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. ABSTRACT
- Changes in agriculture since World War Il are briefly des'cribed;. 'We review the
" existing literature to exahine the é;’ctent to which birds and mammals living in terrestrial
habitats have been affected by the increasing use of agricultural herbicides."Wildlife
(including birds, mammais ahd theirVresources} are exposed to herbicides primarily through
direct overspray, spray drift and vapour drift. Except for a few specific cases,.ver_tebrate _
* wildlife are unlikely to be exposed to herbicide levels that are acutely toxic. In cdntrast,
herbicide use has induced changes in wildlife resources through a variety of effects on ~
' ~ different taxonomic group species (e.g. plants, soil oyganfsrﬁs, insects, .o'ther invertebra"‘(es).‘
Coupled with field studies on birds. a'nd mammals, iheré is sufficient evidence to suggest
t’hat herbicide use has advérsely affected wildlife, primérily through a variety of toxic effects
on plants, and simplification in habitat combosition, heterogeneity and iﬁterspersibn. Thé
significance of our findings to pesticide regulation, and the direction and need for research
are discussed. In partjcular, toxicity testing guidelines for nontargét plant protection that
have been developed in Canada need to be adopted ta support pesticide regist}rati‘o‘n. Large
scale, long-term interdisciplinary research of ‘different farming systems is needed,
’ particularly in North America, to integréte and evaluéte the agricultural and ecological costs
and benefits of herbicide use (along with other pesticidés), and to more fully understand the
relationships among wildlife, crop production, noncrob habitats, pesticide use, the entire

“farming s'ys‘;tem, anvd the socio-economic costs to the farmer and public at large.



RESUME

Les changements déns les pratiques agricoles survenus depuis la derniére guerre
mondiale sont décrits briévement. Plus particuliérement. nous présentons une revue de la
littérature sur les effets de I'utilisation toujours croissante d'herbicides sur les oiseaux et
mammiféres généralement retrouvés dans les habitats terrestres associés aux milieux
agricoles. La faune et les habitats sont exposés aux herbicides lors de I'épandage par
contact direct et indirectement par la dérive d’herbicides sous forme de gouttelettes ou de
vapeur. A l'exception de certains cas spécifiques, il est peu probable que la faune de
milieux agricoles soit exposée 3 des doses atteignant des niveaux de toxicité aigué. Par
contre, I'utilisatibn d'herbicides a induit des changements au niveau des ressources utilisées
par la faune et ce, a différents niveaux taxonomiques tels que plantes, organismes des sols,
insectes et autres invertébrés. A l'instar des études de terrain sur les oiseaux et les
mammiféres, on a trouvé suffisamment d'évidences dans la littérature qui montrent que
I'utilisation d'herbicides affecte négativement la faune principalement par des effets
toxiques sur les plantes et par la réduction de la composition, I"hétérogénéité et la
}distribution des habitats fauniques‘. L‘imbortance de ces résultats pour la réglementation
des pesticides, de méme que pour |'orientation qde devrait prendre la recherche dans ce
domaine est discutée. Plus particuliérement, les lignes directrices élaborées récemment au
Canada pour évaluer les effets des pesticides chimiques sur les plantes devraient étre
'adoptées pour I'homologation dés pesticides. De plus, des étddes approfondies des
différents types d'exploitation agricole, particuliérement en Amérique du Nord, sont
nécessaires afin d'intégrer et d'évaluer les colts et les bénifices de I'utilisation des
herbicides (et des‘ autres pésticides) tant au niveau écologique qu'agricdie et afin de nous
permettre de mieux comprendre les interactions entre la faune, les habitats fauniques en
milieux agricoles, la production agricole, l'utilisa;ion de pesticides et tous les co(ts socio-

économiques pour le fermier et le public en général.
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INTRODUCTION

Since World War ||, agriculture has been undergoing dramatic changes, including the

introduction of synthetic éhemi_cals, the 'use of larger and more sophisticated machinery, the

~ - development of high yield plant and animal varieties, a shift in market forces towards cash
crops, and the emergence of fewer, larger and more specialised farms (McEwen and

Stephenson, 19'?9; PiEnentel and Perkins, 1980; Conacher and Conacher, 1986; O‘Cpnnor

and Sr{rubb, 1986; Eijsackers and Quispel, 1988a). Associated with these changes has = =

. been a huge increase in the use of herbicides as a result of the development of new and

specialized products, skilful marketing by chemical companies, active promotion or
endorsement by agricultural researchers and extension officers, the development of

conservation tillage methods and technology,- and machinery capablevof delivering herbicides

more conveniently. Herbicides are now the most widely used pesticides in agriculture

worldwide, both in terms of the volumes used and the are‘avsv treated {Conachér and
Cona’éher, 1986). in this respect, compared with other pesficides, _hérbiciﬁes offer the
greatest pétential to corjtamiﬁa;e and cause damage to the environment. North America is
the mainmarket fou; herbicidevs, followéd by westerr; Europe. Products for use on corn, smail
grains, soybeans, rice, sugarbeet and sugarcane acéount fqlr 78% of thé herbicide market
worldwide .(Schwinn, 1988). o

- As elsewhere, the nature and extent of agriculture in Canada has b/eeni changing.

About 11% of Canada is considered suitable for agriculture. In 1986, farmland occupied

67.8 million hectares, a slight decline from i;cs historical peak in 1951 (Table 1). While the

. total area under farm ownership in Canada has been stable since 1951, the relative

importance of different crops has changed (Figure 1). From 1911 to 1986, cultivation of



Table 1. Statistics on farming and pesticide use in Canada

(abstracted from Statistics Canada 1951-1986).

1951 1961 1971 1976 1981 1986

Total number © 623 091 480 903 366 128 338 578 318 361 293 089
of farms ‘ :
Size of farms 113 122 14% 163 187 202
(ha)
Total farming area  70.4 69.8 68.6 68.4 65.8 . 67.8
{millions of ha)
Field Crops 34.1 33.7 37.3 38.7 43.8 45.9
(% total farming ‘
area)
Herbicide use " 8.5 15.2 22.9
(millions of ha
sprayed)*
Insecticide use : 0.9 , ‘ 1.6 4.6
(millions of ha
sprayed) ¥

* Each ha was counted only once regardless of the number of applications
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Figure 1. Changés in areas of méjor crops, hay, improved pasturé and ummprovéd lands in Canadian farmland from 1911-1986. Improved .
pasture includes pasture or grazing lands which have been cultivated, drained, irrigated, fertilized, seeded, sprayed, etc. Unimproved lands
includes areas of native pasture or hay land that have not been cultivated, brush pasture. grazmg or'waste lands, sloughs, marsh rocky land, -

'etc “Abstracted from Statlstlcs Canada {1951-1986).



wheat, barley, corn, soybeans énd canola increased substan‘tially while oat and_buckwheat
dec.reased. Hay and "improved” basture (defined in Canada' as land used for pasture or
grazing ahd which has been cultivated, drained, irrigated, fértilized, égeded, sprayed, or
otherwise manipulated) also increased, while "unimproved” lands {(defined as aréas of native
pasture or hay land that have not been cuitivated, brush pasture, grazing or. waste lands,
_ sloughé, marsh and rbcky land, etc.) decreased. From 1951-1986, the total number of
- farms in Canada decreased by over 50% while average farm size just about doubled (Table
1). Agricultural production has generallf been rising through more intensive use éf
farmland, often at the e*pense of V\;ildlife.v For example, more than 80% of wetlands in
agricultural regions of Canada have been lost through drainage, dykihg and infilling, with
dramatic adverse impécts on associated wildlife such as ducks (Boyd, 1985). Pesticide use
- has increaséd substahtially since 1971 (Table 1). Herbicide use increased three-fold éihce
1971, with 22.9 million hectares of farmland (34% of fotal f'armland)v being treated in 1986.
Insecticide use is much less extensive, b;xt increased five-fold since 1971, with 4.6 million
hecfares (7% of total farmland) being treated in 1986. Insecticide usé is, however, more
unpredictable than herbicide use, due to the fluctuating nature of insect outbreaks, and
1986 was a year wit.h a large outbreak of grasshoppers.

in fhis paper, we review tf\e existing literatufe to examiné the extent to which
wildlife living in terrestrial habitats ﬁas been affected by the use of agricultural herbicides.
‘Qur reQiew is extensive but ndt exhaustive. Compared to aquaﬁc en\:ironmed’gs, our
knowledge of exposure'and ecological effects of toxic chemicals in the terrestrial
environment is much more limited (Hurlbert} 1975; OECD, 1989). Firstly, we briefly review
the environmental chemistry and fate of agriculturgl herbicides to establish the potential -

exposure of wildlife and other nontarget organisms in terrestrial, farmland habitats.
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Second!y, we review herbicide |mpacts on wildlife from direct toxrcrty We then focus on |
wsecondary lmpacts of agrlcultural herbrcrde use through adverse modrfrcatron of wrldlrfe
resources ‘by reviewing effects on different taxonomic groups (e.g. plants, soxl organisms,
other invertebrates, insects, etc.) and on habitat composrtron, heterogenerty and |
interspersion, and by reviewing field studies for wild mammals and birds. Lastly, we discuss
the signi/f_ic-ance of our findings to pesticide regulation, and the direction and need for

research.
EXPOSURE OF NONTARGET ORGANISMS

The environmental fate of herbicides is related to Vchemidal and physical properties of
the products, amodnt and frequency ofvus.e, methods of application, abiotic and biotic
characteristics of the environment and méteordlogical conditions (Klingmsn et al., 1982).

| At rer:ommend"ed rates of use in agricultdre (now ranging from 4.5 g to 3 kgu of active
ingredient per nectare),,the half-life of'herbicide_s range from;un to one month (é.g; 2,4-D) to
3to 12 m.onths {atrazine, trifluralin, ’metSulfuron methyl), to more than one' year for
.piclorém, pendimethalin, dhlorsulfdran, and ethametsdlfuron (Brown, 1978; Hassall, 1982;
Grover and Bowes, 1981; Walker and Bond 1977; Anderson and Barrett 1985; Agnculture
Canada 1989; 1992). Tebuthiuron, a herbrcade regrstered in 19?4 in Canada for noncrop
use, was estrmated to persist between 2.9to 11 years in soils of Arizona (Emmerich et al.,
1984; J.ohnsen and Morton, 1991). ‘Uhder certain use conditions, some herbicides or their
metabdlites can remain active for longer times, for examp!e;if applied in the fall or under

anaerobic conditions such as those characterrstrc of aquatic habrtats (Faust and Aly, 1964;

Nrcholalchuk and Grover 1983} Residues can accumulate to toxic concentrations with



consecutive treatments, and metabolites of herbicides such as atrazine can exhibit
persistent and toxic properties (Woodwell, 1967).

Wildlife and other noﬁtarget organisms can be exposed in varying degrees to
agricultural herbicides or their breékdown products tlhr’ough direct overspray, from drift
during and volatilization after application.‘by leaching from the soil, by rbnoff. by removal
via wéter- or wind-eroded soil sediments, by contact with contaminated surfaces, inhalation
of contaminated air, by consumption of contaminated food aﬁd water, and by ingestion
through preening. Of the potential routes of exposure, direct oversprav, spray drift and
~ vapour drift are of particular concern (Elliott and Wilson, 1v983). Noncrop habitats adjacent
to fields may be sprayed directly With herbicides in attempts‘to eliminate potential 'reservoiré
of unwanted plant species or their associated crop pests and pathogens (van Emdeﬁ, 1965;
Bendixen et al., 1979; Best, 1983: Boatman, 1987; Heitefuss, 1988). In the Canadian
pr_aérigs, ari estimated 5-10% of herbicide aApplication is performed aeriélly {Sheehan et a/.,
1987). Agrial application can result in significant nontarget exposure due to overspray of
noncrop ’habitats interspersed within or adjacent to sprayed areas, and to downwind drift of
herbicide droplets or vapour {Holst, 1982; Sheehan et a/., 1987)."

On average, Iéss than 50% of braducts apblied by air deposit on their target
{Maybank et al., 1978: Renne and Wolf, 1979; Grue et a/., ‘1986) although it can range
befween 28% to 100% of the applif:atfon rat;e {Ware et al., 1970). Although herbicides can
drift long distances from the site of ap;lalicativon, the normal range of arift is about 306 to
500 metres (Conacher and Conacher, 1986). Compared to aerial application, depositionv of
agricultural herbicides applied _bﬁrhground equipment/is usually more confined to the target
area, particularly if nozzle fype aﬁd orientation and hydraulic pressure are adequately set

(Maybank et al., 1978; Elliott and Wilson, 1983: Gohlich, 1983). Generally, spray drift is
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' at?but 5-10% (up to 18%) o'f the active ingrediéﬁt for a single swatﬁ‘with tréétor—mounted,
flat fan nozzles operated under typical hérbicide applicatioh conditioné (Norby anci Skuterud, ,
1975; Bode et al.:, 1976; Grover et al., 1979; Sheehan et al., 1987). For a 100 m widé
field sprayed with similar gro;nd equipment, ground deposit dens»it‘ies could reach éxtrerﬁeg
of ébout 1.0% of the applied dosage at 10m dowhwind from the field edge, 02% at 30m |
~and 0.06% at 100m (Elliott and Wils_on, 1983).. Two herbicides widely used in Canada, |
triallate and triﬂuraljn, have shown significantvyapo.ur drift (Grover, 1983). Thus, whether.
aéplied byAair c;r from the ground, there is considérab!e pdtential for agrichltural hérbicides

-

“to'affect wildlife and their habitats in Canadian farmland.
EFFECTS ON WILD BIRDS AND MAMMALS

1. DIRECT TOXICITY

| Herbicides are generally: much Algss acutely toxi? to birds and\mammals than other

; pesticides; particularly inéecticides (Table 2) (cf. Pimentel, 1971; Brown, 1978; Haésatl,
1982). However, some herbicides (e.g. MCPA, brorﬁo_.i{ynil) do ekhibit highef écute tdxicfty
to birds and mammals than insecticides such as ma|athi6n. Except forv paré‘quat, diquat and
‘ dinosebi 5-day subacute dietéry toxicities of herbic'ides. with death as t'he eﬁdpoinf, are
greater than 5,000 ppm for birds (Heath et al., ;I972; Hill and Camardese, 19865 USEPA,
1988). Based on Iabor;tory testing with sheep, cattle, dogs and cats, wild mammals are -
thought to be at low risk from herbicides as a fesu[t of dietary exposure (Kimmins, 19?5).
Embryotoxic?iy Iha'sAbeen observed when burd eggs are exposed in the laboratory (Hoffman |
and Albert, 1984). Herbicides such as paraquat, trif!u}alin, propanil, diclofop-methyl ‘and a

mixture of bromoxynil and MCPA were more embryotoxic than other herbicides and all the



Table 2.

in canada

Registrants.
and Farringer (1985).
1987) and Hudson et al. (1984).

based on a

1988

Toxicity of the 10 herbicides and insecticides most used
of Pesticide
Toxicity classes are from Bascietto (1985)
Toxicities from Worthing (1983,

survey

Acute oral toxicity
LDy, (mg/kg)

HERBICIDES

INSECTICIDES

Practiéally nontoxic
(>2000)

élightly toxic
{500-2000)

Moderately toxic
{51-500)

Highly toxic
{10-50)

Very highly toxic
{(<10)

Practically nontoxic
(>2000)

Slightly toxic
{500~2000)

Moderately toxic
{51-500)

Highly toxic
(10-50)

Véry highly toxic
(<10} ‘

Avian toxicity

Atrazine, difenzoquat,

2,4-D, diclofop-methyl,
metolachlor, triallate,
trifluralin, glyphosate

MCPA

Bromoxynil

Mammalian toxicity

Metolachlor, trifluralin
glyphosate

AAtrazine,.triallate,

diclofop-methyl, MCPA

Bromoxynil, 2,4-D,
difenzoquat

Carbaryl, benzene
~hexachloride
{lindane)

Malathion

Azinphos-methyl,
fenitrothion

Chlorpyrifos, fonofos,.

dimethoate, terbufos

Carbofuran

Malathion

Carbaryl, dimethoate,

‘fenitrothion

Cthrpyrifos,fbenzéne
hexachloride (lindane)

Azinphos-methyl,
fonofos

Carbofuran, terbufos
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insecticides tested. In a review of 1'34 avian reproduction studies done fér the registration
of Bg’pesticidesin Canada, six herbicigjes {of 22 herbicides) demén#tratéd effect at
concentrations realistically encountered in thé environr‘nént and “among them, two herbicides
exhibited developmental effects at ievels I'_o'wer than those givingrise to detectable parental
toxicity (Mineau et a/. 1994).

In general, the low acute twicitfy and the lack of documented cases of mqrtality
suggests that birds ahd mammals living in terrestrial habitats adjacent. to fields treated wuth
agricultural herbici'des:are unlikély to be expésed to I.é'velvs that afe acutely toxic. How_ex)ér,
as will be outlined b_e'qu, anAre ﬁee__ds to be known about potential effects frbm recurrent

exposure to low levels of herbicides, potentiél effects on avian reproduction, and differential E

sensitivity of birds and mammals in relation to age, sex or size.

| 2. ADVERSE MODIFICATION OF WILDLII%E RESOURCES

Different taxonomic groups at a variety of trophic levels (é.g.’ pri'mar:y pr‘oddcérsh

- consumers, decombosers) play important roles in agroecosystems in soil stabilization and
aeration, the recycﬁng of organic mattér and nutrients, the degradation of.contar‘n'inanvts,
and thé p(dvision of resourc'esv such as food, shelt‘erland nesting sifeé for wild birds anq
mammals (cf. Pimentel and Edwa‘rds, 1§82). The use of agricu!vtu'ral herbicides (and otherl
pesﬁcides) can interfere With thése fun.cti-oris by altering plant bioéhemistfy,' developméntal
processes and mofphology, chénging .population. dynamics, species composition and
diverSity,,interrupting energy and nutrient flows, degrading water qualéty, and changing the s
cot;np'osition, heterogeneity and ‘inter'spersién of habiiafs forx wildlifé. Th.ese disruptiohé may
be exacerbated in égroecosystems already stressed by t"he_aeffects of cultivation, chemical

fertilisers, other contaminants, or severe climatic conditions (Conacher and Conacher, .



1986).

We have summarized our review of the impacts of agricultural herbicide use:through
effects on resources used by wildlife as follows: (a) plants, (b} soil organisms, {(c) other
insects, invertebrates, etc., (d) mammals and (e) birds (Table 3).A Each will now bev dealt

with in turn.

2.a) Plants

Use of agricultural herbicides can alter biochemical and developmental processes in
" plants, plaﬁt morphology, species abundance, composition and diversity, and the
composition, heterogeneity and spafial interspersion bf farmland habitats. As will be seen
later on, these effects, to varying degfees, can impair organisms at other trophic levels
{(e.g.. invertebrates, insects, mammals and birds). 'For example, plants ére important to
v\'rivl'dlife as sheiter, nesting covér, and food resources, Many crop and noncrob plants are
used directly by wildlife for food (Figure 2}. Their importance varies amoﬁg families,' among
genera and possibly among species. Weeds and crops in the Gramineae family are
particularly important in the diet of many species. Habitat use by wildlife can also vary ‘

substantially among different crop and noncrop habitats (Freemark et al., 1991).

2.a.i) Biochemical, developmental and morphological effects

By modifying biocﬁemita»l and developmental processés (e.g., increasing levels of
minefal salts, carbohydkates and moisture, changing protein and vitamin composition,
deléying matAuration), herbicides can increase plant susceptibility fo pests ana diseasev(Oka
and Pimental, 1976; Heitefuss, 1988) and lower their suitability as animal food (Ries, 1976).

Most of the work demonstrating these effects has been done with crop plants. As early as

x




Table 3. Summary of impacts, of agricultural herbicide use on wildlife'through effects on,Qildiife resoufces.

HABITAT(S)

REFERENCE

EFFECT
A. PLANfSA . _ A
Crop (C)/Noncrop (NC) Mortality 'NC:  Hanson 1952; Marrs et al. 1989.
Biochemical (e.g.; higher c: Maxwell &vHardwood 1960; Ishii
protein, carbohydrate or nitrate and Hirano 1963; Adams & Drew
content; metabolic interference) 1965; Oka & Pimentel 1976; Ries
N 1976; Ibenthal & Heltefuss 1979
Heltefuss 1988.
Developmental (e.g.; delayed'seed_ C:  Fox 1948; Elliott & Wllson 1983;
germination, growth and’ Oka & Pimentel 1976; Heitefuss
maturation; decreased nodulation; 1988; Schnelle & Hensley 1990.

: bud/flowe: abortion) : : _ .
MOrphological (e.g., necrosis, C: Way 1964; Norby & Skuterud 1975;..
epinasty, stem distortion, : Grover et al. 1976; Elliott &
defollatlon) Wilson 1983; Poster 1986.

NC: Hanson 1952; Conacher & Conacher
1986; Marrs et al. 1989. :
Shifts'in Species _CE Frankton 1955} Fryér & Chancellor
abundance/composition . 1970; Rademacher et al. 1970; Day .
C 1978; Harvey 1979; LeBaron &
Gressel 1982; Frankton & Mulligan.
! " 1987; Hume 1987; Holt & LeBaron
1990; Primiani et al. 1990..
- NC: Willis & Yemm 1966; Thilenius et
- © . al. 1974; Tomkins & Grant 1977.
Species -diversity - increased C: McCurdy & Molberg 1974; Tomkins &
S ' ' . Grant 1977; Guthery et al. 1987;
NC: Tomkins & Grant 1977; Machlica &
Shipman 1983. A
- decreased C: ' Tomkins & Grant 1977; Chancellor
1979; Guthery et al. 1987;
: -"Eijsackers & Quispel 1988b.
NC: Tomkins & Grant; Machlica &

Shipman 1983; Boutin et al.. 1994.




Table 3. Herbicide impacts {cont'd)

HABITAT (8)

EFFECT

‘REFERENCE

A. PLANTS (Cont'd)

Farmland:

North America (NA)
United Kingdom (UK)
Europe (EUR)A

B. SOIL ORGANISMS

Cropland

Grassland )
Conifer plantaticon
Swards

"Shifts in crop types

Reduced diversity/interpersion of
habitat types

Reduction, degradation and/or
isolation of noncrop habitats
(e.g., hedgerows, fencerows,
shelterbelts, woodlands,
wetlands)

Acute Toxicity

Transitory or no change in
abundance of microorganisms

Increased decomposition/
degradation rate by
microorganisms

Invertebrate abundance
- increased/decreased

- no change.

No effect on soil fertility

NA:

UKE

NA:

UK:

EUR:

NA:

UK:

EUR:

Fawcett 1982; Lovett 1982; Clark
et al. 1986. .
O'Connor & Shrubb 1986; Hurle
1988.

‘van Emden 1965; Alteiri &

Letourneau 1982; Smutz .1987.
Potts & Vickerman 1974; O'Connor
& Shrubb 1986.

Baudry et al. 1988; Eljsackers &
Quispel 1988b; Hanski & Tiainen
1988; Mader 1988.

- Merriam 1978; Best 1983; Smutz

1987; Best et al. 1990.

Potts & Vickerman 1974; O'Connor
1984; O'Connor & Shrubb 1986;
Boatman 1987.

Baudry et al. 1988, van: Dorp et
al. 1988, .

. Edwards 1984,

Brown 1978; Smith 1982;
Chakravarty & Chatarpaul 1990.

Illjln 1962, Smith et al 1891;
Smith & Aubin 19891.

Fox 1964.
Davis 1965.

McCurdy & Molberg 1974; Fryer
1981b; Smith et al. 1991.




Table 3. 'Herbicide impacts . {cont'd)

HABITAT (S3)

EFFECT

REFERENCE

B. SOIL ORGANISMS (Cont'd)

_Adverse éffects.from‘reduced'food,

C. OTHER INVERTEBRATES, ETC.
" Laboratory

Farmland . ‘ : B

availability, decreased plant
cover, reduced plant species
diversity.

Acute tcxxcxty
Delayed qrowth & development

Species abundance - increased

‘- decreased

"Reduced species diversity-

D. SMALL MAMMALS

Grassland
Pasture

Rangeland
0ld Field

Reduced abundance/dlver51ty of
predatory insects i

Diet composition - no effect
- éhanged
Deéreaéed survival from diet -

shift or greater foraging
dispersal

'Johnson 1964.

Edwards Q'Thompson 1973; Way &
Cammell 1981; House et al. 1987;
House 1989. -

Adams 1960; Hassan 1983:

» Adams 1960.

‘Putman 1949; Maxwell & Hardwood

1960; Ishii & Hirano 1963; Adams
< Drew 1965; Oka & leentel 1976;
Kllngauf 1988.

Dempster 1969; Fryer & Chancéllor
1970; Lamp et al., 1984; Sotherton
1984, 1985} Ali & Reagan 1985.

Lewis 1969; Southwood & Cross
1969; Shelton & Edwards 1983.

Altieri & Letourneau 1982; Mader
1988; Wratten & Thomas 1990.

Johnson 1964, Fagerstone et al.

1977.

Keith et al. 1959; Tlet]en et al.
1967; Hull 1971.




Table 3. Herbicide impacts (cont'd)

HABITAT (S)

EFFECT

REFERENCE

D. SMALL MAMMALS (Cont'd)

Forests

Farmland

E. LARGE MAMMALS

. Forests’

Lower reproductive success from

diet shift ’
Species abundance' - no change

- decreased

- increased

Decreased species diversity

Species abundance/composition

- no effect.
- shifts

Increased use of cultivated
fields

Lowered dispersal/local
abundance/persistence from
reduction, degradation and/or
isolation of noncrop habitat
(e.g., hedgerows, fencerows,
shelterbelts, woodlands)

Browse - no effect -

- increased

Spencer & Barrett 1980.

Johnson & Hansen 1969.

Keith et al. 1959; Tietjen et al.
1967; Johnson & Hansen 1969; Hull

1971; Lillywhite 1977; Borreco et

al. 1979; Spencer & Barrett 1980.
Johnson &. Hansen 1969.' '
Lillywhite 1977.

Sullivan & Sullivan 1982;
Freedman et al. 1988; Santillo et
al. 1989b. :
Kirkland 1978; Savidge 1978;
D'Anieri et al. 1987; Ritchie et
al. 1987; Santillo et al. 1989Db.

Wegner & Merriam 1990.
Fahrig & Merriam 1985; Johnson &

Beck 1988; Merriam 1990; Merriam
& Lanoue 1990. :

sullivan & Sullivan 1979.

Krefting & Hansen 1969; Kufeld
1977; Thompson et al. 1991.




Table 3.

Herbicide impacts {(cont'd)

HABITAT(S)

EFFECT

' REFERENCE

E.” LARGE MAMMALS (Cont'd)

F. BIRDS

Farmland
North America (NA).
United Kingdom (UK)
Europe (EUR)
. !

Browse - decreased

Habitat use - no change

Regional population decline from

- changes in plant species

abundance/composition

Decreased chick survival from
diet shift or greater foraging
dispersal '

Higher abundance with gréatef T
diversity/interspersion of
habitat types

Populatlon decllnes with changes'

in crop types
~ Regional

- Local

Lowered dispersal/local
abundance/diversity from
reduction, degradation and/or
isolation of noncrop habitat
(e.g., hedgerows, fencerows,
shelterbelts, woodlands,
wetlands) .

NA:
UK:

NA:

UK:
EUR

. NA:

UK:

Kennedy & Jordan 1985,

‘Darr & Klebenow 1975.

Southwood & Cross 1969; Fryer &
Chancellor 1970; Potts 1977,
1984, . 198¢6; O'Connor & Shrubb
1986; Sotherton et al. 1988.

Warner 1984, Warner et al. 1984.
Potts 1970, 1980; Sotherton 1982;
Green 1984; Sotherton et al.
1885; Rands 1986.

Warner 1984; Warner et al. 1984;
Clark & Weatherhead 1986; Clark
et al. 1986; Vander Haegen et al,
1989,

O'Connor & Shrubb 1986.
Robertson et al. 1990.

Clark et al., 1986; Clark &
Weatherhead 1986,

O'Connor & Shrubb 1986; Galbraith
1988; Inglis et al. 1990.

Smutz 1987.

Wegner & Merriam .1979; Sheehan et
al. 1987; Freemark 1988; Johnson
& Beck 1988; Merriam 1988; Best
et al. 1990; O'Connor 1991; . .
Freemark & Collins 1992; Villard
et al. 1992; Boutin et al 199%4. -
Arnold 1983; Osborne 1984; Rands
1985; O'Connor & Shrubb 1986

-Lack- 1987




Table 3. Herbicide impacts {(cont'd)

"REFERENCE

HABITAT(S) EFFECT

F. BIRDS (Cont'd}

Higher species diversity with
greater diversity/interspersion
of habitat types ;

Broadleaved herbs Redistribution of nests
sagebrush/brushy « Local abundance - decreased
field
- increased
- no change

Shifts in species
composition/diversity

- Forests A : . chai abundance - decreased

- no change

EUR:

NA: -

Robertson et al.'1990.’

Dwernichuk & Boag 1973.

Best 1972; Schroeder & Sturges
1975; Wiens & Rotenberry 1985.

Wiens & Roteqbefry 1985,
Best,1§72, Beaver 1976.

Wiens & Rotenberry 1985.

Slagsvold 1977; Savidge 1978;

Biggs & Walmsley 1988; Santillo
et al. 1989%a.

Freédman et al. 1988.
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~ Figure 2. importance of weed {A) and crop (B) species as food for wildlife (waterbirds, shorebirds, gamebirds, songbirds, birds of prey, fur and
game mammals, small mammals, hoofed browsers, fish, -amphibians, and reptiles). Adapted-from Martin, Zim and Nelson 1951 as follows:
The upper bars represent a diet index derived by aggregating stars (where * = 2-5% of the diet, ** = 5-10%, *** 10-25%, **** 25-50%,
***** = 50% or more) for each food item across consumer species; the lower bars indicate the number of consumer species.



1948, Fox (1948} showed that application of 2,4-D caused a delay in the ge'rmination of
seeds and growth of wheat plants sufficient to favour an increase of wirév}orm damage.
The incidence of mildew on ;pring wheat was enhanced by three different herbicides as a
result of stress induced by metabolic interference (lbenthal and Heitefuss, 1979). Wheat
treated with 2,4-D was higher in protein content resulting in a proliferation of aphids
(Adams and Drew, 1965). The concentration( of nitrogenous compounds in crops was
enhanced by 2,4-D, leading to an increase in pathogens and pests on corn (Oka and
Pimentel, 1976), fice (Ishii and Hirano, 1963) and broad beans {Maxwell and Hardwobd,
1960). An ir‘\creaséin nitrate content can render forage toxic to livestock (Riés, ‘i976).
Nodulétion and nitrogen fixation can be disrupted by herbicides resulting in adverse effects
on groch and reproduction in crops such as dry bean (Pha_séo/us vulgaris), soybean
{Glycine mgx), broad bean {( Vicfa faba), and peanut (Arachis hypogea) (Schnelle and Hensley,
1990 and references therein).

Efficacy of 'herbicides has, for obvious reasons, been well studied. Damage to plant
development and morphologv (e.g. hecrosis, epiﬁasty. inhibition of leaf expansion, stem
disto‘rtion, budfﬂqwer abortion, delayed ﬂow;ering) af dosés expected at the edge or
downwind from fields sprayed with ground equipment, has been observed for a diversity‘of
broad-leaved field crops exposed to the broad-leaved herbicides MCPA, 2,4-D and mecoprop |
(Elliott and Wilsbn, 1983; downwind deposition discussed above). One crop was daniaged
at 0.05% or less of the applied rates (dam'age expected 100m downwind), 4 at 0.4% or
leséA‘(damage expected 30m downwind), 5 at 1% or less (damage expected 10m
‘downwind). 13 at 2% or less, 16 at 5% or Aless, 18 at 10% or less, and 21 at 20% or less.
Sens‘iti\vity to herbicide damage has been found to differ among herbicides and crops

-independently of plant morphology or taxonomic family (Way, 1964). iSp'ray:'drift can be
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| more toxic than direct spray. Barley,plantswere fen-times more damaged when éxposed to
‘the §a_me rate of aminotriazole via spray drift versus a direct Spray (Norby and Skutérud, _
1:9?5}. perhaps due to better depﬁsitibn on and uptake by plants of ;che small dro.plets :
characteristic of Aspray drift. .Low‘do’ses characteristic of vapoﬁr drift can damage néarby
“crops a‘hd noncrop vegetation, as réporfed for c]omazdne in the U.S.A. (Poster, 1986), ~aqd
are of concern for other h'e‘rbicideé (Ros§ et al., 1990; Breeze and van Rensburg,‘ 1991).
During the i966-1 975 spraying ggasons,“air samples taken at siteé in tﬁe Canadian prairies,
notvdirectly in the vicinity of sprayed fields, coAntavined sufficient residues of 2,4-D butyl
ésters 10 damage susceptib{e plants (Grover et al., 1976). | |

| | Assessment of herbicide ci‘a:;f;‘age to plants in véildlife‘hab.itats within and adjacént to
treated fields has nc;t been systematically addressed. Like crops, field ﬁargin species may
also be affected by low do.ses‘ of herbiéides although few data are avéélable. Widespread. -
damagé to farm tree§ and nétive \)egetétion from hgrbicide drift has been rei)ortédiin
Australia (Conacher and Conacher;, 1986 and references therein). Wﬁile the most common
" symptoms, namely yélldwing and defoliaﬂon,‘ar'e unlikely to be.lethal, injured p}aﬁt; can be
more susceptible to insect aftack and disease (references éited ih Conacher and Conécher,
.1986) or sqffer reproductive'imbai'rtmer.mt (Fletchve'r‘et al., 1993). Hanson (1952) investigated -
effects of aerial ovgrsprayé of the amine and ester for’mulations of 2,4-D on plant species
agsociated with wetlands in North Dakota. Several dicotyiledonousl species were severely
damaged including silverleaf potentilla (Potentilla ar;serina'), smartweed (Polygonum -
coccineum), water hemlock (Circuta maculata); b!ﬁe lettuce (Lactuca pulché//a), Ryd'berg's
sunﬂowér (Helianthus rydbérgit} and hedgé nettle (Stachys palustris). Monocotyledonous ‘

species were also killed or damaged by both the amine and the ester formulations, among

them the dominant species, creeping spikerush (Eleocharis pa/ustfis), and two bulrush :



species (Scirpus pafudosds and 8. acutus). There was some seedling emergence of the
dicot species four weeks after treatmerﬁ but no sign pf recovery for the monocots. More
recently, Marré et al. (1989) assessed effects of spray drift in relation to plant damage and
yield for a range of blant species of conservation interest in Britain after applying each of si}c
herbicides with a standard agricultural hydraulic ground sprayer. They observed lethal

: effecis at two to six metres from the field edge and'damage at greater distances, although
damaged plants were able to recover within the growing season. Potential effects at the
species level as a result df reduced competitive abilities of individual plants and subsequent
shifts in.dominance‘ among species cduld not be assessed due to the short term of their

experiment.

2.a.ii) Plant species abundance, composition and diversity
Férmers, agronomists and thé agrochemical industry have constantly had to adapt to

the émérgence aﬁd expansion of weeds in farmland‘(Fisher, 1989). ‘ln the 1970’s, proso
VmilIAet (Panicum mi/iacéum), a species unknown a few years earlier, emerged as an important
weed in corn and soybean (Harvey, 1979). More recently, nodding beggarticks (Bidens:
cernua) a common wetland species in Canada, has become a prt;blem in farmland reclaimed
from wetlands (D. Benoit, Agriculture Canada, Saint-Jean-sgr;Richelieu, pers. comm).
Frankton (A1 955) described 205 weed species important in Canada.v Thirty years later,
Frankton and Mulligaﬁ (1987) listed an édditional 25 species, amongst them are serious
- weeds such as kochia (Kochia scoparia), scentless chamomille (Matricaria \::naritima) ‘and

| absinih (Artemisia absinthium). Herbicides usﬁalfy induée a simble species.replacement, as
one weed épecies is killed off another proliferates in its place, often fro'rﬁ an entirely

different family, and often posing an equal or greater problem (Hileman, 1982).
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The few, available Iong—terrn st’udiee to monitor chariges in weed flora in culitivated
~fields in response to herbicides suggest that continual USe causes shifts in weed species
abundance and composmon but does not elimunate weed problems (Fryer and Chancellor
1970; Chancellor, 1979, 1985; Mahn and Heimecke, 1979 Mahn, 1984, 1988 Hurle, \
| 1988). Ina 36-year study in Saskatchewan, Hume (1987) found that 2,4—D reduced the

: ;bundance of susceptible species euch as iarnbfs quarters (Cheneeod&km album) end —
stinkweed (Thiapsi arVense} while other, more-tolerant species increased such as wild
buckwheat (Polygonum convolvu!us) green foxtail (Setafia“vriridis) and nightshade iSolanum .
' tnfollum) In Britain, Rademacher e_t al. (1970) observed 5 variety of changes.in weed
species ebundance over a 14-year periegj in relatio'n to different weed control measures in
cereals, including the use of 2,4-D, MCPA and DNOC.. Changes in the weevd flora detected N
S [ ang-terrﬁ mo.nitorirtg studies cannot be solely attributed te herbicide use. The relative
importance of a given weed species is also influenced bsr many .other changes iri agricultural
practices such, ae longer or(less diversified crop rotetion, crop selection, increased
mechamzation cuitivatuon timing and method (e.g., no- or mimmum till}, field dramage,
earlier planting, later harvestmg, fertihzation use of commercial fertrhzers rather’ than
~ manure, and better seed cleamng methods (Beck 1968 Fryer, 1981a Haas and Streibig,
1982; Hanski and T:ain_en, 1988; Hurle, 1988; Streibig, 1988). In addlt_lon, there are often
legiSticel diffictxltie‘s in> taking frequent measurements over a long term (Cousens et al.,
1988). |

| ‘Shifts in p_Iant species abundeknce.and composition in resportse tr) herbicides-have
been obser§ed in shert term Studies. For example,' a single application of 2,4-D changed the
ratie of grami‘noid:torb above-ground biomass in é Wyoming,alpine meadow from 3:7 to 8:3

for the next four years with no change in total biomass (Thile_nitis et é{., 1974). Willis and
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Yemm (1966) found substantial changes in the frequency of different sbecies within a
sward sprayed wifh 2,4-D, maleic hydrazide or a combinatiqn of both. Not only did the
frequency of many dicotylodenous species decrease as expected, .b'ut some grass species
were also affected with tall oat-grass (Arrhenatherum elatius) declini_ng and bluegrass (Poa
brafensis) and fescue;grass (Festuca rubra) increasing. Tomkins and Grant (1977) studied
the effects of six herbicides applied once on a recently disturbed and once on an old field.
over a three-year period. Numbers of monocot species proliferated in response to thé
application of auxin-mimic herbicides {picloram, 2,4-D and 2,4,5-T). In contrast, simazine
caused a reduction in monocots. Diuron and paraquat reduced both monocots and dicots.
‘Plant species diversity had not totally recovered three years after the abplication of diuron
and increased after the use of paraquat and s;imazine. Fluctuatio'ns in numbers of
indi\)idualé. numbers of species and species phenology were much less “pronounced in the
old field habitat than in the recently disturbed habitat. In southern Québec the vegetation.
in hedgerowé and woodland edges where herbicides had been regularly used §vas comparéd
with similar habitats'wbere.no _herbici'des had been used for at least six years (Bouﬁn et al.,
1994). Sighificant reductions in species diversity andv cover was obseryed where herbicide '
had been sprayed in fields adjacent to hed‘gerows an‘deoodland'edges.

- Although shifts in vegetation are primarily ecological,v species composition/ can also»
be altered as planfs develop resistance to herbicides (Day, 1978). Tri.azine herbicides, in
particular, have induced resistance in several weed species such as éommon groundsel
(Sengc:’o vulgaris), lamb’s quarters (Chenopodium album) and wild oats (Avena fatua) '
(LéBa’ron and Gres;el, 1982). Four we;ed species are known to have developed‘ resistance to
sulfqnylurea herbicides such as chlorsulfuron and metsulfuron {(Holt and LeBaron, 1990;

Primiani et al., 1990). The development of resistance is related to a species’ morphological
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(
‘ and anétonﬁical cvharac'teristic:s~ (Hongson, 1970), its life history cha'racteristics such as
dela?ed germination (Harper 1956} and most importantly; to changes in physiological
processes at the site of herbxc:de activity wrthm the plant (Radosevnch 1977)

‘Herbicides may also alter the diversity of plant species. Use of herbrcudes in
cultivated fields generally decreases plant species diversity (Chancellor. 1979}). Guthery ét
al.v (1987), in an e#perrment performed in the fall on sir.es that were'cleared,-rlevelled, tilled
and then .sprayed fonnd that 12 of 14 herbicidés used reduced plnnt species diversity.
Continuous apphcatron of 2, 4 D and MCPA decreased total weed emergence over a 25-year
penod (1947-1972), but increased the number of weed species-(McCurdy and Molberg..
1974), perhaps due to reduced-competition from_dominant weeds {Harper, 195?)7 In an _1"&- .v
year study of old fields and five herbicides (bromacil, diuron, tandex, fenuron, ‘pic;loram),
Machlica and Shipman {1983) found that plant specie’s diversity increased'two yearsAafter
spraying but afte‘r 16 yeérs,_patterns in speciés diversity varied with brevai!ing abiotic

factors and successional stage prior to treatment.

2.a.iii) Habitat cnmpo'sition, héterqgeneity, and interspersion

In addition to affecting prant species abundance, COmposirion and diveréity, he_rbicide'
use has also strongly affgcted the éomposition, heterogéneity aﬁd 'interspérsion of rarmland
Ahébitatsv. Hérbicides have reduéed tne need for crop rotation for weed contrél and alllowed
. farmers to sbecia!ize in monoculture and Aconti‘nuousv cropping rDéy,{, 1978; Hileman, 1982;
Lovett, 1982; O'Connor and Shrubb, 1986; Hurle, 1988). Acreages of densely seeded or
perennial crops sur:h as oats and hay which aided in weed control nave declined in parts of
Canada (Ciark et al.,, 1986) as e/lsewhere (Fawcett, 19825. In Canada, however, only oats

has declined as a whole (Figure 1). Increasing use of herbicides, other pesticides, and
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éhemicai fertilizers, greater use of machines, and the expansion of monoculture cropping
~have resulted in low within-field and between-field diversity {Alteiri and Letourneau, 1982;
Hanski and Tiainen, 1988: studies reviewed above). In addition, farmers have eliminated
hedgerows, woodlands, ‘wetland.s, meadows, grasslands, and other noncrop habitats within
and adjacent to ﬁeids in efforts to increase the area of cultivation, to facilitéte use of larger
machinery and to remove potential reservoirs of weeds.and other pests. In Canadian
farmland, unimproved lands (areas of native pasture or hay land that have not been
cultivated, bru;h pasture, g.razing or waste land, sloughs, ﬁxarsh and rocky land) have
decreased steadily since 1941 (Figure 1). The elimination of ﬁéid margin habitats is
especially well documented in Britain (Potts and Vickerman, 1974; O'Connor.and Shrubb,
1986) and, to a limited extent, in Canada (Merriam, 1978; Smutz, 1987; Boutin et al.,
1994), the USA (Best et a/., 1990) and elsewhere (Baudry et a/., 1988; van Dorp et a/.,

- 1988). Increased sprayihg of herbicides to control weeds in hedgerows has been .
documented in éome countries {Best, 1983; Boatman, 1987). Intensification of agriculture
{(including herbicide use and it;s associated practices) has contributed to an overall reduction
in habitat heterogeneity within farmland, an increasing uniformity in the‘ spatial arrangement
of remaining habitats, and greatér isolafion of natural or semi-natural habitats {van Emden, -
1965; Merriam, 1978; O'Connor, 1984; O'Connor & Shrubb, 1986; Mader, 1988).

Both the theoretical and applied ecological literature indicate that changes in
compaosition, heterogeneity and _interspersion of farmland habitats influenc.e species richness
and abundance (Hansson, 1979; Hanski and Tiaineh, 1'988;‘ Merriam, 1988, 1990; see
below). Fér plantsu, species diversity of arable weeds is éxpe;ted to décrease because of
decreaéing within-field heterogeneity, quite’ separately from declines associated with the use

of herbicides (Hanski and Tiainen, 1988). In Finland, the number of weed té;a in winter
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cereal fields was highest in the region with the greatest between-field and within-field
- variation, in part becausé herbicides had been used for a shorter period of time and in -
- smaller quantities, fields were smaller, and subsurface drainage was less widespread

(Eijasackers and Quispel, 1988b).

(b) Sail Qrganisms

o Most herbicides are not acutely toxic to soil organisms, except for TCA and monuron
at very high -dosee, and some triazine herbicides (Edwards, 1 984). Curry (1970) suggested
that c_ultivation is more detrimental to the rnajo_rity of soil i.nvertebratee than nerbicide use.
Fox (1 964),Afound diverse effects of herbicides_on soil .invertebrates in grasslends.
Abundance of earjthworm's' was decreaise_d by atrazine and TCA. Wireworm abundance was
deéreaéed by atrazine and. monuron but unaffected by 2,4-D. Millipede abundance wes
| decreased by monuron, increased by dalapon and TCA but-unaffected by 2,4-D. The
abundance of springtails was decreased by atrazine’ end»monuron, inoreesed by dalapon and
- TCA bu’r unaffected by 2,4-D. Mite abundance was decreased bymonu‘ron, increased by
dalapon and TCA but unaffected by 2,4-D. iFox'concIuded' that when vegetative cover was
decreased signific':antly, soil invertebrates were Iees abundant; -;/vhen only the floristic
composition wae 'rnodified soil fauna were nor greatly altered. In a nine-year’stu'dy of
IV?CPA apphed in cereal crops, Davrs (1965) found that, despite marked dufferences in weed
specres (e. g more grass specnes in MCPA plots) soil arthropods were neghgrbly affected

Decomposers and other soil microorganisms (bacteria, protozoa and fungi) generally

exhubrt a transntory reductron in abundance or no change in response 10 herbrcndes (Brown

1978 Smith, 1982) A few experimental studies have observed an increase in

decomposition rate (bas‘ed on CO, production) in re_sponee to herbicides (llijin, 1962).
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Adaptation of soil microorganisms has been'observed in fields which havé beven treated
repeatedly, resulting in faster herbicide dégradation compared to untreated soil (Smith and
Aubin, 1991; Smith et al, 1991). Most soil microbial populations in a site being prepared
for a conifer plantation were unaffected in the long term by glyphosate or hexazinone
{Chakravarty and Chatarpaul, 1990). However, the growth of ectomycorrhyzal fungi was
significantly reduced by glyphosate in the first two months, an effect of concern given the-
importance of these-microorg}anisms for seedling establishment. Some Iimitéd evidence
from long-term studi‘esin‘ cultivated fields indicates that soil fertility was not adversely
affected by repeated use of 2,4-D or MCPA in Saskatchewan (McChrdy and Molberg, 1974;
Smith et al., 1991), or MCPA, IiﬁUrbn, simazine or triallate in England (Fryer, 1981b).
| Although apparently not acutely toxic, herbicides have caused adverse secondary
effects.'on soil orgénisms by reducing food availability (e.g., plant rdofs. organic qetritus)
(Edwards and Thompson, 1973}, ‘decreasing plant cover (Fox, 1964; Curry, 1970; Way and‘ |
Cammell, 1981), and reducing plant species diversity (House et a/., 1987; Ho\use, 19.89).
More basic research on biological brocess’es in soil and on the ecology of soil organisms
needs to be done before more accuréte prediction and assessment of herbicide impacts onk
_\ soil organisms can be made (Edwards, 1984). Long-term effects ‘of.repeafed herbicide use
have not been »well stddiéd in cultivated fields, and ﬁot at all in adjacent habitats, and pose
a source of conce}n. The collective effects on soil organisms of différent herbicides,
combined with other pesticides, chemical fertil'is'ers; and cultivation, also needs to be

investigated (Conacher and Conacher, 1986).

{c) Insects and other Invertebrates

In an early experiment by Adams (1960), 2,4-D killed a iérge proportion of'adulAt
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.beetles >aAnd delayed the growth and development of beetle lérvae by 60%, thereby reducing |

"the beetle's effecfivén’ess to c;)ntrol aphids. Hassan (1983 cited in Klingauf, 1988) testéd '
77 pesticides and demonstrated thatb#% of herbicides tésted were harmful or rﬁoderately

' harm.f‘ul'to the parasitic wasp, Tricﬁogramma cacoeciae and several beneficial arthropods.

An early study done by Putman (1949) showed that gras_shopper nymphs were more
abundant in summer fallow b|ots ‘tréated With 2,4-D than in untreated plots. The efféét was
attrii:uted ejfﬁer to better nﬁtritidnal ﬁuality of the remaining vegetation us.ed' by the.
grésshopper Adr to an increased rate of hatching’on ';reéted plots due to higher soil
temperatures where broadflve'aveﬂd ﬁlant§ had beeﬁ kiiléd. As noted eériier {Section Za;i).

; increésed abundance in response to chénges in the content of proteikn or Vnitrogénous |
compounds of treated 'c;jc>ps 'have been obs‘ervved for aphids (Adams an‘d' Drew, 1965) and ‘
insect pests (Oka and Pimentel, 1976‘; Ishii and Hirano, 1963; Maxwell an‘d Hard.wood,
1960). | o

. AWides‘;pre‘ad use of .herbicides was‘ requnsiﬁle, tbgether with improved seed cleanidg,
for the decline of insects dependent on a number oAf plant species in Britain (Fryer and
Chancellor, 1970). A humber of studies have shown thai the diversity of insects,
arthropods, and the like have declined as a result of a reduction of withih-ﬁeld Héterogenéity
b'y. herbicides. Shelton and Edwards;(19'83) foimd*t'hat insect diversity was Iowe? in
soybea'n fields treated 'with herbicides than in soybean fields supporting a yariety of weed

- species. ‘In addition, the abundance of phyjophagous insects was enhanced‘by herbicides

“while the abundance of tﬁeir predatory insects decreased. The presence of certain weeds
wvithin gnd adjacent to crops can influepce the insect fauna and lead to. décreased pest

. damage compared to ered-frjee monocultures (Al'tjeri, 1981 and references therein). lnsect

diversity was generally lower in cultivated fields than in habitats with heterogenous
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vegetaﬁon such as hedgerows and field margins (Lewis, 1969; Southwood and Cross,
1969).  The abundance of arthropods was adversely impacted by monoculture cropping
associated with herbicides (Dempster, 1969; Lamp et él., 1984; Ali and Reégan, 1985).

The number of benéficial organiéms in crops was highest near field margins with ﬂowering
plants such as hedges and headlands (Klinghauf, 1988). Van Emden and Williams (1974)

~ reported that insect pest movement fnto crnps could often be attributed to the absence,
rather than the. presence of wild plant speciés fn hedges. Spraying of hedgerowé to control
weeds and other pests rednces their quality as overwintering refuges for certain key species
‘of polyphagous predators dependent on b,oundari‘es as ox;erwintering sites (Sotherton, 1984,
1985).

In their review of crop-weéd-insect interactions, Altieri and Letourneau (1982)
concluded that the exacérbation of most agricultural insect-pest problems in recent decades
was associated with decreasing vegetation heterogeneity within and among crop fields and
" in the surrounning uncultivated habitats as a result of the increasing monoculture cultivation
facilitated by herbicide use. Biological pest control was reduced because the efficiency, -
abvundance and diversity of bredé;éry insects within fields were adversely impacted by the
rémoval of s_ources,of élternafe prey/hosts, pollen and nectar; shelter, nestiné and
nverwintering sites. Reduced crop rntation‘has resulted in increasing damage from pests
and diseases (Klingauf: 1988). Intensification of agriculture, characterized b§/ monoculture,
~ continuous cropping, intensive and broadscale use of herbicides, larger field sizéél and
reduction of nonérop habitat, has led to higher incidences of pest attack for more nrolanged
periods (Pimentel and Perkins,v 1980; Sneight, 1983). By creating e*perimental systems,
Mader (1988) and Wratten and Thomas (1990) demonstrated tne benefité of intersnersing

crop and noncrop habitats by showing that polyphagous predators (especially beetles,

~
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>spi_ders, syrphids; ctacﬁcin'ellids) inhabitivng noncrop habitats, spread into neighbouring Crops |
and, provided some measure of biologicalA control. | o

In summary, herbicif:!es can be acuiely toxjc to some inse‘(:ts and arthropods. In
addition, herbicide use can have adverse, indirect impacts on the 'abundance, composition
and diversity of invertebrates, inseqts, arthropods andtﬁ.'e Iikevby altéring plant stru'cture ,
:and/or fu_nction, and species composition, by reducing plaﬁt species abundance a_nd', |
diversity, aﬁd by simplifying ;ﬁe composition; hetérogeneity and interspersion of famjnland ‘

habitats. In turn, these changes have the pobten'tial to adversely affet‘;t farmland mammals

and birds through changes in food resources.

(d) Mammals
| Few st_udies were available on he?bic‘i.dev _effecps on ﬁéamméis ini f‘armland‘. Mést
" studies were on small mammais in old-fields, pasture'»s,A grasslan'ds, rangeland and forés‘ts, or
on large mamm_al§ in forests. Her'bjcides' ﬁadsecdndary impacts on mammals by altering
food q;Jality énd quantity, lowering survival and reproductive succesé, or c'h’anging Aspecies
abundance, composition and diversity.

Thé food .habits of deer mice (Peromys&us manicu/atu.s)‘ane'red in resApovhse to
chgnges’ih plan; spepies compbsition of grasélands sprayed with 2,4-D while the diets of
qhipmunks ('Eutamias minirhus) and montane vdles (Microtus montanus) were unaffected |
(Johnsoh, 1964). The diet of prairie dogs ‘(Cynomys'!udovicianus) changed signiﬁcahtly

- following spraying of Montana rangeland ‘witlh 2,4-D, although no adyerse effects on their
health or behavi'our were oﬁsgrved {(Fagerstone et a/., 1977). |
| | ‘A significant reduction in the abundance qf' poéket gophers (Thomomys ta/poides) in

pastures sprayed with 2,4-D was attributed to lowered survival as a result of herbicide
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control of the annual and perennial forbs preferred as food by the gophers (Keith Aet al.,
1959; Tietjén et al., 1967) and to movements of animals into unsprayed areas {Hull, 1971).
In rangeland treated with 2,4-D, Johnson and Hansen (1969) found that the number of
pocket gopﬁers and least chipmunks (Eutamia,s minimus) decreased, the number of montane
voles (Microtus montanus) increased, and the number of meadow voles (Microtus
maniculatus) was unchanged.. In old field habitats, the density and reproductive success of
meadow voles was reduced by spraying with 2,4-D because a marked reduction in forbs
limited meadow voles to a diet deficient in protein {Spencer and Barrett, 1980). Changes
in rodent species abundance and diversity were observed following herbicide use to convert
bushwood to grassland. Populations of eight rodent species declined or disépbeared in
response to reduced shrub cover (Lillywhite, ‘197?).~

Numerous effects on mammals and other consumers from herbicide use in fore'stry
a.ré expected but not well documented (Newton and Norris, 1976; Biggs and Walmsley,
1988). The stqdies avgilable showed a variety 6f résponses. The abundance and species
composition of small mammals was altered ipA response to 2,4,5-T in some studies (Kirkland,
'1978; Savidge, 1978), but not others {Freedman et a/., 1988) and glyphosate in some
studies (Ritchie et a/.,, 1987; D'Anieri et al., 1987) but not others (Sullivan and S‘:ullivan‘, . |
1982). . The abunﬁiance of insectivorous and herbivorous spécies of small mammals were
reduced by glyphosate whilre species with a more diversified diet and more generalized
habitat requiremehts, such as omnivores, were unaffected {Séntillo et al., 1989b). A oﬁe»
_ year control o_f herbaceous vegetation in clearcuttings of Western Oregon, with afrézine and
2,4-D, éltered the species’ composition of small mammal commuﬁities as 'they responded
according to their habitat preferences; species preferring grassy habitats were less abundant

on treated fhan untreated plots (Borrecco et a/., 1979).
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Foresfrv stuAdies on large mammals have focussed on changes in the éua!ity ’a'nd
quantity of browse. The palatability of browse plants to captiQe black-tailed deer
A (Odocoileus hemionus columbianus) was unaffected by glyphosate (Sullivan and Sullivan,
1979). The.supply of broWse plénts for wﬁite—tailed deer (Oaacoifeus virginianus) was
i‘ncvreased by 2,4-D and és a r“esul‘t, deer used spray_ed areas more than unsprayed ‘areas
_ {Krefting and Hansen,' 1969). Aeriél spraying of herbicides over a ﬁﬁmber of \}ears ﬁad little
dgtrirﬁeptal effect on use of réné’e!and habiiats in Texas by white-tailed deer primarily
because the dead Atops and rc_egrowth from/roots of honey mesquite (Prosopis glandulosa var.
g/andui&sa) Vs'till provided suffic‘ient cover fDarrand Klebenow, 1975). Elk (\Cervus elaphus) .
browsiﬁg increased in oak forest following spraying of 2,4,5—T in response to an ijncrease in
the amount of forag‘e; the effect on mule deer (Odocoileus hemionus) was confounded by
population dec'lihes in both spra\:/ed and unspfayed areas (Kufeld, 1977). Thémpson et al.

(1991) found that picloram, hexazinone and tebuthiuron were effective in providing

openings and increésing deer f;:rage in an oék/hickcfv forest in northeastern O_klahoma.”‘
_Available browse for moose (Alces alcés) was conside(ably'more reduced in a conifer
plahtation treated‘ with glyphosate than w}th 2,4-D (Kennedy and Jordan, 1985‘).

‘Exc‘ept for wooded fénéeroWs and sheitefbelts, thé effects on mammals of changes
in cqnﬁposifion, heterggeneity and interspersion of farmland habitat assoéiated with
' herbicide use have gengrally\ not been well studied'. ' Wegner and .Merriam {1990) showed
that Pé(omyscus leucopus, a woodland'fodent in eastern Ontario (Canada) has been able to
adapt to more intensified aériculture by shifting ifs m‘ovement an.dv habitat uée patterns to
include cultivated fields. HedgerdWs_, wooded fencerows and shelterbelts are i(mportant't,o
‘mammals and other wildlife in many ways, including protectiod from wind and adverse

weather, esbape or refuge cover, food and foraging sites, reprodictive habitat and travel
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corridors (Forman and Baudry, 1984; Fahrig and Merriam, 1985; Hendersén et al., 1985;
Johnson and Beck, 1988; Merriam, 1990; Wegner and Merriam, 1979, 1990). Johﬁson' and
Beck (1988) report that 10 species of small mammals have a médeArate to high dependence
on or use of hedgerows or shelicerbelts in the USA. 'Shelterbelté have helped to maintain or
extend the ranges of several small mammal specigs in the Midwest USA. Many mammal
species use hedgerows, wooded fencerows and sheltérbelts as travel corridors between
feeding sites, as protected cover at feeding sites and/or as roufes for safe dispersal'of adults
or young‘(Johnson and Beck; 1988; Merriam, 1990). Practices which destroy or sirﬁplify ’
structural complexity {(such as livestock grazing [or herbicide sprays]) seriously degréde the
benefits of hedgerows, wooded feqcerows,and shelterbelts to mammals (Merriam and
Lahoue, 1990). The intensification of agriculture {including reduced/less diversified crop

- rotation, ménocpiture cropping and herbicide use) and the reduction, degradation and/or
increasing isola'tiAon of noncrop habitats such as hedgerows, wooded fence‘rows,
shelterbelts, and %oodlands pose significant, potentially adverse consequences for the

. dvispersal,iabundance and po#sibly the long-term survival of some small mammal species in

farmland {Fahrig and Merriam, 1985; Merriam,‘ 1988, 1990).

(e) Birds

More int‘ensive and extensive use of herbicides, the elimination and degradation of
field margin habitats such as hedgerows, changes in crops grown and treatment‘techniques,
and improved seed cieaning have bveenv implicated in the decline of farmland birds‘ detected
by long-term monitoring in Brita'in. Fryer and Chance!lor (1970) conclude that birds as well
as insects, declined élong with va number of plant species as a result of widespread use of

herbicides in conjunction with improved seed cleaning.
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In lowland Britai_h, <sxpring' pair densities of the grey partridge (Perdix ;pefdix)_have :
~ been surveyed since 1933. Numbers declined by 80% between 1952 and the mid 1980's
(Sbthérton et al., 1988).. Factors contributing to. th‘isvdecline ihcluded/inc':reasgd use of
'herbiéides (and to a lesser extent, insecticides and fungicides) (Southwood and Cross,
1969; Potts, 1977, 1984, 19I86; Sotherton gt al., 1988}, and decreased‘availabillity‘of
suitable n'estir.tg. cc;ver from removal of field margin habitats, partiicularky hedgerox&s (Rands,
- 1985). During the decline phése, 'greater herbicide u:se contributed to increésed chick
‘morta!ity early in_t‘heAsea‘sc)n by (1) decreasiné the availability of the insect food preferfediby
chicks as a result of direct toxicity §SOt-henon, 1982) and the rerﬁoval of host plbants by
herbicides (Sotherion et al., 1985; Potts, 1970, .1»980), and .(A2) increasing the distances.
which had to be travelled by chfcks to obtain.food (Green, 1984; Rands, 1986). In additidh,
chick morta!ity was increased duringcold springs because of their dependence on aﬁhids 3 .
wuth ’tvhe reduction in their preferred insect féod and '.the sen_sitivity of aphid phenology to
temperature (Potts, 1970). Population detliqes in thér grey partri'dge,‘simila.r to those in
Britain, have 'been observed in No'rth‘ Ameriéa, Europe énd Asia (Pot”cs,v 1985‘, 1986)7 |
0'Connor and Shrubb (1956) examined effeéts of farming on Brit‘ishk birds.by ‘
analyzing‘ 35 y‘gars of moﬁitoring and nes‘;t record data from a var‘ietyﬁof regional sémples
with different histories of’agricult,ura! practices (including herbicide use). They found that
bfrd species dépendent on Weeds and thgir seeds were particulafly vulnerable to more
intensive and extensive use of hc;rbicides. Linnets (Carduelis cannabina) declined steadily
because of high levels of chick starvation from thé ‘riemoval of economically-impértant arable
' -wegds {e.q. Stellaria, Po/ygonqm, Chenopodium) by intense aﬁd increasihg_use bf
her'bicideks. Conqdmitant with tﬁe steep increase in herbicide use in the niid~seventies,

populations of Reed Buntings (Emberiza schoeniclus) declined as suitable nest sites in weedy
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hedges and ffelds were adversely modified by the removal of weeds by herbicides.
Populations of the Stock Dove A(Columba oenas) were also limited by herbicides
{O'Connor and Shrubb, 1986). This spe>cie‘s decliﬁed sharply between 1951 and 1961 as a
result of feeding on grain seed treated with organéch!orine‘insecticiaes. Populations only
partially recovered after the withdrawal of organochlorine seed dressings in 1962, because
- increasing use of‘herbicides and changes in other management practices adversely impactedv
food supplies. Herbicides reduced the abundance of weed seeds, particularly those in the
Polygonaceae family, the major food plants of Stock Doves. The main sources of weed
seeds for overwintering birds were less available bécause fields were increasingly sown with
‘fall cereals rather .than being left with cereal stubble or fallowed over the winter. In
additiorj. changes in fertilization and herbicide spray teéhniques eliminated bare, thinly
‘vegetated patches within cereal fields on which Stock Doves preferred to feed during the
breeding season. |
The switch from sbring-sown to autumn-sown cereals also resulted in avreduction in

Lapwing {Vanellus vanellus) densities, in later laying, and smaller clutches (O'Connor and
Shrubb, 1986; Galbraith, 1988). The use of autumn herbicides, changes in fertilizafcion and
--herbicide spray techniques, very early nitrogen dressing on winter wheat c-rops, and use of
foliar fuhgicides increased plant densities in tf\e earlyAspring and promoted é more even
stand thereby lowering its suitability as nesting habitat for Labwihg‘é. A shift towards
autumn-shwn cereals was likely respohsible for the deéline of a number of other bird species -
‘as a result of a reduction in the feeding dpportunities associatéd with sﬁring cultivations
(O'Connor and Shrubb, 1986)‘.

| ~ A combination of the widespread'mechanisation of cereal ,harvestihg. the decline of

summer fallows with the advent of effective herbicides, the widespread decline of spring
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.» cQItivation, and an increasin‘g loss of elms to Dutch elm disease were responsible for fhe
decline of Rooks (Corvus frugilegus) in the more-heavily tilled counties of England (O'Conndr
" and Shr;Jbb, 1986).‘ The breeding biolc;gy and abundancé of Woodpige_on (C‘o_/umba.

- palumbus) was.a|so' affected by changes in the extent .a'nd type of crdps grown, particularly . '
| wi.nter cereals (O'Connor énd Shrubb, 1986; Inglis ét al., 1990).

The abundance and spécies richnéss of farmland birds in Britain were affecfed- to

_differing degrees by habitat fgatures such as hed,gérbws, ponds, woodlands, field size and
_ the propc;rtion of fields which Were arable (O'Conin'or and Shrubb, 1 986). In response to
more iﬁtense cultivation, breediﬁg densities declined to a greater ex'te.r.\t than the number of
‘ species. As field size increased, densities decreased for 23 o'f-.;(he 57 mosi_ common
farmland species. The amount of hedgerow on a farm affected the overall density of -
breeding birds moré So than t.he number of specigs. More 'indi'v'idualls and more spe&ies hold -
territories in /hedgerows wh.ich' contain tree§ than in tﬁose which.do not (Arnold, 1983; ‘
Osborne, 1964;-0"Connor and Shrubb., 1986), not because of greater nest'succes:;: bﬁ_t
posSibly i‘nc.:rease‘(.i availabi'lity of food,_ more -song-vposts, mor’é refuges fforn_ predators orr
more vantage points from w.hich 'to.det'ect predators (La'c~k, 1987). Hedgeréw bird densities
were also highest where herb:aceous a'n-d shrub diversity were high and where ne’érby
'wo;)dland or sclrub was abundant. The'number of bird .species increased with'increasing
h_edgervow Ie'ngth although .not‘in a vIvinear fashion. Hedgerows a.ppea'r.ed to be particularly
' impoftant'habi}tat for birds on farms with few.woods (cf. also Arnold, 1983).. Bird dénsities
on farms varied pfoporfionateiy with the abundance of habitats such as hedgerow, patches
of sh‘ru_b_and tr'ees. The number of species was affected fo a Iess;ar e'xtelnt, likely becéuse
_th-e loss of very numerous hedgerov.v species was partially offset by the gain of less |

abundant field species.
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No studies have yet been conducted in North America at the broad geographic and
long-term scales of the British studies reviewed above. Short-term studies of herbicide use
in broad-leaved herbaceous vegetation, sagebrush, brushy fields and forestry have shown a
variety of local effects on birds.

In a three-year, pre- and post-spray study on twoAislands (2 and 3 ha} in Alberta,
Dwernychuk and Boag (1973) found that 2,4-D reduced the broad-leaved vegetation
preferred as nesﬁng cover by six species of ducks and resulted in a redistribution of nesté,
with aggregations in unsprayed areas and a decline in the total humber of nests established.
Their résults are not directly applicable to ducks nesting in prairie farmland becau;e the -
study was ‘cohducted ina i'atﬁer uncommon habitat and at a highér application rate than
that recommended for agricultural uses. However, based on a thorough review and-analysis
of the literature, Sheehan et a/. (1987} cogently argued that the decliﬁe of duéks nesting in.
the prairie pothole region of North America méy be related,’ at least in part, .to adverée
alteration of food, nesting and protective cover in uplands,Asloughs and slough margins from
repeated, broad scéle use of herbicides.

In a two-year pre- and post-spray st.udy in Monténa, Best (1972) detected a 54%
decline in thé abundance of Brewer's Sparrow (Spizella b)’ewen) on ten, 16-ha plots where
sagebrush (Artemesia tridentata) was totally‘ killed by 2,4—D, while partial destruuc‘tion of
'Vsagebi'ush and stfip spray of 2,4-D did not induce any change. In contrast, the abundance
vof Veéper Sparrows (Poecetes gramineus) remained similar pre- and poSt-spray, presumably
because they were ﬁot depéndent on Sagebrdsh cover*to'conce'al their nests which wére on
the ground. Schroeder and Sturges ‘(1’975) confirmed that treatment of sagebrush with 2,4-
D adOversely affected Brewer's Sparrow. Nesting was not affected immediately pqst-sprav

because the dead leaves remaining on the plant provided sufficient shade and protection
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frbm predators. Bird densities deélined by 67% one year later and 99% two years later

compared to untreated .plrats' (which remained the same frIQm year to year), and no nesté
~were found. fn a B6-year study of a.'tra_ns_ect (610m x‘488m) through sag‘ebruéh rangeland in

Oregon.‘Wiens ana Roten‘berry (1985) fbund thét Atreatment with 2,4—D and sul‘:sequent_:

_ removal of dead plants caused changes.in ;hg abﬁndanc'e, cofnpc‘:sitioh énd diversity of bird
species Aalthmjgh not as rapidly as expectéd because of site tenacifv of breeding in:divi'duals.
By the end' of At"he study, the abundance of Sage Sparrows (,Amébispizé belli) and Sage |
Thrashers (Oreoscoptus montahus) had declined, Hofned Larks (Eremo,ob)’la alpestris) had
ingfeésed in abu/ndancé, ihe _abundance of Brewer's Sparrows had fluctuafed greatly and
Vesper Sparrows h'ad. appeared for the first time. | ‘

Beaver (1976) compared bird populations between two, 9.7-ha plots in a brushy field
after 2,4,5-T was applied. Although the f.oli‘ag'ev of the main woody vegetatioh was killed on
thé treated plot, foliage cover remained similar betweenApIQts because damaged p‘lant's

“retained their leaves. No effect on the abundance a;.)r compositior’t.‘df breed‘ing birds was
detected after two years.

Studies in western Oregon forest showed that clearcuts un.sprayed ar‘sprayed with
2,4-D,'2,‘4,5;T, or giyphosa_te differed in..birdA species cﬁmpoéition butv'not in number of bfrd
species or total density (Morrison and ﬁdeslow, 19843,b); Differences in species
composition were relatéd to dif‘ferencés.i.n 5abitat_structure although many spgcies were
able to adapt. OtAher» studies have shown that 2,4,5-T and glyphosate significantly decrease ‘
the density of some forest bird species (Slagsvold, 1977; Savidge, 1978; Biggs and
Walmsles}l 1988; Santillo et al, 1989a), the precise effect being témperéd b'y‘ beﬁavieural

‘ ac'ia‘pbtability of fspecies and differential use among species of the vegetation remaining after

‘treatment. In Nova Scotia, Freedman et a/. (1988) found that the vegetation cover on a
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conifer clearcut was greatl'y reduced by 2.4,5-T but tﬁat the abundance of dominant
breeding bird species such as Common Yellowthroat (Geothlypis trichas) and White-throated |
Sparrow (anotricﬁia albicollis) were unchanged after the first Vyear.

As in Britain, agricultural practices (at least in part related to the use of herbicides)
that lead to changes in land use, consolidation of fields, increases in the size of cropping
units, and elimination or degradation of adjacent noncrop habitats can adversely affect the
abundance and species richness of birds associated with farmland elsewhere. In Sweden,
Robertson et al. (1990) found that agricultural regions with greater habitat heterogeneity
and significa;wtly more meadows, scrubland, deciduous woodland, reeds, farm t_)uildings and
ggrdehs supported higher bird densities and diveréity than regions with significantly more
~ coniferous woodland and clearcuts. In Canadé, Boutin et al. (1994) found that in southefn
Québec, fafmland with some forested areas harboured a greater number of birds species
such as warblers and thrushes, among others, that were not present in farmlands with little
wooded areas. Smutz (1987) found that the nesfing density of f’erruginous Hawks (Buteo
regalis) declined with increasing cﬁltivation in study plots (41 km?) ir; the prairie region of
-~ southeastern Alberta. Swainson's Hawks (Buteo svwainsom) were more abundant Ain areas of
moderate cultivation than in grassland or in areas of extensive cultivation, partly because |
they were better able to utilize the prey available in crop fields and were more tolerant of
agricultural activity than ferruginous hawks. Cla;k et al. (1986) found that Red-winged
‘Blackb{rds (Agelaius phoeniceus) were less abundant in the more monocultural farmland of
Southweétern Ontario than in Sbuthwestern Quebec, and in Quebec (and to a lesser extent
in Ontario), were more abundént as haﬂeﬁeld hectarages déclined and agricultural landscape
diversity increased. A computer model derived from field data indicated \that maximum

densities would be observed when interspersion of cropland and hayfield was high; as either
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habitat ap'proac‘hed 80%_, density should rapidly decline (Clark and Weatherhead, 1986). In
;t/he eastern USA, Vander l-laegen 'et al. (1989) found that interspersion of corn fields,
pasture and woodlands was needed to provide escape a'nd roosting cover in.close
assocliation with food. needed by Wild Turkeys {Meleagris galfopavo sylvestris) to survive
overwinter Warner (1984) and Warner et al. (1984) found that the declme of the ang-

necked Pheasant lPhasranus colchzcus) in Hlinois was related at least in part, to the
replacement of hay and oats by corn and soybeans Pheasant brood survwal was lower on |
less diverse farms because of reduced insect abundance which forces birds to move more
| while f0raging resulting in greater energy expenditures and increased vulnerability to
predation. Also in the USA midwest Best et a/. (1990) found that more bird species and
‘ about five times' more birds used the perrmeters of cornfields than the centers
Consequently, bird species richness and abundance in cornfrelds decreased as field size
in/creased. They nredicted that}narrowe‘r and/or more irregularly shaped fields would support
more birds because they have' pronortionately more perimeter. Field edges bordering
woodlands supported a greater abundance and more species of birds than her_baceous '
‘ edges,\ although this had a negligible effect on bird species richness within adjacent
cornfields. | |

Birds in hedgerows (or more typically,“wooded fencerews) have not been we_ll
studied in narth America (Best, 1983; Forman and Baudry, 1984; Shalaway, 1985). A
recent review by Freentark et al. (1991) indicated that 57 bird species haye been reported to
use wooded fencerows in the Great l.akes-St. Lawrence region of eastern' North America.
‘Wegner and Merriam (1979) found that, “from May to October in a single year, at least 41
bll’d species used wooded fencerows in farmland in Eastern Ontarlo (Canada) More birds

‘and more specres meved between woodland and fencerows than- between woodland and
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fields or fencerows and fields. Birds moved along fencerows and foraged from them into
fields. Poorly-vegetated fencerows restricted foraging by wood-nesting species.'
Shalawaf (1985) found 13' species nesting in wooded fencerows 'in South Central Michigan
(USA). Best (1983) found that fencerows with greater coverage of trees and shrubs
supborted more div'erse and abundant avifaunas. A number of literature reviews have
shown the importance of shelterbelts to birds and other wildlife in farmland (Fom:)an and
Baudry, 1984; Johnson and Beck, 1988; Freemark et a/., 1991). Johnson and Beck (1988)
report that 29 species 6f birds benefit substantially and 37 species benefit moderately fkoﬁz
shelterbelts in agricultural areas in the USA. Shelterbelts have helped to maintain or extend
the ranges of several bird species in the midwest USA. The abundance and species richness
of birds increases with sheltfzrbelt area and length of perimetgr, diversity of vegetation and
vegetation complexity. However, insectivorous birds cﬁarécterisﬁc of larger and/or
undisturbed forest habitats do ﬁét beneﬁfappreciably from shelterbelts as nesting habitats.
Species such as quail, pheasants, aﬁd songbfrds may use shelterbelts as travel corridors
between feeding sites, as protected cover at feeding sites and/or as routes fovr safe dispersal
of aduits or young. Practices which destroy understory vegetétidn (such as livestock |
grazing ior herbicide sprays]) seriously degrade the benefits of shelterbelts to birds.
Although shelterbelts contribute suvbsiantially to avifau_na populations in agricultural areas,
shelterbelt benefits should not overshadow the values of maintaining and/or increasing
woodland habitats.

The redUction,sirﬁplification and/or increasing isolation of ﬁoncrop habitats such as .
shelterbelts, wéoded fencerows and particularly_, woodlands, and the ihteﬁsification of
agriculture (including increasing field size, reduced/less diversified crop rotation,

monoculture cropping and herbicide use) pose significant adverse consequences for the
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d:spersal abundance species richness and possxbly the regional survival of some burd
species in farmland (Freemark 1988 Merriam, 1988 Robertson et al., 1990; O’ Connor,

1991; Freemark and Collins, 1992; V|Ilard etal., 1992).

DISCUSSION

The wi.despreard'and increasing use of agriculturel herbicides in Cana’da and
elsewhere poses potentielly serious problems for farmland wildlife. Unfortunately, the '
'analys:s of effects is hlghly complex glven the vast array of herbicides and other pesncnde
products i in use, the different environments in which they are used, and madequames in
methods for detecting herbicide residues (Conacher and Co_nache'r, 1986; Norris, 1986).
The existing scientific evidence on ecological effects' ls often conflicting and is limitedby
insufficient toxicoloélcal and ecotoxicological information (Levin and Kimball, 1984;llichee
and Levyl 1§88), t,ne laek‘of research on subtle or long-te‘rm'effects et a variety of trophic -
levels (Cenache( and Conacher, 1986), and serious gaps in our basic knowledge of the
siructure and functioning of ecosystems and their component org.anisrns (De’mps'cerf 1987).
Environmental monitoring is éenerally not comprehensive er sensitive enough to observe
significant effects (Cousens et'a/., 1988). In addition, simultaneeus chan!ges in other -
-egricultural practices (e.g. ehemicalfertilization, mechanieation, crop selection) confound
interpretations of eeologicel effects. With this in mind, ‘dur review of the existing evidence
suggests thal, in general, Wild birds and mammals living in terrestrial«larrnland habitats are

unlikely to be exposed to levels of agrlcultural herbicides that are acutely toxic. Our
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eyaluati_on may need to be adjusted in future pending further research (see belowA). ‘
Nevertheless, there is sufficient evidence to conclude that herbicide use can have
secondary impacts on farmland wildlife, primarily mediated through a variety of toxic effects
on plants, and changes in habitat compﬁsition, heterogeneity and interspersion. Herbicide
use has induced changes whichvh'ave a variety of, and sometimes, opposite effects on
different taxonomic groups, species, and habitats in relation to biochemical, physiological or
developmental prdcesses", behaviour, abundance, composition, richness, heterogeneity, and
interspersion. In general, these effects are interpreted as negative from an ecological point -
~of view as well as from an aesthetic one (O'Connor and Shrubb, 1986: Baudry et a/. 1988;

Thomas, 1988).

Pesticide Regulation

Déspite the importance of plants in primary production, nutrient cycling and the
provision of food and cover for other organisms; and evidence of plént-mediated impacts,
toxicity testing for thebprptection of nontarget plants is currently réquired on a case-by-case |
basis for the registration of‘pesticides in Canada or most other countries (Freemark et a/.,
1990). Nontarget plant toxicity testing is required in the U.S.A. but only for certain use
patterns, although changes are forthcoming. For terrestrial plants, only single-species tests
on ten crop spécies are required. Crops, rather than wild species, are to be tested because
of their gengtic uniformity, availability and proven economic importance‘. Hdw Well crop
épecies represent wild species, particularly those important ats wildlife fpod (Figure 2), is
.unknown. ;f-\dditional Iaboratqry.and u!ti,mately, field testing, are triggered if a pre-defined
detrimental effect .is observed for at least one species at éach tier.

For terréstrial plants, the Organization for Economic Co-operation and Development -
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’(OECD, 1984) recotnmends testing with only_three species from two o'rthfee families. Nc
© tier progression criteria are specified. |
In Canada gundellnes for nontarget plant test|ng for‘ reglstratlon of chemical
pestncndes have been developed and are being proposed (Boutln et al., 1993; Boutin et a/.,
review). Given the fact that the existing guidelines in USEPA and OECD are over ten years

old, it appears essent|aI that gundelmes which mcorporate the large quantlty of recent
toxicological and ecological research be adopted. Nevertheless, additional research is still
needed to incorporate plant scecies which Vare more ecologica.lly relevant, (Freemark et a(.,
1990; Swanson et al., 1991), to improve methods for hazard evaluation and risk o
assesstnent (Freemark and Boutin, in press), and to develop options l‘or r_ni_tigatingvrisks
associated with herbicide use (Sotherton and Rands, 1987; Forsyth, 1_989.; _Grue et al.,

1989, Freemark and Boutin, in press).

\Researclh Needs

More research is needed on the differentiall sensitivity of birds and.marnmals to

o _

herhicides in relation to avge (egg vs. young vs. adult), sex or size _(-Ccpe, \1971). In view of
the high proportion of herbicides exhibitingArebroductive effects (27%) in avian reproduction A
studies in lab.orat’ory a thorough_examination of this potential broblem is wa.rrantevd (Mineau
et al. -1’9-94) .I Potentlal effects on pla_nts and a.nimals_from recurrent expcs'ur_e to low levels
of herbicides or to herbicides in comblnation with ot_her pesticides also need further
investigation (Hileman, 1982). Subtle or Io'ng-term effects of herbicide use on a‘variety'of'.
ttophic levels mevrit‘further study; as do rnethOds for improving detection of herbicide _

residues in the environment (Conacher‘and‘Conacher,‘ 1986; Norris, 1986)." More complete

data on the quantities of herbicides used and areas treated needs to be collected in Canada
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as elsewhere, and made accessible (cf. Conanher and Conac‘her, 1986).

'Large scale, long-term interdisciplinary research of different farming systems
{especially in relation to weed management) is needed, particularly in North America, to
integrate and evaluate the agricultural and ecological costs and benefits of herbicine use -
(along with other pesticides), and to more fully understand the relationships among wildlife,
Crop production, noncrop habitats, pesticide use, the entire farming system, and tne socio-
economic cqéts to the farmer and the public at large (Merriam, 1978; Trauger, 1982;
Conacher and Cdnacher, 1986; O'Connor aAnd Shrubb, 1986; Altieri, 198;1 , 1987; Tait,
1987; Thomas, 1988; Jordan et al., 1990; Mathes and Weidemann, 1990). Incorporating

‘ asnects of landscape ecology and ecosystem management info‘ farming systems could
reduce or eliminate the need to use herbicides and chemical kfer_tilizers énd lead to better
environmental management (Speight, 1983; Risser, 1985; Gu!inék, 1986). Ecologicatly-
baséd land use changes to increase ecoiogical diversity and habitat heterbgeneit# of
farmland should also be investigated (de Wit, 1988; ;l'homas, 1988). 'vFor example, pesticide.'
exclusion strips apprnxihately 6 meter wide at the edges of cereal fields nave increased the
abundance gf‘gamebi;ds (F%ands, 1985, 1986), small mammals (Te.w, 1987}, butterflies
(Rands and Sotherton, 1986), other insects, and relatively rélre. arable weeds in British
farmiand {Sotner‘gbn et al., 1985, 1988) with only a' slight decrease in crop produbtign. The
practice has been implemented in some European countries (Schumabker, 1984; Snoo and
Canters 1990} and is being consxdered in others (Hald and Elmegaard, 1988; Hurle, 1988).

In addition to provudmg agronomic and conservatuon benefits, the value of farmland for other

-reasons (e.gf historical, cultural, aesthetic, recreational) may also be enhanced by managing
for in;reased ecological diversity and habitat heterogeneity. within far‘mland.k landscapes

(Speight, 1983; Thomas, 1988).
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1

Changes in agricultural policy, ‘and .perhaps more importantly, ag.ricu_ltural.techn'ology,
‘need to be examihed in terms of‘their _sustainability anﬂd pbtential effects on _.farmla.nd
ecology (Elvlic.)tt and W.ilson,. 1983; O'Conndr and '.'S’hrﬁ_bb, 1986; Ba_udry'et al.,'.' 1988;
Tﬁomés, 1988; Allen aﬁd \_/ah Dusén, 1988; Mineah and McLaughlin, 1994). -Sche'mes to
facilitaté the adoption of revfs'ed agricultﬁral -prac_ti"c':es fhat are more sympathefic to wildlife
and the farrhland environﬁent should be investigéted and implemented.(l-ieadley,' 1980;
Thomas, 1988). In particular, programé"are needed to create an awareness among farrhérS
that farm management decisions can affect the quality and quantity of v;/ildlife:habitat on
farmland, and to provide information to farmers (ori the rangé of best confrol alternafives.
'and wildlife and environmental issues associated»‘speci_fically with the use of herbicides 'and. .

other pesticides (Conacher and Conacher, 1986; O'Connor and Shrubb, 1986). -
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