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Abstract

Agricultural activities such as tillage, drainage, intercropping, rotation, grazing and extensive usage of pesticides and fertilizers
have significant implications for wild species of flora and fauna. Species capable of adapting to the agricultural landscape may
be limited directly by the disturbance regimes of grazing, planting and harvesting, and indirectly by the abundance of plant and
insect foods available. Some management techniques, such as drainage, create such fundamental habitat changes that there are
significant shifts in species composition. This paper considers the relative merits of conventional tillage versus reduced, or no-
till farming, and reviews the benefits of rest—rotation grazing, crop rotation and intercropping in terms of maintaining wild
species populations.

There are a number of undesirable environmental impacts associated with fertilizer and pesticide usage, and in this paper we
attempt to provide an account of the ways in which these inputs impact on biodiversity at various levels including plant,
invertebrate, and vertebrate groups. Factors which are considered inctude the mobility, trophic interactions, persistence, and
spectrum of toxicity for various pesticides. The ecological virtues of organic and inorganic fertilizers are compared, and the
problems arising from excessive use of fertilizer are discussed.

The findings in this review indicate that chemical fertilizer loadings must be better budgeted to not exceed local needs, and
that pesticide inputs should be reduced to a minimum. The types and regimes of disturbance due to mechanical operations
associated with agricultural activity may also be modified to help reduce negative impacts on particular groups of species, such
as birds. For those plant and insect species which need to be controlled for agronomic reasons, the population decreases brought
about by disturbance regimes may be desirable as a form of pest management. The prevalence of agriculture over such a large
portion of the Canadian landscape means that it is important that we find solutions to conflicts that arise between agriculture and
wild species.

It is important to realize that the impact of agricultural inputs varies greatly among regions and species, and actual effects
have generally not been investigated for many species in any one locality; while the focus of this review is on Canada, much
Canadian-specific research is lacking, thus, this review also draws from relevant research done elsewhere.
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1. Introduction cultural land, estimated at less than 1% of Canada’s

total land area by the Canada Lands Directorate (Envi-

Canada has a relatively limited supply of prime agri- ronment Canada, 1976). Although the Canadian agri-

—_ cultural land base is limited, it tends to be intensive
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habitat types have been seriously reduced, and even
virtually eliminated. Canada has less than 13% of short-
grass prairie, 19% of mixed grass prairie, 16% of aspen
parkland, and almost none of the tall grass prairie
remaining in their native state (Millar, 1986). Further-
more, over half of the original wetlands of southern
Canada have been drained, about 85% of them for
agricultural purposes (Keating, 1989). Consequently,
the maintenance of Canadian biodiversity in regions
monopolized by intensive agriculture depends on the
preservation of remnant wildlife habitat, and the reduc-
tion of present agricultural conflicts with wildlife.

As in other industrialized nations, Canadian agroe-
cosystems are highly manipulated production systems
which, in conventional management models, are
dependant upon mechanical tillage in conjunction with
inputs of fertilizer, and pesticides to consistently sus-
tain their rates of output. Preserving the quantity and
quality of soils is one of the main objectives of current
efforts to make agriculture more “sustainable”.
Although current efforts to protect the agricultural
resource base may have a positive influence on envi-
ronmental quality and, by extension, on the wild biota
in agricultural landscapes, this is no guarantee that bio-
diversity is being preserved. The scarcity of hedgerows
and herbaceous field margins has reduced much of the
potential for wildlife integration within North Ameri-
can agricultural landscapes while agricultural activi-
ties, such as tillage, are known to be highly destructive
to particular groups, such as ground nesting birds.

This paper considers the impacts of agricultural
activities such as tillage, drainage, intercropping, rota-
tion, grazing and extensive usage of pesticides and fer-
tilizers on wild species of flora and fauna. Central to
this discussion, is a review of the ways that species
capable of adapting to the agricultural landscape may
be benefited by some of the currently available alter-
natives to conventional farming methodologies.

2. The impact of tillage on biodiversity

Tillage alters many aspects of the soil’s physical
environment including: soil water, aeration, compac-
tion, porosity, and temperature (Phillips et al., 1980;
Gebhardt et al., 1985; Unger, 1990; Prasad and Power,
1991). Tillage renders soil susceptible to wind and
water erosion which can affect the level of organic

matter and nitrogen in the top layer of soils (Fleige and
Baeumer, 1974; Standing Committee on Agriculture,
Fisheries, and Forestry, 1984; Pimentel et al., 1989;
Wood and Edwards, 1992). Soil losses can be quite
substantial; intensive agriculture can lead to de-vege-
tation, erosion and desertification as occurred in the
experience of the Dust Bowl in 1935, when the U.S.
Department of Agriculture alone estimated that 40 mil-
lion ha of arable land on the Great Plains were ruined
for agriculture and another 40 million ha were severely
damaged (Burger, 1985; Biswas, 1984; Myers et al.,
1984). The renewal rate for topsoil, under natural con-
ditions of soil formation, is about 0.8 mm year™!, or
about 0.5-1.0 t ha™' year ' (Benzing-Purdie et al.,
1991; Larney, 1992). Any soil loss beyond the natural
rate of soil formation will eventually reduce the quality
of the soil (Benzing-Purdie et al., 1991). In an exper-
imental plot area near Lethbridge Alberta, 16 erosion
events between 4 April 1991 and 11 May 1992 resulted
in a total topsoil loss of 178 t ha~' (18 mm, or 3/4”
deep) on a clay loam soil during summer fallow (Lar-
ney, 1992). Soil depletion reduces the productive capa-
bility of soils; it is estimated that erosion of 24 mm, or
1” of soil can reduce wheat yields by 136.5-309.4 1
ha~! (Standing Committee on Agriculture, Fisheries,
and Forestry, 1984).

The increasing interest in conservation tillage, has
been primarily out of a concern for soil conservation
combined with a growing awareness of the economic
advantages of this practice. Conservation tillage in its
various forms, including reduced tillage, zero-tillage
and minimum-tillage, generally reduces the physical
disturbance of soil and leaves crop residues from the
previous year’s growth unploughed at the soil surface.
New crops can be planted directly into unploughed soil
without further tillage. Lafond et al. (1993) performed
an economic analysis of purchased inputs and machin-
ery in zero tillage, minimum tillage and conventional
tillage systems combined with crop rotation in east-
central Saskatchewan. Zero tillage used less fuel but
more herbicides than minimum tillage and conven-
tional tillage, such that the costs of production were
similar for all tillage systems (Lafond et al., 1993).
Reduced tillage methods had higher yields of field pea,
flax and spring wheat than conventional tillage, pri-
marily because of increased soil-moisture conservation
(Lafond et al., 1993). Wind disseminated weed species
(e.g. Acerspp. , Daucus carota, Taraxacum officinale)
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tended to dominate zero tillage systems in research
conducted in Saskatchewan (Derksen et al., 1993) and
in Ontario (Saddler Richards, Ecologistics, personal
communication, 1993). Groups of invertebrates are
differentially affected by tillage operations because of
their vertical distribution through the soil, their motility
and powers of dispersal, as well as their susceptibility
to soil compaction, pesticides and disturbance. Systems
of tillage may also influence the occurrence of crop
disease; Bailey et al. (1992) have found evidence that
minimum-till and zero-till may reduce the incidence of
common root rot because of increased soil moisture
content, although effects were variable depending on
the severity of disease development.

Conservation tillage results in less erosion, more
water infiltration, reduced runoff as well as reduced
fuel costs. In arable lands, wild plant, insect and ver-
tebrate populations have all been shown to respond
variously to changes in tillage practice. It is estimated
that about 31% of the total land prepared for seeding
in Canada in 1991 used some form of conservation
tillage, while the remaining 69% used conventional
tillage methods (Statistics Canada, 1992). Conven-
tional agricultural systems which adopt conservation
tillage may use greater application rates of herbicides
to control weeds such that, from the standpoint of bio-
diversity, the question then becomes one of the effects
of herbicides relative to mechanical disruption (Cas-
trale, 1985). Faced with this dilemma, most ecologists
still tend to favour no-tillage methods because of the
environmental benefits of reduced tillage and the poten-
tial of minimizing the untoward effects of herbicides
through better product choice (see Batt et al., 1980;
Battet al., 1985) and better mechanical control of drift.
There has also been some suggestion that, although in
the transition phase to a zero tillage system a greater
reliance on herbicides seems necessary, later in the
maintenance of well established zero tillage systems
chemical herbicide use is similar or less than in the
conventionally tilled fields (Soil and Water Environ-
mental Enhancement Program, 1993; Elliot and Cole-
man, 1988). This is because disturbance is minimal
and most plants will shed seeds very locally dictating
a spot treatment regime rather than large scale spraying.
Some organic farmers use minimum tillage methods,
although this may be combined with cover crops and
occasional mechanical discing and/or mowing to con-
trol weeds (Altieri, 1992).

Several recent publications on reduced-tillage or no-
till farming have advocated a very aggressive control
of weeds in field margins, either through herbicide use,
burning or mowing in mid-summer (e.g. Manitoba-
North Dakota Zero Tillage Farmers’ Association,
1991). Such actions might largely negate the value of
hedgerows or field borders for the enhancement of bio-
diversity. Research is needed to see whether such man-
agement of weeds in field borders is necessary and
which species in particular need to be controlled in this
fashion. In Great Britain, management techniques are
being promoted to ensure that margins will not be foci
of weed infestation for the crop (Game Conservancy,
1987-1992). Research has shown that problems arise
when ploughing takes place too close to the field edge,
broad spectrum herbicides are sprayed or are allowed
to drift onto margins, and fertilizer is allowed to move
into field edges. All of these actions favour annual
species and are detrimental to the establishment and
maintenance of perennial broad-leaved species. Spe-
cific herbicides are even being developed to selectively
remove only those species whose control in the field
margins is advisable on agronomic grounds while pro-
moting the development of ‘good weeds’ (Game Con-
servancy, 1991). ‘Beneficial insects’ may also provide
an agronomic rationale for the non-chemical mainte-
nance of field margins. In their study of herbaceous
field margins, Lagerlof and Wallin (1993) found that
field margins with a naturally diverse flora harboured
the highest abundance and diversity of above-ground
arthropods, and that dense monotypic stands of couch-
grass (Agropyron repens), which is considered to be a
serious weed species, provided an important refuge for
predatory insects.

Ecologists have also tended to favour minimal tillage
over conventional tillage because of the serious nega-
tive impacts of mechanical tillage on some avian pop-
ulations in recent years. About 80% of the
prairie-parkland region of Canada is now under inten-
sive cultivation (Millar, 1986), and yet this same
region provides the principal breeding habitat for more
than 50% of the continental mallard (Anas platyrhyn-
chos) population and produces five out of every eight
ducks taken by hunters in North America (Smith et al.,
1964; Lodge, 1969). Lack of natural nesting cover is
associated with an increase in waterfowl nesting on
cultivated fields (Higgins, 1977). Unfortunately, the
timing of some farming activities adversely coincides
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with the nesting scasons of several birds, and many
nests are destroyed by machinery.

The use of surface tillage implements frequently kills
or injures nesting birds and small mammals (Roden-
house and Best, 1983); densities of waterfowl nests on
untilled land may be 12 times those on croplands and
can yield 16 times as many ducklings (Higgins, 1977).
Subsurface tillage and no-till fallowing methods have
been found to be much less acutely destructive to birds
(Rodgers, 1983; Rodenhouse and Best, 1983). Rodg-
ers ( 1983) found that a subsurface cutting blade, used
in lieu of surface tillage for weed control, can save up
to 53% of the bird nests located in wheat stubble. On
spring planted zero tillage croplands, Cowan (1982)
found that total duck production was 3.8 times greater
than on conventionally tilled cropland, but only if farm-
ers were careful to avoid crushing nests and cover the
eggs during seeding operations. Without this additional
effort the increase would have been small (Cowan,
1982). Tillage methods may be a factor influencing the
rate of bird kills, however, the timing of planting and
harvesting operations and the specific types of machin-
ery used are significant factors. For example, Cowan
(1993) notes that seed drills with narrow disc openers
and packing wheels destroy fewer nests than drills with
relatively wide hoe openers and packing wheels. It is
important to note that the timing of some mechanical
operations can be managed to reduce the destruction of
wildlife, for example, delayed mowing of hay (i.e. 1
July-20 August) in Iowa allowed more ducklings in
hay field nests to reach maturity (Burgess et al., 1965;
Warner et al., 1987) although delayed haying may
reduce the quality of the harvest (Dale, 1993). There
is a need for further investigation into the potential
rescheduling of some farm operations to allow birds to
complete their nesting cycle. Current work includes the
development of disease resistant strains of winter wheat
which could be a viable prairie crop with planting and
harvesting dates that do not conflict with duck nesting
(Trottier, 1993).

3. The impact of drainage on biodiversity

Over half of the original wetlands of southern
Canada have been lost, about 85% of them through
agricultural land drainage (Keating, 1989). In south-
western Ontario the loss rises to 90%, while in the

Prairies as much as 70% of the original wetlands are
gone (Keating, 1989). Marsh drainage to increase or
improve agricultural land has negative effects on most
true marsh-dwelling faunal species (which includes
certain reptiles, amphibians, birds, mammals, fish) pri-
marily as a result of direct habitat loss, but also as a
result of increases in pollutant loads and sediment
inputs accumulated in drainage water (Leighton,
1991). Wetlands are also the habitat of about one third
of wildlife species currently identified as endangered,
threatened, or rare by the Committee on the Status of
Endangered Wildlife in Canada (FON, 1987).
Although the urgency to preserve remaining wetland
habitat may appear to be self-evident, there remain too
many agronomic incentives for Canadian farmers to
drain these areas and still too few incentives for their
conservation.

4. The impact of intercropping on biodiversity in
arable lands

Intercropping, which breaks down the monoculture
structure, can provide pest control benefits ( Gliessman
and Altieri, 1982), weed control benefits (Flint and
Roberts, 1988), reduced wind erosion (Schultz et al.,
1963), and improved water infiltration (Yamada et al.,
1963). Some combinations appear to yield very good
results, for example, the combined growing of corn and
soybeans, which is a traditional cropping practice in
some parts of the USA (Vink, 1983). Intercropped
corn and soybean has been found to increase the relative
yield per hectare when compared to either crop grown
separately, which appears to relate to complementary
use of growth resources (Weil and McFadden, 1991).
In southern Australia and other Mediterranean environ-
ments the practice of sowing clover together with wheat
is common (Vink, 1983; Fraser, 1992). The clover is
partly suppressed during the growth of wheat, then
grows to maturity after the wheat is harvested, thus
producing a certain amount of fodder and contributing
to the nitrogen content of the soil (Vink, 1983; Fraser,
1992). Intercropping can have a positive, negative or
neutral influence on the abundance of particular crop
pests and probably must be evaluated on a case by case
basis (Flint and Roberts, 1988). There are plans to
study intercropping at the Agriculture Canada Research
Station in Lethbridge (Fraser, 1992).
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In some cases weeds may be planted deliberately
with crops as a trap for insect pests ( Hokkanen, 1991;
Firbank, 1993) or to contribute to long term yield by
increasing soil fertility (Weiner, 1990). Leius (1967)
was among the first to point out the value of the flowers
of weeds to the maintenance and parasitic activity of
Hymenoptera attacking codling moth larvae and tent
caterpillars in orchards in Ontario. Since then, the value
of cover crops as nectar sources for beneficial insects
has been demonstrated in various orchard situations
(Altieri, 1991; Bugg et al., 1991; Bugg, 1992). In the
UK, Potts and Vickerman (1974) compared cereal
crops which had been undersown the previous year to
similar crops which had not been undersown and found
asignificantly increased proportion of predatory insects
emerging from the undersown sites. Intercropping has
also been found to encourage a greater abundance of
some ground beetles as compared to monoculture crop-
ping in Alberta (Carcamo, 1993). However, mainte-
nance of all weed—insect associations may not be
beneficial to the farmer’s interest. It was shown, for
example, that the abundance of Carrot rust fly, Psila
rosea in non-crop borders could be explained by the
presence of stinging nettle, Urtica dioica (Wainhouse
and Caker, 1981).

In the Canadian context, it is important to emphasize
the role of field margins, headlands or turn-rows, fence-
lines, road, rail, and utility rights of way, public lands,
and so forth as overwintering habitats for a wide diver-
sity of invertebrates. Few pollinators or predatory
insects survive the Canadian winter in open cultivated
fields and densities of these insects in the spring depend
on available refuges (Doane, 1981). Much of the mam-
mal and bird wildlife in intensively farmed parts of
Canada probably depends on the activities of insects in
pollinating wild plants which provide winter and spring
sustenance to herbivores. Little data are available on
how intercropping affects the diversity of larger ani-
mals around arable land, but vertebrates are likely to
benefit from some decreases in the use of pesticides
which may be facilitated by intercropping, and from
the higher invertebrate biomass which would be avail-
able.

5. The impact of rotation on biodiversity in arable
lands

On most farms in Canada, the benefits of crop rota-
tion are currently met with fertilizers, pesticides and

conventional tillage, however, rotation is again being
viewed critically as a management alternative. In
Ontario, for example, movement away from continuous
corn cropping towards corn and soybean rotations elim-
inates the need for corn rootworm treatment ( Tomlin,
Agriculture and Agri-Food Canada, personal commu-
nication, 1993). At least one weed of Canada s actually
incorporated into an alternative agricultural system;
black medick (Medicago lupulina) has recently been
found to be an excellent rotational plant that enriches
the soil while discouraging other weeds (Benzing-Pur-
die et al., 1991). Crop rotation, based on the inclusion
of polyannual legumes, has been well demonstrated to
be an effective means of maintaining soil fertility, par-
ticularly nitrogen.

A succession of different crops, each with different
harvesting dates is an efficient means of preventing any
single weed species from dominating (Holzner, 1982;
Haas and Streibig, 1982; Froud-Williams, 1988), for
combating pest problems (Allen et al., 1970; Roberts
and Thomason, 1981; Flint and Roberts, 1988) and for
decreasing the incidence of some plant diseases (But-
terfield et al., 1978; Conner and Atkinson, 1989). Most
findings indicate that the longer the time interval
between rotations of susceptible hosts, the lower the
incidence of disease in crop plants (Conner and Atkin-
son, 1989; Bailey et al., 1992). As with intercropping,
wildlife benefit from the reduced dependence on chem-
ical inputs needed to sustain the crops.

6. The impact of grazing on biodiversity in
pastures

According to Trottier (1993) ranging has been
instrumental in protecting the Canadian prairies from
destruction and rangelands are some of the most exten-
sive and well managed tracts of native prairic. In other
areas we know that livestock grazing has not been com-
patible with maintaining biological diversity (Good-
sen, 1983; Drew, 1994). Cattle have a direct impact on
plant communities by trampling and eating plants and
compacting soil (Heady, 1975). It is possible to gen-
eralize in so far as to say that range vegetation cannot
maintain its integrity if grazing pressure is too high.
Owens and Myres (1973), Jaques (1977), Holechek
et al. (1982), Kantrud and Kologiski (1982), Peck
(1986) and Bock et al. (1993) have reviewed some of
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the effects of grazing by livestock for several bird and
ungulate species. While many species of wildlife can
thrive in properly managed rangelands, grazing, under
any system, has not been shown to enhance waterfowl
production and is frequently detrimental to their pop-
ulations.

The ‘rest-rotation’ grazing system has been found
useful for ameliorating some of the adverse impacts of
season-long grazing on wild birds and mammals pri-
marily because certain areas of pasture are left undis-
turbed at least part of the time (Anderson and
Scherzinger, 1975). Compaction of soil by cattle has
been found to make habitat unsuitable for some inver-
tebrates, with detrimental effects for small animals such
as shrews and frogs that feed on such invertebrates
(Sanderson, 1989). An interesting footnote to modern
livestock rearing techniques is that the use of therapeu-
tic antiparasitic drugs in cattle has also been shown to
markedly affect the density of dipteran (fly) decom-
posing fauna, as well as other biota. Reduction of this
insect fauna results in significantly retarded decompo-
sition rates of animal dung (Madsen et al., 1990).

In addition to the regulation of grazing pressure,
rangeland vegetation may be altered by re-seeding, pes-
ticide use, removal of brush and suppression of wild-
fires. The maintenance of an appropriately diversified
range landscape is essential for wildlife species, as
areas lacking scrub, hedges, trees or a variety of her-
baceous vegetation cannot provide browse, nesting or
shelter. On ‘improved’ rangelands, which account for
about 21% of rangelands in Canada ( Statistics Canada,
1992), it is preferable to re-seed with a mixture of
native grasses than to introduce new species of vege-
tation or to plant a monoculture. Canadian studies have
found crested wheatgrass (Agropyron cristatum),
which is commonly used for the revegetation of aban-
doned or marginal cropland, produces a drier soil which
increases erosion relative to soils re-seeded with native
grasses (Dormaar, 1992). It is worth noting that, at
present, there is only one producer of native seed in all
of western Canada (Morgan, 1993).

7. The impact of pesticides and their application
on biodiversity

Pesticides, of course, form one of the three pillars of
the so-called ‘green revolution’ the other two being

new and rapidly replaced seed varieties, and high fer-
tilizer inputs. Pesticides, which comprise insecticides,
herbicides, fungicides and others, are designed to kill
something somewhere. By definition, pesticides there-
fore affect species diversity at least in the area where
they are applied and beyond if application is imprecise
or the products mobile. Whereas there is general agree-
ment that a certain degree of selectivity is desirable for
insecticides (to protect predatory insects and other
insect species of benefit to agriculture), control of all
plants other than the crop is usually the desired norm
for herbicides.

Most direct and quantifiable negative impacts of
agriculture on biodiversity are due to habitat loss,
although there are some known instances of significant
non-target species population declines due, at least in
part, to pesticide use (McLaughlin, 1994). For exam-
ple, the rare plant Purple twayblade has been eradicated
from at least one site in Canada due to a combination
of shade, slug predation and spraying of a herbicide.
No fewer than nine herbicides are registered for the
control of the wild rose (Rosa woodsii) on Canadian
rangeland, a concern for the continued survival of the
vulnerable (and formally listed) prairie rose (R. arkan-
sana) which is often found in close association with
the former (Moss, 1983). Granular insecticides such
as carbofuran are very efficient at killing a large pro-
portion of the songbird population breeding on the edge
of fields where they are applied (Mineau, 1988;
Mineau, 1993; Stinson et al., 1994; U.S. EPA, 1989)
and therefore likely affect populations of those species,
at least regionally. Carbofuran in liquid form has also
been shown to have an impact on at least one endan-
gered Prairie species, the Burrowing Owl (Speotyto
cunicularia), although several factors are undoubtedly
contributing to the current plight of that species (Fox
etal., 1989). Although not an agricultural use per se,
the use of the insecticide diazinon on turf was shown
to be an important source of mortality for the population
of Brant geese (Branta bernicla) wintering in the mid-
Atlantic states of the U.S. (Rostker, 1987). Organo-
chlorine insecticides such as DDT and dieldrin came
very close to resulting in the outright loss of some bird
species from North America and Europe e.g. fish eating
species and raptor species such as the Peregrine Falcon
(Falco peregrinus) (Newton, 1976). Decades after
their use, they are still exerting a lethal impact in some
situations (e.g. Okoniewski and Novesky, 1993). Of
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course, other countries in the world are still relying
heavily on some of these insecticides. This is now a
matter for international aid and diplomatic pressure
rather than a worthwhile research effort (Mineau and
Keith, 1993).

The bulk (about 70%) of pesticides used in Canada
are herbicides and there is almost no knowledge of their
impact on potential non-target plant species, especially
rare or endemic species. In eastern Canada (Québec)
it was found that herbicide use reduced plant species
diversity and cover measured along 5 m transects from
the field edge into hedgerows and woodland edges
(Boutin et al., 1994). Drift of agriculturally used pes-
ticides also reduced the diversity and abundance of
arthropods specifically associated with particular plant
species, e.g. Artemisia filifolia on and off natural areas
in Texas (Miller and Kevan, 1979). Unfortunately.
many of the products still in use in Canada are very
broad spectrum in their activity and may be affecting
species on a local or regional level. This is suggested
by studies ( mostly from Europe ) which have compared
species abundance and diversity under different
regimes of pesticide use. For example, Braae et al.
(1988) examined 31 pairs of organic and conventional
farms in Denmark matched as much as possible for

habitat and found that the bird carrying capacity ot
conventionally-farmed land was only 37-51% that of

the carrying capacity of organically-farmed land. Fif-
teen of 35 common bird species were found to exhibit
a decline with increasing pesticide use while only one
showed the reverse trend. Effects from fertilizer use
were less clear. As part of the same study, Hald and
Reddersen (1990) showed that many of the herbivo-
rous and non-herbivorous insects known to be impor-
tant as food for birds as well as a number of plant
species important to the maintenance of these herbiv-
orous insects were more abundant in the organically-
farmed fields. The latter also yielded a higher plant and
invertebrate species diversity than conventional fields.
In Canada, similar studies were undertaken to compare
organic to conventional farms in Ontario and in western
Canada. Although more data are forthcoming, prelim-
inary results indicate trends in the same direction (Rog-
ers and Freemark, 1991). A more complete review of
the documented effects of herbicides on non-target
flora and fauna can be found in ( Freemark and Boutin,
1994).

Insecticides are inherently more toxic than herbi-
cides to soil fauna, and compounds such as carbofuran,
phorate and terbufos, used to control soil insect pests
are exceptionally toxic to earthworms (Tomlin and
Gore, 1974), and soil arthropods (Edwards and
Thompson, 1973). The use of fenitrothion in New
Brunswick for spruce budworm ( Choristoneura fumi-
ferana) control in forests adjacent to blueberry farms
caused reductions of pollinator abundance and diver-
sity (Kevan, 1975; Kevan and LaBerge, 1979) such
that blueberry crop yields fell below expected levels
(Kevan and Plowright, 1989). Subsequent recovery
seems to have taken place over periods of 1 or 2 years
to over 7, depending on the severity of damage (Kevan
and LaBerge, 1979). Grasshopper abatement pro-
grammes on the prairies are known to cause losses of
non-target insects, including aquatic invertebrates,
Coccinellidae and bees (Wayland, 1991; Kevan and
LaBerge, 1979). Granular formulations which are
incorporated into the seed furrows of row crops rather
than broadcast sprays may be preferable for non-target
invertebrates because restricting applications to the fur-
row allows for recolonization of treated zones from
adjacent untreated soil areas. Granular formulations,
however, present serious problems for vertebrates
(birds especially) as discussed above.

It is clear that, if we are serious about our commit-
ments to biodiversity, we will have to take a hard look
at insecticides and herbicides that are non-selective and
result in the loss (even if local or temporary) of non-
target species. Currently, non-selective pesticides are
being developed and marketed on the basis that they
will provide efficacious control of a number of impor-
tant pest species on several of the world’s major crops.
The restrictive use patterns of products targeting spe-
cific pests makes these economically unappealing to
manufacturers. Several governments world-wide have
embarked upon campaigns of pesticide reduction.
Reduction and limitation of pesticide use (which
includes reductions in both use quantities and areas
treated) form only part of the response required under
measures aimed at the protection of biodiversity. More
important (in our opinion) is the need for a regulatory
system which encourages the development of more
pest-specific products.
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8. The impact of fertilizers on biodiversity

In place of manure, industrially manufactured inor-
ganic fertilizers have become popular as they are easy
to transport and spread, are relatively odourless, and
can be used with great precision and effectiveness.
Since the 1930s the use of commercial fertilizers on
Canadian croplands increased in both tonnage and area
fertilized (Benzing-Purdieetal., 1991). There was also
a steady increase in the nutrient content of manufac-
tured fertilizers, particularly nitrogen followed by
phosphorus (Benzing-Purdie etal., 1991). Meanwhile,
animal wastes have become increasing liabilities as the
livestock farming industry has grown and the amount
of organic waste has increased; livestock farmers are
now faced with major manure disposal problems. Many
operators have attempted to reduce the costs of animal
waste disposal by applying excessive amounts of
wastes on readily accessible land, thus increasing the
water pollution hazard (Morris, 1971).

In contrast to the presumed benefits of abundant fer-
tilizer application, positive interactions between
increased nitrogen and crop foliar diseases are recog-
nised (Gdumann, 1950; Kowalski and Visser, 1979;
Jenkyn and Finney, 1981; Tinker and Widdowson,
1982). The link between increased fertilizer applica-
tion and increased pesticide usage was also demon-
strated in Japan and southeast Asia during the 1940s
and 1950s, when attempts to increase production
through the introduction of new high-yielding varieties
and fertilizers led to serious outbreaks of rice blast
disease necessitating Government subsidized pesticide
application programs (Food and Agriculture Organi-
zation of the United Nations, 1966). There is some
evidence suggesting that repeated applications of inor-
ganic fertilizer nutrients can suppress production of
certain soil enzymes that are involved in nutrient cycles
(e.g. amidase in N cycle) (Dick, 1992). It has been
proposed that the initial decrease in crop productivity
during conversion from chemical intensive to alterna-
tive agriculture may be due to the diminished biological
potential of conventionally managed soils to efficiently
cycle and mineralize organic nutrients (Dick, 1992).
The addition of animal wastes has beneficial effects on
soil pH, soil structure, resistance to erosion, soil tem-
perature, organic matter content of soil, water infiltra-
tion and soil water retention (Barnett, 1982) and is
reported to increase microbial biomass and soil enzyme

activity (Verstraete and Voets, 1977; Schniirer et al.,
1985).

Canadian farmers were asked in the last census of
Agriculture to report on their use of manure fertilizers.
Overall, manures were used on about 9% of the crop
areas fertilized, although this proportion was highly
variable between provincial regions (Statistics Canada,
1993). Increasing fertilizer costs and the value of
organic matter to the structure of some soils has been
prompting many to re-consider the use of organic fer-
tilizers on arable lands (Voorburg, 1983). Organic
manures contain N-rich materials which are slow
releasing under the action of soil microorganisms and
which can significantly raise soil fertility in the medium
and long term (van Dijk and Sturm, 1983). The pol-
lution potential of animal wastes is similar to any nutri-
ent containing fertilizer and must be controlled through
proper management techniques, such as restrained
application rates and measures to prevent soil erosion.
A few methods of calculating nutrient budgets have
been proposed, for example by Remy and Herbert
(1977), and some guidelines for the nutrient require-
ments of field crops are currently available (e.g. the
guidelines from the Saskatchewan Soil Testing Labo-
ratory, 1988).

9. Conclusion

Agriculture has repeatedly been identified as one of
the largest contributors to the loss of biodiversity
world-wide. This is because of the large land area
devoted to this activity as well as the high degree of
physical manipulation and inputs of pesticides and fer-
tilizers inherent in our current way of farming. Preserv-
ing the quantity and quality of soils is one of the main
objectives of current efforts to make agriculture more
‘sustainable’. Although current efforts to protect the
agricultural resource base may have a positive influence
on environmental quality and, by extension, on the wild
biota in agricultural landscapes, this is no guarantee
that biodiversity is being preserved. If we are to be
serious about our commitment to conserve biodivers-
ity, we will need to fully consider the effects of common
agricultural practices, such as tillage, drainage, inter-
cropping, rotation, grazing, pesticide and fertilizer use
on wild flora and fauna. Practices such as drainage are
fundamentally at odds with wildlife conservation; the
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conservation of wetlands has become a critical issue in
Canada as elsewhere. Management tools for other agri-
cultural practices, such as intercropping and rotation to
reduce pesticide use, assessment of the severity of pest
species competition prior to pesticide use, fertilizer
application linked to no-till methods or nutrient budg-
ets, and re-seeding improved pastures with native veg-
ctation, may successfully benefit agriculture and
preserve the quality of habitat for wildlife.
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