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particulsr, propossls and sempling plens should be developed with the best avallabie expert
soelsetitic advice, including peer review. Second, the plans should be framed 0 ask specific
guastions.

Suoh a broad approach to planning was used for recent studios o the effect of methoxy-
shioy o inseot comemunitisg in the South Saskatchewan River.

- Greciatists in pesticide chemistry, river entomuology and Hehorkes were asked 1o roview the
available data and, If deemad necessary, 10 SUGERSt appropriate studies,

““““ A demited and specific set of guidelines, objectives, and priovities was agreed upon by
e soipntifio advisory group: thess could be used as o basks Tor establishing g contragt
for the stutdy. (Within the guitislines, altemative courses of 2C10N were possible since
resuilis of one stage might not be anticipated and would alfect futire work)

- Tripss doing the work knew exactly the objectives and prionties, and sould contluct the
study ardd prepice the mport ascordingly. Fescurces could therefors be applied effec-
Hvaly o answering guestions and lesling hypotheses,

Conseguently, the results [Lebynkahl 1889 satistied ail parties involved, Intiuding the
funding sgencies, the selentific workers and oulside mviewers of the report,

Manming must therslore inglude the mesns 1o condugt the study properly. Careful
conduct of the Beldwork, and acoumste ideniification of the nsedt species collscted, san
usually be done only by gualified sclentists: appropriate personngl showld therelore be
iyvedver in sunh shudias.

RECOMMENDATIONS

Although decisions based onenvironmaenial assessments are infiuenced by many social
and gronomic factors, usable resulis from the studies depend critically on good solence,
This brief suggests that good entomological sclence for smvirprmenial monitoring and
svaluation can be assured by accepting the following gerwral principles:

1. Planning the works

a. Oblain an overall view of the problem and 15 soological setting. Al an sarly stags in
developing study plans, consider the points of view of all interesied parties and there-
fpre the naturg of the solentific data reguired for policy decisions,

b, Develop a general plan for the whole stuedy. This includes adequate time frames for
completion, and corresponding personnel and budgels,

g, Develop a sclentitic programme with defined goals, including hypotheses to be tested
{merely complling lists of taxa s not an adequete oblective). Blate the objectives of
the study, including tisls of priprities, but allow the Hexibility 1o respond 10 any unex-
pacted interiom resulls.

A, Obtain selentitic input gt all lpwels from exparimantal design to imterpretation of re-
sults. In particular, arange 1or peer review of study plang,

Sonduct of the work:

g, Use svailable expert personnet, 3o that the sciemific work reflects state-obthe-art
oty

b, With entomologioal material, generally work at the specias Jevel,

o, HMave identifications made or continned by quatified persons orcompargd with authen-
H specimeng and Herature.

% Bubseguer? responsibiities:

a. Arrange for scientific poer review of the results,

B, M possible, publish key resulls in g cohesive way in e sclentific leraturg 0 add o
the store of valid, organized and svallable knowledge.

o Deposit saries of properly preparpd spechmens in gl least one reoognized repository
80 that they will be available for mexaminalion or further analysis,

ki
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SOME GENERAL PRINCIPLES

Problams with sarlier work, and pssons drawn from the exampdes lust oited, sugoest
ways i which eovironmenta! sppeaisals using eects might best be planned and executed

Vol of informatioes at the specisy lavel

e pereral principle that ermerges Trom the shudies lustolted s et meaningul studiies
reaudire detalled knowledoe a1 the species level While species lovedets are relatively uncom-
mytr i gnvironmental monitoring and appralsel, this does nol demonstrale the ok of need
for such detat, but rather shows that many shudies are of less than desirablie guality,

For puample, Interpreting population changes reguites a knowledgs of e scolngy of
idividual speties, Whether changes obsprved arg dus 1o He-hisiory events, envivonmeantal
mgterogenaity and dispersion patterng in the popuiation, artfacts of the sempling profocol,
oy resuits of the process of pontern san Grdy be ascsriained by dedailed knowledge of the life
migtory and ecology of the spesiss under sludy

Eaol species of nsect hay much information associated with i The key 1o this informse-
ton iy idertification 1o species. A family Or goneic name 8 notadequats, because exampies
wan b found dn all groups inowhich species of the same genus Or Tamily Giffer considerabily
i carin features. Therefors order, lamily, genus, and subgenus ofter give Hitle information
regarding the rangs of soologiosl conditions under which g glven species is found. Thus
studies based on identifications above the species el often have e value in soology o
e appraisal of disturbange.

Waork al the species Jevel was onoe Treguently preciuded by laxonomic dffisuitiss,
owever, with mom sxperienced argd more bighly rained personne! syvailable angd e rathey
consideralde progress in taxonomic and basic ecologioal work in the last decade {compare
references oied in Danks 1979, this s no longer trug, Toxonomicsily, many groups are now
fpasibie sublecty for species-evel studies, and expertise exists within Canads 10 provide
spresific identifinations,

I egsenee, the reason for species level work is hat the species is the most univarsally
valid biglogical currgnoy by which information can be organized. Such information can be
grows nommunicated and developed, Beoause s avaliable 1o other workers, 2 progressively
miorg somprehensive ploture of Biots in relabion W erwronmental congditions can be built up
iy ihis means each environmaental sludy can best oontribule not only 1o the case athand, bt
also W the future developmentof environmentgd appraisals. Buch s fund of organized mlevant
knowledge s based on acourale dentifications: voucher specimens of materiad on which
information s based should thereliore be prasarved.

Mawd for stating questions in an sooiogival context

A gepond principle that emerges rom these examples Is that Impact studies should be set
inan ecokogionl context, Ecologios! systems, composed of the physical, cherdosl and biotic
anvirgnments, can be undersiood in terms of strusture and function, described by 8 sube
stantial body of scological theory buill up over many vears, Together with more formal
concepiual models, such theory analyzes or hypothesizes he relationships among ecosys-
W pomponents feg. Minshail ot ad 1983 for streams ). Moraover exonomy Bas mached the
lwenl where sigrndficant numbers of srganisms in the sysiem can be identified 1o the species
gved, and aboratory and fHeld studes provide information oo distributions, Wolerances, and
reguirgmenis of many individual species. In addition, the fact that thers are day-an-day and
your-lo-yiar variations in biotc and physical elaments of the system, even in undisturbed
Mabitats, means that any human disturbance operates in s framework whish ftself s chara-
toriped by variation fe.g. Startord and Ward 1985

Yepratorg, monitoring and appraissl, sven of 2 Bmiled disturbance, mquires 4 broad
yndderstardding of the system, In other words, plans for g study of the eliscts of o disturbanoce
should recognize the soological selting of the sysiam which is being disturbed.

Mo for g brosd approsoh 1o planning

Provious sxamples alao show that in any plece of work, including anpiied soological
ivestigations, usehd results are produced only I studies are carelully planned from the
pariiest stages. Expliolt pradiction or planmed monitoring of eflests reflacts the long-term,
nopHstic thinking characlenatie of good science, By the same token, decisions about overadl
strategy, which oulline what showld be measured, whatl sorts of changes are significant, and
whwr and whers the study should be conducted, are reeded betore delails of the study arg
doveloped. There are therefors two main mouirements for the general organization of the
work, First, ol intevested parties should cooperate in developing an approprigte plan, in



Warlous deformities of the larvae of chironomid midges, Including distortion of mouth-
parts ard thickening of the sxoskeleton, have demongirated the existence of Industriad or
agrisullung cordamination of water (Warwick 19800, MamiBon and Seether 1971 Koehn and
Frank 1980, Such subdethal effects can serve oy an early warming of malor ecvlogionl
damage ceused by chemical overinad by pesticides or heavy metals,

Dretatind observations of the bebaviow of caddisflies sxpoeed 10 sub-lothel pesticide
sorcrirations showed thal larvae ol thelr cases and--aven hough surviving the pesticide
««««««« did ot return o the cases (Symons 19775, axposing the larvas o predation angd oths
mortality faciors,

Oiher studles confirm that knowledge of Insedt e oyties is olter necessary 1o undern
stand what bas happened. In monitoring the effect of methoxyahlor reatments, apparent
“renovery” of Baetls mayliles proved 1o be hitohing of related species within the genus
Hoahrdaah! 1887 “disappesrance” of soperks stoneties was caused by normal B ovcle
phancmens 8% well a8 irgatment dabimikyhl 1881

insacts thus demongtrate thet concepts basis 10 good sclence, such a8 experimental
sortrols and dedatied analysis of dada, are necessary for the appraisal of ervironmental
shsturbanig.

Community structurs

Changes con alss be asseseed by the snalysls of dverse ard susily sampled insect oo
munitios, Although generad indiceg such as species richness reflect broad or severe dis
wrbapces, the structure of insect communities tracks changes In more delailed ways, For
inglance, mikd loesied pollution in the lttorad zone of lakes can be recognized by the mass
oeairrense Of Bpecies which are not ypdoal meenbers of the normal community, forexample,
barvae of certaln ohironomid species {Cladotenytarsus) in Okanagen Lake, B.O. Sapther
TS, 1RED. Atae larger seale, studies of benthit st oommunities i iakes have led 1o g well
devetoped syster of lake typology (Saether 18978, 18748, 1980, Warwick 18808, review by
Wiedernolm 19841 which shows how g charatieristio fauna integrates information about the
Bgrilitty of the ke, Changes coused by nulrient envichmaent, for exampie, can therefore be
reptdy detected.

The structure of ingect cormmunities may aiso change after pesticide treatments, low
manbors of predators afer river treabment by methoxyehior led 1o 8 preponderance of
eertain prey spectes, ard hence 10 an unusual community structure (Lehmih! 18821 Analo-
gous changes in the natural predator-prey balance were documeniod much eartier insprayerd
appie orchards, Torcing a revision of previous practices o the use of ohemical pesticides,

Insgots can also De used o show long tere elfects, In Britadn the medanie form of the moth
Biston betwaris becams locally prevalent because on soot-darkensd substrates it was loss
corspouous than the normal form o bivd predators, thereby showing the intluence of
industrial pollation over many yvears [Kettlewel] 19681, 1973). The sensitivity of insects 1o
changed conditiong has slso aliowsd some long-term offects of pesticide appiication 10 be
mprognized. MoNedl of al (1978} discovered that the jack pine sawfly was susceptibie 1o very
whall doses of tenitrothion (applied sgaingt spruce budworm) which had bullt up In needies
of the host pland through repeated annug! applications. The same Insecticide dopressed
viglds of blusberres Tor sevaral years because native bee pollinalor populations had boen
decimated: the populations ook several years 1o recover alfter fanitrothion use was discon-
tinued pvan and Laberge 1978, Kevan and Dpperman 1880). Aguatic Invertebrates provided
& betier indication of strearm water-guality than did routine chemical mondtoring bevause they
gxinbited long-derm responses 1 sporadic wrban runolf of organic materigis ard silt {Whiting
and Chitford 19885,

O g syl longer tme seale, historical events such as land glearing have been baced in
detall through the analysis of shivonomid head capsuies preserved in lake sediments {War-
whck PEADE). I the Bay of Chdnde, Lake Ontario, the chironomid fauns maponded 10 initial
colonbration of the lake basin by Buropesns by developing o composition characieristio of
anriched nutrent conditions. Subseguerd aotivities caused masstve erosion in the watsrsbed,
and mineral sedimentation eiurmed the sirocture of the fauna 10 one less characteristio of
rioh waters, Ag the erosion stabllized, the suppressed sffects of sl greader nutrient inputs
s realized. Such g history allows pradiction of the sort of changes that reeull from similar
grvironmentsl dishuorbances, This s possible both for testing past effects and foresasting
erpacten changes.

insects thus provide spveral means 1o evaluale Mstoncal and communily changes in g
broud framework. Especially oredible estimates of ervironmenial changes gre obtained when
information has been integrated over Hme and space in this way,



USE OF INSECTS IN MONITORING
AND EVALUATING ENVIRONMENTAL DISTURBANCE

To offser the problems st outlimed and 1o take advantage of racent advances, some
swamphes of ways in which insecls can demonstrate ervironmental changes are briefly
netpdd. On this basis, general guidelines for studies which appraise the effects of such
shanges sre pul foreand,

insests atd thelr relatives comprise thres-guarters of all Bving anbrmal species. In Canada
alone, ther are over BE.O00 species of terrestrinl arthropods (Danks 1979) . Furthermuore, this
diversity Includes many closely related species which may respord uniquely 1o environ.
martal conditions and disturbanoes,

Ingects have fgured in various allempls o messur the resulls of snvironmental dig-
nartbanons sueh as cultivation, land clearing, forest thes, dar construction, or pipelineg Gone
struction, and the potlution of habitats by fertiiows, pesticides, nuldent eryichmend, sewags
gisposal, chemical waste disposal, radioasthvity and acld rain, Mowever, most of these studies
have been completed at o low level of biologios! resciution, or the projects ware chinfly
organized by enginesrs or chermists rather than bicloglsts, and have shown only wellb-Krown
principles already established for other prganisms and In othey ways: disturbances lead 1o
community changes, wery severe disturbances lead 10 substantial moriality and ususily 10
reduntions in diversity. These conclusgions provide no understanding of gvents, and hence are
of Mustrative but e pradictive value, Examples oited below show soveral ways in which
Insacts can be used more precisely o detert and interpret the significance of ervironmental
perturbations. bysects are partoularly usetul in this mgerd because they possess many
sty mpasurable biclogical oharacteristios, and they are ublouitous and diverse, Morsover,
mecauss Insects display species specific physiclogy, behaviour grd other braits that are Bxed
genstically {withoul much of the lability of response seen in vertebrates, for examplie), they
are sepuciadly useful indicators of particular condifions, Mowever, it precisely the informa-
Hve diversity of ingects that demands caretul and detatied work i uselul resulls are 10 be
olrtaingd,

Gangral mortality responses

ingect mortality or changes in abundance can provide a measure of the sftect of varnious
srwirpnrmental pollutants.

Laboratory experiments have demonstrated thal some species of arthropods are axceb
iant indicators of contamingtion. For sxample, morality of the oribatid mite Mumerobates
rostrolameliatys s olosely comelated with sulphur dioxide sonpentrations {Andre ot #f
1HE2 and this mite responds morg rapidly o alr pollution than do most plants.

fathar studies in field siluations have proved that insects can indicate the severity of
pothution. For instance, populations of the species of carabid beetles studied by Freilag e 4l
{1873 decreased, for example by 3 factor of more than 4 iIn Agonum decentis, toward the
source of poliution from & pulp mill. Other fisld studies show that environmental Impacts
fraguently are more subtie, and not all species are affected in the same way, as for various
sol mites exposed (o pesticides [Smith ef af 19801, Populations of some species may gven
increase as a result of chemical contaminams. Bpecies of chironomid midges and mayfiies
are not all necessarily harmed by ol pollution, but sach speches responds differently (Rosen-
berg angd Wiens 1878, Rosenberg #f ol 188D some species increase in number and others
decrease, and changes in abundance of these species could theretore be used to identity
smal spills or chronic low-level contamination by o and its derivatives. Slrllarly, species of
Covaciea caddisthes esach changs differently in oocurrence and abundance in response 0
anvironmaental deterioration, aliowing the different species 1o be used as indicators of water
guality (Fesh 1978, Resh and Unzicker, 197583,

Susceptibility of sl Collembols 10 insecticides and fungicides vares widely from ong
species 10 another, and varies among fungicide anslogs (Tombn 1975, 1977y, showing that
wxintly data canno! sasily be exirapoiated from one speties o another or bebween related
ghemicals, Binoe the fertiily of the soil depends partly on astivities of such arthropods (8.4
Biotogical Survey of Canada 1882), these resullts suggest ways i which detailed studies of
sedl arthropods will revesl changes not shown by other, larger, organisms.

Subs-tothal oftects

Although direct moriality has aitracted most gtlention in studies of norarget organe
mima, other features such as ingect e oyoles and behaviour provide valuable insight inlo
arwirpnmental effects and thelr measuremeant.



INTRODUCTION

Boglety's conpern with the conssguences of techrologioal development bas led 1o the
ngeessity of monitoring and assessing the Inpadt on natursl srvironments of proposed or
existing dewelopments. 1 is widely agreed among those working on such projects that thers
are problems with curent practives and procedures in o wide range of studies which attemgt
0 interpret or predict e olfects of ervironmentsl digturbance.

Problems in the perticulsy case of formal Brvironmental impast Assessmenis have been
commernted on al length by Beandands and Duinker (1883}, Bosenbery, Fosh etal (1981,
Wiy {1875), Lash ot ¢ {1974 and others,

This brie?” lnhicates that many of the sclentific problems in srwirormental studies of
all kinds can be cveroome. The brief congiderns the use of insecis in such studies, and demor.
siralen;

10 That successful work reguires coordination among all parties interested in a given leche
nulogical development, and expert sclentific advice at all stages from sarly planning w
pubiication of meuils,

20 That insects con be used effectively in the monitoring and appraisal of ervironmental
thisturbancs,

3. That such studies should usually pose questions in an holistic setting amd in the context
wf current understanding of ecologion! sysiems.

REASONS FOR DISSATISFACTION WITH MANY STUDIES

In many shudies involving erdomoiogy, the organisms are not identified 10 species,
scientific objectives and investigative designs are not well defined, time sliowed s inade-
suaie, and resulls thersfore do not increase our ability 1o predict impacts in similar or sub-
seguent shuations. Communication among parlicipants is often Inadeguste. ey scientitic
resuits, angd information on appropriate expertise, may be peerlooked,

Mary of the early inadeguacies were unavoidable dudng the developing phases of
applied scological studies. These included laok of sultebly trained and experienced people,
ok of standardized methodology, uncertainty mgerding oblectives, and, most importantly,
tack of basic sclentifiy knowledge, all of which hindered the usetulness of sarly work, To a
lmrge exterd, these early difficulties have been overpome, Qualifled personnel exist, and
advances have been made in many aspects of the methods used, from study design 1o Held
work and report compilation. However, there are still problems in defining the actual objec-
Hwes in dats collection and interpretation, amd in the dissemination of indormation.

A rsjor dithoully has sterpmed from the fact that the separation between sclentific and
human value judgments has not always been fully appreciated. The possible result of g
disturbance can be measured or pradicted; bul value judgments are required to decide
wehather i s "significant” in lerms of human values, orwhen compared with the "benetits” of
the proposed development. Bclence can only describe the system and the changes that might
pecur. Bocial and political procpsses must detemmine H any changes inthe ecologioal system
are acceptable, Projects should therefore be designed so thet the differences between the
sehentific and the poliical processes are evident, and 50 that fagts that pertain to the required
hdgments are oblained. Matthews {19758}, Beanlands and Dulnker (1983 and others have
discussed such social and political aspects Tor the more specilic case of Environmentsl
impact Assessments.

“Bropared by & subvommittes of the Brologios! Survey: 8. Lokeiuhl {Chairman), #V Danks, ¥ M
BubarePoilptior, 134 Lavson, 13 8. Roserbarg, 1M, Bmith,



Abstract

Thig brief congiders the development of proper scientifie slandards for e sonlioring
ard appratsal of environmental disturbance. Insects are uselul in various ways for such
pyalumtions, as demonstraisd by oamplss. The obleothees of any such sludy should be
gofined by consullation among all interesied parties. The complete study should be planned
vy defining solentitic objectives in an soologloal context, with the belp of peer review of the
phang, Dels oollecied should be redaied 1o specific guestions that have been formulated abowt
w infhusnce of o given disturbance on e system. Sclentific answers should be the best
attalnable a1 the present siale of knowldge, his reguims expert personnel for design,
anabysis angd entification of species. Because of thelr divereily I matural systems, and bee
caune they are nob well-known, Insects usually bave not been entified o species in payt
shutios of s King, Mowever, probiemes of ldentification can now ygually be overcome with
grpert el species identiicalions are nomsally necesiiry DECRULY Speies are the only
mxonemic unite by which information on the functoning of natural systems can be organ-
bredd, Bome recommandations summarizing hese Congiusions ane prosenied,

Bécommeandations sur Phwaluation de ts dégradation de Penvironnement;
guslgues lignes divecirices gindrales, valewr of talsabiiid des dtudes sur les Insectes

Résumeé

L présent mémoire porke sur PFélaboration de normes scientifigues perlinentes pour la
survaillance el Pdwaluation de la ddgradation de Pervironnement. Les insectes sont utiles
& maints dgards pour ces dwaluations, sinsl que o ddmontient les exemples oitds. Les objec-
s de toute dude de oo type devralent &re délinis par consultation entre toules les parties
imtbrossdes, U foudrail planilier Pétude complide on délinissant les objectifs sclentificues
gans un contexte Soologigue ot en faisant examingr los plans par des pairs. Les rensgigne-
ments recueiilis devralent se rapporter & des questions spéoifiques concermant Hintluenes
dune altération donnde sur e systéme. Les ponses solentifiques devant élre les metlisures
qui'on puisse recusilliy dans Vétal actuel dos connalssanpes, iHaut dong contier & des spéciat-
istes la conceplion de Pétude, Panalbyse of Videntification des espdoes. A cause o8 leur
diversité dans les systimes naturels ol parce guils sont malconnus, les insectes n'ont habitu-
eHement pas 816 identifiés au niveau de Vespéos lors des dtudes de oo type défh effectudes.
& Uheure actuelle towelols, aveo Palde de spécialistes, on peul ordinairement résoudne les
probiémes $identification; i est normalerment indispensable dlidentifier les espboes, car
altos snnt los seules unites laxonomigques gul permetterd d'organiser Virndormation recueillie
sur be fonctionnement des systBmes naturels, Certsines rmoommandations rdsumant oeg
conchustons o présentées dans le présent dosument,
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