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ABSTRACT

A riffle on the Souris River, located at Bunclody

Manitoba, was treat.ed with methoxychlor on 15 JuIy 1982 at a

rate of 0.3 ng/Iitre for 15 min" The treatment caused an

immediate catastrophic drift in aII of the 16 species of

invertebrates examined.'NormaL' behavioral drift densities

$¡ere exceeded by many orders of magnitude. The catastrophic

drift peak lasted from 4 to 24 h depending on the species

involved, and was fol]owed by a large decrease in drifting
populat ions.

Individual taxa demonstrated varying abilities to

recolonize artificial substrates following treatment.

Species that had a high propensity to drift under natural

conditions recolonized most rapidly ê.9. (gaetis spp., and

Cae_OiE tardata), Taxa that required the longest period of

time to recolonize were generally univoltine species that

had a very low propensity to drift and a línited ability to

disperse as adults (ê.9. Psvchomvia flavida). The impact

of the methoxychlor treatment on some species v¡as influenced

by the phenology of those species. Emerging taxa that were

in the pupal stage and apparently not affected by the

pesticider or that were in the terrestrial adult stage and

thus not exposed to the pesticide in the river, acted as

important sources for räcolonization.
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The methoxychlor treatment resulted in an immediate

3-fold increase in drift density of white sucker fry
( Catostomus commersoni), and some were moribund in the pool

downstream of the treatment riffle immediately following

injection. A catastrophic drift of crayfish (Orconectes

virilis) juveniles was also observed following injection.

Juveniles of this species may be far more sensitive to

methoxychlor than has been previously indicated for adults.

Species diversity in the drift was significantly reduced

(p<.05) at the treatment site for six days following

treatment. Species richness and total numbers in the drift

v¡ere significantly reduced (p<.05) at the treatment site for

at least 33 days following treatment. The methoxychlor

injection significantly reduced (p<.05) species diversity on

artificial substrates at the treatment site for 14 days.

Species richness and total numbers on substrates were

significantly lower (p<.05) at the treatment site for 4 and

I days respectively following treatment. Species richness

vras a better indicator than diversity indices, such as the

Shannon-Weaver and Simpson's, of biological change induced

by the methoxychlor treatment.

Drift was restored only after recovery of the benthic

standing crop as measured on artificial substrates. This

suggests a density relationship of drift to benthic standing

crop. Invertebrate drift is a more sensitive measure than

benthic density of the impact of methoxychlor treatments on

aquatic invertebrate communities.
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Chapt.er I

INTRODUCTION

In some regions, blood-sucking black flies

(Oiptera:Simuliidae) are the most serious insect pests that

affect both humans and livestock. Black flies can affect

the health of man and animals in several ways: they are

vectorS of disease, their bites are injurious, and because

of their great abundance and habit of landing and crawling

about on the head, face and other parts of the body, their

presence may be at t,imes unbearable. - The most spectacular

outbreaks affecting Iivestock are those of simulium

arct leum Malloch from the saskatchev¡an and Athabasca rivers.

These outbreaks can become severe enough to kiIl cattle' In

the period between 1944 and 1948' more than 1'300 cattle

were killed in Saskatchewan alone by S

1977r.

. arcticum (Fredeen

In an effort to prevent damaging outbreaks of black

lies, chemical larvicides are continuously under test. In

the past chemicals have been the only significant means by

which these pest5 have been controlled. Black fIy larvae

are particularly susceptible to control by toxic chemicals

because of their highly restricted and specific breeding

habits and their method of feeding in lotic (running) water.
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When a chemical larvicide is applied to a stream or river,

it is automaticalfy dispersed by the current to sites below

the point of treatment. Larvae may be killed by exposure to

larvicides in three ways: 1) by ingestion of toxic

particles, 2) by exposure of the cuticle to contact

insecticides, or 3) indirectly, by starvation or anoxia,

after being carried downstream into pools if forced to

release from their site of attachment by the chemical

(Jamnback 1 976) .

The earliest toxic chemical used for black fIy control

was DDT, which was initially considered most satisfactory

because of its low cost, ease of application, greater

,,selectivity,'to black fly larvae than to other me'mbers of

the stream fauna, and its outstanding transport downstream'

However, with the discovery of its significant effects on

non-target organisms, its long-term stability in the

environment and its biomagáification in the food chain, DDT

vras banned f or general use in Canada in 1969'

Àmong the first chemicals to be tested in the field as a

possible replacement for DDT was methoxychlor. Over the

years, methoxychlor has probabty been the most extensively

used chemical in Canada for the control of black flies' and

it is presently registered for the control of S . arc t leum

and g. 1uq er1 Nicholson and Mickel in western Canada. In

northeastern North America, where black fty larvae occur in

numerous rapidly ftowing streams in inaccessible mountainous
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areas, methoxychlor is typically administered by aircraft at

the rate of 4.51 litres (one gallon) of 15% methoxychlor

solution plus 0.5% surfactant per flight mile (Jamnback

1969). The swath technique is utilized (streams are treated

every 1/4 mile). Concentrations of about 0.008 nghítre/S

min are effective for the control of black fIy larvae.

In western Canada, methoxychlor is applied from the

ground at a single location as an emulsion at a rate of 0'3

ng/Iítre/7.5-15.0 min. Effective control is obtained for

long distances downstream from the point of application.

Sing1e 15 min injections of 0.30 ng/l-itre eliminated 98% of'

the black fly larvae for 64 km downstream, and 46% for a

distance of 139 km in the Saskatchev¡an River (Fredeen 1g74),

More recently, single 7.5 min injections of 0.6 ng/Litre

methoxychlor into the North Saskatchewan River eliminated

100% ot. third to sixth'instars of the larvae of S. arct icum

at distances of 40 and 80 km downstream., 91% at 121 km, and

66% at 161 km. Ninety-síx % ot the larvae less than 1 mm

long were removed from the 161 km siLe (Fredeen 1975). The

majority of the methoxychlor apparently adsorbs to suspended

solids which are then carried great distances downstream.

Fredeen (1974,1975) suggested that adsorbed methoxychlor was

selective to filter-feeding animals such as black fIy

larvaer êcting as an internal poison subsequent to

ingestion.
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The impact of methoxychlor on non-target aquatic

invertebrates has been a topic of much contioversy and

disagreement among investigators. Conflicting reports

regarding the effect of methoxychlor treatments on

invertebrate'drift, and the length of time required for

benthic recolonization, abound in the Iiterature (e.g.

Fredeen 1974, 1975, 1,982; Hauf e eL aI. 1980, Flannagan et

al. 1979, Wallace and HYnes 1975).

The present study had the following major objectives: 1 )

to establish the length of time required for a community of

non-target invertebrates inhabiting a riffle of the Souris

River, Manitoba to recover relative to an untreated riffle

site following an injection of methoxychlor at a rate of 0.3

ng/Iítre/15 mini ù to determine what taxa were most

adversely affected by the methoxychlor treatment; 3) to

determine the importance of invertebrate drift from

untreated areas upstream in the recolonization of the

treated riffle; 4l to determine the relationship between

invertebrate drift and numbers in the benthos following

methoxychlor treatment.
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LITERATURE

II

REVI EW

2.1 THE TOXI C TO NON-TARGET AOUÀTI C

INSECTS (

Fredeen (1972) evaluated the effect of methoxychlor

against rheophilic species of Trichoptera larvae

Brachycent rus Iater al-is ( say ) , HvdrgBgyç-he morosa Hagen '
and E. recurvata Banks). Larvae were exposed to

concentrations of 0.02, 0.05, 0.075, 0.1, and 0.5 ng/]-itre

for six h in glass aguaria, Small proportions of larvae

affected by methoxychlor treatment recovered during an 18-h

post-treatment observation period. The LCso f or H. rno!-e-Eg

averaged O.04 ng/Litre. Methoxychlor vras more toxic to

Trichoptera larvae at 10o C than at 20" C.

Anderson and DeFoe (1980) exposed stoneflies and

caddisflies to methoxYchlor in

for 28 days at concentrations

a flowing-water test system

of 0.15, 0.42, 1.30, 2"17, and

4.23 ug/Iitre.
Brachvcentrus

Behavioural changes in the caddisfly

americanus (ganks) and in the stonefly

Ptero rcvs dorsata Say were observed within four daYs at

2"2 ,¿g/Litre. The LCso f or the caddisf Iy Hvdropsvche ep.

v¡as 2.g vg/Litre at 14 days and 1.3 ug/Litre at 28 days.

did not die by the end of theThe stonefly B. dor ta

5
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exposure period at the highest concentration tested

vg/Litre). Thus, if the exposure time is increased,

(q.z

Iow concentrations could cause significant reductions

survival of some sPecies.

ve ry

in the

l'lerna and Eisele (1973) performed acute and chronic

continuous flow bioassays on a number of aquatic

invertebrates. Ninety-six h TLso values were calculated for

the following aquatic insects: Stenonema inter etatum

(say) - 1.96 vg/titrei Chi ronomus tentans Fabricius 1 "62

vg/li tre i Cheumat oosvche sÞ. 3.24 ug/l-itre. Chronic

cont,inuous-flow bioassays interpreted at 2-week intervals

for up to 42 days yieldeð the following TL5e values :

Sten nema terminatum (watstr) - 0.41 lg/Litre; S.

interpunctatum - 0.47 vg/Litre; Cheumatopsyche sp. 0.71

ûg/Iitre. Higher, or comparable emergence than the controls

in most of the insect species was observed at low dosage

IeveIs (0.125 or 0.25 vg/l-itre). Slower growth was observed

in the highest dosage aquaria for Stenonema and a general

Iinear increase occurred aS the doSage level was decreased.

Mayflies and midges had a faster rate of growth aÈ low

methoxychlor levels (0.125 and 0.25 ug/litre) than in the

control. The growth of @ sp. vtas greater in

the,éontrol than in aII dosed samples in a1l cases"

Markedly reduced growth occurred in all cases at the 0.5

lg/Litre level, indicating there may be a threshold beyond

which lower pesticide exposures do not inhibit growth. The
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authors failed to give a reason for the apparent enhanced

emergence and growth rate observed in most of the insect

species at low dosage leve1s compared to controls.

Sanders and Cope (1968) conducted bioassays on naiads of

three species of stoneflies to compare the relative acute

toxicities of methoxychlor to other insecticides. The

estimated LCso values of methoxychlor for Pteron a revs

calif rnica Newport exposed at 15.5o C were 30 vg/Litre

after 24 h, 8.0 ug/Litre after 48 h, and 1.4 ug/Iitre after

96 h. During the test period it appeared that larger'

later-'instar naiads were less susceptible to given

concentrations of pesticides than were smaller, early

instars of the same sPecies.

Methoxychlor was very toxic to aquatic insects under both

static and flowing-water laboratory conditions. The

toxicity of methoxychlor increased with increasing exposure

time for most organisms examined.

2.2 ATI C

2.2.1 Overview

Burdick et al. (1968) reported that a 20% solution of

methoxychlor in fuel oil applied for 20 min in a small

stream produced a heavy drift of mayflies and stoneflies and

a smaller drift of caddisflies. BIack flies comprised only

8.8% of the drift. A second preparation, a 24% methoxychlor
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emulsifiable concentrate, was applied to a different portion

of the stream and caused a reduction in total sample weight

of non-target organisms of 54.9%, and an 11.9% reduction in

number. À wettable powder appeared to produce much less

effect on mayflies, stoneflies and caddisflies, but was also

less effective against black fIy larvae. À large number of

insects were affected by these treatments' and drifted

through the area, but there was no evidence that aII, or

most, of these insects later died. After the application,

some of the drifting mayflies, stoneflies' and caddisflies

were held in trays in stream water for periods up to 4.5 h

with no observed mortalitY.

wallace e! e-l-. (1973) observed that drif t samples taken

after a treatment of 0.075 ng/Litre methoxychlor

(emulsifiable concentrate) for 15 min into a small stream

near Baie comeau, Quebec contained very large numbers of

Ephemeroptera, Tfichoptera, and especially Plecoptera' as

compared with pre-treatment samples. However the drift of

chironomids vras essentially unaltered. Most of the drifting

invertebrates found in post-treatment drift net samplers

were dead. surber samples taken 24 h after treatment

indicated that bottom densities were depleted, however' no

species of non-target invertebrates were eradicated from the

streams, The apparent rapíd recolonization in the stream

after treatments, in spite of the catastrophic drift which

occurred, might have been due to invertebrates recolonizing
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the upper layers of stream gravel from the hyporheic

habitat. Recolonization may also have occurred from

downstream drift. on several occasions following

tr'eatments, predaceous Plecoptera nymphs were observed

eating Trichoptera larvae which had been affected by

treatments. Exposure to the insecticide leading to drift,

Ieading in turn to predation, and possibly further drift of

predators could well extend the impact of such treatments.

Delayed and sublethal effects among a wide spectrum of

species, including fish, which might not othervrise have been

directly affected by the initial pesticide exposure, could

occur as a result of this phenomenon (Wat1ace et aI" 1973),

An 11-year study of insecticide effects on stream insects

yras undertaken in the Adirondack Mountains of New York State

by Burdick et al. (1974). the spray program was conducted

by aircraft and was repeated two or three times annually

over an area of 150 square miles. The area was originally

sprayed with DDT for three years' then left untreated for

two years, followed by six years of treatment l¡ith

methoxychlor. Both DDT (as a 20% solution) and methoxychlor

(as a 15% solution) had significant effects on Plecoptera'

Ephemeroptera, Trichoptera and oiptera. Methoxychlor

reduced the average daily standing crop by 21.3% compared

with untreated streams for t,he treatment period. The

treatment produced a slight decline in diversity and annual

production, but recovery occurred at least by the next
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season. The mean number of families within the untreated

stream for the entire season was 11.7 compared with 9'6 for

the methoxychlor-treated streams (Burdick et al. 1974)'

Fredeen (1974) reported that single 15 min injections of

0.18 to 0.24 ng/Litre methoxychlor as an emulsifiable

concentrate into the Saskatchevtan River removed 75 to 99% ot

the larvae of 5-. ryllgum for distances up to 34 km

downstream. Higher concentrations (0.30 ng/Litre)

eliminated about 98% of the larvae from rapids 64 km distant

and an estimated 46% aE a distance of 139 km. Non-target

aquatic insects on artificial substrates vlere also adversely

affected. Populations of Plecoptera were reduced by about

the same percentage as populations of S. arcticum larvae'

Ephemeroptera were Iess affected, followed by Trichoptera

and chironomidae, in that order. Larvae in gravel on the

river bed were less affected than larvae attached to the

surfaces of artificial substrates, and larvae in river-bed

sand (mainly chironomidae) were unharmed. Recolonization of

the artificial substrates began immediately after each

treatment. Trichoptera and chironomidae larvae recolonized

treated areas rapidly but the simuliidae and Plecoptera vrere

slow to recolonize. PopulatiOnS Of chironomidae'

Trichoptera and Ephemeroptera in many sites vtere completely

restored within 7 to 14 days after a single treatment to a

distance of 145 km downstream from the treatment site'

Therefore, Fredeen (1974) concluded that 15 min injections
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of 0.3 ng/Iitre methoxychlor should not permanently suppress

aquatic insects at the family or order level in the

Saskatchev¡an River.

Fredeen (1975) observed that a single 7.S-min injection

of 0.6 ng/Litre of methoxychlor into the North Saskatchewan

River affected non-target organisms in the river up to a

distance of 161 km. Plecoptera larvae (longer than 1 mm)

declined by 5% at the control site and by 81, 100' 66, and

gO%, respectively at sites 40, 80, 121, and 161 km

downstream from the treatment site. Populations of

Ephemeroptera larvae larger than 1 mm long were reduced by

41% to 89% in three of the treated sites. chironomidae

larvae increased at all sites except at the 161 km site

where larvae larger than 1 mm were reduced by 21%. Larger

trichopteran larvae declined at the untreated check site and

at the 40 and 161 km treated sites but increased at the 80

and 121 km treated sites. The treated portion of the river

was rapidly repopulated by insect larvae. In the four

treatment sites, population densities of Chironomidae

larvae, larger than 1 mm, equalled or surpassed lhe

pre-treatment densíties within 1 to 3 weeks. SimiIarIy'

Ephemeroptera, Tfichoptera, and Plecoptera at the treatment

sites equalled or surpassed the pre-treatment densities

after 1-4, 1-7, and 4-5 weeks respect'ively. Populations of

larvae smaller than 1 mm in length vlere generally restored

more rapidly. The numbers of taxa that were encountered in
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all four treated sites during the 10 weeks following the

treatment greatly surpassed the numbers encountered before

the treatment. None of the taxa present during the

pre-treatment period disappeared and, in fact, most attained

levels of abundance duríng these 10 post-treatment weeks

that greatly surpassed those of the pre-treatment

popul-ations (except for Plecoptera which were comprised of

about 99% Irgþ- sP. at two treated sites) ' In aII tests

performed in the óaskatchevran River, methoxychlor was

considerably less harmful to non-t.arget insect larvae

identified to the ordinal level (except Plecoptera) than to

black fIy Iarvae. Fredeen (1975) concluded that since

methoxychlor adsorbed readily onto silt particles carried by

the water, it presumably affected filter feeders such as

black fly larvae more than non-filter feeders.

WaIlace and Hynes (1975) Èreated two Ontario slreams with

a 15% methoxychlor solution applied by aircraft at a rate of

1 gal. (rmp.) (e.s+ Iitres) per flight miIe, and from the

ground at an initial calculated rate of 0.075 ng/lítre/1S

min. Both Èhe aerial and ground treatments produced a

copious drift of aquatic insects in the streams. In this

study, the impact of methoxychlor as a black fly larvicide

was not conf ined to simuliid larvae. 'In both streams t

simutiid larvae comprised only a small portion (Iess than 4%

by weight) of the drift of insects after the treatments.

Plecoptera appeared to be the group most severely affected
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by both treatments. In both streams, most of the drift

occurred within 150 min following treatment. Lower numbers

of non-target organisms than before treatment were present

in Surber sampleS, however, no taxa were eliminated from the

streams. Catastrophic drift caused by methoxychlor

certainly represented a loss to the total standing crop of

insects in the streams.

Wallace et al. (1976) dosed the Chalk River, Ontario for

15 min with an oil solution of methoxychlor (0.79 ug/Litre).

Simuliid larvae comprised most of the invertebrate drift'

together with only small numbers of Trichoptera (

Cheumatopsyche sp. and Hydropsvche sp. ), Ephemeroptera (

EBhe¡¡e-re-1-Ia sp.) and some Sialis sp. up to a distance of 770

m. The numbers of drifting simutiid larvae reached a peak

60 min afLer the beginning of the treatment at 275 m and 550

m, and somewhat later at 770 m from the point of

application.

Eisele and Hartung (1976) treated a small stream

continuously for over one year with methoxychlor at a rate

of 0.2 trg/Litre. Invertebrate populations were monitored

using artificial substrates and bottom samples of riffle

invertebrates. Most taxa exposed to the chemical exhibited

a slight decrease in'density on plate samplers at the time

of application or shortly thereafter. Baetis spp. and

plecopterans appeared to be the most affected by the

treatment. Hvdropsyche Sparna RosS and Cheumatopsvche sp.
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experienced initial reductions when exposed to methoxychlor

buL quickly recovered, even though the exposure was

continuous. The methoxychlor treatment did not affec't the

aeshnid Boveria vinosa (Say), chironomids, empidids, ot

elmid beetle adults and Iarvae. Invertebrate populations on

both plate samplers and bottom samplers were negatively

affected at the initiation of. stream treatment. The effects

were short-Iived, however, and in both cases the density

usually returned to pre-treatment Ievel-s within a month.

There was no substantial change in species diversity in the

community aS a result of the treatment. It v¡as concluded

that a continuous Low-leveI methoxychlor stress affected

stream invertebrate populations, but not as much as extreme

natural environmental stresses such as high current velocity

resulting from flooding.

2.2.2 Critique of studi e s in west ern Canada

A number of studies concerning methoxychlor additions to

Iarge rivers in vrestern Canada, for the purpose of bLack fly

control, are considered most relevant to the work presented

---here; lfhe following critical review wilt identify

deficiencies in design and interpretation of data in these

studies "

Flannagan e!- aI. (1979, 1980) evaluated the effect of a

single 0.3 ng/Litre injection of methoxychlor into the

Alhabasca RÍver, Àlberta, on the non-target invertebrate
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fauna in 1974. Four sampling stations $¡ere used in the

study: I) upstream control, II) 200 m downstream of the

treatment, III) 67 km downstream, and IV) 400 km downstream

of treatment. Except for the chironomids at station IV, the

mean densities of aII taxa sampled using Ponar and modified

Birge-Ekman grabs at the three treated stations were lower

at the end of the sampling period (+ weeks) than just prior

to treatment, whereaS the reverse wa5 true for the cont'rol

station. Barbecue baskets fiIled with 5-7 cm diameter

stones with a pan of fine sediment attached below the basket

were used to simulate the rock-over-sand bottom common in

the river. Invertebrate populations at station I

essentially doubled over the sampling period while the

populations at stations II and IlI decreased markedly over

the same period with some post-treatment recovery at station

II. Plecoptera and Ephemeroptera lJere the taxa most

seriously affected; reductions at station III v¡ere more

extreme than at station II. Some signs of recovery in

Ephemeroptera, Plecoptera, and hydropsychid Trichoptera vtere

evident at station II and in hydropsychids at station III.

Chironomids were apparently unaffected at station II but

showed a drastic decline with time at station ITI. The

greatest long-term effect on non-target invertebrates was

observed at station IV. It was suggested that sites nearest

the injection could be recolonized by downstream drift and

migration of adults from unaffected areas upstream, whereas

the sites further downsÈream would require a much longer
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period of time. Population levels v¡ere similar in 1975 at

stations I and II compared to 1974. However, there vrere

Iower numbers of Plecoptera, Ephemeroptera, and Trichoptera

at stations III and IV in 1975 compared to 1974. Thus a

significant reduction in standing crop stilI remained at the

two furthest downstream sampling sites one year after

treatment.

Flannagan et aI. identified organisms only to ordinal

leve1 in these studies, so effects at the genus or species

Ieve1s are unknown. Pre- and post-treatment dates being

compared were unspecified, making the data presented

difficult to interpret. À1so, the degree of variation in

t,he grab samples is so large that only changes of several

orders of magnitude could be detected. The criterion for

recovery waS based on benthic invertebrate populations at

the treatment sites returning to control site levels.

However, one treated site (station III) was very. different

from the control site in species composition before

treatment. Since the control community does not appear to

be the same as that sampled at station III prior to

treatment, it may not be a suitable control at least for

this site.

Catastrophic drift, especially of Ephemeroptera,

Trichoptera and Plecoptera was recorded at stations III and

IV, more or less simultaneous with the expected (calculated)

arrival of methoxychlor. Orift continued at above normal
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densities for 4 to 12 h, then dropped to below pre-treatment

leveIs. However, post-treatment numbers of Trichoptera in

the drift remained above pre-treatment, levels throughout the

remainder of the sampling period (¿ days). The effect of

the treatment on Trichoptera was perhaps more prolonged' or

some Trichoptera were slower to react than other

invertebrates. There were only smal1 differences in the

sensitivities among the various taxa to methoxychlor. The

predaceous Plecoptera, detritus-feeding Ephemeroptera, and

the filter-feeding animals all appeared to be affected by

methoxychlor at about the same time. Consequently'

methoxychlOr may not necessarily be an internal poison (as

suggested by Fredeen (1977)), but may kill or disable on

contact. Flannagan et aI. (1980) stated that the river

downstream was unlikely to be able to support even a

fraction of these displaced animals and therefore it must be

assumed that most, if not all, of the animals in the

catastrophic drift were "ecologically dead". Perhaps the

only way the fate of animals induced to drift by toxicants

will ever be known, is if species were somehow marked before

treatment and then sampled at sites downstream after

treatment to determine tine % surviving. This would be very

difficult if not irnpossible to conduct on a river the size

of the Athabasca.

drift
and

Flannagan et aI. (1979, 1980) did not

samples, so no level of variability was

repl icate

indicated,



statistical analysis could not .be performed on the

addition, drift samplers were all placed in close

to the river bank so that variation in numbers due

Iocation across the river $¡as not investigated.
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data. In

prox imi ty

to

Haufe et aI. (1980) concluded that a methoxychlor

application aÈ 0.3 ng/Litre for 7.5 min in 1976 had a

detectable stimulatory effect on the behavioural drift of

some organisms in the Àthabasca River. The activity

attributed to the pesticide was within an order of magnitude

of natural variations related to diel periodicity, current-

related disturbances, scouring due to fIood, and behavioural

exodus for emergence. Constant drift tended to occur within

the same order of magnitude in pre- and post-treatment

periods indicating no major downstream displacement or

"sweeping" of fauna Occurred. However' Haufe et aI' (1980)

did not take simultaneous control samples in an untreated

portion of the river. Instead, they compared changes in

drift density in the 1976 treatment v¡ith samples taken in

1977, a year in which the river was not treated. However in

1977, the river vras in flood stage, and this disrupts the

normal patterns of drift (Waters 1972). Hence, the 1977

data cannot be compared with those from 1976'

Haufe et aI. (1980) showed that drift densities of

mayflies increased up to 12 h prior to arrival of the puIse,

and maximum densities v¡ere similar to before and after the

pulse-exposure period (fig, 1). However, drift densities
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were plotted logarithmically rather than arithmetically.

This served to reduce drastically the amplitude of drift

densities during the exposure period. Furthermore, the

points plotted represent running three-interval means of the

actual data. Thus, each plotted point is the average of

three consecutive samples collected hours apart. This type

of presentation greatly reduces the apparent amplitude of a

short-term peak in a curve, and produces an apparent rise in

the curve prior to the actual occurrence of the peak, which

explains why drift densities appear to have increased in

advance of arrival of the methoxychlor. The raw data of

Haufe et- aI. (1980) should be plotted on an arithmetic scale

as was used by Flannagan et aI. (1980). Catastrophic drift

of most taxa as proposed by Flannagan et al. (1980) may

have been present in both studies.

Haufe et al. (1980) also separated drift samples into a

living portion and a dead portion immediately after

collect ion. I t Ì¡as impl ied that aII of the organi sms

classed as alive would remain alive if left drifting in the

river. This may not be a valid assumption' and it v¡as not

tested in the study. It is interesting that Flannagan et

ú. ( 1980 ) arrived at an opposite conclusion. They

suggested tha.t the majority of organisms induced to drift by

the insecticide $¡ould die" Haufe et aI. (1980) observed

that of 46 genera sampled in the drift, only nine genera

exhibited casualty rates as high as 15-40%. These were
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represented in three orders: Trichoptera- trydroÆpþ- spp'

and Cheumatopsyche spp., Ephemeroptera- Rhi thr ooenä sPP. '

and Plecoptera- Isoqenus spp. No casualty rates exceeded 5%

in the other 37 genera. It was concluded that since none of

the casualty rates exceeded 40%t the toxic impact of

methoxychlor did not approach the order of natural aLtrition

inherent in the aquatic invertebrate ecosystem'

Non-target species were apparently more sensitive to the

methoxychlor than were the target black fly species,

according to the method used by Haufe et aI. (1980) to

determine casualty rates of the organisms sampled in the

drift. The maximum casualty rate for black fIy larvae was

about 1O%, wtrereas the maximum casualty rates of some

non-target species was much higher e.9. Baetis and

Ephemerella -20%, I soperla and Bhiltr.roqena. -30%, and

Cheumat oosvche -40%. Eight of the nine taxa which showed

maximum casualty rates (15-40%) were numerous at all

stations sampled, and at aII times of the year on the

Athabasca River (Depner eL Êf-. 1980). Thus, although they

represented only a small proport.ion of the total number of

taxa in the drif t, these taxa possibi.y represent a very

significant component of the biomass in the river.

Depner e! gÀ. (1980) sampled 12 stations from 65 km

upstream of the treatment site to 240 km downstream over the

four-year methoxychlor impact assessment project (1974-1977)

on the Athabasca River. For each sample, âD area of river
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bottom 0.6 m wide x 3 m long was disturbed using a garden

cultivator and the resulting aquatic invertebrates were

caught i,n a downstream net. Reductions were observed in

SOme dOwnStream SiteS after treatment, however ' recOvery Of

the non-target populations waS rapid and occurred within one

month. The numbers of kinds of organisms at aII stations

increased within each year of the study. The authors

concluded that the treatment resulted in an actual increased

diversity of organisms over the four years'

Depner et al. (1980) apparently did not use replicate

sampling at any site, and used no statistical analysis.

Thus, it is not known which differences in the average

frequency values recorded are statistically signif icant"

Therefore their conclusions concerning reductions and

recovery of invertebrate populations after methoxychlor

treatment lack statistical support. The total number of

genera found at two untreated sites was compared with the

total number at six (1973-74) or eight (1975- 1977 ) treated

sites. This comparison is invalid because more samples from

more sites would naturatly lead to greater diversity.

Depner et aI. ( 1 980 ) should have compared the number of

genera collected at the two sites in the untreated section

with the number from any two sites in the treated section"

Fredeen (1983) summarized environmental impacts of the

increasingly intensive methoxych.Ior larviciding program on

the Saskatchewan River (1977 to 1980). He concluded that
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almost alI non-target taxa, representing a complete range in

feeding habits, activity patterns and life cycles, and aII

major contributors to biomass, either increased or remained

unchanged in abundance during those four years" The fact

that significant long-term increases occurred suggested that

some factor or factors extrinsic to the larviciding program

may have been responsible.

The most frequently used method to monitor invertebrate

populations from 1977 to 1980 in the Saskatchewan River

involved artificial substrates (potypropylene rope pieces)

anchored in mid-river, floating just below the water surface

(Fredeen 1983), but this may not be representative of the

benthos. No specific untreated control sites were

consistently used throughout the study.. OnIy one artifical

substrate sample was analyzed each week at each site, so the

degree of variation in the sampling technique could not be

established. Taxa were identified only to order or family

Ievelsr So effects at the genus or species level are masked'

and elimination of any one species is not detectable. Sínce

no control sites existed, it is not known whether changes

noted as significant can be attributed to the methoxychlor

treatment or other causes.

An alternate method used by Fredeen (1983) to monitor

invertebrate populations from 1977 and 1978 involved Surber

sampling from river margins. Replicate samples from each

site were pooled into one sample, and identifications were
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made to family or sub-family, except for 1980 when samples

were identified to the species level. No control sites vtere

used and the level of natural sample variation s¡as not

established. Hence, it was impossible to interpret any

gross changes between years in terms of the methoxychlor

treatments, and one cannot conclude f rom t,his study that rr

bottom samples showed increases in numbers and taxa of

benthic organisms. "

Byrtus (1981) reported on two injections of methoxychlor

into the Athabasca river. À dosage of 293 vg/Iitre/7.5 min

resulted in an adverse effect on ls rla spp., Eêslepe!-le

spp., Hvdropsvche spp., and Cheumatopsvche spp. The

Ephemeroptera were not significantly affected by the

treatment. There was no significant impacL on diversity of

benthic organisms at the treated sites relative to the

control sites. A second treatment at 2gg vg/Litre/7.5 min

caused an initial decrease of Baetis sp. at the treated

sites followed by an increase over control site levels for

about seven weeks before the population stabilized.

Isoqenus sp. (elecoptera) were adversely affected and

populations at the treatment sites did not return to control

site levels for about seven weeks. Ephemerella SP. t

Hydropsyche sp. and Cheumatopsyche sp. s¡ere apparently not

affected by the treatment. Adain, no difference in

diversiÈy was observed between control and treatmenÈ siles.

Byptus (1981) hypothesized that the initial decrease of
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Baetis sp. followed by an increase over control siÈe levels

may havé resulted due to a lack of predators, ê'$'

sp., which did not recover for seven weeks following

treatment. He suggested that high discharge rates during

both treatments Iike1y acted as a flushing mechanism

limiting the exposure of non-target organisms.

Byrtus (1982) analyzed the impact of a methoxychlor

treatment at 299 vg/lítre/1.5 min on the invertebrate

population of the Athabasca River. The treatment produced

adverse effects on invertebrates inhabiting sites

immediately downstream of the treatment, whereas s.ites

further downstream were not affected to the same extent" It

was suggested that the methoxychlor settled to the bottom

within 120 km of the treatment site, because of low

discharge. Taxa affected most were members of the

Plecoptera, and the only genus not affected was Eohem rella

Sp. (ephemeroptera). Recovery at 80 km downstream required

one weeki however recovery at 240 km took approximately nine

weeks.

Byrtus (1982) found that a second injection of 298

ug/Litre/7.5 min into the Athabasca River in May 1981

resulted in a Iimited impact on non-target fauna, He

proposed that seasonal emergence of many invertebrates was

occurring during this period and these invertebrates were in

a terrestrial adult stage during the treaÈment period. A

second treatment of 199 vg/IítÊe/15 min in June 1981

I sogenus
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produced seríous long-term reductions of many non-target

organisms. Baetis sp. required 4 to 7 weeks to recover'

Heptagen ia sp. 3 to 4 weeks, and Isoqenus sp. 7 weeks.

Impact on Hvdropsvche sp. and Cheumatopsvche sp. v¡as not

evident. Most of the non-target invertebrate population was

increasing in the river when the second (June) application

occurred. It was concluded that proper timing of river

treatments could significantly reduce the impact on

non-target organisms.

Byrtus (1981 ,1982) estimated bottom densities of

invertebrates using the "kick sample" method. This method

has general.ly been shown to be a qualitative rather than a

quantitative sampling technique. The criterion for recovery

?ras based on the population returning to control site

Ieve1s. However, since Èhere vras no analysis to compare the

abundance of different genera at the control and treatment

sites prior to treatment (no baseline data), it is not known

how similar these comnunities were, and any conclusions

based on this criterion are questionable. In addition,

because no replicate samples were taken in most of the

collectionsr no level of variability was indicated'

therefore statistical analysis could not be performed on the

data. '

Lehmkuhl (1981)

Saskatchev¡an River

caused significant

reported that treatment of t.he

with methoxychlor (300 ug/Lítre/15 min)

increases in downstream drift of aquatic
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treatment.
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!o distances 70 miles dov¡nstream from

Non-target organisms comprised from 80

the drift. Species composing the pesticide-induced drift

were not always those that vrere abundant in benthic samples'

The groups of insects most affected in the drift and benthos

were the baetid mayflies (herbivore), Is rla spp.

(carnivore) and Isonychia sicca (WaIsh) (filter feeder)'

Groups that were litt.Ie affected included the carnivorous

Odonata, and the herbivorous stonefly P' dorsata.

In this study, replicates of kick samples or "stovepipe

Samples" used to estimate bottom densities r'Iere pooledi no

level of variation was given. The same sampling technique

was not used for each sampling date because of varying field

conditions. The actual numbers therefore' cann9t be uSed

quantitatively for comparison of one treatment date with

another. Statistical analysis performed on the data

(cluster analysis) is also limited because of the use of

different sampling techniques. Baseline data, comparing the

control and treatment siteS before treatment, were not

available, making any conclusions regarding methoxychlor

impact tenuous.

Lehmkuhl (1982) attempted to determine 1ong-term effects

of methoxychlor treatment on the invertebrate community of

the Saskatchewan River. Benthos samples 0 replicate

stovepipe samples at each of three sites) were collected in

May 1982 prior ro treatment (300 vg/Lítre/1s min) and 10

the

to 96% of.
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months after treatment. The sites were aII riffles

consisting of rock or gravel substrates. A comparison of

the three sites which had different treatment hiStories,

showed some differences in species dominance in the heavily

treated sites, but species lists and populations were not

strikingly different.. The mayfly' Tr icor hodes mi nutus

Traver vras rare at the control site (Cecil Ferry upstream,

untreated in 1980 and 1981) but was the dominant species at

the Gronlid Ferry site (treated since 1976). Stoneflies,

mostly ïs rLa bilineata (say) and I. Iong seta Banks vlere

abundant at the control Site but were present only in small

numbers at the treatment sites. Large numbers of smalI

individuals of different taxa were observed in the treated

areas, whereas in the control area there were fewer

individuals but of a large size (greater total biomass) '

Stoneflies ( r s rla sp. ) aPPeared to be the maÍn

invertebrate predators which fed on smaIl, newly hatched

individuals. The absence of these stonefly predators at the

treated sites allowed for a large population of smaller

sized individuals of various taxa (lehmkuhL 1982).

It is'dilf icult to interpret the results of major studies

conducted on the Àthabasca and Saskatchewan Rivers dealing

with impact on non-target organisms for the following

reasons: 1 ) the lack of suitable untreated sites to serve

as controls with which to compare changes at downstream

treated sites; 2) the lack of baseline data and analysis to
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show similarity of the control to treated sites; 3) the

identification of organisms only to the generic level or

higher, which may mask effects at the species level; 4) the

lack of a sufficient number of replicate samples to produce

confidence in the results obtained from sampling communities

where large variation vras encountered; 5) the lack of a

description of habitat types sampled to ensure that the same

communities are being sampled (l¡ncc 1983). It must be

recognized that when the earlier studies began, techniques

for sampting large, fast rivers had not been established,

and consequently much time had to be spent in developing

sãt-isfactory ones" Much of the basic biology of the

invertebrates was unknown, and the keys for identification

of immature stages were not' and in many ca5es are still

not, available. None of t.hese studies has adequately

answered the question of the ability of the impacted

invertebrate communities to recolonize and reçover following

methoxychlor injection "

2.2.3 Secondarv effects of pegt:Lçjlde aopl i at ion

Applications of insecticides may potentiatly affect

energy and nutrient flow within stream ecosystems in more

far-reaching manners than previously recognized'

Macroinvertebrate consumers, primarily insectsr are

important in regutating rates of detritus processíng and

availability to downstream communities. Wallace et aI.
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(1ggl) treated a small Appalachian forest stream with a 24%

emulsifiable concentrate of methoxychlor at a rate of 5'0

ng/litre for 1O continuous h. This v¡as supplemented with a

five-h,5.0 ng/Iitre, hand-sprayer release onto leaf packs'

seeps, and backwater areas. Subsequent 10 ng/Litre

hand-sprayer releases vlere conducted at later dates. The

treatments caused massive downstream insect drift (1,000

times densities before treatment and of an untreated

stream). Ðrift rates of Plecoptera, Ephemeroptera'

Trichoptera, Coleoptera, and Diptera remained significantly

higher in the treated than in the reference stream one week

following apptication' TotaI numbers of insects, shredders'

and predators, as well aS leaf-breakdown rates and transport

of particulate organic matter, were significantly lower in

the treated than in the reference stream. No significant

differences existed prior to treatment. Although dosages

used in this study were far greater than those applied in

conventional black fly Iarviciding programs, the results

indicat.e that the action of pesticides on stream ecosystems

exÈends beyond simple mortality of invertebrates (purely

toxicological questions) .
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EFFECTS OF METHOXYCTTId)R 8NSUBL

Sanders and Cope (1966) suggested that Daphnia

populations may be diminished even at low concentrations of

methoxychlor, and this could have adverse effects on

fish-food supplies. It vtas also observed that methoxychlor

was 8-1g times more toxic to D. pulex (de Geer) than to

S imocephalus serrulatus (noch).

There were no methoxychlor residues in crayfish sampled

36,63, and 118 days after a 0.005 ng/Litre application of

the chemical to a pond (Burdick et al. 1968). It vras

concluded that aquatic insects and crayfish were able to

metabolize methoxYchlor .

Daphnia masna Straus concentrated methoxychlor at about

the same rate as DDT when exposed to 0.003 ng/Iitre of both

pesticides (neinbold et g!. 1971). However, after transfer

to clean water, Daphnia excreted or cleared methoxychlor at

a slightly faster rate than DDT. Gammarus (an important

fish-food organism) was the most seriously damaged organism

in the aquatic system after exposure to methoxychlor (Merna

and Eisele 1973). The 96-h TLso for adults of Gammarus

pseudolimnaeus Bousfield was 0.75 ug/Litre. The least

susceptible organism to methoxychlor was the crayfish (

Orconectes virilis (Uagen) ) . Oxygen concentration was very

important in determining toxicity to the crayfish. ,fhe 96-h

TLso at normal dissolved Oz levels was 7"05 lg/]-itre whereas



it yras only 2.15 vg/litre in exposures hav

Oz leveIs. These observations were confir

Hartung (1976) who found that the amphipod

ing lorv dis

med by Eise

HyaIeIla
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solved

le and

azteca

(Saussure) v¡as absent for nine months after a stream was

dosed continuously at A.2 ,¿g/Iitre with methoxychlor f or

over one year.

Flannagan et aI. (1979) found no significant effect on

blood calcium and no mortality in caged crayfish,

Orconectes virilis (Hagen) after an application of 0.3

ng/Lítre/15 min methoxychlor into the Athabasca River

approximately 200 m upstream f rom the cages. I^lhole-body

methoxychlor residues increased, but declined to normal

levels in about 1 week. Numbers of crustaceans sampled 67

km downstream from the treatment, were drastically reduced.

Depner et al. (1980) reported that populations of emphipoda

recovered to pre-treatment population levels, one month

after treatment.

Anderson and DeFoe (1980) found the isopod Asellus

communis Say to be the most sensitive species tested in a

flowing-water test system. Ten % of the isopods died during

the first 4 days at 1.3 lg/Iitre methoxychlor. Following

the first, 4 days, the number of deaths increased v¡ith

increased exposure time. The LCso decreased from 1,75

lg/Litre at 7 days to 0.42 ug/Iitre after 28 days.
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Generally, crustaceans appear to be very sensitive to

methoxychlo r with Gammarus sp., H. e-zteca-, and A. c nrs

being the mosL seriously affected organisms in many studies

involving methoxychlor exposures. A noted exception is the

crayfish, O. virilis, which appears very tolerant to

methoxychlor at dosages used in black

operations. Methoxychlor becomes more

with increasing exposure time, a trend

many species of aquatic insects.

fIy larviciding

toxic to crustaceans

also observed for

2.4 THE TOXTCITY ÀND SUBLETHAL
MOLLUSCS

EFF TS OF METHOXYCHLOR ON

Wilson (1965) observed that oysters exposed to 0'05

ng/Litre methoxychlor in flowing seav¡ater for 10 days

concentrated the pesticide to a level of 5'780 times 'the

exposure concentration. Hard clams ( Mercenar ia merce nãr 1a

(Linnaeus)). vtere unaffected by an exposure of 1'300

ug/Litre methoxychlor over a period of 96 h (gisler and

Weinstein 1967). In contrast, Butler (1963) reported that'

oyster shell growth was decreased by exposure to DDT, and to

a lesser extent by methoxychlor. Bedford et aI. (1968)

found that the mussel, Lampsilis sili idea ( garnes )

contained 0.07-0.22 ng/kg methoxychlor when exposed to

0.06-0.1 ng/Litre methoxychlor for 6-10 weeks in a river.

Anodonta qranllls Say had a comparable level of methoxychlor

(0.07 ng/kg) after 6-10 weeks of exposure. However,

Burdick et al. (1968) could find no residues in snails when
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methoxychlor h'as applied to ponds at 0.005 ng/Litre.

Kapoor et g!. (1970) concluded that methoxychlor was stored

in snails (phvsa) in large quantities and that this

organism appeared unable to metabolize it rapidly. When

exposed to 0.003 ng/Litre of DDT and methoxychor in the lab'

snails (phvsa) concentrated methoxychlor much more than DDT

(18 ng/Iitre of DDT vs. 38 ng/Iitre methoxychlor after 6

days). When placed in water free of insecticide, the snails

excreted DDT more rapidly than methoxychor.

Butler (1971) examined the differential uptake after a

S-day exposure to methoxychlor (1.0 ug/Iitre) by the soft

clam Mye_ aren r1a Linne and the hard clam, M. mercenarÍa.

Methoxychlor vras initially concentrated 1500 times and 470

times by the soft and hard clams' respectively. Upon

removal t,o clean water, residues dropped below detectable

levels in 7 days in the soft clam and in 14 days in the hard

clam (Gardner and Bailey 1975). Hansen et al. (19721

determined the LCso's for Phvsa and lymnaea to be 5.5 and

8.5 mg/Iitre, respectively. Estimated pesticide breakdown

rates in both Phvsa and Lvmnaea were reported to be much

lower than in the mosquito fish, Gambusia. Consequently it

was concluded that snails would tend to accumulate

methoxychlor instead of metabolizing it to polar compounds.

Fredeen (1975) detected no methoxychlor residues in mussels

collected in riverbed sand 21-22 km downstream from a 1S-min

injection of 0.309 ng/Litre methoxychlor into the
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Saskatchevtan

methoxychlor

Rouge River,

di sease.

The

h i ghest

dur ing

system

fac tor s

River. SuIlivan and Àtchison (1gll ) found no

residues in snails (phvsa) sampled from the

Mich.igâD, af ter a spray program for Dutch elm

No mortalities attributable to the methoxychlor treatment

vrere observed in caged clams ( ¡,amD ilis radia ta GmeIin) in

the Athabasca River (Flannagan et AÀ. 1979). Methoxychlor

vras concentrated to about 3 times the treatment level (0'3

ng/;-itre) by L. çadiata. Methoxychlor residues returned to

trace or undetectable levels within 23 days after treatment.

snail Phvsa intesra Haldeman did not die at the

concentration of meÈhoxychlor tested (4.2 vg/Litre)

a 28-day exposure period in a flowing-water test

(Anderson and DeFoe 1980). SnaiI bioconcentration

for methoxychlor ranged from 5,000 to 8,570'

l"fethoxychlor appears to be less toxic to molluscs than to

other aquatic invertebrates. Molluscs generally concentrate

methoxychlor to extremely high IeveIs with iittle apparent

effect. The high concentrations observed in many species of

molluscs seem to result from a 1ov¡ ability to metabolize

methoxychlor bY these organisms
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2.5 THE TOXI CITY ANÐ SUBLETHÀL EFFECTS OF METHOXYCHLOR ON

INSECT EGGS

There have been very few studies to examine the toxicity

of methoxychlor to insect eggs. Friesen (1979) exposed e99s

of the burrowing mayfIY Hexa en tã riqida l'lcDunnough to

methoxychtor in Petri dishes at 24t2o C. "Early stage" eggs

were exposed to concentrat,ions of 0.06 to 0.7 ng/litre for

10.5 days using river water or reconstituted water. In

addition, "mid-stage" eggs v¡ere exposed to similar

concentrations using reconstituted water on1y. Effects

ranged from partial suppression of hatch at the lowest

concentration to total suppression at the highest. LCso

values were estimated to be O.12 ng/Litre in Red River water

and <0.06 ng/Litre in reconstituted water. The most

sensitive period to methoxychlor occurred in advanced stages

of development. It was suggested that the chemical (which

ects on the nervous system) had no "target" tissue until the

nervous system of the embryo became developed. The

estimated LCso's are lower than maximum levels (0.3 ng/Litre

to 0.4 ng/:-itre) used in black fIy larviciding operations.

Thus, possible adverse effects of methoxychlor on the egg

stage cannot be eliminated. "

BeIluck and

of methoxychlor

tardus Milne by

100 vg/Iitre of

Felsot (1981) examined the bioconcentration

by egg masses of the caddisflY' Tr iaenodes

exposing them for 24, 72, 96, and 120 h to

the pesticide. Methoxychlor continued to
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accumulate in the egg masses over the 120-h observation

period. The bioconcentration factor vras approximately 80

times after 120 h, and the mean concentration was about

Z,4OO ug/Litre. It was conctuded that passive biological

systems such as caddisfly eggs could accumulate significant

quantities of pesticide from waÈer, and that the

bioconcentration factor was correlated with physicochemical

properties of the pesticide such as water solubility.

2.6 RESIDUES ÀND DEG TION OF METHOXYCHLOR IN AOUÀTI C

INSECTS

Research haS once again been very Iimited with regard to

residues and degradation of methoxychlor in aquatic insects.

Burdick et aI. (1969) stated that aquatic insects were

apparently able to metabolize methoxychlor by degradation of

the methyl-phenyl-ether linkages to form phenolic

derivatives which were eliminated. This v¡aS supported by

the fact that no methoxychlor was detected in dragonfly

Iarvae in a pond 35 days after application. Kapoor et al-.

(1970) observed that methoxychlor v¡as detoxified in the

house fly by multifunction-oxidase act.ivity. It Ytas

concluded tha! methoxychlor was selectively insecticidal

because it was much less rapidty degraded by mixed-function

oxidase activity in the insect than in the mammal.

Kruzynsk i (1972) determined residues in caddisfly and

stonefly larvae exposed to a concentration of 0.075 ng/Litre

methoxychlor for 15 min. Organisms collected 24 h after the
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initial exposure contained concentrations ranging from 1.5

to 3.0 ug/g

No methoxychlor residues v¡ere detected in the larvae of

Odonata or Trichoptera collected alive from the river bed

either 6-7 days before or 8-9 days after treatment of the

Saskatchewan River with methoxychlor at a concentration of

0.309 ng/titre/15 min (Fredeen 1975). However, larvae of

these and other families of aquatic insects, including

Plecoptera, Ephemeroptera, and Diptera, that were disabled

by methoxychlor during the actual passage of injected water,

contained an average of 17.5 ug/g methoxychlor.

Flannagan et aI. (1979, collected live benthic

invertebrates at four stations up to 400 km downstream from

an injection of 0.3 ng/l-ítre/1S min methoxychlor into the

Athabasca River. Methoxychlor was concentrated to a maximum

of 33 times above the treatment level. This concentration

factor was very similar among all the free-living taxa

sampled, regardless of t.rophic leve1, and decreased v¡ith

distance downstream. The Ephemeroptera appeared to

concentrate the insecticide faster than the Trichoptera and

Plecoptera because methoxychlor leveIs in the first

post-treatment mayfly samples vrere an order of magnitude

higher than those in the caddis- or stonefies' In all

cases, the methoxychlor residues returned to trace or

undetegtable leve1s within 23 days after treatment.
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4.2

The

to

water

reached a maximum of 1.46 vg/g at a concentration of

,rg/IiLre in the water af ter exposure f or 28 days in a

flowing-water t,est system (Anderson and DeFoe 1980).

concentration factor for the stonefly ranged from 348

1130 with a mean of 573 and decreased with increasing

concentration.

THE INFLUENCE OF FORMULATION ON THE
METHOXYCHLOR

Aquatic insects accumulate methoxychlor to leveIs above

the concentrations used in black fIy Iarviciding operations'

presumably fish or other predators that eat insects disabled

or kiIIed by such a treatment would be exposed to relatively

high concentrations. This could represent an alternate

route of exposure to the pesticide by these organisms with

the potential to produce delayed toxic effects as suggested

by (watlace et aI. 1973).

2.7 SELECTIVITY OF

WaIlace (1971) compared the effects on invertebrate

stream fauna of methoxychlor in oil solution as an

emulsifiable concentrate (eC), to formulations of

methoxychlor-treated clay particles. Ground applications of

O"O7S ng/Iitre methoxychlor were administered for 15 min;

A1I major orders of immature stream insects were injured

after treatment with the methoxychlor EC' The ranges of

numbers of three orders caught in post-treatment drift net
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sämples from three streams werez 675-7,906 Ephemeroptera'

8,271-36,000 PIecopÈera, and 928-3,247 Trichoptera. In

comparison, ranges of 55-2,511 Ephemeroptera, 275-1,026

Plecoptera, and 55-5,335 Trichoptera vtere obtained from

three streams treated with methoxychlor-impregnated clay

particles.

The drift of Ephemeroptera naiads $¡as generally lower in

streams treated with methoxychlor-treated clay particles

than in streams treated with the EC. Baetid naiads were the

most numerous mayflies in the drift nets of the streams

treated with methoxychlor-impregnated clay particles"

Fewer Plecoptera naiads were collected after treatment

with methoxychlor-treated particulates than after treatment

with EC methoxychlor. Of those collected, only Leuctridae

naiads were present in high numbers in the drift net samples

in the streams treated with part,iculates whereas Perlodidae

and Nemouridae naiads were most abundant in the streams

treated with the Ec.

The overall numbers of drifting Trichoptera larvae were

comparable between the two formulations, however, only the

numbers of Philopotamidae larvae increased after application

with particulate methoxychlor, whereas several families of

caddisfties were numerous in the drift nets following

treatment vrith the EC,
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HeIson (1971) and Helson and West (1978) treated several

streams in the vicinity of Baie Comeau guebec wíth

methoxychlor-treated celite particles which were metered

into streams at a dosage rate of 0.1 ng/Lítte/1s min.

Surber and drift net samples indicated that these t.reatments

were less harmful to many species of non-target

invertebrates when compared to similar treatments using an

EC formulation of methoxychlor. However, Philopotamidae and

Chironomidae larvae in some streams vrere harmed severely by

met.hoxychlor-treated celite particles. Some members of

these groups are filter-feeding organisms. They collect

particles of a size range corresponding to the

insecticide-treated particles, and thus may have ingested

the chemical inadvertently. Organisms such as Baetidae,

Heptageniidae, Leuctridae and Nemouridae naiads, Elmidae

Iarvae and adults, and Dytiscidae larvae were also slightly

affected (increased drift and lower bottom densities) by the

particulate formulation. Most of t,hese taxa' excluding

Dytiscidae larvae, are reported to be herbivores or detritus

foragers that feed on material of small size. The

insecticide-treated particles had a specific gravity heavier

than water and some of the material probably settled out on

the stream bottom in areas of sedimentation of detritus and

silt (ggglishaw 1964). Subsequently, t.hese organisms may

have ingested enough insecticide-treated particles to be

harmed and swept downstream.
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B1ack fly larvae exposed in the lab to particulate

formulations (methoxychlor-impregnated celite particles) and

ethanol solutions of methoxychlor at concentrations of

0.075-0. 1 ng/l-itre/15-30 min, concentrated the particulate

preparation in much greater amounts (wallace et al. 1976).

The larvae concentrated the ethanol formulation to levels

ranging from 82 to 698 ug/kg, and the particulate

formulation to 1556-2310 ug/kg. However, accumulations in

Trichoptera were greater with the ethanol formulation

(1453-1563 rtg/kg) than with the particulate one (615-782

ug/Ugl. This result may be due to adsorption of the ethanol

formulation through the large gi11 surface area of the

Trichpotera Iarvae while the majority of the parÈiculate

formulation was screened out.

Sebastien and Lockhart (1981) compared the toxicity and

availability to aquatic organisms of two formulations of

methoxychlor. After 24 h exposure to 0.3 ng/Iitre EC,

stonef Iy nymphs (P. dorsata) ¡vere aII moribund, but only

25% were similarly affected when exposed to a particulate

formulation (methoxychlor-impregnated celite particles) .

Àfter exposure for 1 and 12 h to the EC formulation at a

concentration of 0.3 ng/Iitre, stonefly nymphs of the

species Acroneuria lycorias (Newman) accumulated about 6-10

times as much methoxychlor as nymphs exposed to the

particulate material for the same time periods. B. dorsata

nymphs under these conditions accumulated twice as much of

the EC formulation as the particulate formulation.

r.þìK UþIÍVffifrffiIrV 6Ëã ruIÁrqåTÜHé\ IIffiRÅftÍtrffi
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About 98% of Chironomus tentans Fabricius larvae left

their burrolrs and showed a continuous wi99ling motion when

exposed to the EC formulation at a level of 0"1 ng/litre

after 96 h, whereas only 55% ot the larvae exposed to the

particulate formulation displayed this type of response

(Sebastien and Lockhart 1981). There was also 98% motbality

in larvae exposed to the EC formulation as compared with 21%

mortality with the particulate formulation. AII larvae

abandoned their burrows after 96 h in the EC exposure and

87% had done so after exposure to the particulate

formulation at a level- of 0.3 ng/Litre. In this experiment,

there was 99% morLality in larvae exposed to the Ec

formulation and 36% in larvae exposed to the particulate

formulation. Chironomid larvae exposed to methoxychlor at

0.1 and 0.3 ng/Litre, accumulated significantly higher

levels from the EC formulation t,han from the particulate

formulation throughout the duration of the experiment (95

h). The two formulations had equal toxicity to black fly

Iarvae, the only filter-feeding animal used, but the

particulate formulation vras accumulated more readily than

the EC. Both formulations induced larvae to detach from the

substçate but the EC acted more quickly. Àt the time of

detachment, Iarvae exposed to the particulate formulation

contained an average of 68 times more methoxychlor than

larvae exposed to the EC. It was concluded that black fly

Iarvae and other filter feeders shoutd be selectively

poisoned by particulates in the size classes most
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effectively retained by feeding activities. The

effectiveness and selectivity of particulate formulations

might be improved by experimenting with parameters such as

dosage, particle size, specific gravity, type of carrier
particler oF combinations of Èhese"

Theoretically, methoxychlor applied as water insoluble

particles would have to be ingested to be t.oxic and shouLd

only selectively poison filter feeders. Animals belonging

to other functional feeding groups such as predators and

scrapers should not be affected because they would have no

way of directly taking up the pesticide. Although the

impact on non-t.arget organisms other than filter feeders is
reduced by the use of particulate formulations compared to

EC formulations, it is not totally eliminated.. Ingestion of

methoxychlor-treated particles after settling out by

organisms feeding on small particles (e.g. scrapers), may

explain lhe observed toxicity to these organisms.

Incomplete adsorption of the pesticide onto the carrier
particle leading to direct. uptake from the water may account

for the impact on other groups including predators.

Clear1y, particulate formulations are not a panacea for

completely eliminating the effects of methoxychlor

treatments on non-target organisms.



Figure 1 t'lethoxychlor addit ion of Hauf e et a1 . ( 1 980 ) to
Àthabasca River. Àverage catch of Ephemeroptera
taxa with time, 18-22 May 1976, from the
downstream drift in the thalweg. Data shown as
running three-interval means at Pelican Rapids.
Toxic exposure to the met.hoxychlor pulse
indicated by TE.
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Chapter I I I

MATERIÀLS AND METHODS

3.1 STUDY ABEÀ AND SITES

The Souris River enters Manitoba from the United States

6.58 km southwest of Lyleton, Manitoba (101o15'W, 49o00'N).

The river follows a northeast path through southwestern

Manitoba, passing through or near the towns of Coulter,

MeIita, Hartney, Souris, Wawanesa and Treesbank before

entering the Àssiniboine River 4.1 km north of Treesbank

(99o36'w, 4go40'N). The Souris is a typical prairie

waterway, deriving most of its annuaL flow from snowmelt and

early spring rains. It is characterized by a fairly slow

current, following a meandering course, with occasional

turbulent (riffle) sections. The water usually contains a

high concentration of. suspended solids and there ís very

little emergent vegetation. Temperatures rise dramatically

during the summer months, often exceeding 26" c during

mid-.:u1y . The depth of the Sour i s River i s qui te var iable ,

depending o1 the location and time of year. Depths range

anywhere from 30 Èo 400 cm with an average of approxirnately

8O-1 00 cm. Flow raÈes are to some degree controlled by the

presence of dams along its course. Dams at Melita, Hartney'

Souris and Wawanesa regulate water flow, except in spring

45
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when Severe flooding can occur and flood waters cover the

dams. In 1g76, major flooding occurred' and abnormally high

peak flows in May reached 285.0 cubic meters per second

(m3/sec), while the minimum discharge was O.03 m3/sec in

october. Discharge levels vary greatly in different

localities, and from year to year (environment Canada)'

Two riffle areas, designated as the "control" and

"treatment" sites, vrere selected for the study (fig. 2).

The control site vras located about 450 m north of the bridge

on Provincial Road #348 at Bunclody, Manitoba' The site was

a shallow riffle (mean depth 50 cm) that was 34-43 m wide

and 65 m long. The substrate consisted of cobble-sized

stones and large boulders. The treatment site vras located

about 450 m south of the bridge (approximatel,y 900 m

downstream from the control riffle site). It vras also a

riffle (mean depth 50 cm) that Ìdas 32-45 m wide and 140 m

long. The substrate was very similar to the control site'

Preliminary sampling indicated that the species of aquatic

invertebrates inhabiting both sites were similar. The river

area separating the two riffle sites vras quite deep (up to 3

m), with a slower more uniform flow. Substrate there

consisted of a sandy-clay bottom with a few large boulders'
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3.2 EXPERI ÀL APPLICÀ TT ON OF METHOXYCHLOR

Methoxychlor used for the experimental application was an

emulsifiable concentrate formulation (240 I active

ingredient per litre), registration ño. 11590 P.C.P. act,

manufactured by Chipman Inc., Stoney Creek, Ontario. The

injection was made on 15 JuIy 1982 at 1200 h at the head of

the treatment riffle site. Four litres of methoxychlor

(amt. calculated to give a theoreiical dosage of 0.3

ng/Iitre for 15 min based on the river discharge) were

thoroughly mixed with 92 Iitres of river water that had been

filtered through a fine mesh screen into a 200-1itre drum.

À rotary hand crank pump was used to pump the chemical

mixture through a length of garden hose which was divided,

after 20 m into two 10-m sections. Each 10-m portion of the

hose was submerged below the surface and manually moved back

and forttr across half the width of the river just upstream

of the treatment riffle to ensure complete exposure of the

riffle to the chemical. The injection required 15.5 min.

3 .3 WÀTER CHEI1II STRY AND DI SCHARGE

Water samples for chemical analysis vrere collected in

1000 ml amber glass jars. Approximately 900 mI of water was

sampled from the centre of both the control and treatment

riffte sites during each sampling period. Samples v¡ere

collected by submerging the jar just above the substrate.

Immediately after collection, 1 mI of saturated mercuric
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chloride solution was added to each jar to prevent microbial

degradation. The jars were then placed in an ice cooler for

transportation to the laboratory where they were stored at

5o C until anal¡rzed. Samples for water chemistry analysiS

were collected on 08, 15, 22, 29 JuIy, 17 August and 16

september 1982. Analysis included pH, total suspended

solids, suspended carbon and suspended nitrogen. Ànalyses

were performed by the Ànalytical Chemistry Unit, Water

Chemistry Laboratory at the Freshwater Institute, Winnipeg.

In addition water temperatures ( o C) vrere recorded at mid

day at both sites throughout the study.

Daily discharge measurements (m3/sec) for 1982 and 1983

were obtained for the Souris River at Souris, ManiÈoba

(about 18 km upstream from the study sites) from Environment

Canada. À discharge measurement was made at the site of

methoxychlor injection on 14 JuIy 1982 in order to calculate

the u*orrnt of chemical required to achieve the desired

dosage.

3.4 METHOXYCHLOR RESIDUES IN RIVER WATER

Water samples for met.hoxychlor residue analysis vrere

collected in 1000 ml amber glass jars. Three replicate

water samples were taken at both the control and treatment

riffle sites at each sample period. Replicate samples were

removed from a transect across each ríffle site, one from

the centre, and the remaining Lwo from the north and south
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sides. The sampling procedure involved submerging the jar

to obtain a sample of water (900 mI) just above the

substrate. Dichloromethane (50 mI) was added immediately to

each sample jar to ensure a complete extraction of

methoxychlor from the water sample. The jar was shaken

repeatedly and then placed on a magnetic stirrer for 5 min

to ensure a complete mixing of the solvent with the waLer

sample. Samples were placed in an ice cooler for

transportation to the laboratory where they were stored at

5o C until analyzed.

The control and treatment riffle sites v¡ere sampled at 24

h pre-treatment and 10 min, 1, 3, 6, 12, 24 and 48 h

post-treatment. Three additional samples were taken at each

of the 10 min and t h post-treatment sampling periods to

which Sodium azide v¡as added to suppress microbial

degraðation. Since samples v¡ere not analyzed immediatefy,

this provided a check .to observe if microbial degradation

exerted a significant effect on the concentration of

methoxychlor in the samples.

In the laboratory the procedures for the extraction,

clean-up, and injection of the water samples into a gas

chromatograph for residue analysis vrere as follows: 1. The

wat,er sample was poured into a two-litre separation funnel,

and the phases allowed to separate. 2. The dichloromethane

phase vras drained off and passed through a column of sodium

sulfate (2.5 cm thick) ínto a 500 mI flat-bot.tom flask to
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remove any water from the sample. 3. The glass collecting

jar vlas re-extracted with 50 mI of dichloromethane and

shaken for one minute. The contents were then poured into

the two-Iitre separation funnel. A further 50 mI of

dichloromethane were added to the separation funnel and the

entire contents Shaken for one minute. The phases were

allowed to separate and the dichloromethane phase was again

drained off through a sodium sulfate column (2.5 cm thick)

into the 500 mI flat-bottom flask. 4. The contents of the

flask were transferred to a 250 ml round- bottomed flask'

The flat-bottom flask was re-extracted with two additional

1 0-mI $rashings of. dichloromethane and the contents added to

the round-bottomed flask. The dichloromethane in the

round-bottomed flask was evaporated just to dryness on a

roto-evaporator. Iso-octane (0.2 mI) was added to the flask

and the contents re-evaporated just to dryness. 5. Three

1-mI rinsings of hexane:ethyl acetate (1:1) v¡ere used to

transfer the residue in the flask to a teflon-capped

test-tube, which was stored at 5o C. 6. The contents of the

test-tube were evaporated just to dryness and 1 mI of

hexane:ethyl acetate (9S:S) added. This mixture was then

pipeted into a 5 ml glass syringe with the plunger removed'

The plunger was inserted and the sample was injected onto a

silica sep-pak column attached to the bottom of the syringe"

The plunger was again removed and 5 ml of hexane:ethyl

acetate (9S:S) were added and eluted through the silica

sep-pak column. The fírst 2 mI were discarded (contaminants
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but no methoxychlor) while the remaining 3 mI were collected

in the original test-tube. This cleaned-up sample vlas

evaporated to the appropriate volume (l mI) and 2 uI vrere

injected, along with a technical methoxychlor standard, into

a Tracor Gas Chromatograph for analysis.

3 DRIFT STUDIES

Studies concerned with methoxychlor additigns to Iotic

aquatic ecosystems have indicated that benthic invertebrates

that are disturbed by the pesticide will leave the substrate

and enter the water column. Catastrophic drift' for the

purposes of this thesis, is defined as a significant change

in the time of day of maximum drift or an increase of more

than an order of magnitude in drift densities related to the

treatment. Catastrophic drift of organisms has been

observed after the addition of methoxychlor to streams and

rivers in North America for the purpose of black f1y control

(Burdick et aI. 1968, WaIIace et.aI. 1973, Wallace and Hynes

1975, Flannagan g.!_ gl. 1979, Lehmkuhl 1981). A1I of these

researchers have measured drift for only a few days prior

to, and following treatment, and no sampling vtas conducted

at any later dates. It could be hypothesized that if bottom

densities were reduced by the treatment in a well-defined

habitat such as a riffle, drift densities leaving the riffle

would also be reduced. Recovery of benthic densities would

eventually also result in an increase in drift densities to

5



52

pre-treatment leve1s. The drift sampling schedule in the

present study was designed to test this hypothesis. Drift

samples were collected at regular intervals prior to, and

for about a month foltowing methoxychlor injection, and then

again the fotlowing year. Benthic samples (artificial

substrat.es) were taken in conjunction with the drift samples

in an attempt to establish the relationship between benthic

density and drift density following a methoxychlor

treatment.

prift is a major source of recolonization for

invertebrates inhabiting lotic ecosystems (Wiffiams and

Hynes 1g76; Townsend and Hildrew 197ü. Therefore, drift

was measured at a site just upstream of the methoxychlor

injec+-ion (treatment-inlet site see below) to determine

its importance in the recovery of benthic densities of

invertebrates in the riffle immediately downstream. Head

capsules were mea5ured on a random sample of 30 larvae of

selected species from drift samplers at the treatment-inlet

site, and artificial substrates in the treatment riffle, to

compare sí,ze distributions. Simitar species size

distributions would indicate if drift v¡as a significant

contributing factor to benthic recolonization'

Modified Burton-Flannagan bomb drift samplers (Burton and

Flannagan 1976) equipped with 500-um Nitex mesh nets were

used to monitor changes in the numbers of drifting aquatic

organisms. This sampler has proven to be much more
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efficient in the sampling of invertebrate drift than

conventional conical drift net samplers (Burton and

Flannagan 1976; Flannagan et aI. 1979). Modifications

involved elimination of stabilizing fins used in deep water

and attachment of two iron support rods on either side of

the steel cone that could be driven into the river substrate

to secure the sampler in position.

Three sets of three drift samplers were positioned along

the river. One set located immediately downstream of the

control-site riffle, vlas termed control and sampled the

drift leaving the control riffle (rig. 3). A second set

placed just upstream of the treatment site riffle and the

point of methoxychlor application was termed treatment-inlet
(nig. 3) and measured the drift entering the treatment

riffle (see above). À third set of three drift samplers

placed immediately downstream of the treatment-site riffle'

was termed treatment-outlet and measured the drift leaving

the treatment riffle. The three drift samplers at each site

were positioned at mid-depth, evenly spaced across the

r iver .

On each sampling date, drift samples were collected at

four-h intervals begínning at 0800 h and continuing for a

period of 24 h. This schedule vras slightly modified on the

treatment date (1S July 1982) at the treaÈment-outlet site

in order to effectively sample large numbers of

invertebrates induced to drift by the methoxychlor
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treatment. The sampling schedule at the treatment-outlet

site on 15 July 1982 was as follows: set at 0800 h, sampled

at 12OO h, 1300 h, 1400 h, 1600 h, 2000 h, 2400 h, 0400 h,

and O80O h. Drift samples were collected on the following

datesz 07 JuIy 1982 (g days pre-treatment), 14 Juty 1982 (1

day pre-treatment), 15 July 1982 (treatment), 21 July 1982

(e days post-treatment), 29 July 1982 (1¿ days

post-treatment), 17 August 1982 (gS days post-treatment),

and 03 Àugust 1983 (384 days post-treatment). All drift

samples were immediately preserved in 10% formalin. Rose

Bengal v¡as added to each sample to aid sorting efficiency in

the laboratory,

Water-velocity measurements were made directly upstream

of the opening of each drift sampler using a Gurley model

622 current meter. Readings were recorded at the beginning

and end of each 24-h sampling period, and were used io

calculate a mean water velocity value for the sampling

period. Drift rates (¡o./+-n period) were standardized to

drif t densities (no./lOO m3), using the mean water velocity

data, to allow comparison between samplers and sites

(ettiott 1970). Times of sunrise and sunset were also

recorded for each drift sampling date.

prift samples were sub-sampled in the laboratory usíng

the % weight technique of Sebastien et aI. (1986) (eppendix

B). Aquatic organisms from subsamples were sorted and

identified under 1O times magnification. Three taxa,



Catostomus commersoni Lacepede, Acroneur ia lvcor ias

and orconectes virilis (Hagen) were not sub-sampled

sorted and identified from the entire drift sampJ-e

their low numbers and large size.
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( Newman )

but were

due to

3.6 BENTHTC STUDIES (enrrFrcIAL suBsrRATEs )

In river systems where methoxychlor stress produces

increased drift of aguatic organisms, Iarge stretches of the

river may become depleted of their benthic populations.

Benthic recolonization of a depleted section of a river is a

commonly used indicator of the ability of a system to

recover. The recofonization of benthic aquatic

invertebrates in this study was measured by the use of

artificial substrates. Very coarse substrate in the

experimental riffle sites made quantitative sampling of the

natural substrate difficult if not impossible. The

artificial substrates were selected to be representative of

the type of substrate found in the riffle sites. Although

benthic populations colonizing them cannot be truly

quantitatively related to natural river bed populations, the

artificial substrates v¡ere placed in the natural substrate

thus providing a representative sample of the surface

benthic populations. In monitoring any system to assess

impact, it is not sufficient to detect only short-term

changes. Therefore, artificial substrates were sampled at

regular intervals prior to, and for up to a year following
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treatment to obtain a representative indication of

recolonization and recovery in the benthos.

Concrete paving stones (rrieste design) made by Genstar

Materials Limited, Manitoba Region v¡ere used as artificial

substrates for benthic invertebrates (rig. 4). The unique

shape of the bricks made them easy to locate in the river

when dense growths of filamentous a19ae covered the natural

substrate during the summer months. À 15x10 grid of

substrates vras placed in the areas of greatest flow in both

the control and treatment riffle sites on I and 9 June 1982

(rig. 3). This was four weeks prior to the first sampling

date to allow for invertebrate colonization. The bricks

vrere positioned among the natural substrates, approximately

one m apart. Ten bricks were removed from each site on.each

sampling date. Samples vrere always t.aken f rom the roYr of

bricks located furthest downstream on each succeeding date.

À large rectangular, Iong-hand1ed, net (¿Sx20x¿5 mm)

equipped with a 500-um Nitex mesh net was held immediately

downstream of the brick to be sampled' The brick was

rapidly removed from the river bottom and placed in a

12-Litre plastic pail. fhe net was left in place for

approximately 30 sec to catch any invertebrates that had

become dislodged from the brick during removal. Àny

invertebrates found in the net were removed with forceps and

placed in the pail with the rest of the sample' Ethyl

alcohol 05%) was used to preserve the samples which were
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then returned to the laboratory. Sorting was done in white.

enamel trays, and sorted specimens were placed in vials

containing 75% ethyl alcohol for later identification.

Artificial substrates were sampled in 1982 on the

following dates: 07 JuIy (g days pre-treatment), 12 July (A

days pre-treatment), 14 JuIy (t day pre-treatment), 16 July

(t day post-treatmenÈ), 19 JuIy (+ days post-treatment), 23

JuIy (g days post-treatment), 29 JuIy (1+ days

post-treatment), 16 Àugust (32 days post-treatment), and 17

September (e¿ days post-treatment).

Ànother grid of substrates (15x3) was placed in both

riffle sites in 1983 to allow a second year of observation.

Substrates were installed on 21 June and sampled on 1 I JuIy

(368 days post-treatment) and 03 August (gg¿ days

post-treatment ) .

3.7 INSECT EMERGENCE

A reduction in numbers of insects in benthic samples

collected after a methoxychlor treatment could result from

natural emergence rather than from lethal effects of the

pesticide. Reductions in benthic densities at treatment

sites in studies involving methoxychlor additions to the

Athabasca River were thought to be due in part. to natural

emergence because of simultaneous reductions at control

sit.es. However, because emergence was not sampled, this
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could not be definitely proven. Emergence sampling can also

be used to determine what stage the insect is in during the

treatment period which may help to explain the effect, or

lack of effect, oD a particular species. A portion of the

species emerging prior to, or during a treatment, would be

in the adult terrestrial stage and thus not directly exposed

to the pesticide in the river. Recovery could occur in part

via egg-Iaying adults in such cases. In the present study'

head capsules were measured on a random sample of 30 larvae

of selected species from artificial substrates at both the

control and treatment sites on various sampling dates prior

to, and following methoxychlor treatment. The resulting

size dist,ributions at both sites vrere compared to determine

if recolonization had occurred via egg-laying adults from a

previous emergence.

A final reason for sampling insect emergence is that

adult specimens can be used to confirm species-Ievel

identif ications of. immatures. Identif ication of immature

stages to the species level is often difficult or

impossible, due to the lack of taxonomic keys. A major

deficiency of many studies examining the impact of

methoxychlor on aquatic invertebrates is that organisms were

identif ied only to th'e level of genus or higher, thus

masking effects at the species level. Interpreting

population change requires a knowledge of the ecology of

individual species. Whether changes observed are due to
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life-history events, environmental heterogeneity and

dispersion patterns in the population, artifacts of the

sampling protocol, or result directly from the process of

concern can only be ascertained by a detailed knowledge of

the life history and ecotogy of the species under study.

Identification to the famity or generic level is not

adequate, because examples can be found in aII groups in

which species of the same genus or family respond

differently to environmental perturbation. Thus studies

based on identifications above the species level often have

Iittle value in the ecological appraisal of disturbarlcê.

Emergence traps were pyramidal in shape, 1 m2 at the

base, 55 cm high at the apex and fitted with a 500-um Nitex

mesh net. A removable glass collecting bottle $tas fixed

over a S-cm diameter hole at the apex. Polystyrene float's,

13 cm wide and 15 cm deep, were placed around the base of

each trap. The trap was secured by a 6-mm nylon cord fixed

3 m upstream to a 1.5-m steel pole. The pole was embedded

into the riverbed, âllowing the trap to swing with the river

current in an approximate 30o arc (Westwood and Brust 1981).

Three emergence traps v¡ere placed in both the control and

treatment riffles (ni9. 3), and were emptied at various

dates before and up to one month following methoxychlor

injection. The traps were sampled after a period of 48 h on

the following dates: 08 JuIy 1982, 14 July 1982, 17 JuIy

1982, 19 July 1982, 21 July 1982, 28 July 1982' and 18
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August 1982. Adult insects were aspirated from the inside

of the collection jar, and the inside of the entire trap

after slowly raising the trap above.the water. Specimens

were placed in vials containing 75% eth'yl alcohol for later

identification in the laboratory.

3.8 STÀTT TICÀL ANALYSES

The effects of methoxychlor on drift densities' numbers

on substrates, and numbers emerging' between the control and

treatment sites for both individual and toÈa1 species, were

tested using two-way analyses of variance (aHOVa) (Snedecor

and Cochran 1981). A total drift density for individual

taxa for each 24 h drift sample period was obtained by

summing the drif t densities {u;ro./100 m3) observed in each of

the six, four*h sampling intervals on each sampling date.

Taylor's 
,power 

Iaw vras used to select the proper

transformation to remove the dependence of the variance on

the mean observed for total drift densities, numbers on

substrates, and numbers emerging for individual taxa (taylor

1961). In alI cases a tn(x+1) transformation was indicated.

Hydr iIa aiax Ross and Cheumatopsyche campvla Ross ¡¡ere

the only two species emerging in large enough numbers for

statistical analysis on the emergence data.

The

sample

priori

two-way ANOVA'S used a sptit-plot design blocked by

date. The interaction term was partitioned using a

multiple comparisons to compare the difference
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between the combined control and treatment site means prior

to treatment $¡ith the difference between the control and

treatment site means on each post-treatment sampling date

(Snedecor and Cochran 1981). The compaiison-wise error rate

was adjusted using Sidak's multiplicative inequality index

to maintain the experiment-wise error rate at P<0.05 (MiIler

1978).

The riffLe community response to the methoxychlor

injection was measured for both the drift and substrates

using three diversity indices (species richness, modified

Simpson and Shannon-Weaver). Species richness (S) is the

"only truly objective measure of diversity" according to

Poole (1974, p. 387). The modified Simpson Index

(1-Simpson) is an estimate of the probability that two

randomly selected individuals will not belong to the same

species. It is mostly sensitive to evenness (distribution

of individuals t*oág species) and not species richness. The

index gives little weight to rare species. The

Shannon-Weaver Index (H') combines both species richneSs and

species evenness. The index is most strongly affected by

the abundances of the "middle" species in a community,

rather than by the common or rare species (poole 19741. H' ,

1 -Simpson and S diversity indices vrere calculated for the

drift and artificial substrate data. Taylor's power law

indicated that the variance was independent of the mean in

aII cases and no transformation was necessary for



stat i st ical
were used to

diversity on

sites.
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analysis. The same analyses as described above

test for differences in drift diversity and

substrates between the control and treatment

In a natural ecosystem such as a river, it is very

difficult if not impossible to find two sites in which

species abundance or species composition are completely

similar. In many studies involving the impact of

methoxychlor on non-target organisms in large rivers in

Western Canada, the criterion for recovery vras based on

invertebrate populations returning to control-site levels"

However, in practically aII cases there was no analysis to

compare the abundance of different taxa at the control and

treatment sites prior to treatment (no baseline data).

Therefore, it was not known how similar these communities

yrere, and any conclusions based on populations returning to

control-site leveIs are questionable. In this study,

differences between the control and treatment sites prior to

treatment for the various parameters being tested vtere

accommodated by using the comparisons outlined above" The

nuII hypothesis for these comparisons was Ho: the

methoxychlor treatment does not affect the observed

pre-treatment differences between the control and treatment

sites for drift density, numbers on substrates, numbers

emerging, or species diversity. This analysis, therefore,

gives a much more accurate indication of the effect of



methoxychlor on invertebrates at a

compared to a control site because

difference between the control and

treatment.
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treatment site when

it takes int.o account the

treatment sites prior to



Figure 2. The
and

study area showing location of the control
treatment riffle sites.
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Figure 3 Ðiagram of the experimental design used at the
study riffle sites showing drift, emergence
trap, and artificial substrate samplers. The
actual distance from the beginning of the control
riffle to the end of the treatment riffle is
approximately 1 km.
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Figure 4 Concrete paving stone (rrieste design), made by
Genstar Materials Limited, used as an artificial
substrate.





Chapter IV

RESULTS

4.1 WÀTER CHEMI STRY AND D]SCHARGE

Water temperatures (recorded at mid-day) reached a

maximum of 25.0o C on 15 JuIy (date of methoxychlor

treatment) at the control and treatment sampling sites, and

declined steadily to 12.5" C on 16 September (tab1e 1 ). pH

readings fluctuated over the entire Sample period but were

quite similar between sites on each sampling date (fable 1 ).

Similarly, suspended carbon, suspended nitrogen, and total

suspended solid concentrations changed over the sample

period, however, observed values were comparable between

sites for the majority of sampling dates. Any differences

observed for these parameters between sites on certain dates

may be due to natural variation because only one sample vras

collected from each site on each sample date for chemical

analys i s .

peak discharges of 78-90 m3/sec occurred in the spring

and declined dramatically to leve1s below 10 m3/sec by 01

JuIy in both years (fig. 5A,B). The actual discharge at the

injection site on 15 JuIy 1982 (date of methoxychlor

treatment ) was '3.32 ms /sec .

67
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4.2 METHOXYCHLOR RESI s TN RIVER WATER

l,Iethoxychlor residues in water following river treatment

are listed in Table 2. No detectable methoxychlor residues

were observed at the control site at any sampling period

before or after methoxychlor injection (fable 2). Water

samples taken during the treatment (10 min post-treatment)

contained methoxychlor concentrations very close to t'he

desired theoretical concentration of 300 rrg/Litre in the

treatment riffle" Trace Ievels of methoxychlor were

detected up to 12 h post-treatment in the treatment riffle'

but no residues were detected by 24 h. A dense growth of

filamentous algae probably retarded the passage of

methoxychlor through the riffle, and could possibly account

for the long duration (12 h) that methoxychlor was detected

in the water column. Methoxychlor residues in water samples

to which sodium azide was added (10 min and t h

post-treatment samples) were similar to residues observed in

samples collected during the same sampling periods which

contained no sodium azide" Thus microbial degradation did

not significantly alter the methoxychlor concentrations

present in the water samples prior to analysis'
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4 3 DRIFT STUDIES

Catastrophic diift

The methoxychlor treatment resulted in an immediate

catastrophic drift in all of the observed species of aquatic

invertebrates (table 3). Drift densities at the

treatment-outlet site were significantly greater (p<.0001 )

than the control site for all invertebrate taxa during the

24-ln treatment period. Moreover, the treatment was not

selective for any one functional feeding group. Predators

(Acroneuria lycorias (Hewman) and Polvcentropus cinereus

(ttagen) ), scrapers (Baetis spp. , Caenis tardata McDunnough,

Leucrocuta maculipennis (waIsh), Hvdroptila aiax Ross'

Psvchomvia flavida Hagen, and Sten erôn interpunctatum

(say)), firter feeders (Cheumatopsyche campyla Ross

Hvdropsvche recurvata Banks, and Isonychia sicca walsh),

and collector-gatherers ( nphoron album (say) ) were

simultaneously affected. TotaI drift density and drift

densities of the majority of the individual taxa were

significantly depressed (p<.05) at the treatment-outlet site

relative to the control site for all the subsequent sampling

dates in 1982 including 17 August (33 days after treatment).

Extremely low drift densities and high variabilityr or

absence in the drift,, probably prevented the detection of

any statistical significant differences (p<.05) between the

sites on dates other than the treatment date for P.

f lavida P. cinereus, A. lvcorias, and O. virilis. Drift
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densities of only two species (r. sicca and E. album)

remained significantly reduced (p<.05) at the

treatment-outlet site relative to the control on O3 August

1983 (gA¿ days post-treatment). However, Iow numbers

observed in the drift for E. album on the sampling dates

after treatment in 1982 and 1983 make any conclusions

derived from the use of statistics questionable.

Individual taxa

The response of individual taxa to the methoxychlor

treatment vras separated into four categories based on

propensity to drift under natural conditions (densities

drifting into the treatment riffle at the treatment-inlet

site) and the length of time reguired to recover on

artificial substrates. The four categories are: 1) species

naturally drifting in high numbers and having a very rapid

recovery on artificial substrates (Iess than 10 days¡ ê.Çf.

Baetis spp., 9.. tardaÈa and L. maculipennis). 2) species

naturally drifting in very low numbers, or absent in the

drift, and requiring a long period to recover on artificial

substrates (Ionger than 64 days, and possibly up to one year

following treatment, €.Çt. B. flavida and $. recu rvata ). 3)

species naturally drifting in low numbers, or those emerging

during the treatment period, and showing either no effect,

or a moderately fast recovery on artificial substrates (Iess

than 64 days¡ €.Çf . E. aiax and C . campyla). 4) species

either absent in the drift or drifting in low numbers under
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natural conditions, and not sampled effectively by the

artificial substrates (numbers vrere very low or the species

was completely absent). Treatment effects on benthic

populations of these species were difficult or impossible to

assess (e.g. E. aIbum, I ' sicgA, S. interpunctatum, P'

c inereus, å. lvcor ias, 6!4. azteca ( Saussure ) , and O.

virilis). The drift-density data for representative species

from each of the first three categories are presented belo¡v.

Drift-density data for the remaining invertebrate species

and the Chironomidae (which vrere not identified beyond the

family leve1) are included in Appendix A.

specres

Group 1 species included taxa that naturally drifted in

high numbers and showed a very rapid recovery on artificial

substrates (less than 10 daYs).

ÀII members of the genus Baetis were designated Baetis

spp. because the majority of specimens from drift samples

were immature or damaged and this precluded species-Ievel

identifications. Individual species of the genus Baetis

identified from drift and emergence samples included Baetis

pyqmaeus (uagen), Þ. f lavi trioa McDunnoughr B.

brunne ieolor McDunnough, B. propinquus (waIsh), B.

pallidulus McDunn ough, and g. intercalaris McÐunnough.

Group 1

Baetis mayflies drifted in high

conditions and showed a diel drift

numbers under natural

periodicity with peaks
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corresponding to periods of darkness (rig. 6). High

densities were observed drifting into the treatment riffle

at the treatment-inlet site for all sampling dates in 1982'

The treatment resulted in an immediate catastrophic drift

peak which lasted for about four h and was significantly

greater (p<.0001) than the control for the 24-}: period on 15

July. The number of Baetis spp. drifting during the

four-h period following treatment increased 1'914-foId

relative to the control site. Total 24-h drift densities

were significantly Iower (p<.05) at the treatment-outlet

site compared to the control site for all the post-treatment

sampling dates in 1982 (nig. 6). No significant differences

(p>.05) were observed for 24-ln drift densities between the

two sites on 03 August 1983 the following year (nig" 7)"

Group 2 species

Group 2 species included taxa that naturally drifted in

very low numbers, ot that vrere absent in the drift, and

required a long period to recover on artificial substrates

(Ionger than 64 days, and possibly up to one year following

treatment ) .

The caddisfly Psvchomvia f lavi da rarely drifted under

natural conditions (nig. 8). The methoxychlor treatment on

1 5 JuIy induced large numbers to leave the substrate and

enter the water column. The drift density at the

treatment-outlet site increased to a level 12,699 times that
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of the control site in the four-h sampling period following

injection. Elevated drift densities lasted for a period of

about 24 h following treatment at the treatment-outlet site

and it was significantly greater (p<.0001) than at the

control site. prift densities (24-Ìr.) were not significantly

different (p>.05) between the control and treatment-outlet

sites on all the post-treatment sampling dates in 1982 (fig.

8), or the following summer on 03 August 1983 (rig.9).

Extremely low drift densities probably prevented the

detection of any statistical significant differences (p<.05)

between the sites on other than the treatment date.

Group l specles

Group 3 species included taxa which naturally drifted in

low numbers, or that were emerging during the treatment

period, and showed either no effect, or a moderately fast

recovery on artificial substrates (Iess than 64 days).

The filter-feeding caddisfly Cheumatopsvche campyla,

drifted in relatively low numbers under natural conditions

at all three sites in 1982, but did show a diel drift

PCT ttern. Maximum numbers usually occurred during periods of

darkness (fig. 10). The methoxychlor injection caused a

pronounced drift which lasted for a period of about 24 h and

v¡as significantly greater (p<.0001) than the control site.

Drift densities increased 10,427-fold relative to the

control site in the four-h period following treatment.
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TotaI 24-i¡ drif t density was signif icantly lower (p<.05) at

the treatment-outlet site compared to the control site on 21

July (g days posÈ-treatment), but no significant differences

(p>.05) were found between sites for the remaining sampling

dates in 1982t ot the following year on 03 August 1983 (fig.

11).

The caddisfly, Hydroptila aiall drifted in relatively

high densities at the control and treatment-outlet sites but

very low densities rùere observed drifting at the

treatment-inlet site (into the treatment riffle). The

species showed no definite diel drift periodicity (rig. 12) 
"

The methoxychlor treatment resufted in a catastropbic drift

which remained in excess of drift densities at the control

site for about eight h and was significantly greater

(p<.0001) than the control site for the 24-h period

following injection. Drift densities increased 104 times

relative to the control site in the four h following

treatment. Drift density (24-}.) was significantly Iower

(p<.05) at the treatment-outlet site compared to the control

on 21 July (6 days post-treatment) (ri9. 12). An

unexplained increase in drift density occurred at both sites

on 29 July which resulted in no significant difference

(p>.05) for 24-h drift density between the two sites" Orift

density ,2l-in) was again signif icantty lower (p<.05) at the

treatment-outlet site relative to the control on 17 Àugust

(33 days post-treatment). The sites were not significantly



different (p>.05)

(ris. 13 ) .

for z4-hdrift density on 03 August 1983

Prift of sucker frv

Catostomus commerson I (laeepede) fty, drifted under

natural conditions in 1982, and exhibited a definite diel

drift periodicity with maximum numbers occurring during

periods of darkness (f i9. 14). Drif t densities (2[-Ìrr) were

not significantly different (p>.05) between the control and

treatment-outlet sites for any of the sampling dates in 1982

including the treatment date (1S JuIy), or the following

year on 03 August 1983 (rig. 15). The methoxychlor

treatment did produce an immediate discernible 3-fold

increase in drift density of the fish fry at the

treatment-outlet site reLative to the control, and the

increase lasted for a pefiod of about four h. The absence

of fry in the drift on the post-treatment sampling dates in

1982 at the treatment-outlet site relative to pre-treatment

levels at that site and post-treatment levels at both the

control and treatment-inIet sites, indicates a definite

impact of the methoxychlor on fty inhabíting the treatment

riffle (rig. 14).
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Commun i tv response

Species diversity in the drift at the control and

treatment-outlet sites calculated using Species richness

(S), modified Simpson (l-simpson), and Shannon-weaver (H')

diversity indices are summarized in Table 4. The

methoxychlor treatment resulted in a significantly higher

(p<.05) diversity in the drift as measured by all three

indices at the treatment-outlet site relative to the control

site on the treaLment date (15 JuIy). Significant

reductions (p<.05) in the number of species (species

richness) found in the drift were observed at the

treatment-outlet site compared to the control site for aIl

the sampling dates after treatment in 1982 including 17

August (33 days post-treatment)" Diversity in the drift as

measured using Simpson and Shannon-weaver diversity indices

was only significantly reduced (p<.05) at the

treatment-outlet site relative to the control site unti]- 21

July (0 days post-treatment). Significant differences
(p<.05) were not observed between the sites for the

remaining sampling dates in 1982. Drift diversity measured

using aIl three indices was not significantly different
(p>.05) between sites the following year on 03 Àugust 1983

(table 4').
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4.4 BENTHIC STUDIES

Individual taxa

(enrrFr crAL SUBSTRÀTEs )

Mean numbers of the 12 taxa colonizing substrates at the

control and treatment sites for 1982 and 1 983 are summarized

in Tab1e 5. Figures showing numbers on substrates for aII

the individual- taxa are included in Appendix A. Àrtificial

substrate data are not presented for E. album because it is

a burrowing mayfly, and was never recorded on the

substrates. SimiIarly, juveniles of the crayf ish Q. viriljs

and fish fry of C. commersoni were never collected from

artif icial substrates.

Individual taxa observed on substrates demonstrated

different abilities to recolonize following methoxychlor

treatment. Some species recolonized very rapidly following

treatment. For example, numbers of L. maculipennis and

Baetis spp. were not significantty different (p>.05) between

the control and treatment sites after 4 and I days

respectively (tab1e 5). Other taxa remained significantly
reduced (p<.05) at the treatment site relative to the

control site for the majority of sampling dates in 1982

following treatment. For example, numbers of H. recurvelLa

and P. flavida were significantly lower (p<.05) at the

treatment site compared to the control site 64 days after

treatment (last sampling date in 1982) (raUte 5). g.

campyla showed no significant difference (p>.05) between

sites 64 days after treatment, however, mean numbers were
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still lower at the treatment site, and a large variance in

the samples probably prevented the detection of a

statistically significant difference. Numbers of some taxa

on substrates were unaffected by the treatment, and in fact

appeared to be enhanced. E. aiax had significantly higher

(p<.05) numbers on substrates at the treatment site 1 day

following treatment, and numbers remained higher at the

treatment site relative to the control site for the majority

of sampling dates in 1982 (fable 5). Numbers of C. tardata

v¡ere higher at the treatment site compared to the control

site for aII the sampling dates in 1982 and 1983, and were

actually significantly greater (p<.05) at the treatment site

B days following treatment (Tab1e 5). Low numbers on

substrates probably prevented an accurate indication of the

effect of the treatment on benthic populations of g.'

tar ata , however, it appears that they were to a large

extent unaffected. Numbers of I. sicca, S. interpunctatum,

À. lycor ias P. cinereus, and H. azteca v¡ere too low to

allow meaningful statistical analysis (table 5). Any

significant differences (p<.05) indicated for these species

are probably due more to natural variation than an actual

treatment effect. E. aiax was the only species to show a

significant reduction (p<.05) at the treatment site relative

to the control site in 1983 (t year following treatment)

(fab1e 5). This reduction can probably be attributed more

to natural variation than to the methoxychlor treatment

because numbers of B. aiax on substrates on 18 JuIy 1983

(previous sampling date) were higher at the treatment site.
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Total numbers (aII taxa) on substrates were significantly

reduced (p<.05) at the treatment site relative to the

control site on consecutive sampling dates up to 8 days

following treatment, and not again until 64 days after

treatment (TabIe 5). The significant difference (p<.05)

observed between sites on 17 September 1982 vras due to the

contribution of very large numbers of E. recurvata (a mean

of 658.9) observed on control substrates. Differences

between control and treatment sites are not significant
(p<.05) when g.

calculat ions.

recur vata numbers are removed from the

Commun i tv response

species diversity on substrates at the control and

treatment sites calculated using S, 1-Simpson, and H'

diversity indices are summarized in Table 6. The

methoxychlor treatment resulted in a significantly lower

(p<.05) diversity on substrates as measured by aII three

indices at Lhe treatment site relative to the control site 1

day following injection. S was also significantly reduced

(p<.05) at the treatment site relative to the control site 4

days after treatment, however, significant differences

(p<.05) in S were not found between sites for the remaining

sampling dates in 1982 and 1983. Species diversity on

substrates calculated using the 1-Simpson and H' diversity

indices was significantty lower (p<.05) at the treatment

site relative to the control site 14 days following
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treatment. Simpson diversity was significantly higher

(p<.05) at the treatment site 32 days after treatment and

again 368 days following treatment. Shannon-Weaver

diversity on substrates was also significantly greater

(p<.05) at the treatment site relative to the control site

368 days following treatment (table 6).

4.5 ÐRIFT - BENTHOS RELATIONSHIP

The numbers of many of the taxa and total numbers

(excluding E. recurvata) found on substrates had recovered

at the treatment site compared to the control site by 14

days after treatment (Tabte 5). However, drift densities of

the majority of taxa and total drift density remained

significantly reduced (p<.05) at the treatment-outlet site

relative to the control site for aII the sampling dates in

1982 including 33 days after treatment (table 3). The

patterns of recovery of total invertebrates on artificial

substrates and of Èotal dríft at the treatment-outlet site

are presented in Fig. 16. TotaI invertebrates on substrates

returned to pre-treatment levels about two weeks foIlowíng

methoxychlor injection. The recovery of total invertebrate

drift was delayed considerably. Numbers had not returned to

pre-treatment leve]s after about one month, and may have

required until the following summer (l year) to reach

pre-treatment levelS. The relationship of total drift to

total indivíduaIs on substrates is further illustrated in
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Fig. 17, where total invertebrate drift is graphed against

total numbers of invertebrates on substrates for four

sampling dates following methoxychlor treatment at the

treàtment-outlet site. Once totals on substrates had

approached a maximum of about 300, which required between 14

and 33 days following treatment, totals in the drift began

to increase dramatically.

4.6 INSECT EMERGENCE

AduIt emergence v¡as observed for the following species

during the sampling schedule in 1982 (08 JuIy-18 Àugus!) :

P. f lavida, P. cinereus, I. sicca, E. ryþ-' S..

interpt¡nct.atum, B. propinguus' B. æ.IIidulus., E.

intercalaris, B. flavistriqa, B. aiax, C. campvla,

Hvdropsvche sparna Ross, Hvdropsvche bifida Banks,

lydropsyche betteni Ross, and Nixe r nconsDLcua

(McDunnough). All but $. aiax and C. campvla were recorded

in very low numbers in the emergence traps (usually a mean

value of one or less for three replicaLes).

The caddisfly E. aiax emerged in very large numbers

during sampling in 1982. Peak numbers occurred very close

to the date of treatment (Fig. 184)" Numbers emerging were

significantly Iower (p<.05) at the treatment site relative

to the control on 22 JuIy Q days post-treatment) and on 28

JuIy (13 days post-treatment). The sites were not

significantly different (p>.05) on 18 Àugust (g¿ days

post-treatment ) (F ig. 1 84) .
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The methoxychlor injection seemed to cause an initial

decline in emergence of C. campyla at the treatment site

(rig. 188), however, Do significant differences (p>"05) were

found between the sites for numbers emerging at any of the

Bost-treatment sampling dates in 1g82'

E. album adults were not obtained from emergence traps at

any time during the study. However, on 29 JuIy 1982 (l+

days post-treatment) a total of 538 adults were recovered

from the three drift samplers at the control site, whereas

only 14 were collected from the three drift samplers at the

treatment*outlet site. This difference is expected, since

the methoxychlor treatment had resulted in a catastrophic

drift of the nymphs of this species at the treatment-outlet

site (rig " 21, Àppendix A). The adult population at the

treatment riffle vras obviously severely reduced by effects

of the injection on immatures. on 03 August 1983, no E.

album adults were found in drift neÈs from either site (the

emergence peak was missed) " Thus the impact of the

treatment on the adult population at the treatment site one

year following treatment could not be determined.



Table 1. water chemistry data for the control and Treatment study sites on the souris
River, Manitoba, L9B2-

Total
Suspended

Soltds (mg/l)

treatment

L2.0

10.0

10. 0

12.0

14.0

14.0

control

13.0

9.0

11.0

12.o

15.0

15.0

Suspended
Nl-trogen

(ue/ 1)

treatment

262,O

230.0

2L6,O

290.0

249.O

121.0

control

289 .0

L62.O

244.O

312.0

280.0

134. 0

Suspended Carbon
(ue/1)

treatment

1150.0

1280.0

]-240.O

2220.O

1790.0

1240. 0

control

L770.o

890.0

r_400.0

171-0.0

1880.0

r-230.0

pH

treatment

7 .90

8.06

8.16

7.72

8. 34

8.32

control

7 .76

8.40

7.86

7 .58

8.24

8.32

Temperature (oc)

treatment

21,.O

25.0

23.O

22.O

22.O

L2.5

control

21.0

25.O

23.O

22.O

22.O

LZ.5

Date

08 Jul 82

15 Jul- 82

22 JúL 82

29 Jul- 82

17 Aug 82

16 Sep 82

co
(¡)
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Table 2.

Sanpl-ing Period North

Control
MÍddLe South

Treatment

North Middle

Itethoxychlor residues (ug/litre) in water samples
takãn irom the northr. miãd1e, and south sides of
the control and treatinent riffle sites at various

""mpii"g 
periocls before and follo-v¡ing-methoxychlor

in:ãctión (300 ug/J,ílute for 15 min.) into the
soúris River, Manitoba, L5 JuIy, L982'

South

0.00

223.85

229 .7 4

2.2r

1.11

o.24

0. 03

0. 02

0.00

0.00

0.00

358.97

306.88

3.08

0.41

0.L2

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

284.44

282.20

2.08

2.86

o.26

0.05

0.02

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

24 t,:. pre-treat

10 n1n. Post-treat

10 rnin. post-treat

t hr. post-treat
*

I hr. post-treat

3 hr. post-treat

6 hr. post-treat

LZ n.r. post-treat

24 hr. post-treat

48 hr. post-treat

*

*Sarpl." to which sodirn azíde was added 'lnmediatety fol-lowÍng

collection.



Table J. Heen (! S.E.) 24-h drfft densltles (no./tooo'3) of lnvertebrátes and suck¡r fry at the control and trcacftent-outlet sltcs ln the sourls Rfver

bèfore and a ea trne n th ne

l5 Jul '82 2t Jul '82 29 Jul r82 17 Âug '82 03 Aug '83

fuetía s99.

Caenía târdau

Leuctþcuta
nlacuLípernít

Stzrúcrcn
íntewunctatva
Isonychía
aicca

Ephorcn albrn

HydtoptíLa aiaz

Chewntopeyche
catnpyLa

Hydrcpayche
tecur'Ðdta

Paychonyía
flavida
PolycentrnPue
cinereug

Actpneuria
lycoríae
HyaLeLLa
azteca

OrconeeteS
uíriLia
Catosto,tus
eorr¡nersoní

13 3. 4 !45 .9
282.5282.4

173.3!61.3
663.3155.2

66.0!29.3
107.4!41.8

6 .9!3. I
4t.6!27 .2

29.6!l
57 .2!2

Tre

195.6!67.0 rr
13965.6!4023.1

308.9!¿1. 7 r¡
20230.6!4960. I

88.2:33.3 rr
13351.2!308¿.5

18.317.9 rr
4303.2!1441.¿

60.1!21.2 r.
I 1718.8!2875.7

¿.0!4.0
279 3 . 3! 1080. 2

tl

151.0!66.7 rr
3124. ¿!ll13.0

200.5!t8.7
16.614.06

427 .1 !106.1 ,
144.8!56.2

275.2:118.6r
93.9!35.6

I 33.33¿4.3r
36 .4117 . 3

2.9!1.0r
l. 6:1 .6

20.9!6.3.
0.0!0.0

l¿ 3

1.2r0.8
0.010.0

0.0:0.0
0.010.0

6. t!1.3
0.2:0.2

tl.

747 ,0229t .O)
211.8!6ó.0

99r.3!r55.2r
597.0!108.6

78.4!12.1
32. l!6.8

231 .}tt 5 .2
7 L9 .921t 5,O

2¿1.0!63.9
383. I 36¿. ¿

¿3.¿r¿.6
l¿1.4!35.5

¿¿ .2:10.3
156.6:50.7

10.5r3. 3r
I .5!0. 7

d

c
T

c
1

c
1

c
1

c
1

c
1

c
T

c
1

c
1

c
T

c
T

c
T

c
1

c
T

c
T

t

l37.ltl8.8r
24.2!8.2

63.5116.1r
4.5t2.5
2.0r0.7.
0.0!0.0

26.3!3.
1.0:0.

3r
9

24.6!13.3r
1.0r0.9

13.0r3.1.
0.0r0.0

9.2!3.0r
0.0r0.0
1.5!0.6r
0.0!0.0

38. 2:8 . 1r
6.9:0.4

93.4!25 .6
29.8:5.3

18.8!2.2r
7 .8!2.4
3.4!1.8
0.0r0.0
0.0r0.0
0.0!0.0
0 .0!o .0
0.0!0.0

138. l!36.1r
67.7il5.8

1

.0

60.0!17.2
108.2!25.8
23.6!12.7
56.62L2.7

22.7 !6.
60.5!l 3

I .0 !0.
6.5t2.
9.4!5.3
0.0:0.0
0.o!0.0
0.0:0.0

19 .5!3.6
¿1.7:ó.c

711.0:15.2
1685.0:150.0

261 . 3! r95 .0
141.8t71.3

l0 . 318 .6
5.5!2.9
1.5!r.l¡
0.0!0.0
8.416.6
1.1!1. I
6.6c2.3
0.0r0.0
0 .0:0 .0
0.0!0.0

lt0
7.1!2
3

.6r

.5

1.6
l. -2

10.7!6.8
48 . t!15. 7

177.5!45.3
39t.0rl¿5.0

8. 3:5.5
15.7!9.9

2. 5:0.9
13.2!3.5
0.3t0.2

2.75t2.2
5.7:3.5
0.0:0.0
O. 1:0. I
0.0!0.0

107.0r25.0
530.51185.4

0.0!0.0
0.0l0.0

:0
:o

0.7
0.0

:0.0.
!0.0

0.0
0.0

I I

25. t!2.6
22419.616097.5

tt

3.2c1.9 *r
3594.8!l18l.7

l.ol1.0 r.
t2934.8!3372.2

6.2:3.0 rr
378. 7!137.5

0.030.0rr
9.4!0.5

93.0:10.9
7754.0:1895.0

It

0.8!0.7
39 .2 111 .1

12.0!6.9
4.0!l.l

967.03111.7
116641.0!307¿6.1

1.630.5r
0.8r0.E
0.0r0.0
1.5t1.6
2. l!1.1
0.0!0.0
0.0!0.0
0.0r0.0

56.9!7.6r
6.2!3.5
0.5!0.5
0 .0!0.Ð

It

3r54.7!16.
16.5!3.9

465
t64

0
0

:0
!0

0.0
0.0

I
0

3

I

030
o:o

2:l
9t1

t
.7

9
l

0
0

8
I16.2

9.9
r6
:3

2

I
0.0!0.0
0.0:0.0

28 .0 36 3. lr
56.0! 17.2

9.0!5.6
o.0 !0.0

2142.0:512
956.0:169

5 t02 .0:
.0:

2 8r
5c

T
717.5!150.5

2ló1.0:278.0
IIt

Totel taxe

C - Control slte.
T - Treatrnent-outlet sltc.
rr Heans are slgntflcantly dlfferent
r Heans are elgnlflcantly dlfferent

æ
ul

(P<0.0001)

(P<0.05).



Table 4. Mean (t S.E.) species dfverslty ln the drift at the control and Èreatment-outlet sltes fn the
SourLs Rlver before and after treatment with rnethoxvchlor

Pre-treat
15 Jul '82

(Treat)
Ju1 r82

6 davs)

*

*

*

29 Jul '82
( 14 davs)

t2.4!0.7

6.7!0.4

0.72!0.02

0.73t0.02

1.5610.04

1.44!0 .05

17 Aug I 82
(33 davs)

11.710.4

8.010.0
*

0.64t0 .02

0.54r0.05

1.33t0 .04

1 . 1110 .09

03 Aug '83
(384 davs)

I I .7t0 .4

10 . 7r0 .4

0.74r0.04

0.7410.01

1.7010.14

1.67!0 .02

2L
(

Species rlchness
c lL.7lO.4 Lr.7!1.2

T 11 .2!0. 3 15 .0r0.0

0.8010.02

0. 7710.01

1.82r0.08

0 . 7810 .01

0.8710.002

1. 81.10 .06

2.2010.01

10 .0 r0 .0

5.010.0

0.7510.01

0.7010.02

1.64t0 .03

1.3410.05

*

*

Sfunpson
c

T

Shannon-trleaver
1.70t0.03

C - Control site.

T - Treatment-outlet slte.

* Means are slgniflcantly dlfferent (P<0.05).

C

T

co
Ol



Table 5. lleen (: S.E.) nunber of lnvertebrates on artlflcial substraÈes et the control ¡nd treatnent slres ln the Sourls Rlver before and after
treetænt sl th æthoxYchlor

Eaetie spp

Caeníe tarla?â.

Lcttctvcuta
nnculípenníe

Isonychía
sicca

Stetøcron
íntet?unetatlûn

Acnoneuria
tycoriae

Hydnptila ajaz

Hydtopdyche
tecutùaèa
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Figure 5. Discharge for the
Manitoba (located
sites). A) 1982
1984).

Souris River at Souris,
18 km upstream from the studY

B) 1983. (snvironment Canada
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Figure 6 Mean (ts.e.) drift density of Baetis spp.
Iarvae at the three sampling sites for 1982.
Dark bars represent periods of darkness. Numbers
along bottom represenE 24-l;. time. Àrrow
indicates time of Methoxychlor injection
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Figure 7 Mean (ts.e.) drift density of Baetis spp.
larvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
repiesent periods of darkness. Numbers along
bottom represenE 24-h time.
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Figure I Mean (ts.e.) drift densitY of
Iarvae at the three samPling s
Dark bars represent Periods of
along bottom rePresent 24-}l. ti
indicates time of MethoxYchlor

Psvchomvia flavida
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Figure 9. Mean (ts.e. ) drift density of Psvchomvia f lavida
Iarvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
represent periods of darkness. Numbers along
bottom represenL 24-h time.
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F i gure 10. Mean (ts.e. ) drift density of Cheumat oosvche
campyla larvae at the three sampling sites for
1982. Dark bars represent periods of darkness.
Numbers along bottom represenE 24-}:, time. Àrrow
indicates time of Methoxychlor injection.
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Figure 11. Mean (ts.e.) drift density of Cheumatopsvche
camÞv1a larvae at the control and treatment-
outlet sampling sites on 03 Àugust 1 983. Dark
bars represent period-s of darkness. Numbers
along bottom represent 24-h time.
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!'rgure t¿. Mean (ts.e.) drift density of Hvdroptila aiax
Iarvae at the three sampling sites for 1982.
Dark bars repr-esent per iods of darkness .
Numbers along bottom represent 24-ilr time. Arrow'indicates time of Methoxychlor injection.
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Figure 1 3. Mean (ts,e.) drift density of Hvdroptila aiax
larvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
represent period's of darkness. Numbers along
bottom represent 24-h time.
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Figure 14. Mean (ts.e
commer son i
1982. Dar
Numbers aI
indicates

. ) drift density of Catostomus
fry at the three samPling sites for

k bars represent periods of darkness.
ong bottom represenE 24-h. time- Àrrow
time of Methoxychlor injection.
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F i gure 1 5. Mean (ts.e. ) drift density of Catos tomus
commersoni fry at the control and treatment-
outTet sampliñg sites on 03 August 1983. Dark
bars represent periods of darkness. Numbers
along bottom represent 24-}:' time.
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F i gure

F i gure

16. Mean (ts.e.) number of total invertebrates
the drift and on artif icial substrates at
treatment-outlet site. Treatment date (1S
1982) not included. Arrow indicates time
Methoxychlor injection.

in
the
JuIy

of

17. Relationship between number of total
invertebrates in the drift to totals on
artificial substrates at the treatment-outlet
site. Numbers on curve indicate days elapsed
since Methoxychlor injection.
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Figure 1 8. Mean numbers (ts.e.) emerging at the control and
treatment sites. À) uvdioptila aiax B)
Cheumatopsyt¡e campvla. Airow' indicates time of
Methoxychlor in jection.
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Chapter V

DI SCUSS]ON

Species re nses

Individual taxa responded differently,to the pesticide

addition and demonstrated varying abilities to recolonize

the artificial substrates following treatment. Some

recolonized very rapidly (within days), Y¡hereas others

required a much longer period of time (months) to recover

relative to the control site. This great variation in

ability to recolonize can probably best be explained by the

major ways used by different species for recolonization'

Downstream drift may be the most important of these ways.

williams and Hynes (1976) demonstrated that animals

recolonizing an area of denuded stream substrate came from

four main sources: downstream drift, upstream migration,

vertical migration from within the substrate (hyporheic),

and egg-laying adutÈs (aerial sources). Drift from upstream

was the most important source accounting for 41.4 % of the

total number that settled in a denuded area. Townsend and

Hildrew (1976) determined that drift from areas upstream ?ras

responsible for 82 % of the recolonization observed in their

study.

102
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Group ! spec les responSes

Baetis spp. have a high propensity to drift under

natural conditions and this probably represents the main

method used by nymphs of this genus to recolonize denuded

areas of stream. Numbers of Baetis spp. on substrates at

the treatment site were n:t significantly different (p>.05)

from the control after only eight days following injection

(table 5). The rapid recovery on the artificial substrates

can probably be explained by the very high densities

drifting into the treatment riffle at the treatment-in1et

site (fig. 6). The size of Baetis nymphs observed on the

substrates at the treatment site a few days after treatment

was very similar to that of nymphs observed in the drift at

the treatment-in1et site following injection. The mean head

capsule widths for a random sample of 30 nymphs from the

drift at the treatment-inlet site on 21 JuIy 1982 and on

substrates at the treatment site on 23 July 1982 were 0'58

and 0.53 mm respectively. In addition, five of the six

species of Baetis collected in this study have bivoltine

life cycles (critford 1982). (OnIy n. intercalaris is

univoltine). Therefore, because of the high propensity of

Baetis spp. to drift and their bivoltine Iife-cycles, it is

doubtful if any of the species of Baetis suffered any

Iong-lasting reductions due to a single methoxychlor

treatment.
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L. mqculipennis also recovered very rapidly on artificial

substrates following methoxychlor treatment (table 5).

Similar to Baetis spp. this can be explained by high

densities drifting into the treatment riffle at the

treatment-inlet site (rig. 25, Appendix A).

The methoxychlor treatment did not significantly reduce

numbers of C. tardata nymphs on artificial substrates at the

treatment site. Numbers on substrates were actually

significantiy higher (p<.05) at the treatment site relative

to the control on 23 JuIy (g days post-treatment) (faUte 5).

Numbers on artificial substrates were not significantly

different (p>.05) between sites for the remaining

post-treatment dates in 1982 and 1983" g. !-g¡þþ- was

obviously susceptible to the treatment because of the

catastrophic drift observed immediately following injection

(rig. 19, Appendix A). williams and Hynes (1974) found

Caenis sp. to be common in the hyporheos to a depth of 40

crrtr with very small instars occurring to a depth of 70 cm.

Perhaps the apparent rapid recolonization of the substrates

at the treatment site observed after methoxychlor injection

occurred as a result of C. tardata nymphs moving up from the

hyporheos. Wallace ãt al. (1973) concluded that fast

repopulation of the sub'strate surface, after application of

insecticides may have been due to immigration from hyporheic

sources. Recolonization also probably occurred from

downst,ream drift because high densities lrere found drifting
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into the treatment riffle at the treatment-inlet site on alI

sampling dates in 1982 (fig. 19, Àppendix A). Head capsule

measurements of a random sample of 30 nymphs from the drift

at the treatment-inlet site on 21 JuIy 1982 showed a similar

size distribution to a random sample of 30 nymphs from

artificial substrates at the treatment site on 23 JuIy 1982"

Group 2 specles re-gpon_ge_å

Numbers of P. flavida were significantly reduced (p<.05)

on artificial substrates at the treat,ment site relative to

the control site at aII post-treatment sampling dates in

1982 excluding 29 July and 16 August (Table 5) when numbers

were also low at the control site. Numbers again increased

on substrates at the control site by 17 September (64 days

post-treatment) and were significantly greater (p<.05) than

at the treatment site (table 5). The increased numbers at

the control site on this date resulted from the contribution

of a neyr generation of early instar larvae. Head capsule

measurements of a random sample of 30 larvae from the

control site on both 19 and 23 July 1982 indicated a uniform

larval size distribution. Mean head capsule widths were

0.42 and 0.43 mm respectively. À similar sample taken on 17

September 1982 showed a bimodal size distribution of larvae.

Approximately 50% of the sample had a mean head capsule

width of 0.58 mm and the remaining 50% had a mean head

capsule width of 0.32 mm. An observed emergence of P.

f lav ida from mid-July to mid-eugust in the Souris River
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could also explain the reduced numbers at the control site

on 29 JuIy and 16 August 1982 resulting in no significant

differences (p<.05) between sites. Reduced numbers at the

treatment site on the post-treatment sampling dates in 1982

was probably due to both the methoxychlor treatment and an

emergence. The long period required for this species to

recover on substrateS at the treatment site relative to the

control site (perhaps until the following summer) can be

explained by its absence in the drift under natural

conditions. Few were recorded drifting into the treatment

riffte at the treatment-inlet site on any of the sampling

dates in 1gB2 (rig. 8). The major source of colonists

seemed to be egg-laying adults. Thus, a much longer period

of time was required Èo achieve recovery' B' f lav ida i s

univoltine in the Roseau River, Manitoba (Flannagan 1977) '

A univoltine species such as B. flavi-¡1a that has a very low

propensity to drift would be very susceptible to long-term

reductions by methoxychlor larviciding operations.

The long period of time required for E. recurvata to

recolonize the artificial substrates following methoxychlor

treatment (Tab1e 5), can also be explained by its very low

propensity to drift naturally (nig " 29, Àppendix A).

Grouo 3 species responses

Numbers of C.

treatment site v¡

relative to the

on artificial substrates at the

significantly reduced (P<.05)

site until four daYs following

campyla

ere not

control
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treatment and did not recover until- 17 September (øq days

post-treatment) (tabte 5). The species drifted in

relatively low numbers under natural conditions, and few

individuals drifted into the treatment riftle at the

treatment-inIet site (fig. 10). q. campvla, however, was

emerging throughout JuIy and Àugust at both sites (nig"

188). The population at the treatment site on 16 ÀugusÈ and

17 Septernber 1982 had shifted to smaller instars than at the

control site, although size distribution was comparable

between the sites prior to treatment. Head capsule

measurements of a random sample of 30 larvae from both the

control and treatment sites on 07 JuIy 1982 indicated a

similar uniform size distribution. The mean head capsule

width was 0.70 and 0.69 mm respectively. The mean head

capsule width at the control and treatment sites on both 16

August and 17 September vtas 0.71 and 0.53 mm respectively.

Thus, recolonization of the treatment riffle probably

occurred mainly by egg-Iaying adults since the treatment did

not result in a significant decrease (p<.05) in emergence at

the treatment site relative to the conlrol (fig. 188).

Minor recruitment also probably came from upstream drift,

and the hyporheic because williams and Hynes (197A) .observed

that q. campvla occurred to a depth of 20-40 cm in the

substrate. g. campyla is univoltine in the Roseau River,

Manitoba (Flannagan 1977'r. Recolonization at the treatment

site probably would have required a much longer period of

time had emergence not been occurring prior to and during
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the period of methoxychlor treatment, due to the low

behavioural drift and univottine life cycle of this species.

Emerging species of aquatic invertebrates, that are in the

terrestrial stage and thus not exposed to the pesticide in

the river, can contribute t.o recolonization by laying e99s

in treated sections of the river, a point raised by Byrtus

(1982).

Numbers of E. aiax on substrates at the treatment site

were not significantty reduced by the methoxychlor

treatment. In fact, numbers were significantly higher

(p<.05) at the treatment site relative to the control on 16

July (l day post-treatment) (table 5). The species was

obviously susceptible to the treatment because of the

catastrophic drift observed immediately following injection

(nig. 12). The apparent lack of effect of the methoxychlor

injection on numbers on substrates at the treatment site was

probably due to a combination of mature larvae and pupae

occurring on the substrates. These life stages were aII

counted together. The mature larvae were affected by the

treatment resulting in a catastrophic drift whereas the

pupae, which were completely encased in silk casesr ñâY not

have been directly exposed to the pesticide moving through

the treatment riffle, As can be seen in Fig. 184' E. aìax

emerged in high numbers during the 1982 sampling period.

Specimens counted on subsÈrates immediately after treatment

at the treatment site on 1 6 JuIy and again on 29 July v¡ere
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almost all pupae, with few larvae being observed. The

species was much more numerous on substrates at the

treat,ment site relative to the control on the pre-treatment

sampling dates immediately before injection (rable 5). If

only a portion of these numbers (Iarvae) v¡ere affected by

the treatment, it would leave the overall impression that

the methoxychlor treatment had little effect on total

numbers on substrates at the treatment site. Emergence was

eventually significantly depressed (p<'05) at the treatment

site relative to the control site because of the adverse

effect of the treatment on larvae (rig. 184).

Recolonization probably oecurred mainly by egg-laying adults

from the emergence peak, because very low densities Yrere

observed drifting into the treatment riffle (nig. 12).

Again, this demonstrates the ability of a species in the

pupal stage, which appears to be less susceptible to the

chemicalr oÍ one which is emerging and thus not exposed to

the pesticide in the river, to act as an important source

for recolonization, If the pesticide was applied at a time

when H. aiax was not emerging, the impact r+ould probably

have been much more severe because of the low propensity of

E. aiax to drift under natural conditions"

Responses of other taxa

E ron album was adversely

treatment

observed

as indicated by the

affected by the methoxychlor

large catastrophic drift

treatment (rig. 21, Appendiximmediately following
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À). E. album is a burrowing mayfly, indicating that the

methoxychlor was able to penetrate the burrows formed in the

gravel substrate and produce a response by the nymphs. E:

alþu¡q is known to have a univoltine life-cycIe (crirford

1982). Hatching, growth and emergence take place in the

summer, and the population overwinters in the egg stage.

Emergence occurred in late JuIy and early August in the

Souris River in 1982. Giberson (1984) observed females

emerging into a swarm of males and mating occurred almost

immediately in the Valley River, Manitoba. Females then

flew to the water surface, expelled their eggs and died.

The entire adult tife span was less than four hf and very

timited dispersal occurred prior to e99 laying. A species

such as E. album that drifts in very lot¡ numbers under

natural conditions, has a univoltine Iife cycle' and a

short-lived adult stage should be very susceptible to long

term reduction by repeated methoxychlor treatments. Orift

density remained significantly depressed (p<.05) at the

treatment-outlet site relative to the control on 03 August

1983 (384 days post-treatment) (rl'abte 3). However, low

numbers of E. album observed in the drift at both sites on

the sampling dates after treatment in 1982 and 1983 make

statistics indicating a significant reduction (p<.05) in

drift densities at the treatment-outlet site questionable'

The data do not allow any definite conclusion regarding the

impact of methoxychlor on E. album in 1 983 ( I year following

treatment ) .
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Acroneuria I vco r las a predatory stoneflY, also

demonstrated a catastrophic drift following melhoxychlor

inject.ion (nig. 33, Appendix A), but drif t densities did not

increase to the same magnitude as the other invertebrate

taxa. This was probably f or two reasons: 1) it vras rare at

the study sites, and 2\ it may not have been sampled

effectively by the drift samplers used. ô. lycorias is a

strong swimmer and was observed crawling out of a drift net

on one occasion, hence its absence in the drift under

natural conditions may be misleading. The elevated drift

observed following treatment (nig. 33, Appendix À) does

indicate that the species is susceptible to methoxychlor'

(see also Sebastien and Lockhart 1981), and the specimens

observed in the drift nets were probably moribund and could

not escape before the samPle was collected. A. 1 vco 1âS was

found on artificial substrates at the treatment site at

various post-treatment sampling periods, although numbers

were too low to permit. any meaningful statistical analysis

(tabte 5). some individuals v¡ere able to survive the

methoxychlor injection as suggested by its presence on

substrates at the treatment site only four days after

treatment.

Orconectes virilis juveniles were seldom observed in the

drift. However, the methoxychlor treatment resulted in a

substantial catastrophic drift (Fi9. 38, Àppendix A). Merna

and Eisele (1973) concluded that O. virilis was the least
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susceptible organism to methoxychlor of their laboratory

test animals. Flannagan et aI. (1979\ found no significant

effect on blood calcium and no mortality in caged Q. virilis

after an application of 0.3 ng/litre/15 min methoxychlor

into the Athabasca River approximately 200 m upstream. Both

these researchers used mature specimens in their

experiments. Many of the juvenile specimens collected in

the catastrophic drift from the Souris River were moribund

or dead indicating a high susceptibility to the methoxychlor

treatment. q. vi.rilis juveniles may be f ar more sensitive

to methoxychlor than has been previously indicated for

mature specimens.

Catostomus commersoni fry showed a definite diel drift

periodicity with maximum numbers occurring during periods of

darkness (ri9. 14). Clifford (1972) also observed a diel

drift during the downstream migration of the fry. It

occurred during periods of darkness because the fry lost

their orientation to the substrate and entered the water

column. Although 24-ir, drift densities were not

significantly different (p<.05) between the control and

treatmenÈ-outlet-si-tes for any of the sampling dates in 1982

or 1 983, the treatment did produce an immediate 3-fo1d

increase in drift density of the fry at the treatment-outlet

site relative to the control (fig. 14). Fish mortality was

not observed at any time during the experiment. However,

the elevated drift indicated an avoidance response to the
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chemical by the fish fry, and some were moribund in the pool

downstream of the treatment riffle immediately following

injection. Flannagan et 41. (1979) observed a very large

increase in numbers of alevins and fry of g . commersonl 1n

drift nets located 400 km downstream of a methoxychlor

injection into the Athabasca River. It was not established

if the increase v¡as due to a disturbance or kill of these

animals by the methoxychlorr or if it vtas simply a natural

distributional Phenomenon.

Larval fish would be more susceptible to acute poisoning

than more mature fish. Most of the research conducted on

the acute toxicity of methoxychlor to native fish species

during black fIy larviciding operations (e.g. Lockhart et

aI. 1977, Lockhart 1980) has been focused on fish specimens

in excess of 1OO g and has excluded consideration of larval

fish. Lockhart (1980) reported that exposure of 3- to 240-9

rainbow trout to methoxychlor resulted in a statistically

significant inverse relationship between fish size and

methoxychlor uptake. Recently, Holdway and Dixon (1984)

concluded that methoxychlor vtas very harmful to juvenile

white suckers in laboratory pulse-dosed met,hoxychlor

experiments. Pre-exposure of 1-, 3- and 6-day old

fertilized sucker eggs to methoxychlor significantly

increased Èhe number of deformed white sucker larvae

compared to controls. Two-day-oId white sucker larvae from

control eggs exposed to 0.1 ng/l-itre methoxychlor and higher
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for two h failed to develop swim bladders. Pre-exposure of

1-day-o1d white sucker e99s reduced the growth of larvae

exposed to 0.1 r¡g/Litre compared to controls. Ten-day-old

fed white suckers from control eggs had a 96 h LCso of 0.002

ng/Litre methoxychlor. This is a considerably lower

concentration than the 0.3 ng/-itre level they would be

exposed to irnmediately downstream from the injection site in

a river black fly larviciding operation. Spawning

activities of white suckers (Q. commersoni) could

potentially coincide with a methoxychlor larviciding

operation, and more research is required to determine the

impact of treatments on early Iife-Stages of this species.

It has also been suggested that methoxychlor larviciding

could result in a detrimental effect on fish populations by

reducing food supplies (flannagan eg al.1980' Lockhart

1980, Wallace et a!. 1973), which could prove devastating

for larval fish.

Commun i tv responses

Diversity in the drift, calculated using the modified

Simpson Index and the Shannon-l.leaver Index, $tas only

signifiçantIy reduced (p<.05) at Èhe treatment site relative

to the control for six days following treatment (Tab1e 4).

Total numbers in the drift, however' were significantly

reduced (p<.05) at the treatment-outlet site relative to the

control for all the post-treatment sampling dates in 1982

including 17 August (gg days post-treatment) (taUte 3).
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SimilarIy, many individual taxa including Baetis sPP., C'

tardata, E-. aIbum, E. eE-teca-' ts. recur vata g. aiax, l.
sicca, and S . interpunctatum showed signif icant reductions

(p<.05) in 24{n drift densities at the Lreatment-outlet site

compared to the control for all the posÈ-treatment sampling

dates in 1982. Most diversity indices used for

environmental impact assessment work on the assumpLion that

the pollution source will reduce the number of intolerant

species while favoring the tolerant species. A

non-selective pollution source or stress such as

methoxychlor which reduces the density of most species

without favoring any one taxOn will not necessarily result

in lower index values. Species richness in the drift was

also significantly reduced (p<.05) at the treatment site

relative to the control for atI the post-treatmånt sampling

dates in 1982 (fable 4). However, most of the species that

were eliminated from the drift by the methoxychlor injection

were very rare in the drift under natural conditions (e.9.

E. album, 9. virilis, P. cinereus, I. sicca). Both the

Simpson and Shannon-Weaver indices are not sensitive for

rare species as previously mentioned. The inability of both

the Simpson and Shannon-Weaver diversity indices to respond

to reduced densities of most species in the drift and the

elimination of rare species questions their use for a

non-selective stress such as a methoxychlor treatment.

Species richness seems to be a more sensitive indicator of

biological change induced by the pesticide treatment, an

opinion also shared by Green (1979).
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Species diversity on substrates calculated using. the

modified Simpson index and the Shannon-Weaver index

fluctuated at the treatment site in the two-week period

following injection. Diversity was significantly reduced

(p<.05) at the treatment site relative to the control site

on 16 July (l day post-treatment), and 29 JuIy (1q days

post-treaÈment) (taUte 6). TotaI numbers on substrates

(not including E. recurvata) were significantly lower

(p<.05) at the treatment site compared to the control site

for only I days following treatment (table 5). only three

taxa found on the substrates (8. recurvata, C. campyla , and

B. flavicla) were significantly reduced (p<.05) at the

treatment site relative to the control site for most of the

post*treatment sampling periods in 1982 (fab1e 5). Species

richness on substrates Y¡as significantly reduced (p<.05) at

the treatment site for just four days following treatment

(fabte 6). Thus species richness and total abundances

required a much longer period of time to recover in the

drift than on substrates, indicating that drift was a more

sensitive measure of impact due to methoxychlor treatment

than numbers on substrates.

Dr i ft-Benthos rel-at i onshio

The recovery of total invertebrate drift was delayed

compared to the rapid recovery of invertebrates on

substrates at the treatment-outlet site following

methoxychlor injection (fig. 16), Assuming that the numbers



117

of invertebrates on artificial substrates are representative

of actual numbers in the benthos, there may be a density

relationship between drift and benthos. This relationship

is further illustrated in fig. 17 where total invertebrate

drift is plotted against total invertebrates on subst.rates

for the post-treatment sampling dates at the

treatment-outlet site. If drift of aquatic invertebrates is

not related to benthic density, numbers drifting should be

uniform regardless of bottom densities, even after recovery.

However, if drift is density related, the proportion

entering the drift would increase as the total benthic

population increased. A density relationship between total

numbers in the drift and totals on substrates is indicated

in Fig. 17. The increasing bottom component of the total

fauna has reached the "carrying capacity" of the artificial

substrates at about 33 days post-treatment. Fig. 17

indicates that drift continues to increase up to the last

sample date (384 days post-treatment), suggesting

recruitment from sources other than the artificial

substrates. Benthic invertebrates can occur in quiLe large

numbers down to depths of 1 m or more in the interstices

that are formed in the mixture of course sandr gravel, and

rocks typically found in the bottom of streams, In running

water, this habitat has been termed the hyporheic zone

(Orghidan 1959). williams and Hynes (1974) estimated that

only a maximum of 20% (by numbers) of the total fauna

occurred in the top 5 cm of substrate in an Ontario stream.
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Other researchers report similar observations (e.9. Poole

and Stewart 1976; Godbout and Hynes 1982). The artificial

substrates used in the present study only gave a

quantitative estimaLe of shallow, surface benthos

populations. The increased total drift component observed

after 33 days post-treatment probably represented a

recruitment from the hyporheic zone. Total drift would

eventually leve1 off when the hyporheic habitat had

recovered from peSticide treatment. Howeverr âû accurate

conclusion regarding a drift-benthos relationship cannot be

made because: 1 ) only four samples v¡ere taken after

treatment; 2) sampling was not continued until total drift

had maximized; 3) artificial substrates were used to

estimate bottom densities (ttre hyporheic habitat was not

sampled).

Drift resumes being a significant process only after

population recovery of the standing crop. Dimond (1967)

found that it required one or two seasons after bottom

populations had recovered for the drift to regain its normal

abundance and composition in streams with different DDT

treat.ment histories. Drift seemingly results from

population surpluses, as was suggested by Waters (1966)' and

provides a means of maintaining balance betv¡een populations

and resources.

Drift could be used as an effective measure of Stream

recovery or as an indication of water quality in place of



119

benthos samples. Larimore (1974) compared the drift of

organisms in 100 m3 of water during the peak period of

drifting with the benthos from 1 m2 of stream bottom in

streams having different leveIs'of domestic and industrial

pollution. Numbers and weights of both drift and benthos

followed similar quantitative relationships indicating the

level of water quality. In large, deep, turbid rivers where

benthos sampling is all but impossible at mid stream, the

use of drift sampling to indicate recovery after an

insecticide treatment or the level of water quality merits

further investigation. Benthos samples taken in close

proximity to the river banks, a common practise of many

studies involving the. impact of a toxicant on the benthos of

large rivers, would seem to be a poor indicator of the

impact near the centre of the channel where concentration of

the chemical and ecological conditions may be completely

different. The major disadvantages of using drift as an

indication of water quality are: 1) the habitat from which

the species originated is unknovrn, and 2) not all benthic

spec ies dri ft.

Application of the theorv of island b i oqeo oraohv to

i nver tebrate recolon ization

The theory of island biogeography can be applied to

invertebrate recolonization following black fIy Iarviciding

operations in large rivers. MacArthur and WiIson (1963,

1967) suggested that changes in the number of species in a



120

community over time result from interaction between an

extrinsic immigration process that adds species and an

intrinsic extinction process in v¡hich species are eliminated

by ecological processes and chance. Equilibrium (stability)

will be achieved when the immigration rate (l) is equal to

the extinction rate (e). À number of predictions can be

made about immigration, extinction, and the resultant

species equilibrium, including: 1 ) the more distant a

habitat patch is from the source of colonization (or the

lower its I for any other reason), the fewer the species

that wiII be found there; 2) reduction of the species pool

of immigrants will reduce the number of speciesi 3) the

smaller the size of the habitat patch (or the greater its E

for any other reason), the fewer the species. Minshall et

gÀ. (1983) studied the long-term invertebrate recolonization

of a portion of the Teton River, Idaho which was re-flooded

after being. diverted to facilitate channel restoration. The

results were examined in terms of the theory of island

biogeography. The rate of colonization or recovery varied

directly with distance from the source of colonizers. The

number of taxa present, total abundance and Shannon-Weaver

diversity generally were inversely correlated with distance

downstream. Similarly Gore (1982) observed that the time to

faunal recovery (achievement of 85 % similarity of species

composition relative to a control site) was approximately

doubled with each 200 m increase in distance from the

primary source of colonists in a reclaimed section of the

Tongue River, Wyoming,
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sites closest to the pesticide injection foIlowing a

black fIy Iarviciding operation (although exposed to the

highest pesticide concentrations) should have the greatest

potential to recolonize rapidly because of their proximity

to a source of colonizets such as drifl and aerial adults

from upstream. The time required to recolonize strould

progressively increase with increasing distance from the

treatment site and hence upstream source of coloniSts'

Flannagan et aI. (1979) found a significant reduction in

standing crop at their tvro furthest downstream sampling

sites one year after a methoxychlor treatment into the

Athabasca River, whereas the upstream sampling sites had

completely recolonized. The greatest long-term effect on

non-t,arget invertebrates $¡as observed at the furthest

downstream sample site (400 km) from the treatment site' In

streams., the effect of distance will break down eventually

since with time the source of colonization wiII

progressively shift downstream and distances from the source

of colonists wilI decrease.

Pote t iaI im ets on lotic functional Þroc sses

ÀIthough the purpose of this study was to examine

structural changes in a riffle community produced by a

methoxychlor treatment, functional processes such as energy

transfer and nutrient cycling may also be adversely

af fected" wallace et al. (1982) observed that tot'al

numbers of insects, shredders, predators, as well as
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leaf-breakdown rates and Lransport of particulate organic

matter yrere significantty lówer in a stream treated with a

24 % emulsifiable concentrate of methoxychlor than in a

reference stream. Perhaps the action of pesticides on

stream ecosystems extends beyond simple mort'ality of

invertebrates in the treated area and may significantly

affect communities in downstream areas due to altered food

(energy) supplies.

Many species of aquatic insects play an important role in

the processing and cycling of nutrients in lotic ecosystems.

Filter-feeding insects have evolved an array of mechanisms

that enable different species to consume different particle

sizes and types of materials. This reduces export and

enhances sLorage of these particulates, thereby increasing

the efficiency of organic input utilization within a stream

reach. By increasing the cycling rate of inorganic

constituents, such as phosphorus and heavy metals sorbed to

the surfaces of these particulates, filter-feeding insects

can potentially affect movement of inorganic ions in streams

(watlace and Merritt 1980). Burrowing insects (e.9.

chironomids and burrowing mayflies) can influence the

release of nutrients from sediments to the overlying water

(Gardner et al. 1981). Àquatic insects are also thought to

play a significant role in nutrient cycling by influencíng

community structure and turnover rates of the algal and

microbial populations tha! constitute their food (Uerritt
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et aI.. 1984). The application of a non-selective pesticide

can thus potentially affect functional processes such as

energy and nutrient flow within lotic ecosystems in more

subtle ways than previously recognized, and should be a

topic for future research.

Stabi I i ty of the Souris River riffle community

stability has been defined as the ability of ecosystems

to recover from external disturbances (Webster et aI.

1983). An ecosystem is considered stable if its response to

a disturbance is small and its return to its original state

is relatively rapid. Àn ecosystem is considered unstable if

it is greatly changed by disturbance' returns slowly to its

original state, or if it never recovers to the original

state (Webster et aI. 1983). The riffle community in the

Souris River was greatly changed by the methoxychlor

injection, however it did return to its original state

relatively rapidly. Species richness, species evenness (as

measured by the Simpson index), species diversity (as

measured by the Shannon-Weaver index), and total abundance

in both the drift and on substrates lfere not significantly

dif f erent (p<.05) between sites one year f o1l-owing

treatment. Thus according to the above criteria it can be

considered stable. Factors contributing to the high

resilience of the Souris River riffle community' and stream

ecosystems in general, include: 1) the short life cycles of

the organisms in the community, 2l rapid recolonization
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mechanisms (..g. drift, flying adults, recolonization from

the hyporheic zone), 3) annual renewal of allochthonous

inputs, and, probably most important 4) the continual

flushing by the current (Webster and Patten 1979).

Although general recovery of the treated riffle

invertebrate community had occurred by the following year,

the results of this study shoul-d be put into proper

perspective when attempting to determine the impact of

methoxychlor treatments on entire river invertebrate

ecosystems. The treatment riffle site in the present study

was located immediately downstream from the methoxychlor

injection. Invertebrates inhabiting the riffle were exposed

to the pesticide at the target dosage of 0.3 ng/Iítre/15 min

after which residues in the water declined to trace levels

for about 12 h and completely disappeared after 24 h.

Species located at sites Some distance downstream from a

methoxychlor injection would be exposed to the pesticide

under different conditions. The methoxychlor injection

would have been attenuated as it moved downstream and

invertebrates would be exposed to the chemical at lower

concentrations but for a longer period. Also, the majority

of methoxychlor should have adsorbed onto suspended solids

in the water. The toxicity of methoxychlor was observed Lo

increase with increasing exposure time for most organisms

examined under laboratory conditions (e.9. Anderson and

DeFoe 1980i Merna and Eisele 1973; Sanders and Cope 1968)'
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Taxa colonizing downstream sites that are exposed to the

pesticide under chronic condiÈions may be at a higher risk.

Recolonization could also be prolonged because of the

further distance from untreated-upstream sources of

colonizers (e.g. drift and aerial adults). Multiple

methoxychlor injections (as has occurred in some black fly

Iarviciding operations in vrestern Canadian rivers), may be

more harmful Lo benthie invertebrates than a single

application such as was investigated in the present study.

FinaIly, potential effects of the treatment on functional

processes such as energy transfer and nutrient cycling rdere

not examíned in this study.



Chapter VI

CONCLUSIONS

1. The methoxychlor treatment was not selective for any

one taxon or functional feeding group of invertebrates

monitored. All species observed showed an immediate adverse

response to the methoxychlor injection in the form of a

pronounced catastrophic drift which lasted from 4 to 24 h'

2. Individual taxa demonstrated varying abilities to

recolonize the substrates following treatment. Species that

had a high propensity to drift under natural conditions

recolonized most rapidly (".g. Baetis sPP., C-. !-ardata'

and L. maculipennis).

3. Taxa that required the longest period of time to

recolonize following methoxychlor treatment were generally

univoltine species that had a very low propensity to drift

and a limited ability to disperse as adults (e.9. B'

f lav ida ).

4. The impact of the methoxychlor treatment on some

species was influenced by the phenology of those species.

Taxa about to emerge that v¡ere in the pupal stage and

apparently not affected by the pesticider of that v¡ere in

the terrestrial adult stage and thus not exposed to the
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pesticide in the river,

recolonization (e.g. E.

acted as imPortant sources for

aiax and Q. campyla ) .

5. The methoxychlor treatment resulted in an immediate

3-fo1d increase in drift density of white sucker (c.

commersoni) try, and some ïrere observed to be moribund in

the pool downstream of the treatment riffle immediately

following injection. Juvenile fish are more sensitive to

methoxychlor than are adulÈs. Spawning activities of C.

commersoni could potentially coincide with a methoxychlor

Iarviciding operation, and more research is required to

determine the impact of treatments on early life stages of

this species.

1?7

catastrophic

were moribund

sensitive to

for mature

6. The methoxychlor treatment resulted in a

drift of crayfish (g.viritis) juveniles which

or dead. g. vlr lrs juveniles may be far more

methoxychlor than has been previously indicated

individuals.

7. Species diversity in the drift was significantly

reduced (p<.05) at the treatment site relative to the

control for six days following treatment. Species richness

and total numberå in the drift were significantly reduced

(p<.05) at the treatment Site relative to the control for at

Ieast 33 days following treatment and may have required

until the following summer to recover relative to the

control site.
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B. Species diversity on substrates v¡as significantly

reduced (p<.05) at the treatment site relative to the

control for 14 days following treatment. Species richness

and total numbers on substrates þrere significantly ]ower

(p<.05) at the treatment site compared to the control síte

for 4 and I days respectively following injection.

9. Diversity indices such as the Shannon-Weaver and

Simpson do not respond to a non-selective pollution source

or stress such as a methoxychlor treatment which reduces the

density of most species without favoring any one species,

and initially only eliminates rare taxa. The use of these

indices for studies involving non-selective pollution

sources is seriously questioned. Species richness seems to

be a better indicator of biological change induced by

pesticide treatments.

10. The delayed recovery of total invertebrate drift

compared to the rapid recovery of invertebrates on

substrates at the treatment-outlet site following

methoxychlor injection suggests a density relationship of

drift to benthic standing crop. Drift becomes a significant

process only after population recovery of the standing crop.

It seemingly results from population surpluses and provides

a means of maintaining balance between populations and

resources. Invertebrate drift seems to be a more sensitíve

measure of the impact of pesticide treatments on aquatic

invertebrate communities than are benthic densities as

measured using artificial substrates.
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Appendix A

DRIFT AND ARTIFICIÀL SUBSTRATE FIGURES FOR
ÀDDTTIONAL AND TOTAL TAXA

Appendix A consists of 1982-83 drift figures for species

showing simitar responses to the representative species

included in t,he Results section for groups 1 and 2, and all

of the group 4 species. Taxa included here are: group 1)

C. tardata and L. maculipennis' group 2) E. recurvata and

group 4 ) E. album, "I_. s icca , å. i nte rounetatum D

c inere_!g, A. Iycor ias H. azteca, and O. virilis. The

1982-83 drift data for the Chironomidae and total taxa are

also presented. Figures for all species observed on

artif icial substrates including Baetis gp,P., 9. tardata ,L

maculipennis, S. interpunctatum, H. aiax, P" f-Ief¿i-da' !.
sicca, E. azteca, H. recu vata A . lycorias P. c inere_Ug,,

g. campvla, and total taxa are also included here.
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Figure 19. Mean (ts.e.) drift density of Caenis tardata
Iarvae at the three sampling sites for 1982.
Dark bars represent periods of darkness.
Numbers along bottom represenL 24-}:. time. Arrow
indicates time of Methoxychlor injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 JulY.

Drift density significantly lower (p<.05) at the
treatment-outlet site relative to the control
site on 21 JuIy, 29 JuIy, and 17 August.

(p..0001 ) at
to the
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F i gure 20. Mean (ts.e.) drift density of Caenis tardata
Iarvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
represent periods of darkness. Numbers along
bottom represent 24-t. time.

Drift density not significantly
(p>.05) between the control and
sites.
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F i gure 21. Mean (ts.e.) drift density of Ephoron
ling sites for
ods of darkness'

album
1982.

Arrow

(p<.0001) at
to the

(p<"05) at the
the control

August.

larvae at the three samp
Dark bars represent peri
Numbers along bottom represent 24-h time.
indicates time of Methoxychlor injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 JuIy.

Drift density significantly Iower
treatment-outlet site relative to
site on 21 JuIy, 29 JuIy, and 17
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F i gure 22. Mean (ts.e. ) drift density of Ephoron album
Iarvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
represent periods of darkness. Numbers along
bottorn represent 24-l;r time.

Drift density significantly lower (p.
treatment-outlet site relative to the
site.

.05) at the
cont ro1



140

o€

EPHORON
^LRUlvf

control

r----t l-nrrtìpt
LI-g cl Lrrrç l¡ !

2

rat
oo

d
c
c
o
q)

E

'-o
c
0,o

o

ñ-
E
o

\
oc
c
o
c)
E

,õ
c
q,
o

Lo

2a

O3AUG83

¡6o0



Figure 23. Mean (ts.e. ) drift density of rsonvchia sicca
larvae at the three sampling sites for 1982.
Dark bars represent periods of darkness.
Numbers along bottom represent 24-h time. Arrow
indicates time of Methoxychlor injection.

Drift density significantly higher
the treatmenÈ-outlet site relatíve
control site on 15 JuIy.

(p..0001 ) at
to the

orift density significantly lower (p<.05) at the
treatment-outlet site relative to the control
site on 21 Ju1y, 29 Ju1y, and 17 August.
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Figure 24. Mean (ts.e. ) drift density of Isonych ia s lcca
Iarvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
represent periods of darkness. Numbers along
bottom represeniu 24-h tinùe.

Drift density significantly lower
treatment-outlet site relative to
site.

(p<.05) at the
the control



L42

control

treatment-outlet

tõ

ISONYCHIA SICCA

1

-þ

Oo
\
o
c
c
o
o)

E

'6
c
qJ

o
Lo

'È
oo
\
oc
c
o
c,
E

'-vl
c
(¡,

o
'c
o

5

1

0821o8

O3AUG8f,



F i gure 25. Mean ( ts.e. ) drift density of Leucrocuta
maculipennis larvae at the three sampling sites
for 1982. Dark bars represent periods of
darkness. Numbers along bottom represenL 24-}:.
time. Àrrow indicates time of Methoxychlor
injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 Ju1y.

Drift density significantly lower
treatment-outlet site relative to
site on 21 July and 29 JuIy.

Drift density not significantly
(p>.05) between the control and
sites on 17 Àugust.
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(p<.05) at the
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Figure 26. Mean (ts,e.) drift density of Leucrocuta
maculipennis larvae at the control and
treatment-outlet sampling sites on 03 August
1983. Dark bars represent periods of darkness.
Numbers along bottom represeniu 24-}. time.

Drift density not significantly
(p>.05) between the control and
sites.
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F i gure 27. Mean (ts.e. ) drift density of Stenacron
interpunctatum Iarvae at the three sampling
ãîtes toi 1982. Dark bars represent periods of
darkness. Numbers along bottom represenL 24-h
time. Àrrow indicates time of Methoxychlor
injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 JuIy.

(p..0001) at
to the

Drift density significantly lower (p<.05) at the
treatment-outlet site relative to the control
site on 21 July, 29 July, and 17 August"
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Figure 28. Mean (ts.e.) drift density of Stenacron
interpunctatum Iarvae at the control and
treatment-outlet sampling sites on 03 Àugust
1983. Dark bars represent periods of darkness.
Numbers along bottom represent 24-}:. time.

Drift density not significantly
(p>.05) between the control and
sites.
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Figure 29. Mean (ts.e. ) drift density of
recurvata larvae at the three

Hvdropsvche
sampling sites for

(p<.0001) at
to the

(p<.05) at the
the control
August.

1982. Dark bars represent periods of darkness.
Numbers along bottom represent 24-h time. Àrrow
indicates time ot Methoxychlor injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 JuIy.

Drift density significantly lower
treatment-outlet site relative to
site on 21 July, 29 JuIy, apd 17
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Figure 30. Mean (ts.e. ) drift density of Hvdropsvche
recurvata Iarvae at the control and treatment-
outlet sampling sites on 03 August 1983. Dark
bars represent periods of darkness. Numbers
along bottom represent 24-L. time.

Drift density not significantly
(p>.05) between the control and
sites.
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F igure 31. Mean (ts.e. ) drift density of Polvcentropus
cinereus larvae at the three sampling sites for
1982. Dark bars represent periods of darkness.
Numbers along bottom represenL 24-h time. Arrow
indicates time of Mçthoxychlor injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 JuIy.

(p..0001 ) at
to the

Drift density not significantly different
(p>.05) between sites on 21 JuIy, 29 July, and
17 Àugust.
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Figure 32. Mean (ts.e.) drift density of Polvcentropus
cinereus larvae at the control and treatment-
õlrtlet sampling sites on 03 August 1983. Dark
bars represent periods of darkness. Numbers
along bottom represent 24-}:. time.

Drift density not significantly
(p>.05) between the control and
sit.es.
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F i gure 33. Mean (ts.e.) drift density of Acroneuria
lycorias nymphs at the three sampling sites for
1982. Dark bars represent periods of darkness.
Numbers along bottom represent 24-}: time. Àrrow
indicates time of Methoxychlor injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 Ju1y.

(p<.0001) at
to the

Drift density not significantly different
(p>.05) between the control and treatment-outlet.
sites on 21 JuIy, 29 JuIy, and 17 August.
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Figure 34. Mean (ts.e.) drift density of Chironomidae
larvae at the three sarnpl ing sites f or 1982.
Dark bars represent periods of darkness.
Numbers along botton represent 24-}r time. Arrow
indicates time of Methoxychlor injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 JuIy.

orift density not significantly
(p>.05) between the control and
sites on 21 July, and 29 JuIy.

Drift density significantly lower
treatment-outlet site relative to
site on 17 August.

(p<.0001) at
to the
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(p<.05) at the
the control
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Figure 35. Mean (ts.e.) drift density of Chironomidae
larvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
represent periods of darkness. Numbers along
bottom represenE 24-h time.

Drift density not significantly
(p>.05) between the control and
sites.
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Figure 36. Mean (ts.e. ) drift density
Iarvae at the three samPli

of HyaleIIa
ng sites for

Drift density significantly higher
the treatment-outlet site relative
controL site on 15 JuIy.

azteca
1982.

(p<.0001) at
to the

Dark bars represent periods of darkness.
Numbers along bottom represent 24-}:. time. Arrow
indicates time of Methoxychlor injection.

Drift density significantly lower (p<.05) at the
treat,ment-outlet site relative to the control
site on 21 JuIy, 29 JuIy, and 17 August.
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F i gure 37. Mean (ts.e. ) drift density of HvaIeIIa azteca
Iarvae at the control and treatment-outlet
sampling sites on 03 August 1983. Dark bars
represent periods of darkness. Numbers along

' bottom represent 24-h time.

Ðrift density not significantly
(p>.05) between the control and
sites.
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Figure 38. Mean (ts.e. ) drift density of Orconectes virilis
juveniles at the three sampling sites for 1982.
Ðark bars represent periods of darkness.
Numbers along bottom represent 24-h time. Arrow
indicates time of Methoxychlor injection.

Drift density significantly higher
the treatment-outlet site relative
control site on 15 JuIy.

Drift density not significantly
between the control and
21 Ju1y, 29 JuIy, and

(p..0001 ) at
to the

di f ferent
t reatment-out let

17 August.
(p>.05)
sites on
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F i gure 39. Mean (ts.e.) total drift density at the three
sampling sites for 1982. Dark bars represent
periods of darkness. Numbers along bottom
represenE 24-h, time. Arrow indicates time of

' Methoxychlor inject.ion

prift density significantly higher (p<.0001 ) at
the treatment-outlet site relative to the
control site on 15 JuIy.

Drift density significantly lower (p<.05) at the
treatment-outlet site relative to the control
site on 21 JuIy, 29 July, and 17 August
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Figure 40. Mean (ts.e.) total drift density at
and treatment-outlet sampling sites
1983. Dark bars represent Periods
Numbers along bottom represent' 24-}:.

the control
on 03 Àugust

of darkness.
time.

Drift density not significantly
(p>.05) between the control and
sites.
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F i gure 41. Mean (ts.e.) number of invertebrates on
artificial substrates at the control and
treatment
tardata.
injection.
di f ference

sites. A) Baetis spp. B) Caenis
Arrow indicates time of Methoxychlor

Black dot indicates a significant
(p<.05) between the control and

treatment site (based on a comparison of the
difference between the combined control and
treatment site means prior to treatment vrith the
difference between the control and treatment
site means on each post-treatment sampling
date ) .



M
eo

n 
N

um
bc

r 
P

er
 S

ub
st

ro
te

a

o

It
M

eo
n 

N
um

bQ
r 

P
c?

 S
ub

st
ro

te
0

À
¡

o
ñ,

t

Þ

o { F o ä b
t!

k :l
t/1 ã ! o o t 9_ N o o í o I

--
_ s- ñ"
-

6 F @ N g H P ã N I H " z þ

I s- s s- k- b

Ë o 2 ã
F (J

l
t\o



F i gure 42. Mean (ts.e.) number of invertebrates on
artificial substrates at the control and
treatment sites. A) Leucrocuta macul 1 r)enn r s
B) Stenacron interpunctatum. Arrow indicates
time of Methoxychlor injection. Black dot
indicates a significant difference (p<.05)
between the coñtrol and treatment site (based on
a comparison of the difference between the
combined control and treatment site means
to treatment with the difference between
control and treatment site means on each
treatment sampling date).

prlor
the
post-
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Figure 43. Mean (ts.e.) number of invertebrates on
artificial substrates at the control and
treatment sites. A) Hvdroptila aiax B)
Psvchomvia flavida. Arrow indicates time of
Methoxychlor injection. BIack dot indicates a
significant difference (p<.05) between the
control and treatment site (based on a
comparison of the difference between the
combined control and treatment site means prior
to treatment v¡ith the difference between the
control and treatment site means on each post-
treatment sampling date).
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Figure 44. Mean (ts.e.) number of invertebrates on
artificiaL substrates at the control and
treatment sites. À) Isonvchia sicca B)
HvaleIla azteca. Arrow indicates time of
l4ettroxy-hIor injection. Black dot indicates a
significant difference (p<.05) between the
coñtrot and treatment site (based on a
comparison of the difference between the
combined control and treatment site means prior
to treatment vrith the difference between the
control and treatment site means on each post-
treatment sampling date).



r62

2

t5.

o.

A

ú

t
o
L

JI.o to.
J
vl
!o
CL

Lt.o
D
Etz
c3.
o
o
=

2.

1ú -ø
o?¡t82 

'2JtJt-82 
l('llL82 l6I,lJ2 lgJL[,8z 2fJljl¡2 29Jtt'82 16A¡82 I7SEP82

il.-l,t'J*J,tu

ç

_h rtl 
-ù

lh rtÌb ,lü r'b

E¡

t,
o
L
JI
Dt
tn
L
l)
CL

Lo
.o
E
fz
c
o
a,

ú -ü r+ü
o7.t¡¡2 rz¡.[¡2 l¡rl!¡a l6tjt¡2 t9Jtlr82 21tl¡¡2 zAtrlÆ ¡6X'82

SITE I Control WïA r¡eolràenl

l8,rrúl 0]rl883



Figure 45. Mean (ts.e.) number of Hvdropsvche recurvata
Iarvae on artificial substrates at the control
and treatment sites. Arrow indicates time of
Methoxychlor injection. Black dot indicates a
signi f icant di f ference (p<. 05 ) between the
coñtrol and treatment site (based on a
comparison of the difference between the
combined control and treatment site means prior
to treatment with the difference between the
control and treatment site means on each post-
treatment sampling date).
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F Í gure 46. Mean (ts.e.) number of invertebrates on
artificial substrates at the control and
treatment sites. A)
Polycentropus c inereus

lycorias B)
ndicates time of

Methox
signif
c ont ro

ychlor i
icant di
I and tr

nJe
ffe
eat

Ac roneur ia
.æ

ction. Black dot indicates a
rence (p<.05) between the
ment site (based on a

comparison of the difference between the
combined control and treatment site means prior
to treatment with the difference between the
control and treatment site means on each post-
treatment sampling date).
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Figure 47. Mean (ts.e.) number of invertebrates on
artificial substrates at the control and
treatment sites. A) Cheumatopsvche campvla B)
Total numbers. Arrow indicates time of
Methoxychlor injection. Black dot indicates a
significant difference (p<.05) between the
control and treatment site (based on a
comparison of the difference between the
combined control and treatment site means prior
to treatment vrith the difference between the
control and treatment site means on each post-
treatment sampling date).
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Appendix B

À METHOD FOR SUBSAMPLING UNSORTED BENTHTC
MACROINVERTEBRATES BY WEIGHT
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Abstract

A simpìe method for subsamp'ling unsorted benthic macroinvertebnates

by weight is described for different types of sampìes obtained from

lentic and ìotic env'ironments. It is especiaììy usefu'l for sampìes

containing ìarge amounts of filamentous aìgae that preclude the use of

conventional subsampling methods. The method provided random

dispersions of individuals in the originaì sampìes. 0verall variabiìity

of the subsamp'les was low for artificial substrate and catastrophic

drift sampìes. Variability was higher for regu'lar drift samples, whìch

had the lowest numbers of ind'iv'iduals of the three sample types. The

method produced considerabìe sav'ings in time spent sorting. subsampìing

approaches for community ìevel studjes are discussed.
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Introducti on

Anumberofstrategiesareusedtoreducethetimeandìabor

required to process samples of benthic macroinvertebrates (Resh et aì'

1985).Onesuchstrategyissubsampling(e.g.Hickleyl975;Rosenberg

1975). The basis of the many subsampì'ing techniques availabìe is

voìumetr.ic, whereas weight has been virtuaìly ignored (except see van

Ark and pretorius 1970 for ìight-trap catches of insects). It may be

necessary to use weight as a basis for subsampling when working with

sampìescontainingìargeamountsoffi]amentousaìgae.The

macroinvertebratesinsuchsampìesusuaììyareentangìed,making

volumetric subsampling, as well as other processing methods such as

elutriation or fìotation, difficult to do'

A number of methods for processing samples of macro'invertebrates in

algae have been reported. Klattenberg (1975) described a plexigìass box

for subsamPl i ng Cladophora containing benthic macroinvertebrates' but he

providednodataforwhichestimatesofvariabil.itycouìdbe

calculated. The vegetat'ion elutriator of cross and Minns (1969' p' 316)

also was used On "...sôfTìples containing a high proportion of filamentous

aìgae", but its efflciency was reduced' They reported ""'good

results...with a considerable time savjng over hand-sorting provided the

vegetation was teased apart..." and processed in small (20-S) batches'

onceagain'nodatawerepresentedtosubstantiatethesec]aims.

Po]ìardandl'1e]ancon(tgaq)developedaneff.ic.ientfieìd-washingmethod

forrecoveryofbenthìcmacroinvertebratesfromaìgaìmatsand

watercress, but their method requires live sampìes' obviousìy' ìn some

field situations, sampìes cannot be pnocessed immed'iateìy' so they must

be preserved and sorted later'
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Preserved sampìes containing masses of filamentous algae usualìy

have to be handpicked in their entirety, a ìong and tedious undertaking

wh.ich taxes the resources of most benthic research programs' The

purpose of thìs paper is to describe a simpìe yet effective method for

subsampì i ng benthi c macro'i nvertebrates by wei tht bef ore sort'i ng '

Aìthough primariìy intended for samples containing fìlamentous a'lgae'

the method is aìso usefuì for sampìes that are free of extraneous

debri s. In addi ti on, the paper consi ders approaches for deal i n9 w'i th

the subsampìing of rare specìes in community ìeveì studies'

l,lethod s

Sam le t ES

Tests were conducted on artificial substrate samples that had been

colonized along newìy flooded shorelines in the southern Ind'ian Lake

reservoir, Manìtoba (Resh et al. 1983; t|liens and Rosenberg 1984 and

unpubl.ished data), and on drift samples collected from an experimental

methoxychlor addition to the Souris River, l'lanitoba (Sebastien 1986)'

The artificial substrates were ch'icken barbeque baskets filIed with

freshly cut sticks of three spec'ies of tree cornmonìy found along the

shorel .i ne of southern Indi an Lake (al nus rugosa (DuRoi ) spreng. , P'icea

mar.iana (Miì.|.) B.s.P., salix spp.). A total of three basket sampìes

was used in this test.

Dr.iftsampìesof4.hdurationwereco]]ectedfromtheSourisRiver

using a Burton-Flannagan bomb sampìer (Burton and Flannagan 1976)

equipped with a 500-um mesh net. Two types of drift sampìes were used

here: those taken as part of regular, diurnal monitoring (three sets of

three sampìes each, comprising a total of nine sampìes), and those
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measuring catastrophic drift in response to the methoxychìor addition'

onìy one cðtastrophic drift sampìe was used in this test because of the

extremely hìgh numbers of invertebrates that were captured.

The artificial substrate and regular drift samples contained 'lange

amounts of filamentous aìgae, whereas the catastrophic drift sample v{as

relativeìy fnee of extraneous debris. samples used in the tests were

selected arbitrarily from all those collected in the course of the two

studi es.

Sampl e treatment

Individual artificial substrate and reguìar drift sampìes were

thoroughly m.ixed in a 1- or 2-l beaker, to ensure a random distribution

of the invertebrates, by stirring with a gìass rod. Samp'les were then

poured onto a pre-weighed sieve (U.S. Standard no. 70 mesh,212 Ér, ID

20.3 cm) and allowed to stand for 15-20 mìn until excessive preservative

had dra.ined off. The moist sampìe was stirred again while on the sieve,

and was then weighed on an electronic pan balance to the nearest 0.1 g.

Four approx'imately equaì amounts by weight were removed at random'

Thus, each portion comprised =25% bl weight of the total sampìe' Total

weights of artificial substrate sampìes varied from 8-41 g, whereas

those of reguìar drift sampìes varied from 18-99 g'

The invertebrates in each quarter were sorted, ident'ified, and

enumerated. 0rganisms in the artificial substrate samples were

i dent.i f i ed as chi ronomi dae and other i nvertebrates , whereas organ'i sms 'i n

the regular drift samples were identified to species whenever possible.

The catastrophic drift sample was treated in the same manner as the

artific.ial substrate and reguìar drift samples. However, because of the
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high number of invertebrates involved, l0 subsampìes, each onìy =1% by

weight of the total sampìe, were removed. Thus, a totaì of =10% by

we'ight of the o¡igi nal sampl e vras subsamp'l ed. These subsampì es as wel l

as the remainder of the sampìe were sorted, and organisms were

identified to species whenever possible'

Stati sti cal treatment

Dispersion - In order to estimate the total number of organ'isms in

each sample from subsampìe counts, it was first necessary to establ'ish

that the organisms were d'ispersed randomìy in the origìnal sample. The

index of dispersion (I), which is based on the variance to mean ratio of

the subsampìe and tests for conformity to a Po'isson series (Eì'liott

L977; wrona et al. 1982), was calculated for all samples. This index

approximates a X2 distribut'ion, a'llowÍng the following relationship to

be used (El I i ott 1977 ) :

s2(n-l)
I(n-1) =x

2

¿¡=(n_1)
when n (31

x

where n = number of subsampling units taken

s2 = sôfiPle variance

I = samPle mean

df = degrees of freedom

Agreement to a Pois.son series was checked by examin'ing whether the

calculated ¡2 approximation valuè occurred between the 0'975 and 0'025

probabìì.ity'levels of the x2 distribution (Eìliott 1977; Snedecor and

Cochran 1980)

Vari abi I'ity - Vari ab'iì ity of the subsampl es was measuned by the

coefficient of variation (Elliott 1977):
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CV=S

where CV = coefficient of variation

s = sample standard deviation

î = mean number in the samPle

Resul ts and Di scussi on

Di spe rs i on

x2 values calculated for numbers of benthic macroinvertebrates in

subsamples of the three artificial substrate samples used, indicated

that Chironomidae and total numbers of invertebrates were randomly

dispersed in the sampìes prior to subsampìin9 (Table 1). Chironom'idae

were emphasized because they comprised )80% of total numbers in these

samp'les, and were the taxon of greatest i nterest i n the Southern Ind'ian

Lake study.

Ch.ironornidae were also abundant in the. drìft samples (reguìar:

=25-701" of total numbers; catastrophic: 11.5% of total numbers), but the

Ephemeroptera, Trichoptera, and funph'ipoda wene emphasized because they

were the taxa of interest in the Souris River methoxychlor-addition

study. xz values calculated for one of the three sets of reguìar drift

sampìes are shown in Table 2. In onìy two instances (Hyalella azteca

(Saussure), rep'licate 3; 0thers, repìicate 1) wene the dispersions

signi f icantly d'if f erent f rom random (nso.os¡. In fact, the di spers'ions

were uniform in these two instances. Most of the dispersions from the

other two Sets of Samples aìSo were randOm, and a summary of the results

from all three sets (9 replicates) is shown in Table 3. Most species

c
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yielded high percentages of random çounts. However, Caenis tardata

HcDunnough was a conspicuous exception to the generaì trend (Tabìe 3),

their dispersions'in the originaì sampìes being contagious ìn four out

of the nine rePìicates.

subsampìes of species in the single catastrophic drift sampìe

consistently agreed with a Poisson series, thus confirm'ing effect'ive

subsampling (Table 4). Note, however' that for Isonychia si cca tlal sh x2

= 18.9, a vaìue very close to the upper ìim'it of ¡2 values.

unlike in some of the regular drift samples, L tardata in the

catastrophic drift sampìe appeared to be randomìy dispersed in the

original sampìe. Nymphs of this species may have a body shape or some

morphological featune that predisposes them to entang'lement in the

filamentous algae that pervaded the reguìar drìft sampìes' This may

have prevented a random dispersion when some of these sampìes were mixed

pri or to subsamPì i ng.

Variabiìity

Relat.ive variabil ity of subsampìes f rom the art'if icial substrates

was only =3% (Tabìes 1,5). However, CV's were usualty hjgher and more

variable for the regular drift subsampìes due to the relativeìy ìow

numbers in these sampìes. CV's for one of the three sets of reguìar

drift samples are shown in Table 2, and values for all of the sets are

summarized .in Table 5. A'lthough 13 of ?4 CU's for the set of reguìar

drift samples shown in Table 2 were J3OÍ, eight of the values exceeded

501. l,lost of the CV's for subsampìes 'in the catastrophic drift sample

were c5f (Tabl es 4, 5), i ndi cati ng a rel ati veìy ì ow variab'il'ity. The

highest CV in this sampìe was recorded for Polycentropus cinereus
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(Hagen) (37.91), a taxon that was present ìn the lowest numbers in each

subsample. Aìthough variabiìity was highest in sampìes with ìow numbers

of invertebrates, vaìues of x2 indicated that dispersions usually were

not sì gni f i canty d'if ferent f rom random i n both I arge and smaì'l sampì es

(see above).

Subsampl i nq approaches

A central probì em of subsampl i ng i n commun'ity oriented stud'ies i s

the strategy that should be used in deaì'ing with rare species.

Basically, there are two approaches that can be taken to deal with thìs

problem, depending on the obiective of the study (t'lrona et al . 1982).

The first approach would be to adapt the numbers counted to the desired

accuracy. gnce randomness has been demonstrated, the accuracy of the

estimated total count for a given taxon depends on the total number of

individuals counted rather than the number of subsampì'ing units taken

(e.g. at least 100 individuals would be required to yieìd an accuracy of

t201" al 95% confidence limits) (Eìliott 1977; l'lrona et al . 1982).

Therefore, only enough subsampìes would be sorted to give sufficient

numbers Of an abundant taxon tO achieve a desired accuracy, and

thereafter these taxa would be'ignored. In contrast, rare taxa would be

counted in all subsamples and add'itional subsampìes would be taken if

the error terms for these rare taxa were stiì'l unacceptabìe. This

approach would be used when accurate estimates of populat'ion density are

requì red.

The second approach would be to standandize the number of

subsampìes taken, and to accept the substantiaì error associated w'ith

subsampling rare species. In a community level study such as one
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monitoring the effects of pesticide app]'ication on non-target organisms,

continued counting of rare taxa defeats the originaì purpose of the

subsampìing, whìch is the saving of time and effort. Additionally'

accuracy for rare taxa such as P. cinereus in the catastroph'ic drift

sample (Tabìe 4) can rema'in low even if substantìal extra effort 'is

expended in counting higher numbers. For some taxa present in samples

with low numbers (e.g. regular drift sampìes), the error w'ill be h'igh

even if all the ìndividuals ane counted.

Conclusion

Based on our results, and the time required to sort and ident'ify

each subsample (see beìow), only one subsampìe (25f,, by weìght) was

analyzed for artificial substrate and regular d¡ift sampìes. Numbers of

each taxon were multipìied by four to obtain an estimate of total

numbers in each sample. This relativeìy ìarge subsample size was chosen

because it yielded relative'ly high numbers of indiv'idual taxa and lower

var.jab.ilities than for a smaller subsampìe (cf. Van Ark 1975; Madoni

lgg4). Also, there was less probability of miss'ing rane species with a

larger subsample. These considerations were especiaìly important for

the reguìar drift samples which had low total numbers of organisms.

For the catastrophic drift sampìes, only one subsamp'le (1% by

weight) was sorted and identified because of the h'igh numbers of

invertebrates in each sampìe, and numbers of each taxon were muìtipì'ied

by 100 to yield an estimate of the total number in the entire sampìe'

p. cinereus was the onìy taxon that had numbers too low in one subsamp'le

to obtain an accunacy of at least !50fl, (i.e. a count of 16 at 951

confidence limits - see H'ickley 1975¡ Elliott 1977; l'lrona et al . 1982)

(Tabì e 4).



L77

The time saved by using the subsampìing method was proportionaì to

the size of the subsampìe. Thus, whereas the entire artificial

substrate, regul ar dri ft, and catastrophi c dri ft sampì es requi red

approximately 40 h, 16 h, and 200 h respectiveìy to sort, the subsamp'les

only required approximately 10 h,4 h, and 2 h respectively to sort.

Van Ark and Pretorius (1970) used mass as a basis for subsampìing

ìight-trap catches of insects, and Van Ark (1975) showed that mass was

more reì'iable than volume. Aìthough we have not compared the

weight-based subsamp'ling method presented here with one based on volume

(sampìes with filamentous a'lgae would preclude this comparison), the

method presented appears to be a simpìe and reliable way to subsampìe

collections of benthic macroinvertebrates, especiaìly those containing

f i I amentous a'l gae.
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Table 1. Subsample counts for Chironomidae and total invertebrates ln artificial substrate
samp'les from Southern Indian Lakq, Hanitoba. Each subsampìe is 25ã of the total
weight of the sample. I(n-1) =X'¡df .cr0.0s = 0.22-9.35, i.e. if ¡'va]ue lies
between 0.22-9.35, agreement with a Þoision series is accepted at the 957" probability
level. CV = coefficient of variation (see text for definition of terms).

Species of tree used in
arti ficlal substrate

Alder (Alnus rugosa
(DuRoì]Tþ'rens.f

Numbers of Chi ronomidae

Total numbers of invertebrates

Spruce (Picea mariana
(Mi I l.TT;S.Þ-J-

Numbers of Chironomidae

Total numbers of invertebrates

l{lllow (Sallx spp.)

llumbers of Chironomidae

Total numbers of lnvertebrates

766

9t7

983

I 161

924

to23

73L

878

997

1156

930

1014

731

897

942

I 121

919

1025

785

924

1010

1 197

861

962

2.87

1.43

2.65

?.50

3.38

2.63

cv
ß)

3.6

2.3

3.0

2.7

3.5

3.0

Subsampl e

BC
Ca1 cul

of
val ueated

xDA

A

B

c

H
@
.e



l¡blc 2. Subsrcplc count3 for benthlc
rclght ol thr s¿nplc. l(n-l
¡t thc 95f probablllty level

Rep
Sub

spec I
0.??-9

ai ln regul¡r drlft

t of v¡rl¿tlon (see text for deflnltlon of trnns).

Repllcàte No. 2
Subsårnpl a count¡

7C cv
(f)

n¡crol nvertebr¿t¿
l: Ii¿1.<'o.os '. Cv . éoefflclcn

les fro¡ the Sourls Rlver. llrnltobl. Erch subsrrnple ls 25f of thc totàl!lle¡ betreen 0.22-9.35, igreernent rl!h . Polsson se¡lc¡ li ¡cceptrd

fa ron
I I cðte llo. I
sånpla count3

16 rt 21 38

8 4 5 I .2.05 36.t

Repllcðte tlo. 3
grbgarrpl? counts

35 a2 39 30

ASC0

2 6 0 t 9.2t

AECD)¿' CY
(r) '/-'AECD

2629
27 ?2 2a It

23 l7 16 t2

cv
(r)

Hy¡lel lr ð¿tec¡
-T5¿ussureT-

t.s-qnx!! ¡lcc¡ ll¡lsh

Crenls tård¡tà
--lEúünñ-or-Çñ-

Leucrocutr n¡cul I oennl s--i ¡tErr
B¿etl3 spp.

Cher,llòtoosvche c¡novl¡
Ros 9

0the¡¡ I

Tot¡l

0.1t

2.3t

6.51

t.0l

I 16.9

?3. I

30. I

33.0

23.1

8l.t

0

18. 2

6.90

2.20

3.9t

3.3r

8.27

1,26

69.6

2t.l

18.6

86. I

tfì0. t

t1.2

0. l3

r.33

2.36

3.6s

2.22

2.01

t.5t

2.n

8.t

7l.t

t8. t

26.1

ta.2

81. t

51. 
'

9.0

6566

t22t
u9l05

195
It lt 12

2130

6101

1

6

6 r 9 6 2.01 71960.65lt.f

a8 36 31 39

2120 l02t

t2l3llll0

il tt 5l 51 6.21 83 t2 65 60 95 95 89 t8

I lncludes: Ephoron ¿tburn (Say), Psychsryl¡ fl¡vldr Hðgen, Stenrcron lnterpunctåtun (Sry), llydroptll¡ ¡J¡i Ross, Hydropsychc recurvrtr 8rnkr, rnd
Po I yce n t ropu-iõTñãrEFTHa ge n ) .

H
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Table 3. llur¡ber of times subsamp'le counts were outside the value of I(n-l)
=x23df .s=0. 0s = 0.22-g'.35 f or regu'tar dri ft sampl es f ron the
Sourls'River, llanltoba. The maxlmum number of tlmes = 9 unless
otherwlse indicated.

Taxon
l{0. of times tabìe

were outside of
f of counts

random
vaì ues

2
x

Hyaleìla azteca

Isonychla sfcca

Caenis tardata

Leucrocuta macul ipennis

Baetls spp.

Cheumatopsyche campyl a

0thersc

Totaì

I 88.9

100.0

55.6

100.0

88.9

100.0

88.9

88.9

4

0

I

0a

ob

I

1

a

b

c

8 repì lcates used.

7 repìlcates used.

Includes slx species (see Table 2, footnote).



Table 4.

Specl es

Hyrlropsyche
recurYata

Cheunatopsyche
campyl a

Pol ycent ropus
cl nereus

Psychmyl a

fì aYi da

Hyd ropt I 'l a aJax

lsonychla slcca

Caenl s tardata

Leucrocuta
--iiã?üTTñnnls

Stenac ron
-Tñljãiõ'ünctatum

Ephoron album

Baetls spp.

Hyaleììa azteca

Subsanple counts for specles occurrlng ln a catastrophlc drlft sanrp'le fron the Sourls R

Each subsample ls lf of the toqal ïe'lght of the sample. I'lndex of dlsperslon (I(n-l. 2.7-19.0' l.e. lf value of ¡'lles between 2.1-19.0, agreement wlth a Polsson serles
95f probablllty level). CV. coefflc'lent of varlatlon (see text for deflnltlon of tern

lver. l,tanltoba.
) =xtsdf. gr o. oS
ls accepf,ed at the
s).

2
Subsampì e
56 x cv

(f)
Total no. ln
ent l re sarnpì e

4462

28458

418

I 2689

I 920

9230

I l2l0

3215

28s4

18270

901 I

1234 78910U

34 4t 39 40 44 41 43 28 46 43 399 6.3 13.3

232 243 zsl 248 274 227 28t 266 266. 288 2576 14.8 8.0

2252542344334.337.9

105 103 113 ll3 127 lzs t?7 130 141 138 t22? 12.7 10.7 t4t26

121

23

97

107

108

18

91

l0l

116

l9

113

123

98

2l

98

118

t26

24

t27

t26

131

23

131

ll6

t25

19

133

128

128

24

121

124

134

29

127

130

I 189

22s

I 164

1 204

11. 8

4.5

18.9

7.4

10.5

14.9

13.4

8.3

34

27

142

94

41

35

1s2

90

39

3f

ts5

92

40

32

136

94

43

30

163

93

32

28

t4't

72

46

24

160

99

45

31

149

95

52

26

n2

109

44

28

167

ll9

416

298

1543

957

7,4

5.0

1.5

14. I

14.0

13.6

7.4

12.8

t02

25

t26

131

H
æ
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Table 5. Surnmary of frequencies of occurrence of coefficlents of
variatìon (CV) for subsampìes of artificial substrates (AS),
reguìar drift sampìes (RDS), and catastrophlc drift samples
(cos).

f range

Sampì e type 0-10 10-20 20-30 30-40 40-50 >50

0AS
( n=6)

RDS
( n=24)

0

I

0

0

0

0

3

t

0

4

0

6

I

6

3

3cDs
(n=12)

0
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