrations, toxÍciËy when adsorbed onto oïganic material-

ingested by the assay larvae, or Ëhe Loxicity of a metabolite. Of these

possibílities' the mosr probable are thought to be toxícity at lorn' con-

centrations and/or toxicity rnrhen adsorbed onto organic matêrial.

These data shor,¡ that Diflubenzuron rapidly disappears ftom the

r{ater of this mosquito breeding habitat r^ritlL apparentLy, a signifícant

degradative pathway the hydrolysis Ëo p-chloroaniline. The

residue data also shor¡ a reratively slow disappearance râte of the GLc

response, again presumably the metabolite though it results in no sig_

nificant toxicÍLy to mosquito larvae.

Methoprene

GLC and bioassay data for I'fethoprene also shorn¡ a rapid d.isappear_

anee of residues and bioactivity. The GLC data show a red.uctíon of
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resídues beloür detectâble li¡nits (0.0005 ñg/t) aÍter all treâtments

Írithin 2 to 4 days of treatment. The residues after the second and

third treaËments (t¡hen noniEoríng was performed within 6 hours of

treatment) show a high concentralion of Methoprene iTnnediâtely after

Èreatment Í.n comparÍson to the expected resi.dues, Í.e. 0.0391 and

0.0282 mgl9., vs the expecred 0.020 .ng/!.. This was probably a resulr

of the Altosid SR-10 fornring a slick on the surface of the pools visi-

b1e for 1to 2 hours after treatrient, sirnilâr to that described by

Schaefer and Dupras (1973). The cl,C sampling procedure required the

beaker Ëo pass through this slick on the way ín and out of the poo1,

and consequently some of the slick was probably collected ín the Gl-C

sauple causing the high residues.

Bíoassay data show the presence of significant toxicity for up

to 8 days after trealment. The longer residual life índícated by the

bioassay is probably the result of the factors díscussed for the same

phenomenon r^rith Díf Lubenz uron.

Chlorpyrífos

Bioassay dâta concerníng ChJ-orpyrifos shor¿ the presence of toxi-

city for ca, 6 days afler treatmênt, siûdLar to thåt reported for Diflu-

benzuron and Methoprene. However, this is rnisleading as an indicator

of bioactívity as fourth ínstar larvae are not as sensitive to Chlorpy-

rÍfos as they are to the gror4tth regulators. Earlier larval instars

are much more sensitive and as a result resídues and bioactivity should

be expected for longer than rhe 6 days indícated by bioassay data (cf.

Effícacy).

Rar¿n (1977) using GLC, shor,'ed the piesence of Chlorpyrifos for 7

days.after trearmenr (detecLable limit 0.0005 mg/{) when he appl-íed the
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2.5G formulatíon to pools very similar to those used here (cf.

l,iterature Review). The relatively low resÍdues resuJ-ting from Rawnr s

treatment in comparison to the theoretÍca1- application rate (O.OO4 ng/!,

vs 0.010 ng/¿) r^rere a result of the use of the granul_ar: forrnulatíon

¡,¡hich caused slor¿ release of Lhe active compound and to adsorption of

Chlorpyrifos onto organic materiaL. Despite the above data the death

of firsÈ instar Culex tarsalis Larvae in the pools for 2 to 3 weeks

after treatment and a lack of adult emergence for 22 days post-treatEent,

would suggest lhe presence of Chlorpyrífos in lhe pools for at least 2.5

çeeks after the Èreatment eiLher at very low concenËïations or adsorbed

onto orgariic matter in a toxic forrn (cf. Efficacyj ,

From the above data it is apparent Ëhat Methoprene and Diflubenzuron

disappeared from the study hâbítat rapidly, within 1 week of treatment

while ChlorpyrÍfos r,¡as probably present for up Lo 2.5 ¡.¡eeks after treat-

üent. Despite the longer Life of Chlorpyrifos, nonq of the insecticides

should cause long term residue problerns.!tiÈh parent compounds if used

properLy r,rriËhin registered applícaÈion rates.

Ttre bioassay daia, although not specifÍc for a given chemical, were

more easily obtained both in terms of cost and Ëíme, ând moïe sensitive

than the GLC data, horrever, GLC data showed less variance than the bioassay

data.

Efflcacy

Datâ concerníng the abilíty of the insecticídes to control the

natural breedÍng population of Culex tarsalÍs in the pools are shown

in Tabl"es 5 to 7. In general, a subsËantial populatÍon of mosquito

larvae and a suåsequent large emergence of adults occurred in late June

and earJ-y July after which numbers of larvae and, Èo a lesser degree,
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adult emergence dropped in both control and Ëreated pooIs. A.s a result
it is difficult to diScern tïeatment ef.fecÈs on larvae after the second

and thÍrd treatments although aduJ-t ernergence was stiI1 useful. As a

result of the 1ov¡ efficiency of VDBts eow catch ând. a relativei-y large

amount of time requíred to obtaín the daÈa) and mode of actíon of the

growÈh regulators emergence monítoïing was considered the most effective
nanner of deterrLining efficaey. VDB dâta did hõwever show how the lar-
vae/pupae were affected (change Ín numbers år eompositÍon of immature

s tages )

ÐÍflubenzuron

. It ís apparent fron VDB and. qualitative data that Diflubenzuron

showed no dramaÈi.c effect on numbers of r-arvae present even though abnoï-

rnal lar-vae r^¡ere found afÈer tïeatment. There r,¡as an alËernation of com-

posítion of the larvae present after 2 days post-tïeatment. Before this
time, larvae in the pools ranged from first to fourth instar, but from

2 to 6 days post-treatment only first instar larvae r^rere apparent. After
6 days post-tïeatment later larval stages were found to be present, fhis
is expected because (a) Diflubenzuron caused the death (after molting) of
all the larvae present in Ehe pools at the tíme of Ëreatment, and (b)

eggs hatching to first instar larvae thaË for several days were also

ki11ed r.¡hen they attempted to nolt. After 5 to 6 days the first instars

could develop nornally as the Diflubenzuron hacl disappeared (cf. Disap-

pearance).

No effect was shown on adult emergence for 3 or 4 days after each

treatnent with any of the chemical,s studÍed, This is due to the 1ow

toxicÍty of these compounds to pupae as dìscussed in the líteratuïe
revieir. Às it takes 3 or 4 days for all of the pupae in Èhe pools at
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the time of treaÈment to compleËe development and emerge as adulEs, treaÈ-

ment effects are not apparent until 4 or more days post-treatüent. After

thls time emergence v¡ould be expected Èo ínmediaÈely drop to zero.

Emergence was reduced ín Diflubenzuron pools but it took up to

10 days post-treatment to drop Èo zero. The reason for thís gradual

drop may be due to a sublethal effect of Díflubenzuron causing an

inerease in development time of pupae such that ít t¡ou1d tâke as long

as 9 d.ays for pupal devel-opment. Increase in development time has been

reported after Diflubenzuron treatment but 9 days is a very long devel-

opmenÈ period, especial"ly for the resulting adulÈ to be able to success-

fully ernerge and f1y Èo the top of the Èïap. Another possible explaaa-

tion is that aLl of the adults in the urain body of the trap r,¡eïe not

removed by vacur:ming, resulting Ín "carry-over" to the next sampling

day. This is unlíkely due to the care with whích the vacuurring was

done and the fact that this gradual drop ín emergence is not seen çriËh

Chlorpyrífos pools (cf, infra). Recovery to conÈrol emeïgence rates

(first and second treatments) occurred at 16 and 18 days after treat-

menÈ respectíve1y. Recovery after the third treatment did noÈ occur

before the end of the experÍment 13 days afteï the treâtment. Thís

recovery rate corroborated the resid_ue data by showÍng a loss.of toãic

material from the pools vithin 6 to 8 days of treatment with a subse-

quent iÍmature development Lime of ca. i.0 days.

The duration of time required to lolnrer the energence rate to

zero, and the relativeLy short time energence was reduced to zero

(6 to 8 days) indicate a ïelatively lor{ d.egree of efficacy for Diflu-

benzuron against Culex tarsalis. Efficacy under operationâl control

conditions would be higher as emergence of adults r,,¡ouLd not be allo¡¡ed



66to occur prior to the initiation of treatment and recoîery to normal

emergence rates r"rould then take up to 18 days after treâtnent.

Me'thoprene

The efficacy of Methoprene ís síurilar to that of Diflubenzuron.

No e-ffe-ets-íãre apparent on numbers or compositÍon of Larvae ås moni-

tored by VDB and quâlitatíve observations although abnormal pupae !,7ere

found from 2 to 9 days after treatment.

As mentioned above, no effect r./as shor¡n on adult emergence for 3

to 4 dâys afteï tTeatment (cf. supra)- It al-so took up to 10 days post-

treaÈment for emergence to drop to zero and it was only reduced Lo zero

after the first treåtment. The slow drop rnay.be explained by the same

facÈors mentioned for Diflubenzuron oï in addition, may be due to the

low efficacy shown by Methoprene against Culex sp, Recovery to control

emergence rates occurred from 10 to L6 days afteï treatment supporting

the GLC and bioassay data índicatiûg rapid disappearance of Methopïene

(vithín 2 to 6 days of treatment, with å.n immaÈure developnent period

of I to 10 days). The slightly shorter ïeeovery tÍlne shoh'n here in
comp.arison to Diflubenzuron, and the fact that emeïgence did not drop

to zeÌo after the second and ÈhiÏd treatments may be due to the speci-

fÍcity of Methoprene to the 1aÈeï larval stages. First oï second Ínstår

larvae present in the pool-s at the ti.ne ôf tïeatment rnay successfully

develop to emerge as adul-ts, iesulting in,a shorter períod of conÈrol.

üre ti¡ne required to reduce emergence to zero, the fact Ëhat it

was reduced lo zeto afÈer only one treaËmerit, ând the fast recoveïy to

normal emergence rates all combine to indicate a low efficacy of }letho-

prene to Cul-ex tarsalis. As mentioned r^¡i th Diflubenzuron, efficacy

would be higher in an actual operatíonal control program, as the initial"
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adult emergence r^¡ould not be a1lot/ed and as a resulË reduced emer_

gence coul-d be expected for up to 16 days after treatment.

A further problem û¿ith Methoprene, and to a l-esser extent v¡ith

Diflubenzuron, frou an operaËional control point of víew, is the fact
that one cannot be ceïtaín thaL control t." b..rl' achieved until it is
too LaËe to prevent adult emergence (cf. infra).

Chlorpyrifos

VDB data concerning Chlorpyrifos shows no larvae present after
the initíal- treatment. Qualitative notes indÍcåte. the presence of
soue larvae after the tïeatnent although these r,Ìere not present in
sufficient numbers to be c¿ught ín the VDBrs, No larvae r4¡ere seen

before 7 days posÈ-treatment and all those seen from 7 to 16 days

afÈer tTeatment were first ínstar larvae. Thereafter lateï stage

larvae ryere observed. This would indicate Chlorpyrifos acted by kÍ1_

ling all the larvae present in the pools at the time of treatnent and.

showed residual ovicidal åctivíty for up to 7 days after treatment.

Setrn'een 7 and 16 days the residues had dropped as to allow haÈching

of eggs, but caused. death of first instar l-arvae. After 16 ct ays resi-
dues had dropped such that larvae could survive and emerge.

Emergence data show no effect due to tïeatment for 3 to 4 days

after treatmenÈ due to ïesistant pupae (ef. supra). Thereafter emer-

gence irnmediately dropped to zero unÈi1 22 days after treatment indi_

catÍng the presence of ChJ-orpyrifos in the pools for betveen 12 and.

!4 days wiÈh a ca. 10 day inurature developmental period.

In an actual controL program redrrced emeïgence ¡vould be expected

for up to 22 days after treatment whích iò 4 to 6 days longer than

Diflubenzuron and 6 to 12 days longer than tt"thopr..r.. Thus Chlorpy-
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rifos Ís the most effícient of the three for the control of Culex

tarsalis followed by Diflubenzuron and Methoprene respectively. It
is also moïe practÍca1 to use Chlorpyrifos as efficacy can be deter-
rnined simply by returning to a sprayed aïea one day åfter applfcation

to see if l-ive larvae are presenÈ.

Effects on Non-Target Invertebrate I,auna

Chironomídae

. Data concerning treatment effects on chi¡onouúd larva1 populations,

and adult emergence are shown ín Tabres g to 10. The dåtê shor"rn in
Table 9 obtaÍned frour VDB sanples should be considered nore qualita_

tively Èhan quântitatível-y as the number of chironornid larvae present

in a sample was to soue degree dependent on how the sampLe was taken;

i.e., if the VÐB touched the bottom of the pool during sampling moïe

chironomid larvae were caught than usua1. Monítoïíng ad.ult emergence

raras theïefore considered the more efficient rneans of determining effècts
on this group.

Dífl-ubenzuron caused no detectâble effect on chironomid larvae

lÍ'n terms of numbers or composition though dead larvae hrere noted åfter
treatment.

It is diffÍcult to deteruine if there was a significant red.uctíon

in numbers of chirononid larvae present in .the pools; though the facts
thaÈ (a) Diflubenzuron causes death of chironomid larvae aË the applí_

cation ïate used in the expeïiment (¡{Íuïa and. Takâhashi 1975), (b)

dead l-arvae were formd, and (c) adult emergence was substantiall_y

reduced (Tab1e 10) would suggest that a significant reduction may

have occurred,

Adult ernergence was not reduced until 4 days after the initial
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treatment due to the lo,¿ sensitívity shoram by pupae (cf. Efficac/f
Thereafter aduLt emergence was reduced in comparíson to Èhe controls

for the rest of the experimenL, This may have been caused by the

slor,¡er development rate of chironomids and/or a higher sensitivity
to Diflubenzuron ín cornparíson to culicids; í.e., if a large propor_

tion of all chÍrono¡nid larval instars is affected with each tïeat_
ment and Lhe developrnental ïaÈe Ís slor+, the ef.fect on the adult
emergence rate is a prol,onged reduction. The fact that emergence

Í7as not reduced to zero,may indicâte a lower sensiÈívity lhan mos_

quitoes or a lack of penetration of Diflubenzuron throughout the

substrate to al,1 of the chírononid larvae.

Methoprene also shor¡ed no dêtectable effect on numbers or compo_

sition of chíronomid larvae caught though dead larvae r¿ere observed

after tTeatment. Abnorrnal pupae were observed from 3 to 7 d.ays after
treatmenË. Again it is difficuLt to deterrnine treatnent effects on

nurnbers of chironourid larvae though the following aïguments suggest

that åny effects were srnall: ïelatively few clead larvae were observed

(in courparison to Difl"ubenzuron ot Chlorpyrífos); no effecË was noted

on aduLt emergence after the second treatment; and there is litt1e
evÍdence in Èhe llterature to índicate reductíons in nr¡nbers of chiro_
nomÍd larvae at the application rate used Ín this study. Adult emer_

gence was reduced from 4 up to 13 days åftet the first and third
treatments though no effect is apparent after the second treatment.

Ttre delay in emergence reduction of 4 days is expected due to 1o\r

sensitivíty of pupae r¿hÍ1e the resumption of normal emergence within
13 days of treatrnent raiEh Methoprene but not i¿ith Diflubenzuron may

be due to MeÈhopreners specificity to Ëhe later l-arval ínstaïs. The



.74
fact thaf emergence was not deleteriously affected and in fact was

substantially greater than the control emergence after the second

tïeatnent nay be due to genus /speci es-"pe cí fi c resistance to Methoprene

sÍ¡nilar to that described by Mulla et aL. (L97 4). Identificatlon of
chironomíd adults berow famiry was impractical though nost chironomíds

emerging from July 19 to August 6 were visibly differertt (srna11er and

differen! colour) than those emerging before or after that date. The

fact thåt energence Íras gïeåteï at Ëhis time than in the controls may

not be a treatment effect though SÈeelman e! a1, (1975) hâs reported

an increase in chironomid larval numbers after Methoprene treatm€nt

which they attribute to a reducÈion ín predatoïs. No detectable reduc_

tÍon in predåÈors Ís shown by the dâta presenËed herein (cf. infra) and

as a result it ís impossible to defínÍtely attribute Èhís appaïent ín_

crease to Methoprene treatnent.

ChlorpyrÍfos did cause a reduction in numbers o,f larvae caught in
the pools for up to 32 days after treatment though rarvae were almost

always caughÈ. Dead larvae were observed for up to 9 days after treat_
nent. Adult energence was reduced from 4 days afteï initial treatment

(due to resistant pupae) rmtil the end of the experiment. Emergence

did not return to control" levels but did recover to some extenË 32 days

after the first Ëïeatment though it r,Jas reduced agaín by the second

treatment.

Ttrese dâta show a major reduction in numbers of larvae and adult
emergence though, wíÈh the exceptíon of 1 day, nei.ther païameter was reduced

to zeÍo. This latter observation rnay be due to resistance of some indi-
víduals to Chlorpyrifos or lack of penetration of the ínsecticíde

throughout the subsÈrate to all of the chironomid larvae.



75chlorpyrifos caused the ,..ost significant reduction Ín numbers

of l-arvae and adult emergence of tlre Ehree insecticides. Diflubenzuron
may have caus ed a reduction in larval numbers but did not cause a

reductÍon of adult emeïgence compared to that of Chlorpyrifos. Metho_

prene may have caused a slíght reductíon in larval numbers and caused.

the leasL reduction in adult emergence,

Chaoboridae

Data concerníng the effects of the tïeatnents on chaoborÍd larvâl
populations and adult emergence are sho¡nm in Tables 11 and 12. General

trends in populatíons sho'7 a steady increase in numbers of larvae
throughout the experiment alËhough adulË emergence r,râs generatly J,ow

throughout lhe experíment. Emergence and larval monítoring were of
equal value in deteraining the effects on chaoborids though 1ow adult
emergence Ín controls rnay have masked tïeâtlllent effects.

DifLubenzuron caused no detectable reductÍon in nu¡nbers of larv¿e
Ín comparÍson Èo thê controls though dead chaoborid larvae were appâ_

rent from 4 to 6 days âfteï treatment. A change Ín composÍtion of
larvae was present sínr-1lar to that ïeported for cu1Ícids, i.e. older
instars \,zere not present from 4 to g days after treatment (cf, Effi_
cacy).

SÍx days after the initial treatment emeïgence dropped to zero

ín both control and Díflubenz uron- Èrea Led pools. This rrould be the
same Eíne that a t rea Ëment-relat ed decrease in emergence i¿ould be

expected, Símilar reductions ín ernergence in both control and Diflu_
benzuron pools are evident after the other 2 treatments and as a

Tesult treåtment-re lated reductions may be present,_ shonrn by the
J-arval conposition change and the observation of dead larvae after
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treatmenÈ but are not evident in emergence data. Aduit emergence was

general"ly lower in Diflubenzuron pools than ín contïols after the

iniÈial treatment indicating a possible treatmenÈ effect though the
reduction Ís noÈ dranatic.

Methoprene treâtmenÈ caused no detectable effect on numbers or
compositÍon of chaoborid Larvae and in fact more larvae were caught in
Methoprene Ín comparison to control poo1s, especially near the end of
the experiment. It is difficult to deËermíne whether this íncrease is
biologícally sígnificant and does indicate a treatment_related effect.
If this Íncrease was due to treatment it t^rou1d have to have been due

to either an íncrease Ín food for this predacious famíly, or a decrease

in predatory pressure on chaoborid larvae. Nèíther of these factors
is apparent from the daÈa presented herein.

Adult emergence fluctuations generally foll"ow and are comparabl.e

or greater ín nurnber:s to Ëhose of the control pooJ"s. Emergence was

reduced Ín both control and Methoprene pools when treatment rel-ated

reductions would be expected (cf. supra).and as a result effects on

emergence if present r¿ere rnasked by norural emeïgence reductíons.

Chlorpyrifos caused a ïeductíon in numbers of larvae for. at
1e¿st 20 days after Èhe firsÈ ÊïeatmenË. Dead larvae were found. from

2 to 9 days after treatment and adul,t emergence reduced from 2 to 32

days after Ëhe initial treatment. It Èook 6 days to reduce emergence

to zero after the second treatment but ÍÈ did not recover before the

end of the experinenË, These data shor,, resistance of pupae to Chlor_
pyrifos and a sensÍtívity of J-arvae cornparable to that of cu1ícid.s;

chlorpyrifos caused the greatest effect on rarval numbers and

adult emergence, Dífl_ubenzuron did cause a 1arva1 composition change
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and perhaps a reduction in adult energence I..rhile Methoprene had no

apparent effect on cheoboríds.

Tipulidae

Dâta concerning the emeïgence of tipulid.s are shor,¡n Ín Table 13.

As the larval tipulíds in the pools lived ín the substrate, they hrere noÈ

moniÈored except by adult emergen"u. A rnírro, emergence occurred on

June 16 and July 28 foLlowed by a gradual increase in emergence as the

experiment pro gressed.

No effect r"" "hol* by any of the chemÍcâ1s on numbers of ernergÍng

adults. This rnay be due to a high ïesistance of this Family to the

insecticides or, more 1ike1y, the fact that tipulid larvae breeding in
the experímental pools live in the substrate and may not have been

exposed to the insecticides. All 3 compounds have a 1ow r¿ater solubí_
licy and a high affínity for oïganÍc materíal, therefore the penetra_

tion of the insecticídes through the detïiÈus on the substrate suïface
nray have been Lí¡nited.

HurLbert et al. (1970) repoïted deleterious effects on populations

of tipulid larvae in pools Èreated with Chlorpyrífos though these appear

to have been pelagic rather than benthic in habitat.

Ephemeropte ra

Effects of the treatments on Ephemeïopterå nymphs and ad.ult emer_

gence are shor¿n Ín Tables 1"4 and 15. Numbers of nymphs and emerging

adults generally increased as Èhe experirnent progressed. Despite the

low numbers of organisms caught some treatment effects åïe appâ.Lent

in both emergence and VÐB datå,

As nurnbers of nyrnphs caught were 1ow duríng the first and second
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treatments, no effect on nymphs rTas åpparent due to DíflubenzuronS3

treataent. After the ÈhÍrd Diflubenzuron tTeatment a reduction in
nymphs lrås evident. All nymphs caught after the initial treatment

r^rere very small indicating recent hatch. This apparent lack of
development beyond the early nymphal stages Lras confírrned by the

lack of ephemeropterårr emergence from Diflubenzuron poo1s. This

effect on Epheneroplera has also been ïepcrted by Miura and Taka_

hashi (1974).

lfethoprene caused no decrease in nyrnphs and in fact Methoprene

pools often shoi,¡ed higheï numbers thân control pools. The nyrnphs

caught were of a wide range of instars in conÈrasÈ to those in the

Diflubenzuron pools. This is not Ín agreement níth the results of

Norland (1973) and Norland and Mul1a (1975) who showed a hígh sensi_

tivity of Epheaeroptera nymphs to Methopïene. This difference rnay be

due to the lower application Late used in this study or genus,/species_

speeifíc sensitivity. AdulÈ emergence raTas consistent r.¡í th that of the

controL pools. These data, and the observation that all adults caught

were true adults, indicate no effecÈ on the nyrnph_subimago or sub_

irngo-irnago moJ-t.

Chlorpyrifos caused similar effects to those reported for
Díflubenzuron. Nyrnphal- populations were reduced. in.comparison to

those of control pools, and most nymphs eaught were of the early

developnental inst.ars. The one adult that was caught on July 9 nay

indicate a 10í' sensitivíty of the 1aÈe nymphal instârs. The lack of
adult energence and reduction in nymphs índícates a severe effect on

this taxon.

Methoprene had no deleterious effect on Epherneroptera, while



Diflubenzuron and Chlorpyrifos red.uced nyrnphal populations urr¿ u¿8,Í, t
emergence.

Corixídae

Effects of the treatments on corixid populations 
"re shoron in

Tables 16 and 17. Adults and nymphs are grouped together as there
htere no differences in effects on these 2 groups. Overall nurnbers

did increase as the experinent progressed wíËh nymphs domÍnating the
population until June 30 âfÊer r^7hich t inle the adults became predomi_

nant.

Neither Diflubenzuron noï Methoprene caused detectable effects
on popul-ations of coríxids.

Chlorpyrifos did cause a reduction in both nyrnphs and adults in
comparison to control poo1s. Dead and noribund nl.rnphs and adulËs were

seen for up to 6 days after treatment. This ís not in agreement riith
Hur.lbert eË a1. (1970) who showed that chlorpyrifos caused. â reduction
in numbers of corixid nymphs in Ëreated pools, but no effecË on corixid.
adults. ThÍs apparent contradiction ín results may be due to species_

specific sensitivíty.

The only compound to deleteriously affect this taxon is Chlorpyrifos.

Notonectidae

Data concerníng the effect of the treatments on notonectÍds aïe
shown in Tables 18 and 19. Adults and n¡,rnphs are combined for the same

reasons corixÍds were. All notonectids caught before August 9 were

nynphs whiLe those caught after that date krere adults. Numbers of
notonecÈids caught are very low due to theír low populaÈions in the
pool-s and theír high degree of nobÍlity ("rroidur,". of the VDB). As a
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result treatment effects, íf present, \Àrere impossible to defect. 9I

No definite treatnent-re1a ted effects are apparent froEr the trDB

data Ëhough more notonectids r,rere caught in control pools than in those

treâted, Qualitative observations shor,r the presence of dead notonec_

Ëids after the first Chlorpyrifos treatxûenË, and generally fewer obser_

vaÈions ín Díflubenzuron and Chlorpyrifos than in Methoprene ând. Con-

trol poo1s, No definite conclusions can be draum from these data

though Chlorpyrifos and perhâps Diflubenzuron inay have d.eleteriously

affected notonectids.

Gerridae

Data concernlng the. effects of Èreatment on gerrids are sho¡^m in
Table 20. As this taxon li-ves on the r^rater surface rather than under i.t
the only form of data colLected concerníng gerrids \rere quâl-itative

observations. These observatíons indÍcate no effect of Diflubenzuron

or Methoprene on gerrÍds. Chlorpyrifos d.id cause some mortalÍty inme_

diately after treatment but populations quickly recovered probably by

immigration.

Dytiscidae

Datå concerning the populatíons of larvaL and ad.u1t dytíscids are

shov¡n in TabLes 2I to 24. As it rvas írnpossible to distinguish betr,reen

dytiscid and hydroptrilid larvae \^rhen taking qualítative observations,

quali-tatíve daLa for these two farnilíes r¿ere combined. As seen r¿ith

notonectíds nuubers of dytÍscÍds collected \rere very 1ow and treatment_

related effects nay have occurred thaË rùeïe noÈ detected by thê noni_

torÍng procedures used.

DifLubenzuron caused no apparent effect on farval or adult popula_
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tÍons as noniÈored by vDBrs though dead larvae and 
"¿rrrt" ,.r. rolr0rr?

for up to 3 days after treâtment. The numbers of dead larvae and

adults found appeared to be sma1l in relation to those present aríve.
As a resuLt no dramatic effect on the populations probably occurred
during the expeïíment. Reports in the lÍterature shor,¡ deleterious
effecÈs on dytÍscÍd larvae which may only i. .lri¿.rrt at the next mo1Ë

or in the adult (Miura and Takahashi 1975; Steelman et al. 1975).
It htould appear that only some species and developmental stages aïe
senslÈive and as a result overall effects on dytÍscid populations are
probably not drarnatic. Effects may have been pïesent that were not
apparenË during the experiment due Ëo the long development tÍme of
dytÍscÍds.

Methoprene shorared siní1ar effects Ëo Èhose described for Difluben_
zuron though fewer dead larvae and adults were evident after Ëïeâtment,
No detectable effecË on adults or larvae ,nre¡e seen though again they
roay have occurred and not been appaïent ín VDB dâta, or were only in
evidence after the exper íment.

DespíËe the fact that VDB daÈa shows no definite effect of Chlor_
pyrifos on dytiscids, many dead larvae and adults were observed after
both Èreatments. Sirnilar data reporting significånt death of dytiscÍd
larvae and adults are reported by Hurlbert et al. (1970).

Chlorpyrifos affected both larval and adult dytÍscids Èo a more
signÍficant extent than the gro'th ïegulators. I,Ihether Dífrubenzuron
and MeËhoprene did seríously reduce populatÍons of dytiscids cânnot be
deternined from these data. It ís apparent that trDBrs are not suffi_
cÍent Èo rnonitor effects on dytiscíds.



Hydrophilidae lol

Data concernÍng the effects of the treatments on hydrophilid
Iarvae and adults are sho\,rn in TabLes 22 

^oa ZS ,o 27. As very few
hydrophilids were caught, treâtnent effects may have occurïed that
Ì,/e re not âpparent in the VDB data.

Díflubenzuron caused some d.eath of hydrophilid larvae but no

apparent death of adults and no effect on the overall population of
larvae or adults as moniËored by vDB sampling. Sinilar effects,
death of some larvae but no obseïvable effect on the overall popu_

lation are reported by Miura and Takahashi (1975) although sígnificanÈ
reductions of larvae are reported by SteeJ.nan et aJ-. (1975). As a
result of the lovr nuubers caught iÈ is inpossible to definitely state
úthether there were significant deleterious effects on hydrophilid 1ar_
vae or adulÈs Èhough no effect ís in evidenie concernÍng the adults.
Also due Ëo the long developmental time of the Farnily, effects may

have occurred that h,ere not observed during the experiment.

Methoprene had no apparent effect on hydrophilids as monitored
by VDB or qualitativè observations, Deleterious effects on hydrophilid
adults have been reported by SËeelnan et a1. (1975) but not untíl g0

days after exposure of larvae to Methoprene; any such long_term effects
hTould not be observed in thi.s experimenÈ d.ue to the relåtively short
posÈ-treatment observation períod.

Chlorpyrifos cauèed noïtality in both larvae and adult hydrophilids.
¡'rom the numbers of dea¡1 larvae and adults observed. a signÍficant reduc_
tion in the population would be expected but is not apparent fron vDB

dåta. Washino et aL. (LglZ) reported deleteríous effects of Chlorpyrifos
on hydrophilid larvae but not on adults. The death of adults as well as
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larvae in thís srudy may be due to species sensitivity differences 
toår".

the differences in formulations or application rates used.

Definite conclusions concernj.ng hydrophilids cannot be made but

chlorpyrifos caused mortality in both adulËs and larvae whíle Difluben-
zuron caused some mortality in larvae and MeEhoprene had no apparent

effect. It is also apparent that VDBr.s åre not adequate to monitor

effects on hydrophílids.

Daphnia sp.

Data describing the effect of the treatments on Daphnia sp. are shown

in Table 28. Overall population trends show high nunbers of Daphnia sp. at
thè start of monitoring which generally decreased but shor,¡ed large fluc_
tuations and variance r4riËhin treatments, especially in control poo1s.

Stat.istical anaS,yses which were perforured. on Daphnia sp. data often suf_

fered due to thís ]_arge varíance rvith neans that appeared different, not
statístically dif ferent.

Ðiflubenzuron caused a decrease in Daphnia sp. populatíons from the

initial treaÈment until the end of tire experiment. This reduction is
stâtj.stically significant on most sanpling dates Ín comparison to con_.

trol populaÈions. This effect is similar to the results of Miura and

Takahashi (l-974) though in this experiment the repetitíve tïeatnents
prevented the recovery ïeported by Miura and Takahashi (fg74). Despite

the reduction, the Daphnia sp. üras not annihÍrated and as a resur-Ë

recovery wouLd be expected after the treatments Í/ere stopped.

Populations of Daphnía sp. in Methoprene treated. pools were often

lorn¡er than those of the control pools but only on August g statisticaLly
so. As previous studies have 

.shown 
(Miura and Takahashi \974a, f973)

no effect of Methoprene-on Daphnia "p, popl.r1"tions, and the means here,
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though 1ow, do not appear to be dependenÈ upon the treatment Urr.",t0t
there is probably no effect on the Daphnía sp. populatíons in the pools.

. Chlorpyrifos caused a reduction ín Daphnia sp. numbers comparable to
thât of Ðiflubenzuron and similar to that reported by Hurlbert eÈ al.
(1972, 1970). This reductíon is statistically signifícarìt on most

sanpling dates after the inÍtía1 treatment until the end of the experi_
Í¡ent. As mentioned, r^¡Í th Diflubenzuron Daphnia sp. populatÍons were

not annihilated and recovery ürould be expected after the treatments
stopped.

Diflubenzuron and Chlorpyrifos caused severe reductions in DaphnÍa

sp, whÍch did not recover before Èhe end of the expeïiment though reco_
very could be expected after the end of the expèriment. Methoprene

caused no detectable effect on Daphnia sp, populations.

Cop epoda

DaËa concernÍng the effect of the treatments on copepod populatíons
are shor,m in Table 29. There are no overaLl population treàds as fluc_
Èuations were considerable especially with control pools. As seen wiÈh
Daphnia sp. statistical analysis performed on this group suffered. from
thÍs large variance and as a ïesult treatment effects that are intuitively
apparent are not statisÊical1y significânt.

Diflubenzuron caused a populatÍon reductÍon after each treatment
r,rrhÍch was occasionally statistically significant. Recovery from this
reduction r,ras apparent rarithin ca. 10 days of treatnent though populations
did not reÈurn to control J-evels during the .podt_tïeatmenÈ observation
periods' ltris effect is si¡¡rilar to that reported by Miura an. Takahashi
(1974) though the repetiÈíve treatments of thi! ex?eriment deLaved reco_
very .
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. 110
Sírdlar to results of Miura and Takahashi (1975) Methoprene caused

no sígnificant effect on copepod populaÈions.

The first Chlorpyrifos Lreatment 
".u""¿ , signíficant reductÍon in

copepods comparable to that of Ðiflubenzuron, A much less definite
decrease is apparent after the second treatment. Hurlbert et al. (1970,

1972) repo'rted a reduction in copepocls and a recovery ratê similar Èo

that reported herein. T?re lesser effect of the second treatment mây be

due to a repopulaÈion by the hatchíng of large nurnbers of copepod eggs

present ín the pools.

Diflubenzuron and the first Chlorpyrifos treatment caused comparable

reductÍons in copepod populations while MeLhoprene caused no apparent

effect.

Other OrEianísms

No detectabLe effect was åpparent on popul.atíons of hydraacârÍna,

Gaslropoda or Anura (tadpoles) due to any.of the treatments as monitored

by VDB sarnples and/or qualitative observaÈions as sho¡,zn Ín Tables 30 to

-tt-
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SUMMARY AND CONCLUSIONS

The disappearance from, efficacy in and effect of Difrubenzuron,
Methoprene and Chlorpyrifos on a nosqrrito breed.ing hal;itat n¡ere studied
i.n trial field experirnents designed to deLei'íne reratíve effects of
the three courpounds and .to determine vhether the rnethods used r¿ere

suiÈable for evaluating mosquiÈo Larvicides.

Methoprene and Dlflubenzuïon weïe found to disappear more rapid.ly
than chlorpyrifos from the hråter in the habitaË as monitol:ed by chenical
analyses and/or bíoassays with mosquito ,-arvae, though none of the parent
conipounds would be expected to cause long term resídues ín the water.
In vier^¡ of the observed disappearance, the fate of these compounds, i.e.
degradation pathways and/or adsorptÍon to the substrâte etc. rrârra.nts

further study.

Chlorpyrifos was found to be the most effectÍve cornpound for the
control of Culex tarsaLís rarhile both Methoprene and Díflubenzuron showed

lesser efficacy. Further research Ís lrarïanted concerning development

of slow release formulations of the gror,trËh regulå.tors to Ímprove their
efficacy against mosquito species breeding in permånenL r,rateï håbitats.

ChlorpyrÍfos vas Ëhe least environmental-ly desireable cornpound as

it kiLled more non-target orgânisms ín more taxâ and resulted in a long
non-target orgânism recovery period. Diflubenzuron rras more selective
and Èaxa affected recovered faster Èhan with Chlorpyrifos r¡hi1e Metho_

prene was the most selective. compound causing only brief populatÍon
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reductions in specifie taxa. The selectivity of conpounds when

applied to r4Tater is of considerable signÍfic.ance in view of the need

to preserve non-Larget organisms which nay, for example, serve as

predators on target species, or províde prey for desíreable organisrns

like fish-

Energence trap sampLing r¿as considered the most efficient rnoni-

torÍng procedure used for Ëhe majority of organisms though this type

of monitoríng does not direcËly reflecÈ the effects of Èhe compounds

(especially the growth regulators) on the aquatic ecosystem and does

not monitor effects on soJ-ely âquatic specÍes. Tuïther research needs

Èo be performed to develop sampling methods a11owÍng detection of popu-

lation trends ín at least a few key taxa with a minÍmum of time and.

cost,

The ul-tímate goal of this Ëype of experÍnent ís Èo âd.vise mosquito

control agencies on the question of wheËher or not Lhey should change

their control tactics to use anewchemical. In the case of the chemi-

câls studièd here, cJ"early the opposing factors are proven efficacy and

relativel-y 1or"¡ cost wiÈh hÍghly undesireable side effects (Chlorpyrifos)

and lesser efficacy with higher cost and minirnal side effects (both

grovrth regulators).

In r,Testern Canada Cul-ex !35g]¡q is a signÍficant vector of western

equine encephalomyelitis. For the control of thís species duration of

control is of prÍme importance. In thÍs view Chlorpyrifos (Dursban 2,5G)

wouLd be reconmended when effects on non-target organisms in the habitat

are of Little sÍgnificanee. If applicatÍon must occur to sites where non-

targêt organisms are of importânce, Diflubenzuron (Dioilin l.fp-25) would

be Èhe preferred ínsecticide despite the shorteï period of control.
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tlethopïene could not be recommended due to its very low efficacy.

These recommendaËions refer to the above formulaÈions only and

could be altered írith developÍrent of slow release fonoulâtions for the

growth regulators or resístânce to the insecÈicides.
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A?PENDIX B. I"¡ater telnperarure readings of three probes in pool l-2.

Tenperature ( 6o)

Date (Day)
ToP

Max.

(hraËer added to all pools)

28-06 (180) 24.2
29-06 (181) 26.2
30-06 (182) ND't
0r.-07 (183) 30.0
02-07 (184) 29.3
03-07 (185) 28.7
04-07 (186) 28.9
0s-07 (187) 27 .8
06-07 (188) 27.8

'0 7-0 7 (189) 31.0
08-07 (190) 29.L
09-07 (191) 3s.0
10-07 (L92) 28.3

1L-07 (193) 24.6
L2-07 (794) 23.3
13-07 (19s ) 29.5
L4-07 (196) 28.0
15-07 (197) 22.7
l_6-0 7 (r98) 23.2
17-07 (199) 2e.8
l-8-0 7 (200) 28.O
t9-07 (20L) 2s.4
2O-O7 (2O2) 25.5

29-07 (21I) 2L.2
30-07 (272) 26.2
3L-07 (213) 25.O
01-08 (214) zs.O
02-08 (215) 2s.4
03-08 (2i,6) 28.4
04-08 (2I7') 25.3
05-08 (218) 2L.O
06-08 (219) 26.2
o7-o8 (220) 30.2

(l,later added to al1 pools)
2r-o7 (203) 25.9
22-07 (204) 26.5
23-07 (205) 25.4
24-07 (206) 28.8
25-07 (2o7) 26.2
26:07 (208) 30.5
27-07 (209) 32.3
28-07 (zLO) 29.7

(I^fater added to all pools)

Min.

t6.6
L7 .0
l-8.0

ND
20.9
tn q

20,4
20.4
2L.2
19. l,t,t
16.0*t
L9 .2x*
19.1'k*

Max.

20.4
22.3

ND
26.L
¿o.o
26.0
26.2
25 .5
26.5
26.5
1t, ô

27 .9
25 .0

23,5
22 ,5
25 .4
26.3
22 .7
2L.3
24.O
24.0
1a t
23,r

23.6
23.s
23.3
24.5
23.7
24.7
24 .4
23.8

20.6
23.6
24.7
t, 1

2r.4
25.6
24.9
20.0
24.6
26.r

18. 6
18. 1
t9.4
20.6
17.2
1"5.1
16.0
18.1
19.l-
19.1

18. 0
18. I
L8. 8
L8.2
19.8
l_ 7 . 0'k*
11,2**
10.0**

22.1

1A O

22 .2
2r.7
2r.7
21.8
22.L
21.6

22 .2
tt ,
22 .8
a, 1

4., ,,

23.8
22.8
tt 1

20 ,6
2\.6
22.7
20.4
19. I
23.7
tt a

20 .0
22.6
22.4

17 .3
L] .9
19.0
20.L
1"6.8
]-4.9
16.1
18.8
20.1
L7.7

17.8
18.4
r8.5
18.2
L9.6
19. s
18. 5
18,5

r7 .5
L7.6
18. 0
18. l-
18. t
19,2
19.2
18. 6
18.4
18, 3

Middle
Min.

16.7
17.L
18.2

ND
2I.O
20.6
20.4
20.4
zL.>
20.4
27.0
21_, r

17 .6' 18.5
19.4
20 .6
17 .1
15.9
17.0
19 .2
20.2

. L8.2

18.2
19.2
19.l-
18. 4
20.0
20,I
19.5
19. 3

. L8.7
t7 .9
18. 5
r8.7
].8.7
19. 3
19.2
19.0
19. 0
19. l_

Bottom
Mâx. Min.

18.9 16,5
20.0 L6.8
ND 18. 0'23,7 ND

24.5 20.6
24.6 20,3
25.r 20.1
24.3 20.1
25.8 2L.4
25,3 Z0.O
24. L 20.5
20.9 25.8
24.7 20.6

16. 3
L8.2
18, 0
18.1
L8.2
18.7
18.6
18. 0
18. i.
r1 .9

(I,tater added to all pool-s )



A?PENDIX B. Contrd.

Ternperature ( Co)

Too
Date (Day) Max. ' l4in.

os-os (221) 24.7 a7.4
09-08 (222) 22.6 18.0
10-08 (223) 27 -8 L7.6
11-08 (224) 25.0 16.0
72-08 (225) 20.0 16.8
L3-OB (226) 2L.\ 1'7.8
L4-Os (227) NÐ 16.9
l_s-08 (228) 24,4 ND
L6-08 (229) 29.o 1i-.4*,t
17-08 (230) 31.0 L6.6**
i"8-08 (231) 32.0 17. B'r*

(Water added to all pools)
t1 t
2L.I
20.2
18.3
17.0

19-08 (232) 27 .3
20-08 (233) 27.0
2L-08 (234) 25,3
22-08 (235) 27.O
23-08 (236) ND

*No data,
**Probes above water level.

Midd le
Max.

23.6
22 .4
22.6
ta )
20. 1
20.4

ND

20 .5
19. I

22.6

23.6
24.8
24.O
22 .O

ND

Bottom
Max. Min.Min.

18. 4
18. 6
18. 3
t7 .9
17.8
18. 4
18. 0

ND

76.2
77.7
19. 8

2L.0
2L.I
20.3
18. 5
i.8.3

2r.6
2L.4
20 .6
20,o
19.2
19.4

ND

L9.6
18. 8
20 .7
2r.6

22 .9
.r,> o

2r.9
2r.0

ND

r1 .6
l-8. 1
L7 .6
17 .4
L7.1
t7 .4
L7 .2

ND

1,5.4
L7.5
L9.4

20 .9
20 ,9
19 .7
18. 4
17. 8
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APPENDIX C. Glenlea, l"fanitoba MeÈeorologicâ1 Datâ.

Daily aÍr remp. (co)
Max. l{in "

J.une / 197 6 1
2
J
4
5
6
7

I
9

10
11
L2
13
L4
15
l-6
17
1"8

L9
20
2L
22
¿)
24
25
26
2V
28
29
30

1
2
3
4
5
6
7
I
9

10
L1
T2
13
L4
L5

Rainfall Sunshine
(c*) (hrs)

JuJ-y / 16

,-t o

30. 0
30.5
31. I
30. 5
28.9,), ,,

23 ,8
27.8
27 .2
28 .3
25.0
r1 ,7
16,7
T2. B

20.5
L4. 4
20.0
25.6
32.2
23. 8
24 .4
28.8
,,' 1

20.0
18.8
22 .7
21.L
22.7
25 .0

26.7
27.7
26.7
28.3
30. 0
7'1 t
27.7
27 .2
30 .0
23 .8
20.5
23 .9
10/
27 .7
16.7

l-8.9
l-8. 3
18. 3
17 .2
13. 3
13 .3
13.3
15. 0
13.8
16. 1
13.3

3.3
10.0
6.7
8.9

12 .7
L4,4
11.6
t7 .2
77 .2
72.8
LL.7
10. 0

Õ.J
l-0. 0
10. 0
1' a

12.7
15. 0
14.4
L7.2
14.4
1t t
L6.6
18.3
r7.2
1"0. 6
10.0
13.9
]'4.4
10. 6
7.2

o.56
3, 43
0. 10
0.31
3.25

2.06
r.49
0.64
0. 08

0. 58

olos
0. 05

3.48
0 .2.5
0. 86

0. 36

:

o. r:

0.79

:

0. 03

olos
0.15

1r, 6

10.4
7,7
5.3
3.5
6,0
1.0
6.2
1.5

13. 5
6.7
t\
0,1

0
3.1
b. J
3.9

15.1
15,5
11. 3
9.1
8.9

L4.4
4.4
5.0
2.5

l-0. I
5.9

14. 8
l-3, 8

14.6
14. s
13.2
14.9
5.8

L2.T
L4.1
4.4

13. s
3.6

3.0.2
5.3

LT.Z
15.1
3.0



A?PENDIX C" Cont rd .

JuTy 17 6 16
L7
18
L9
20
2t
22
LJ
24
25
26
27
28
29
30
3t

1
2
3
4
5
6
7

I
9

L0
L1
L2
13
74
15
16
\7
18
79
20
2t
22
23
24
25
26
27
28
29
30
31

August/ 76

135

Rainfal-l SunshÍne
(em) (hrs)

Daily aír
Max,

23.8
27 ,7
31. I

26.1
26.t
29.4
t7 t
28.8
26 .7
27 .7
30. 6
25.0
22 .2

t^ 1

27 .2
32,2
25.6

26.1
31.1
25 .6
22 .8
29.4
25.0
l-8. 3
23.9
25.0
24. 4
26.1
28.9
32 .2
31. 1
JJ.J
27 .8
1A O

3r.7
36.7
28.9
28.9
18.9
1"2 .7
23.3
27 .8
18.3

temp. (co)
Min.

7.8
13. 8
L7.7
6.7
8.3

L6 .7
9.4

r.5. 6

13. 3
8.8
7.7

15. 0
t-0 .0
5.6
7.2

LI.7
16. I
8,3
6.1

10. 0
15.5
12 .2
L3.3
L2.2
16.1
L4.4
L4.4
9.4

IT.7
15. 0
15.6
18. 9
17.8
L2.2
9.4

12.7
18. 3
r4.4
14.4
13.8
5.0
3.9
8.3
7.2
2.8

0. 13
0. 10

ol+¡

0.03

olzs

:

0.0s
0.76

1. 14

:

0. 99
0 .48

o]s
o.4L
0.03

T2.B
14.5

70
1õ

13. 6

J"4.6
11. 0
14.7
13.4
7.3

1"3.5
7.9

13. 9
2.8
7.0

]-3.2

13.6
13.1
oo
4.s

14. 0
13. I
L2 .9
t¿,
2.8

11. I
7.4

0
6.2

11.1
13 .5
9.8

11. 3
5.4
6.4
9.6

13. 3
13.3
12.8
]'2.2
7.8
7.0
4.9
5,7

T2.L
9.0
8.9
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APPENDIX E. Pool lrater pH readings prior to treatment.

Date
Pool Day of Yr.

I
2

3

4

5

6

7

I
9

.LU

11

72

30-06
( 182)

7.8

7.1

7.8

7.6

7.8
7.6

7.8

7.8

7.7

7,6

7.7

7.8

22-07
(204)

7.7

7.9

7.8

t.ó

8.0

7.7

7.8

8.0

8.1

8.l_

7.9

7.8

20-08
(233)

8.3

7.8

8.1

7.6

7.4

7.5

8.2

7.6

7.6

7.9

7.5



. r38
APPENDIX I. Storage Stucly - Diflubenzuron.

This st.udy k'as undert.aken to determine åe staUility of Difluben-

zuron when stored in the dark for 180 days as were the Di flubenzrrron-GlC

samples discussed in thís thesis.

Pond h¡ater was obtaíned throuElh the ice from the large pond to the

east of the experimental pools (the lrater source foï the experimentå.l

pools) on January 3, 1977. One hundred nl of Èhis rüater was quantitatively
'deLivered into each of 50, 250 mI bottles on January 3, sealed (cf. Methods),

frozen, ând stoïed in the dark at -20oC. On January 4, and every 30 days

thereafter for 180 days, 8 boÈtLes rrere removed fïom the Íreezer and tha¡¡¡ed.

Four of these samples were spíked ax L0 pg/9. and 4 ar 40 vg/S vith analy-

Èicâl gråde Diflubenzuron. Ten ml of pesticide grade ethy1, acetate vere

added to 2 sarnpres of each concentration after rvhich the sâmples were seaLed.

and hand shaken for 2 nÍns, All 8 samples \^rere then Ietuïned to the freezer

unËil the end of 180 days.

After 180 days the samples spiked on days 1, 30 and 180 r,rere analyzed

by GLC (cf. Methods) to determine the concenÈration of Diflubenzuron pïesent.

The resul-ts, corrected for recovery (cf. hrorobey ànd hrebster 1977a)

are as foll-or¿s:

Mean Measured Conc. (ug/¿ )Theoretical
conc. (ugls)

l-0

40

*Standard error.
**Percent re covery.

Day l-

9.7 (9 7,i*)
(0.2)*

43.3 (108)
(4.6)

Day 30

L2.1 (LzL)
(0. 4)

4r.6 (Lo4)
(3.2)

Day 180

9.4 (94)
(0. 6)

3e.4 (e9)
(3.7)
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As these results indicated no appreciabfe decrease in concentration

the samples betr{een Day 30 and 180 were not analyzed.

, Degradation may have occurred though as the analyses used co-

chronatogrâphs of the. pårent compound and its primary netâbolíte. The

resul-ts shown above as r.¡e 11" as Êhose discussed. in the thesis Írould.

indicate that degradation did noÈ or:cur and that the samples were

stable as s lored.


