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EXECUTIVE SUMMARY

“There is no question but that land is alive. All in a life cycle.... To have
productivity you have to have life for the breakdown process.”
-Kings County poultry farmer

Agricultural production depends on a healthy, fully-functioning ecosystem. In other words, the
production of food depends on the services nature provides, such as pest control, nutrient
cycling, pollination, waste decomposition, soil formation, nitrogen fixation, bioremediation of
toxins, and many others.

Biodiversity is both the diversity of living organisms, and the interactions between those
organisms. In order to understand biodiversity and its importance for maintaining ecosystems —
including agricultural ecosystems — we need to study those organisms, and ascertain their
numbers, their diversity, and their preferred habitats. We also need to understand and value the
productive work they do, and how to encourage this work on farms. Biodiversity is the
foundation upon which the earth’s productive capacity is based. Humankind might be able to
produce food with diminished biodiversity, but it would become a progressively more expensive
enterprise — both financially and ecologically. Thus when we evaluate progress in agriculture,
we must also include evaluations of the state of biodiversity on farms.

To a limited extent, ecosystem services provided freely by earth’s biodiversity can be replaced
by using purchased inputs of energy, built structures, synthetic fertilizers, pesticides, irrigation
systems, and pharmaceuticals. On the one hand, these purchased inputs help to make agriculture
more predictable, and may increase short-term yields. On the other hand, some inputs used to
replace ecosystem services may be harmful to biodiversity, thus reducing the capacity to
generate further ecosystem services. This can create a spiral of increasing needs for inputs, and
reduced capacity of agriculture to tap into ‘free’ services. Depletion of ecosystem services, like
any other critical resource, can be self-defeating, expensive, and ultimately reduce long-term net
productivity and farm viability.

“Good farmers know ... that nature can be an economic ally”
(Berry, 2002:54).

There are a number of indicators of the state of biodiversity on farms. These include indicators
of domestic and wild species diversity, genetic diversity, habitat (quantity and quality), and the
value of ecosystem services. Here we focus mostly on (1) habitat, and (2) the value of
ecosystem services. Habitat is an important indicator because it is relatively easy to measure,
compared to listing and counting all of the organisms that live within the habitat. Assessing the
value of ecosystem services is more challenging, but it is a critical indicator because it measures
the value of what organisms do, rather than just measuring what organisms are present. It is
admittedly a very utilitarian approach to biodiversity, but one that will succinctly indicate its
value to agriculture, thus catalysing more immediate action to conserve biodiversity resources.
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Habitat

One way to assess the health of agricultural biodiversity is to monitor the homes or habitats of
organisms we know are beneficial. In fact extensive agriculture — the kind of agriculture
common in Nova Scotia — can create critical and excellent habitat for such organisms. In return,
these organisms can be harnessed to provide ecosystem services for the farm — a remarkable
symbiotic relationship.

“I'm really enjoying the symbiotic relationships that are developing on the
farm. We took an abandoned farm and turned it into a place teeming with
life.  There were no snakes before, no toads, no salamanders, few
earthworms. The soil we turn over now is full of earthworms. We see
different kinds of birds and more of them now than before.”

-Hants County specialty vegetable farmer

Rather than looking at agriculture as an infringement upon wild, natural spaces, farms could be
seen as reservoirs of habitat potential. Farmers, as stewards of the land, are providing habitat for
thousands of organisms. Because farms are generally collections of crops, livestock, buildings,
fields, ponds, streams, patches of trees, and woodland, they are ideal homes for many creatures.
Agriculture can even increase the diversity of habitat types relative to other land uses, and
produce food too. Table 1 summarises the types of land use and farm practices most relevant to
biodiversity.

Table 1: Land Use and Farm Practices that Affect Habitat

;‘?‘:c(:sulizl:liltztt NS data? Habitat effect on beneficial organisms
Areaoflandin | Yes Beneficial organisms are generally less prevalent and less active in
annual crops annually cropped vs. perennial areas of the farm.

Area of land in | Partial While pasture and hayland is generally favoured by many beneficial
perennial crops organisms, high levels of nitrogen (N) fertilization, herbicides, land

or pasture drainage, and high-intensity grazing are all variables that tend to reduce
(uncultivated) species diversity on pastures and land growing hay.

Area of land Some Hedgerows, forest, wetlands and riparian zones are important habitat for
that is not data, predators of pests, including birds as well as a host of other species.
cropped or some

grazed years
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Land Use and Farm Practices that Affect Habitat (continued)

Farm
practices that | NS data? Habitat effect on beneficial organisms
affect habitat
Adding fertility | Area Increases the activity of soil micro-organisms up to an optimal fertility,
to the land fertilized, | then further increases in fertility may decrease their activity.
yes
Raising the pH | Area Increases the activity of soil micro-organisms up to an optimal site-
of acid soils limed, dependent pH, then decreases their activity.
yes
Use of Area of Reduces abundance of soil micro-organisms
synthetic pesticide | Faunal diversity (e.g. arthropods and birds) is negatively affected by
pesticides use, yes organophosphate-based pesticides (used sometimes on livestock and
arable crops), and anthelmintics (dewormers used in livestock). The
anthelmintics leave residues in livestock dung that adversely affect
dung-dwelling invertebrates.
Organic or Some Density, abundance, and species diversity of beneficial birds and
biological data, arthropods are significantly higher in organic or biological systems
farming 2001 compared with conventional or integrated systems.
only.
Crop rotation Difficult | Monoculture reduces soil organisms species numbers (richness) and may
to assess. | actually increase the organism count (abundance) of the fewer remaining
species.
Diverse crop mix improves bird species diversity
Conservation Yes Improves habitat for many soil invertebrates.
tillage
Trends in Land Use

In Nova Scotia, the proportion of farm land in annual crops is 11%, almost unchanged in 50
years, while the proportion of land in tame hay or pasture has risen from 10% to 24% in the last
50 years. These proportions are favourable for habitat compared to Canadian averages. The
proportion of Canadian farmland in annual crops is between 40% and 45% (up from 32% in
1951), and the proportion of land in tame hay and pasture is about 18%. Within Nova Scotia, the
most intensively-farmed county (Kings) has 28% of farm land in annual crops, and 23% of the
land in tame hay and pasture (Figure 3).

In Nova Scotia and Kings County, about 8% of the farm land area has ‘natural land for pasture.’
This portion of the land has remained stable for the years reported (1986 to 2001). Natural land
for pasture is a very important habitat on farms, because it has not been cultivated, drained, or
treated with synthetic inputs.

The portion of farmland in ‘woodland’ is reported in census data up to 1986, when it occupied
48% of farm land in Nova Scotia. The quality of forested or wooded land habitat is not reported
(as indicated by the method of cutting, or diversity of species, for example), making the data
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difficult to interpret in terms of habitat quality and the value of this habitat for generating
ecosystem services.

Trends in Farm Practices

Many studies report reduced habitat quality, species diversity, and ecosystem services as a result
of synthetic fertilizer use (particularly rates of nitrogen over 50 kg N/ha) and synthetic pesticide
use. Average nitrogen fertilizer use (kg N/ha of cropland) in Nova Scotia in 1990 was below this
‘threshold’ (Table 2), which indicates that Nova Scotian farms may not be subject to a level of
fertilization that would significantly compromise biodiversity. The data does show that the
increase in N fertilizer use has been continuous over time, with each agricultural census showing
higher usage rates. (Unfortunately, average N fertilization rates are not available from Statistics
Canada after 1990.) In addition, there will be areas of cropland fertilized at much higher rates of
N than the reported average.

In Tables 2, 3 and 4, the areas on NS, Kings County, and PEI farms that are fertilized, sprayed
with insecticides and fungicides, and sprayed with herbicides are reported. For the last reporting
year (2000), an average of 22% of total farm area was fertilized on NS farms, 36% of total farm
area in Kings County (the province’s most intensively-farmed county), and 42% of total farm
area in PEL. NS farms are also subject to considerably lower levels of pesticide and herbicide
application than in PEI, though Kings County pesticide use is approaching PEI levels. This
indicates that on average, Nova Scotia farms are subject to a lower amount of synthetic input use
than in neighbouring PEI. The higher the percent of total farm area subject to fertilizer and
pesticide use, the more likely that habitat and ecosystem services provided by beneficial
organisms will be compromised.

Table 2: Intensity of Synthetic Input Use, Nova Scotia Farms, 1970-2000

Area sprayed with .
Mean kg N Area fertilized insecticides or Area spr?)fed with
o . . herbicides

Year fertilizer per fungicides

ha cropland % area of % area of % area of

ha ha ha
farms farms farms

1970 25.0 38,150 7.1 9,971 1.9 15,567 2.9
1980 37.7 88,537 19.0 11,109 2.4 20,863 4.5
1985 41.8 85,042 21.1 12,165 2.9 24,744 59
1990 46.1 82,267 20.7 13,466 34 22,383 5.6
1995 n/a 88,552 20.7 22,618 53 26,621 6.2
2000 n/a 88,376 21.7 28,217 7.0 29,686 7.3

Note: In Tables 2, 3 and 4, data on insecticides and fungicides for 1995 and 2000 are comparable with each other,
but not with previous years. Data for 1995 and 2000 are the sum of area sprayed with insecticides and area sprayed
with fungicides. Some areas may be sprayed with both, and therefore counted twice. Previous to this, only one
question was asked (area sprayed with insecticides or fungicides?), which eliminated double counting. However,
the 1995 and 2000 data reflect more accurately the intensity of use. These different reporting requirements and the
possibility of double-counting in the 1995 and 2000 data may explain the apparently very sharp increases in reported
insecticide and fungicide use for Kings County and PEI between 1990 and 1995.
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Table 3: Intensity of Synthetic Input Use, Kings County Farms, 1980-2000

Area fertilized Area sprayed wi.tl? insecticides Area spr?)fed with
Year or fungicides herbicides
ha % area of farms ha % area of farms ha % area of farms
1980 | 22,698 34.0 7,814 11.7 10,154 15.2
1985 | 21,710 36.0 8,375 13.9 11,582 19.2
1990 | 17,502 31.0 7,501 13.3 9,074 16.1
1995 | 20,058 35.7 13,841 24.6 11,689 20.8
2000 | 19,030 36.2 14,440 27.5 11,173 21.3
Sources: Statistics Canada, 2002; 1997a and b; 1995; 1982.
Table 4: Intensity of Synthetic Input Use, PEI Farms, 1980-2000
Area fertilized Area sprayed wi.tl¥ insecticides Area spr?)fed with
Year or fungicides herbicides
ha % area of farms ha % area of farms ha % area of farms
1980 107,442 37.9 31,984 11.3 81,789 28.9
1985 113,297 41.6 35,039 12.9 85,573 314
1990 102,117 39.5 36,161 14.0 73,783 28.5
1995 119,451 45.0 91,267 34.4 91,367 34.5
2000 110,102 42.1 89,808 34.4 92,732 35.5

Sources: Statistics Canada, 2002; 1997a and b; 1995; 1982.

In Table 5, the most recent data for areas fertilized, sprayed with insecticides and fungicides, and
sprayed with herbicides are reported for Nova Scotia, Kings County, PEI, and Canada. The
proportion of farm area is lower, in each case, when comparing Nova Scotian with Canadian
areas. Both Kings County Nova Scotia and PEI have higher input use intensities (as measured
by proportion of farm area sprayed and fertilized), most likely because of the intensive nature of
farming in these areas and the high proportion of fruits and vegetables grown.

Table S: Intensity of Synthetic Input Use, NS, Kings Co., PEI, and Canadian Farms, 2000

Location

% area of farms

% area of farms sprayed with

% area of farms

fertilized insecticides or fungicides sprayed with herbicides
NS 21.7 7.0 7.3
Kings County 36.2 27.5 21.3
PEI 42.1 34.4 35.5
Canada 35.6 7.1 38.4

Source: Statistics Canada, 2002.
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Overall it appears that Nova Scotian farms are being managed in a more intensive manner over
time. Substantially higher proportions of farm area fertilized and treated with pesticides, along
with a slight recent increase in area used for annual crops indicate a definite increase in intensity.
Within Nova Scotia, Kings County is farmed more intensively than average Nova Scotian farms.
Nova Scotia is in a fortunate position to be managed much less intensively than Canadian farms
in general and PEI farms in particular. From the data available (which is far from complete), it
appears that NS farms still offer significant quantity and quality of habitat for beneficial
organisms to live, and for beneficial ecosystem services to occur, although trends over time also
indicate that these advantages may be increasingly compromised.

Ecosystem Services

Ecosystem services are the services, such as pollination, that organisms provide as they go about
their regular business of living. For example, the bee obtains nectar from the flower, and the
flower gets pollinated so it can produce fruit. There is usually some element of benefit, for
example the plant carries out a process of photosynthesis in order to grow, but at the same time
produces oxygen that human beings can breathe. There are a diversity of functional ecological
roles, and beneficial ecological interactions between species. The variety of ecosystem
interactions between plants, animals, and micro-organisms maintains the quality, relative
stability, and habitability of the environment by purifying and regulating air, water, and land
resources — as well as controlling climate. Ecosystem interactions play a role in the protection of
water resources; the formation and protection of soil; the storage and cycling of nutrients; the
breakdown and absorption of pollution; the maintenance of ecosystems’ equilibrium (including
controlling pests); and the recovery of ecosystems from unpredictable events. In addition,
ecosystems provide biological resources, such as wild food, medicines, and wood products.

Another way to assess the health of biodiversity is to place an economic value on the ecosystem
services it provides to agriculture. If society does not explicitly value biodiversity, its services
tend to go unnoticed in conventional systems of accounting. In fact, if we rely almost
exclusively on economic growth statistics to measure our progress and prosperity, as we
currently do, we could irreparably damage our own life-support systems without noticing the
damage until it is too late. If, on the other hand, we value ecosystem services explicitly, then we
know we are making progress when their value rises over time. If their value diminishes, then
society and farmers have an early warning system in place that allows them to take remedial
action before it is too late, and before irreversible damage occurs. If ecosystem services are not
functioning properly, we know that we are losing our ability to sustain food production in the
long run.

Farmers can choose to foster farm environments that allow them to take advantage of ecosystem
services. Or alternatively, they can choose to purchase inputs that replace the work done by
beneficial organisms, which may produce higher yields in the short term. However, the extra
energy (i.e. cost) required to implement these solutions may negate any yield gains that result.
Table 6 shows some of the internal (ecosystem-based) and external (fossil fuel-based) choices
available when production challenges are encountered. Many farms will use a combination of
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the two. The advantage of ecosystem-based solutions is that they are a renewable resource,
always and indefinitely available for free if sustainably managed, and that they tend to produce a
wide range of beneficial side-effects that more specialized synthetic inputs cannot achieve. In
fact, fossil fuel-based solutions are based on non-renewable resources, and may produce harmful
side-effects (e.g. killing beneficial insects with insecticides).

Table 6: Examples Of ‘Internal’ Vs. ‘External’ Solutions To Production Challenges

Production Internal (ecosystem service) solutions External (fossil fuel-based)
challenge solutions
Water stress - reduce drying winds and increase shade with irrigation using plastic hosing
drought hedgerows and gas-powered pumps

increase water holding capacity of soil with
soil organic matter and crop residue
management

Water stress -

increase organic matter of soil, which helps

install plastic drain tile

excess soils drain excess moisture

leave ponds and trees where drainage is not

ideal

leave wetlands and sufficient forests in place

to prevent flooding
Pest or provide habitat for beneficial organisms use of pest control products
pathogen regulation by competing organisms, predators
control and parasitoids

optimal levels of fertility

crop rotation

appropriate field size
Fertility feed soil life with materials high in organic application of purchased
management matter such as crop residues and livestock synthetic fertilizers

manure

As an introduction to the topic of ecological services, Table 7 presents a sample of services
provided by beneficial organisms. Many ecological services will not be covered in this table,
and many have yet to be discovered. The information presented is meant to demonstrate the
wide range of activities in an agro-ecosystem that are possibly being taken for granted.
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Table 7: A Sample of Ecological Services Provided by Beneficial Organisms

Soil fertility & nutrient supply

Service Detail

Nutrient Proteins and related compounds are transformed by soil life to plant-useable nitrates

transform- and ammonium compounds. Similarly, sulfate is produced and mineral elements such

ations as iron and manganese are kept relatively insoluble to prevent toxic accumulations.
Soil micro-organisms mineralize soil organic phosphorous (P) for plants to use. The
rate of P mineralization depends on microbial and free phosphatase (enzyme) activity.
Phosphatases are produced by micro-organisms, plants, and earthworms. It appears
that synthetic P fertilizer may reduce this soil activity, and organic management
enhances it.

Yield In New Zealand, introduction of earthworms produced a 28% improvement in dry

improvement matter yield in pastures that previously had no earthworms. In Vermont, pasture
production increased up to 25% in pastures with earthworms compared to pastures
without earthworms.
Micro-organisms in soils produce numerous root-stimulating substances that behave as
plant hormones and stimulate plant growth. Humus also can stimulate roots to grow
longer and have more branches, resulting in larger and healthier plants.

Vesicular Arbuscular mycorrhizal (VAM) symbiosis is widespread in roots of agricultural plants.

arbuscular It is believed to ameliorate plant mineral nutrition, to enhance water stress tolerance,

mycorrhizae and to contribute to a better soil aggregate formation, which is important for soil

help crop structure and stability and helps prevent erosion. It appears that synthetic pesticides

productivity may reduce AM activity, while organic management enhances it. Organic systems had
measured increases in AM activity of 30-900% relative to conventionally farmed
systems. Preliminary evidence shows positive yield effects of AM fungi.
Roots that have lots of mycorrhizae are better able to resist fungal diseases, parasitic
nematodes, and drought.

Nitrogen Nitrogen gas in the atmosphere cannot be used directly by crops without the help of

fixation rhizobium bacteria and free-fixing bacteria present in the soil.

Estimated value to US agriculture of $8 billion per year (1997 US funds).

Organic matter
decomposition

Significant contribution of soil fauna and flora. Organic matter decomposition
prevents unwanted accumulation of residues; releases nutrients for use by plants; and
improves soil structural stability. (Without this vital process, food would have to be
grown hydroponically — an expensive proposition.)

Soil formation

Earthworms and other invertebrate species bring between 10 and 500 tonnes per ha per

and soil year of subsurface soil to the surface, contributing an estimated 1 tonne per ha per year

mixing to the fertile topsoil layer.
Under agricultural conditions, it takes approximately 500 years to form 25 mm of soil,
whereas under forest conditions it takes approximately 1000 years to form the same
amount of soil. This enhanced soil formation capacity in US agriculture is valued at $5
billion using a figure of $12 per tonne (1997 US dollars).

Composting The major groups of organisms that help convert raw materials to compost are bacteria

—stabilize (excellent decomposers), fungi (highly effective in tackling woody substances), and

nutrients, actinomycetes (technically bacteria — they thrive in aerobic, low moisture conditions).

reduce volume

of material

applied to

fields
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Regulation of pests and pathogens

Service

Detail

Healthy
crops

A diverse biological community in soils is essential to maintaining a healthy environment
for plants. There may be over 100,000 different types of organisms living in soils. Of
those, only a small number of bacteria, fungi, insects, and nematodes might harm plants in
any given year. Diverse populations of soil organisms maintain a system of checks and
balances that can keep disease organisms or parasites from becoming major plant
problems. Some fungi kill nematodes and others kill insects. Others produce antibiotics
that kill bacteria. Protozoa feed on bacteria. Some bacteria feed on harmful insects. Many
protozoa, springtails, and mites feed on disease-causing fungi and bacteria. Beneficial
organisms, such as the fungus Trichoderma and the bacteria Pseudomonas fluorescens,
colonize plant roots and protect them from attack by harmful organisms. Some of these
organisms, isolated from soils, are now sold commercially as biological control agents.

Pathogen
control

In the process of decomposition, soils render harmless many potential human pathogens in
waste and in the remains of dead organisms. Soil organisms produce potent antibiotic
compounds, such as penicillin and streptomycin, manufactured by a soil fungus and a soil
bacterium, respectively.

An Australian experiment showed that soils managed organically hosted a higher
occurrence of fungi potentially antagonistic to plant pathogens than did conventionally
managed soils.

Earthworms remove plant litter from the soil surface (this can have pest/disease control
effects in orchards e.g. apple scab prevention). Apple producers in the Annapolis Valley
spend an average of $648-675/ha on apple scab control products (fungicides) — c. 75% of
total pest control products expense.

Earthworms also quickly break down manure in pastures; recycling nutrients, and reducing
fly reproduction sites and internal parasite larvae levels in grazing livestock.

Aerial
insect pest
control

Bats catch an estimated 3,000 insects per night. Swallows catch insects in open areas.
Yellow warblers catch all types of insects including those considered to be pests.
Dragonflies and damselflies are major predators of mosquitoes and blackflies, which prey
on farmers. Downy woodpeckers consume large numbers of insects including corn borers.
Flickers eat insects of all types and feast on grasshoppers in late summer.

In one study, bird predation on insects in US spruce forests is estimated to be worth $180
per ha per year (1997 US funds), or $246.6 per ha per year ($1997 Canadian).

Rodent
pest
control

Short-eared owls, barred owls, and red-tailed hawks are valuable for controlling rodents

Biocontrol
of crop
pests

Approximately 99% of pests are controlled by natural enemy species and host plant
resistance. Each insect pest has an average of 10-15 natural enemies that help to control it.
The estimated value of this biocontrol to US agriculture is $12 billion per year (1997 US
funds), or $16.4 billion per year ($1997 Canadian).

A full-grown ladybird beetle larva can consume about 50 aphids daily. An average female
will eat at least 2,400 aphids before she dies.

Beneficial wasp predators and other natural pest controls may have a value of $561,000 per
year to Nova Scotia fruit orchards.

Anecic earthworm species reduce leaf miner pupae incidence in orchards
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Regulation of pests and pathogens (continued)

Service Detail
Host plant Genetic traits in crops that help them resist pests and pathogens. An estimate of its
resistance value in the US is $8 billion per year (1997 US dollars), or $11 billion per year

($1997 Canadian).

Species and genetic diversity of crops helps to foster long-term horizontal resistance
to pathogens over time if the farmers select and save their own seed.

Disease control

Anecic earthworm species reduce scab pathogens in orchards.

Buffer crops

Humus — the very well decomposed part of organic matter — can surround potentially

from toxic harmful chemicals and prevent them from causing damage to plants.
substances
Antibact-erial Honeys from different floral sources vary greatly in their antibacterial activity.
activity

Maintenance of water quality and quantity
Service Detail

Improved water
infiltration in
soil and erosion

Erosion-prevention effects of the soil biota include improvements in soil
aggregation, prevention of surface crust formation, and increase in water infiltration
capacity.

prevention * Introduction of earthworms produced a 100% improvement in the rate of water
infiltration in pastures that previously had no earthworms.
*  Chemical elimination of earthworms doubled the amount of annual runoff from a
13° slope.
Hydrological This function of maintaining the water table, slowing percolation of precipitation,
cycle filtering wastes before they get to water bodies, water purification, and transpiration
maintenance is provided by a host of plants and organisms. See Water Capacity and Quality

report - forthcoming.

Resistance to
drought stress

Species-rich pasture production dropped by 50% during a drought, compared with a
92% drop in production in species-poor pastures in a Minnesota study.

Species indicate
health of the
environment

In many places, the numbers of amphibians have undergone dramatic reductions
during the 1990s. Practices such as draining marshes and meadows, and cutting
forests often result in a loss of amphibian habitat. Acid rain and other types of
pollution also reduce breeding success. Amphibians live both on land and in water.
They have a moist, permeable skin and quickly respond to changes in the quality of
air and water. Amphibian populations are excellent indicators of environmental
stress and should be monitored with care. Examples of amphibians include frogs,
toads, and salamanders.

Degradation of
chemical
pollutants

Biological treatments, which use microbes and plants to degrade chemical materials,
can both decontaminate polluted sites (bioremediation) and purify hazardous wastes
in water (biotreatment). Biological methods are often more effective than physical,
chemical, and thermal methods because they convert the toxin to a less toxic or inert
substance — rather than transferring the pollutant to a different medium. The
estimated value of this ecosystem service in the US is $22.5 billion per year (1997
US dollars). A portion of this value occurs on farms where toxic materials in sewage
sludge and pesticides are being degraded by soil organisms and plants.
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Other Ecological Services Associated with Biodiversity

Service Detail

Crop and Use of the richness of breeds and plant varieties to improve agricultural breeds and
livestock varieties is valued at $40 billion (1997 US dollars) in the US (equivalent to $55
breeding billion in Canadian dollars).

Exotic The United States government estimates that for just two major crops, access to

germplasm for
crop breeding

exotic germplasm adds a value of more than $10 billion: -- US$ 3,200 million to the
nation's US$ 11,000 million annual soybean production, and about $7,000 million to
its $18,000 million annual maize crop (1997 US dollars).

Pollination

Pollination by a host of different organisms (e.g. bees, butterflies, and birds) is
estimated to be worth $40 billion to US agriculture per year (1997 US dollars)
(equivalent to $55 billion in Canadian dollars), and $1.26 billion per year to
Canadian agriculture. Although many major crops are self- or wind pollinated,
others require and benefit from insect pollination to increase quality or increase
yields.

In Nova Scotia the value of rented bees required to help pollinate lowbush
blueberries is worth $2.7 million annually. The value of wild pollinators’ work in
this crop has not been estimated.

Wild food

Food gathered from non-cultivated species such as fish, berries, deer, fiddleheads,
seaweed, or maple syrup can contribute significantly to our diets. In the US, the
value of these wild foods is estimated to be worth $34 billion per year (1997 US
dollars). If hunting and seafood is eliminated from the estimate, the estimate is a
$0.5 billion per year contribution.

Pharmaceuticals
from plants

Estimated value of $20 billion (1997 US dollars) (equivalent to $27.4 billion in
Canadian dollars).

Medicinal
benefits to
livestock

A diversity of vegetation in pastures can be helpful to livestock that selectively graze
certain plants for their medicinal benefits and/or mineral concentration. Examples of
plants in the Maritimes that have these benefits include mugwort (Artemesia
vulgaris), dandelion (Taraxacum officinale), plantain (Plantago lanceolata), wild
carrot (Daucus carota), chicory (chichorium intybus), juniper (Juniperus communis),
and other conifers.

Maintenance of
soil structure

Soil organisms produce sticky substances that help bind soil particles together,
stabilizing soil aggregates, thus contributing to good soil structure. A good soil
structure increases water filtration into the soil and decreases erosion.

Carbon
sequestration

Conversion of cultivated land to productive permanent pastures results in ~ 176 tons
of C0, being removed from the atmosphere and stored in soil, per ha, a significant
contribution in an era of climate change that has direct economic value as a credit
under the Kyoto Accords.

When the value of 'free' ecosystem services declines, as for example when soil organic matter is
depleted, farmers may feel compelled to purchase inputs like synthetic fertilizer to compensate
for the lost services, and to supply nutrients artificially. It is therefore important to assess the
balance between such purchased inputs and free ecosystem services that can realistically be
achieved on farms. Nova Scotian farms could provide leadership in finding that ecological
balance, and in identifying thresholds that should not be crossed to avoid irreversibly damaging
the capacity of the ecosystem to provide free services.
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The value of some ecosystem services has been estimated in this study. Because it is challenging
to calculate direct values for these ecosystem services, some hypothetical replacement
(restoration) values have been estimated. For a number of different beneficial organisms, we
have asked, “what would it cost to replace the work they do?”, or, “what would it cost to replace
the organisms if they are depleted?” The final section of this report also poses the specific
question, “what would it cost to replace the services of a collection of organisms that filter water
in a farm wetland?”. Preliminary and rather crude estimates show that to replace the work done
by myriad beneficial organisms on farms would cost Nova Scotians millions of dollars annually.
In fact, it would cost the province much more than the value of all food produced on Nova Scotia
farms.

When estimating the value of ecosystem services, it is sometimes useful to know what it might
cost to replace such a service. In some instances it may not be feasible to actually replace a
service, but determining a hypothetical replacement or restoration value is still instructive.
These numbers may have no practical economic reality but rather demonstrate that certain
ecological services are, in effect, irreplaceable or invaluable.

Ladybird beetles or ladybugs are a well-known beneficial insect with a voracious appetite for
common aphid pests. Where natural enemies (including ladybugs) are not disrupted, aphids such
as the green peach aphid on potato, and various aphid species in apple orchards seldom increase
to densities that cause economic damage. The pest-control work done by ladybugs is estimated
to be worth $13.8 million annually on Nova Scotia farms. Their service is more valuable than a
pesticide application, because it provides a daily and continuous pest control service, rather than
a one-time control. Also, ladybird beetles do not create the health and safety risks associated
with spraying a toxic chemical.

Earthworms provide a wide range of valuable and well-documented ecosystem services in
agricultural environments. They provide benefits to the structure and productivity of soils, pest
and disease control, as well as food for other organisms. Earthworms are like composting
facilities, taking in mineral soil and other debris, and churning out a valuable, pH balanced, well-
aggregated, nutrient-rich product on which crops thrive. If we had no earthworm castings in the
soil, it would cost about $6.2 billion to replace them annually with commercially-produced
castings on crop and pasture land (hypothetical restoration value). The value of earthworm soil
processing is estimated based on replacing the weight of soil processed (49,000 kg/ha for the
lowest estimate) with purchased compost. This would translate into an ecosystem value of at
least $3.6 billion per year (hypothetical restoration value).

Green lacewing adults are delicate-looking light green winged insects that are attracted to light.
It is hard to imagine that the larval stage of this pretty insect is considered to be a voracious
aphid predator. Most of their victims are aphids, but they also control two-spotted spider mites,
mealy bugs, mite eggs, leathoppers, small caterpillars, and thrips. If lacewings (and other
predators) were absent from an area where aphids, mites, thrips and small caterpillars are
threatening a crop, it would cost $760/ha to replace them (hypothetical restoration value).

The pollination service provided by bees is essential in both agricultural and natural ecosystems.
Crop pollination is often taken for granted (not valued) until pollinator numbers are reduced or
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eliminated, leaving farmers with little or no crop. The loss of wild pollinators is mainly caused
by two interrelated processes: the destruction of their habitat, and direct poisoning (Kevan et al,
1990). The important contribution of wild bees was nowhere more evident than in southern New
Brunswick, when lowbush blueberry crop yields dropped significantly as a result of the
decimation of wild bee populations caused by fenitrothion spraying for spruce budworm control
from 1969 to 1973. Canadian crops that are dependent on insect pollination include apples,
pears, blueberries, strawberries, raspberries, cherries, pumpkins, squash, alfalfa, clover, some
types of beans, cucumbers, eggplants, melons and tomatoes. In 1984, the value of this
pollination to Canadian crops was estimated at $1.26-billion annually. The pollination services
provided by honeybees (not including wild bee pollination) amounts to a value of $2.7 million
for the Nova Scotia lowbush blueberry crop alone. These valuations are direct, not hypothetical
replacement values.

Three main types of parasitic wasps help to control pests on Nova Scotia farms: braconid,
chalcid, and ichneumonid wasps. They are tiny, but useful. Researchers in Nova Scotia have
studied these beneficial wasps, because of their potential to help fruit growers reduce pesticide
use. Braconid wasps parasitize caterpillars, aphids, beetles, flies, and even other wasps. In
orchards, they parasitize a number of pests, including leafrollers, codling moth, bark beetles, and
aphids. Chalcid wasps are very successful parasites of many pests such as aphids, scale insects,
moth caterpillars and eggs, and the larvae of some flies and beetles. Parasitization may exceed
50 percent of some pest populations. Ichneumonid wasps will attack the larvae of moths,
butterflies, beetles, and sawflies, as well as other insects. Chalcid and braconid wasps also attack
‘secondary pests’ such as the spotted tentiform leafminer (STLM). STLM is not normally
controlled with insecticides, because parasites keep population numbers from exceeding
economic thresholds. However, should these wasp populations be destroyed through the use of
broad-spectrum pesticide application, STLM populations could soar, resulting in continued
pesticide reliance. It is challenging to estimate accurately the value of the intricate, graceful,
detailed, and deadly work performed by parasitic wasps. If purchased wasps establish as well as
native wasps, it would cost about $502,274 to cover Nova Scotia’s tree fruit-growing area
(hypothetical restoration value). Their actual value to fruit production in Nova Scotia is
unknown at this time.

Dr. Rob Smith and colleagues at the Atlantic Food and Horticulture Research Centre in Kentville
have been attempting to estimate the value of reduced pesticide use and increased reliance on
parasitic insects such as parasitic wasps. They report significant increases in the percentage of
growers spraying for key pests in Annapolis Valley orchards, with only marginal savings in
percent crop loss. Some of this increase in pesticide use could be due to losses of beneficial
organisms in orchards from spraying of broad-spectrum insecticides.

Smith et al. (2001) also report that in 2000 an average hectare of Annapolis Valley orchard
received $900 worth of pesticide. In the first year of monitoring, orchards using fewer pesticides
and relying on beneficial organisms had 1.8% less fruit damage while using 30% less pesticide
(by volume), for a saving of $200/ha. A portion of these savings could be due to the effects of a
number of different beneficial organisms working in the orchard. If we multiply the possible
benefits of beneficial orchard insects by the area in active fruit production (2,806 ha), benefits
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could be estimated to be $561,200 per year (direct value). It will be important to monitor the
value of progress associated with this initiative.

Beneficial organisms are often undervalued because the work they are doing is not very obvious,
they spend most of their time underground (e.g. earthworms), and they are less than half a
centimeter long (e.g. parasitic wasps). Society takes their work for granted until they are
destroyed or their population plummets, and they can no longer do their critical work.

It is more challenging to devise a value for ecosystem services using direct, compensatory, or
avoidance valuations — although some attempts are made. Direct valuation would require
properly designed comparisons between crop revenues with and without the beneficial organisms
present, an almost impossible task in practice, even though this would likely be the most
meaningful economic valuation for farmers. Compensatory valuations are based on expenses
incurred for controlling a pest by some other means (e.g. a pesticide) when the natural control
mechanisms are no longer in place. Ironically, the compensatory action often exacerbates the
situation by harming beneficial organisms, requiring further investments in man-made controls,
and a cycle of increased expense and eventual reduced effectiveness. In the United States it was
estimated that crop damage due to insect pests rose from 7% to 13% between the 1940s and
1974, despite a tenfold increase in the use of insecticides (Olkowski et al., 1991:96). This
declining effectiveness of insecticides may be partially due to the removal of natural controls,
and partially due to selection for pests resistant to the insecticides, due to the over-use of those
insecticides.

Avoiding the loss of beneficial organisms often involves leaving native flowering plants in crop
areas, or allowing for a diverse landscape, which emphasizes again the importance of the earlier
discussion on the value of diverse habitats to agriculture. In essence, diverse habitats help to
ensure there is a diversity of beneficial organisms that maintain crop productivity, or keep pests
in check.

Fortunately, most farmers recognize the value of the work done by beneficial organisms and
many will go to great lengths to attract and establish biodiversity. These farmers themselves
become one link in the web of biodiversity, by supporting and enhancing its productive
functions.

The use of ecosystem services to maintain and increase productivity requires a good knowledge
of ecosystem services and how they work. This knowledge may help farmers to reduce
purchased synthetic farm inputs, and may therefore create economic incentives for developing
knowledge-intensive versus synthetic-intensive agricultural systems. Pest-predator interactions
and long-term effects of managing for biodiversity on farms should continue to be thoroughly
researched and documented, and farmer innovation in this area rewarded. Ecological habitat
management and promotion of beneficial organisms should be the strategies of modern plant
protection.

Farmers have a basic choice: they can rely on ecosystem services to help regulate processes on
their farms, or they can choose to purchase these services in the form of fossil fuel-based inputs
(synthetic fertilizer, pesticides, feed grown with synthetic fertilizer and transported to the farm,
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machinery, etc). Unfortunately, the purchased option will often have a further negative impact
on the very ecosystem services it is replacing, leading to a costly escalation of input
expenditures. The potential for increased loss of ecosystem services over time may necessitate
an increasing rate of investments in externally-derived control solutions. Alternatively, investing
in ecosystem services to regulate farm production will require site-specific knowledge of the
farming system, landscape diversification, and a re-integration of livestock and crop farming.

“Farmers are poorly paid for the goods they produce. And for the services
they render to conservation, they are not paid at all” (Berry, 2002:54).

In many European countries, farmers are paid to enter into voluntary fixed-term agreements that
improve biodiversity habitat on their farms. For example, farmers in the Netherlands — one of
the most intensively-farmed areas in Europe — are paid approximately $578 per hectare per year
for their efforts to improve farm-level biodiversity. Farmers in environmentally sensitive areas
of the UK can be paid about $142 per hectare per year for similar efforts. In Sweden it is
recognized that efforts to increase biodiversity on farms also achieves other objectives
simultaneously, such as reduction of nutrient losses by runoff, erosion, or leaching.

Agricultural biodiversity cannot be conserved simply by setting aside tracts of uninhabited land;
it necessarily involves people. Agricultural diversity can only be maintained in farmers’ fields as
long as there are societal incentives to encourage appropriate private investments. Diversity is a
‘public good’ that cannot always be established and promoted through market mechanisms.
When food is purchased in the marketplace, it is almost impossible for the consumer to tell
whether the food was produced in a way that conserves or degrades biodiversity. One exception
is the process of organic certification, which is away to remedy this market imperfection.
Organic farmers must follow a set of rules, including maintenance of biodiversity on their farms.
In return, consumers pay a premium for food produced on those farms, thus providing the
necessary incentive for organic farmers to continue making investments that enhance
biodiversity.
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THE VALUE OF AGRICULTURAL BIODIVERSITY

1. Introduction

Biodiversity, or diversity of life, refers to the range of different plants, animals, and micro-
organisms existing and interacting within an ecosystem. Biodiversity is critically important for
agriculture in a number of different ways. Ecosystem functions such as nutrient cycling,
pollination, or watershed filtration are a result of the interactions of thousands of organisms.
Biodiversity is the source of most of the world’s food and fibre products, including the basis for
past and future crop and livestock genetic resources. The richness and abundance of biodiversity
offers a range of scientific, medicinal, cultural, aesthetic, recreational, and other intangible (and
non-monetary) values and services (OECD, 2001:294).

In 1997 researchers in the United States and New Zealand estimated the value of their respective
countries’ biodiversity (OECD, 2001; Pimentel et al., 1997). The New Zealanders estimated
their biodiversity to be worth $223 billion (Canadian 19978), while their GDP is worth $81.5
billion (Canadian 1997$)." There is a recognition in that country that New Zealand’s productive
systems are underpinned by healthy biodiversity, and primary producers use their ‘clean and
green’ image to appeal to health-conscious customers and tourists. In other words, healthy
biodiversity is explicitly valued, and it is used to economic advantage (OECD, 2001:295).

In the United States, the value of biodiversity was estimated by Pimentel et al. (1997) to be $437
billion (Canadian 1997$).> When the ecological services related primarily to agriculture were
considered, the figure came to $323 billion (Canadian 1997$).” The ecological services
considered in this estimate were waste decomposition; soil formation; nitrogen fixation;
bioremediation of chemicals; crop and livestock breeding; pest biocontrol, host plant resistance;
pollination; wild foods; ecotourism; and pharmaceuticals from plants.

Biodiversity is usually analyzed at three different levels: genetic diversity, species diversity, and
ecosystem diversity (Atlantic Canada Conservation Data Centre, 2001). Genetic diversity is the
variation present within a species, i.e. variation between individuals in a species. Genetic
diversity is important because it provides the means for agriculture to improve crop and livestock
yields and enhances the resistance of crops in the face of disturbance and their resilience in the
face of change. For example, an Ethiopian barley variety was crossed with Canadian barley,

1230 billion NZ $1997 = 223 billion Canadian dollars and 84 billion NZ $1997 = 81.5 billion Canadian dollars
(based on conversion rate of 1 NZD = 0.97 CAD for 1997 — source www.x-rate.com)

%319 billion US $1997 = 437 billion Canadian dollars (based on conversion rate of 1 USD = 1.37 CAD for 1997 —
source Www.x-rate.com)

3236 billion US $1997 = 323 billion Canadian dollars (based on conversion rate of 1 USD = 1.37 CAD for 1997 —
source Www.x-rate.com)
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providing the barley crop with protection from specific diseases in Canada and the US (OECD,
2001:296). Species diversity can be measured by counting the number of different species within
an ecosystem (species richness), the number of individuals within each species (species
abundance), or the relative abundance of a number of species (species evenness). One measure
is not very informative without the others. Species diversity of soil micro-organisms,
insectivorous birds, or plants in a pasture, for example, is of interest to agriculture because of the
roles these species perform on the farm. Ecosystem diversity describes the landscape and habitat
features that ‘house’ all the species that interact on the farm.

Mollison (1990) suggests that in agriculture, it is important not to focus too much on numbers of
species, but to appreciate the diversity of functional ecological roles, and beneficial ecological
interactions between species. We not only want to know the number of species, but also the
number and quality of interactions (interdependence) between those species, and the number of
keystone species (those species that are in some way central to the survival of a host of other
species and therefore produce a degree of stability in an ecosystem) (Hawksworth, 1990).
Unfortunately we do not yet have adequate data on species richness, species interactions, or
prevalence of keystone species for agroecosystems as a whole in Nova Scotia. We should be
asking how this complex of living organisms on farms works together to achieve optimal
productivity, resistance, resilience, and sustainability over time.

Production: total yield (product ‘harvested’).

Productivity: Yield per unit of input, in a given unit of time. Inputs can include energy, costs,
time, labour, area, nutrients, etc. Productivity is often measured based on the most limiting or
expensive input. Ecological measures of productivity are based on minimizing non-renewable
inputs and polluting outputs.

Resistance: A measure of the change in productivity in response to a particular intensity of
disturbance (e.g. drought, flood, disease etc.).

Resilience: A measure of the rate of productivity recovery after a disturbance.

Sustainability: A measure of the ecological productivity of an agro-ecosystem over a long period
of time in order to be able to assess its resistance, and resilience in the face of change.

Ecosystem services are the services, such as pollination, that organisms provide as they go about
their regular business of living. For example, the bee obtains nectar from the flower, and the
flower gets pollinated so it can produce fruit. There is usually some element of benefit, for
example the plant carries out a process of photosynthesis in order to grow, but at the same time
produces oxygen that human beings can breathe. There are a diversity of functional ecological
roles, and beneficial ecological interactions between species. The variety of ecosystem
interactions between plants, animals, and micro-organisms maintains the quality, relative
stability, and habitability of the environment by purifying and regulating air, water, and land
resources — as well as controlling climate. Ecosystem interactions play a role in the protection of
water resources; the formation and protection of soil; the storage and cycling of nutrients; the
breakdown and absorption of pollution; the maintenance of ecosystems’ equilibrium (including
controlling pests); and the recovery of ecosystems from unpredictable events. In addition,
ecosystems provide biological resources, such as wild food, medicines, and wood products.
Provision of biological resources is therefore another example of an ecosystem service.
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By focusing on the value of ecosystem services to farms, we are highlighting the diversity of
function of different organisms, and their beneficial ecological interactions, as Mollison (1990)
suggests.

This report begins with a discussion of the possible ‘indicators’ of biodiversity. Indicators are
specific items that are measured to help us determine if we are ‘gaining’ or ‘losing’ — making
progress or not — over the long term. Existing indicators used by the Organization for Economic
Co-operation and Development (OECD) and additional indicators proposed by GPI Atlantic are
discussed. This is followed by a section on habitat — what kinds of habitat are important for
biodiversity and why. The prevalence of certain kinds of habitat will indicate the health of
biodiversity on farms. Another complementary indicator is ecosystem services, discussed in the
succeeding section. The final section shows how many different elements and organisms in an
ecosystem can help to perform an important ecosystem service: water purification.

2. Indicators of Agricultural Biodiversity

A great deal of important discussion and research has occurred in the last decade in order to try
to understand why biodiversity is important, and how it can be monitored. Indicators of
agricultural biodiversity proposed by the OECD (2001) will be discussed, followed by an
introduction to the indicators used by GPI Atlantic in this study.

2.1 OECD Biodiversity Indicators

The OECD has selected indicators of agricultural biodiversity that focus on the impact of
agriculture on biodiversity (Table 1). These include indicators of genetic diversity, species
diversity, and ecosystem diversity.

Table 2: OECD Biodiversity Indicators

Biodiversit Type Of .
Level ! In}(,lli)cator Indicators
Genetic Variety Domesticated crop varieties and livestock breeds
diversity » total # of crop varieties and livestock breeds registered and certified
for marketing

» share of key crop varieties in production for individual crops
» share of key livestock breeds in each livestock category
» # of national crop varieties and livestock breeds that are endangered
*  extent of genetic erosion

Species Quality Wild species abundance and richness, non-native species

diversity - indicators are still being developed
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OECD Biodiversity Indicators (continued)

Biodiversity Type Of

Level Indicator Indicators
Ecosystem Quantity Habitat area
diversity Intensively farmed area
» share of each crop in the total agricultural area (arable and

permanent)
» share of organic agriculture in the total agricultural area
Semi-natural agriculture habitats
* share of agriculture land covered by semi-natural habitats (i.e.
pasture)
Uncultivated natural habitat
* net area of aquatic ecosystems converted for agricultural use
* area of natural forest converted to agricultural use

Source: Modified from OECD, 2001.

Genetic Diversity

According to the OECD Agri-Environmental Indicators Questionnaire in 1999, the number of
crop varieties registered and certified for marketing in Canada rose between 1986 and 1995. The
numbers of varieties of oil crops, cereals, root crops, beans and pulses, and forage have risen
between 35% and 271% (OECD, 2001). These data do not, however, indicate the genetic
diversity of crops actually being grown. Loss of genetic diversity in this century is largely the
result of the introduction of new varieties of crops, leading to the replacement and loss of
traditional, highly-variable crop varieties. In the US, most varieties grown by farmers in the 19"
century can no longer be found in commercial agriculture or any US genebank, with 92% of field
maize varieties lost, 81% of tomatoes, and 94% of peas (OECD, 2001).

The United Nations Food and Agriculture Organization (FAO) estimates that since 1900, about
75% of the genetic diversity of agricultural crops has been lost (Shand, 1997). "Genetic erosion"
refers to the loss of genetic diversity between and within populations of the same species.

Nearly all of the 158 countries that submitted background reports for FAO's State of the World
Report on Plant Genetic Resources identify genetic erosion as a serious problem.

Genes from wild relatives of crops are also enormously valuable. Canadian researchers estimate
that between 1976 and 1980, wild species contributed $340 million per year in yield and disease
resistance to the US farm economy (Shand, 1997).

Canadian agricultural producers and gardeners interested in crop diversity formed a network to grow and
exchange endangered and heirloom species of food crops in an attempt to maintain genetic diversity.
Numerous varieties of flowers, fruits, herbs, vegetables, trees, shrubs, and grains are being preserved
through Seeds of Diversity Canada. Of these food crops, over 1,100 distinct varieties are grown and
exchanged by approximately 100 individuals across Canada. Seeds of Diversity Canada began in 1984 as
the Heritage Seed Program of the Canadian Organic Growers. (Environment Bureau, Agriculture and
Agri-Food Canada, 1997)
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Livestock genetic diversity is also threatened (OECD, 2001). In OECD countries, the number of
livestock breeds registered for marketing has increased since 1985, largely due to international
trade in livestock. However, 16% of livestock breeds used on farms in 1900 are now extinct, and
15% of the remaining breeds are threatened. Globally, these losses are even higher. FAO figures
indicate that 50% of livestock breeds have become extinct since 1900 and 43% of remaining
breeds are threatened (Shand, 1997). There is very little diversity of breeds used on Canadian
livestock farms: 99% of cattle and 96% of hogs raised are from one of three breeds (OECD,
2001:323). No figures are given for poultry. There is somewhat more diversity in sheep and
goat breeds raised on Canadian farms: about 60% of the animals raised are from one of three
breeds (OECD, 2001:323).

Animal genetic resources include all species, breeds, and strains that are of economic, scientific
and cultural interest to humankind for agriculture, now and in the future. Case studies of
successful sustainable farm systems often mention farmers who choose livestock breeds to suit
the particular farm environment rather than manipulate the environment to suit the breed (Exner
et al., 1990: 266-265). For example, availability of a variety of livestock breeds suitable for
forage systems rather than high-input concentrate systems is critical to many farms (Murphy,
1998:65).

Centuries of human and natural selection have resulted in genetically diverse breeds within all
the major livestock species (Shand, 1997). Breeds that are rare today may carry traits (such as
disease resistance, high fertility, good maternal qualities, longevity, and adaptability to changing
environmental conditions) which will be of commercial importance in the future. The Finn
sheep, for example, was cast aside by commercial breeders decades ago and kept only by Finnish
peasants. Today the Finn's fecundity — its ability to produce litters of lambs instead of singles or
twins — is widely utilized in the sheep industry (Shand, 1997).

Industrial stocks alone are not an adequate genetic reservoir for the future. These stocks rest on a
narrow genetic base, which has been selected solely for maximizing production, not for
ecological productivity. Intensive livestock production in the North is characterized not only by
genetic uniformity, but also by increasing consolidation in the control and ownership of
industrial breeding stock. In the poultry industry, for example, 5 industrial breeders, all owned
by transnational corporations, dominate the world industrial egg market. The genetic base for
industrial poultry is described by Canadian poultry geneticist Roy Crawford as "exceedingly
narrow" and "vulnerable to genetic disaster" (Shand, 1997). ‘Genetic disaster’ refers to a
situation when a disease against which a certain breed has no resistance, kills or harms large
numbers of animals because they are all so similar. A more diverse poultry flock might also be
harmed by a disease, but each bird might be differentially affected, and some, not at all, because
something in their genetic heritage allows them to fight off the disease (this is genetic
resistance).

Admittedly, counting varieties and breeds is not a perfect indicator of genetic diversity. Many
important questions remain unanswered for this indicator: How similar are the breed/varieties in
use? How much genetic diversity exists within each breed? How much diversity is conserved
outside of recorded commercial channels? Is the ‘ownership’ of breeds or varieties hindering
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access to genetic material? Is genetic material concentrated in a few hands, or is it well
distributed? What are breeding and development goals — are breeds available that are suited for
different climates or farming practices?

Rare Breeds Canada is a national non-profit organization formed to conserve rare, minority, and
endangered livestock breeds. Through its Satellite Breeding Network, groups of animals are sent to
member farms to establish small breeding populations. Approximately 34 farms are involved in the
network, housing approximately 120 of the organization’s 700 head of livestock. Participants are
typically retired or hobby farmers, who generally retain a portion of the breeding stock to begin their own
herd or flock. Livestock breeds involved in the program include Jacob sheep, Canadienne cattle,
Canadian horses, donkeys, and various flocks of heritage poultry, geese, and turkeys. (Environment
Bureau, Agriculture and Agri-Food Canada, 1997)

The erosion of genetic diversity and the dependence of agricultural production on a relatively
small number of varieties and breeds can heighten the risks associated with changes in
environmental conditions and susceptibility to pests and disease. We know that greater genetic
uniformity has evolved in intensively raised agricultural species of livestock and crops. This has
lead to increases in the frequency of ‘favourable additive alleles’ (desirable growth traits) but
also “progressive breakdown of homeostatic regulatory mechanisms” (ability of the crop or
livestock to withstand stress) (Notter, 1999). Genetic erosion could impair the potential to raise
crop and livestock yields in the future, as genetic material loss is generally irreversible (OECD,
2001: 302).

Species Diversity

Species diversity will be considered below in the GPI indicators, by using habitat quality and
diversity as a proxy for species diversity. Some OECD countries, including Canada (McRae et
al, 2000) evaluate species diversity in terms of habitat indicators. The reasoning is that better
habitat conditions will favour beneficial (non-crop and non-livestock) species diversity on farms.
The Netherlands is taking a more detailed approach to species diversity monitoring, tracking
plants, birds, butterflies, dragonflies, amphibians, mammals, fish, aquatic macrofauna, and soil
fauna. Measurable species within these groups are selected, providing a representative sample of
the agro-ecosystem (OECD, 2001:306). Counting species will possibly yield more accurate
information than habitat monitoring, but it is more time-consuming and expensive.

If time and resources are limited, detailed monitoring efforts should be targeted to evaluating the
activity of species (i.e. ecosystem services that they provide) rather than species themselves.
This approach is recommended by soil researchers in Canada (Topp & Fox, 2002). Monitoring
ecosystem services will immediately highlight the potential beneficial effects of biodiversity on
sustainable production, which in itself will be an incentive for farmers to nurture beneficial
biological interactions on their farms.
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Ecosystem Diversity

The OECD (2001) proposes to evaluate ecosystem diversity based on the quantity of intensively
managed, semi-natural, and uncultivated natural areas on farms. It is useful to evaluate the
degree of intensively farmed area compared to more natural areas within farms and regions. But
ultimately the effectiveness of having natural areas on farms will depend on how these areas are
interspersed with crops, cropping patterns, and other adjoining landscapes (e.g. urban, wetland,
industrial). The effectiveness might be better assessed by documenting farmers’ experiences and
monitoring the effect of various ecosystem services on sustainable farm productivity.

There is still some value to assessing ‘intensivity’ of agricultural land use, as long as it is clear
that this does not explain the effectiveness of natural areas in providing ecosystem services. If
we follow the OECD example (OECD, 2001), cropland would be considered ‘intensive,” hay
land and pasture would be ‘semi-intensive,” and woodland would be ‘natural.” In Table 2 the
area and proportion of these land uses on Nova Scotia farms are documented. These will be
discussed in more detail later in the report.

Table 3: Average Area and Proportion of Nova Scotia Farmland in Crops, Hay, Pasture,
and Woodland

. . % of farm
o
Area in Area in Area in Area in % of farm v of fa}rm areain | % of farm
tame crops Farmland . area in .
Year |tame hay . woodland area in crops area in
pasture | (excluding area (ha) tame .
(ha) (ha) tame hay (excluding | woodland
(ha) hay) (ha) pasture hay)
1951 | 64,692 | 62,770 128,529 746,907 1,284,347 5.0 4.9 10.0 58.2
1961 | 57,664 | 51,584 75,524 551,553 902,609 6.4 5.7 8.4 61.1
1971 | 61,738 | 43,459 36,584 299,604 537,777 11.5 8.1 6.8 55.7
1976 | 71,988 | 42,447 39,679 262,579 493,293 14.6 8.6 8.0 53.2
1981 | 71,105 | 46,106 41,677 240,842 466,023 15.3 9.9 8.9 51.7
1986 | 68,399 | 36,236 41,112 200,799 416,506 16.4 8.7 9.9 48.2
1991 | 67,478 | 30,723 38,753 N/A 397,031 17.0 7.7 9.8 N/A
1996 | 71,264 | 25,005 39,799 N/A 392,324 18.2 6.4 10.1 N/A
2001 | 74915 | 22,873 44,304 N/A 407,046 18.4 5.6 10.9 N/A

Sources: Statistics Canada, 2002; 1997a; 1997b; 1992; 1987; 1982; 1978; 1973.

2.2 GPI Atlantic Approach to Biodiversity Indicators

GPI Atlantic proposes to use two main indicators of biodiversity: habitat quality, and the value of
ecosystem services. Like the OECD, we use habitat as a proxy indicator for species diversity.
The most important indicator, however, from the GPI perspective, is to track the value of
ecological services offered by biodiversity to farm productivity.
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Healthy and flourishing populations of beneficial organisms provide us with ecological services
that we take for granted and therefore may not even notice until they are gone. Some examples
of ecological services provided by beneficial organisms are pest and disease control; nutrient
cycling; pollination; decomposition of wastes; buffering the effects of disturbance; and water
purification. A very important ecological service of biological diversity is to provide
competition against aggressive species that create harm (i.e. reduce productivity, or induce ill-
health) when their populations get out of control.

When ecological services are somehow impaired, they become very expensive to correct or to

replace. For example,

* If soil organisms were eliminated, it would be impossible to grow crops in the field.
Growing food and feed hydroponically would be a very expensive technological
replacement.

* If beneficial pest predators in an orchard are eliminated, the cost of pesticides used to take
over the job of controlling pests becomes prohibitively expensive.

» If the beneficial bacterial layer on a crop leaf surface is eliminated, pathogens move in and
must be controlled with expensive fungicide applications.

» If we eliminate natural pollination services, beekeepers will have to be hired to replace the
lost service.

* If we eliminate natural water purification systems, they must be replaced with expensive
water treatment facilities — even if these facilities copy ecological water filtration processes.

Ultimately, we are faced with the prospect of replacing more and more ecological services
(normally provided for free) with expensive technological solutions. In the long run, this is not
likely to be a sustainable option. By providing appropriate habitat in communities and on farms
for beneficial organisms — which carry out ecological services — the question must be asked:
how much are we ‘giving up’ and how much are we ‘gaining?’ This is a question that
researchers are now beginning to tackle in earnest, with the provision of habitat increasingly
considered by ecological economists to be an investment rather than simply a cost.

The OECD biodiversity indicators presented above propose to monitor species abundance and
species diversity of crops, livestock, wild species, and habitats. This is important work. GPI
Atlantic proposes to take a complementary approach to the OECD indicators, in order to (1)
clarify which habitats and farm practices enhance the range of beneficial organisms; (2)
highlight and monitor ecological services themselves; (3) find out what the value of those
ecological services are and track those values over time; and (4) highlight examples of successful
collaboration between farmers and the ecological services offered by biodiversity.

We know we are making genuine progress when

* optimal habitat for beneficial organisms is maintained or enhanced;

* ecological services offered by beneficial organisms (from fungi to forests) and their
interactions are maintained (or enhanced) to optimize agricultural productivity and reduce
pollution; and

* ecological services do not have to be replaced (due to the loss of biodiversity) with man-
made solutions that further reduce ecological services.
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In this report we will review the importance of, and trends in, indicators of habitat quantity and
quality. Following this, a number of ecological services provided by beneficial organisms will
be highlighted, with some preliminary estimates of their value. The final section explores how a
number of organisms can work together to perform a vital ecosystem function: turning polluted
water into clean water. The value of this alchemical task is higher, the more polluted that water
becomes. We look at man-made attempts to mimic this natural process in order to estimate its
value. Hopefully these figures will provide some perspective on the value of preventing water
resource degradation in the first place.

It is the estimation of the value of biodiversity on Nova Scotia’s farmland that makes this study
unique and practical. Ecological functions have vital economic value — often hidden — upon
which successful agriculture depends. It is important to value the present and potential
agricultural biodiversity before it is gone, because only then will we fully realize the expense
associated with its loss and take remedial action before it is too late.

3. Habitat for Beneficial Organisms on Farms*

“Habitat” is a word used to describe the place and conditions for an organism to live, or to have a
home. Whether it is hawks that control rodents, insect-eating birds in orchards, beneficial
bacteria and fungi that maintain soil health, or the lowly dung-beetle that takes care of breaking
down manure from grazing animals, an important part of land stewardship is to make sure there
is adequate habitat for organisms beneficial to the farm. The existence of habitat for species that
have a vital role in ensuring crop productivity is therefore a key indicator of food security, farm
viability, and genuine progress in agriculture.

A diverse habitat that is important for beneficial organisms can also be directly beneficial to the
farm. For example, hedgerows that are important habitat for birds and predatory insects can also
help to reduce windspeed over adjacent crops — thereby protecting exposed soil from erosion, or
crops from wind damage. Another example is the productivity benefits of multi-species pastures
(Tilman, 1997).

The first step in improving habitats on farms is to be aware of the benefits they bring to us. Then
we need to understand what kind of habitat is important. The third step is to assess how best to
incorporate these habitat requirements into the farm landscape. These three steps are part of a
lifelong study for farmers who want to understand what is really happening on their farms. In
other words, the study of agricultural habitats can be a pleasurable and challenging learning
experience for farmers in addition to having potential productivity benefits.

Rather than looking at agriculture as an infringement upon wild, natural spaces, farms should be
seen as reservoirs of habitat potential. Farmers, as stewards of the land, are providing habitat for
thousands of organisms. Because farms are generally collections of crops, livestock, buildings,

* The valuation component of this section has not yet been completed. Valuation estimates will therefore be included
in future updates of this report.
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fields, ponds, streams, patches of trees, and woodland, they are ideal homes for many creatures.
Agriculture can even increase the diversity of habitat types relative to other land uses (OECD,
2001:293), and produce food too. Practices such as ‘long rotations,’ recycling manure, perennial
crops, and planting hedgerows can greatly increase habitat.

On the other hand, the expansion of agricultural production and intensive use of inputs can
contribute to the loss of biodiversity (OECD, 2001:293). Monoculture (growing the same crop
on the same land several years in a row or in ‘short rotations’ with other crops), use of synthetic
inputs (e.g. pesticides and fertilizers), or wetland drainage, can reduce habitat for beneficial
organisms. Many farms will have a combination of ‘improved’ and ‘degraded’ habitat.

Habitat and farm practices will be evaluated for their ability to provide adequate living
conditions for wild and domesticated species diversity — particularly species beneficial to
agriculture.

3.1 Natural, Fertilized, and Cultivated Areas

Habitat can include a home for beneficial soi/ organisms. Most of these organisms prefer a soil
that is high in organic matter, with balanced nutrient levels. Compared to uncultivated areas,
cultivated fields are generally lower in soil organism species richness and species abundance.
Within farms, areas that are not cropped or cultivated every year (e.g. pasture, hay, field
margins, hedgerows, or wooded areas) will foster greater species diversity than cultivated areas
within farms, and are therefore highly valued for their capacity to support biodiversity (OECD,
1997). A study in the UK showed, for example, that the least-disturbed soils in a field complex —
permanent grass fields used for grazing cattle and sheep — contained soil invertebrate densities an
order of magnitude higher than were found in nearby cereal and oil-seed croplands (Friesen,
1994). Areas left uncut, and untilled for longer periods are particularly important for beneficial
arthropod overwintering sites (Pfiffner & Luka, 2000). Pasture soils contain three to four times
more earthworms (~2,964,000/ha) than tilled soils (~988,000/ha) (Murphy, 1998). These
findings indicate the importance of rotating annual crops with perennial sod crops where
possible, which is most often done on farms with grazing livestock.

Studies also show that ‘semi-natural’ areas within farms (such as field margins and uncropped
land) are important habitats for predators of pests, because of their vegetational diversity and
density (Hopkins & Hrabe, 2001; Pfiffner & Luka, 2000). For example, Langer (2001)
demonstrated that leys that are left uncut the year of establishment are important ‘reservoirs’ for
parasitoids of cereal aphids on organic farms.

The Swiss government has subsidized farming methods that include the establishment of field margins
and semi-natural habitats. One of the objectives of this subsidy is to halt the marked decline of biological
diversity in agricultural landscapes. (Pfiffner & Luka, 2000)

Windbreaks and shelterbelts (or hedgerows) are important natural areas on farms that support
microclimates favourable to beneficial soil organisms as well as birds and beneficial insects.
Predatory insects (the beneficial ones that prey on insect pests) may be particularly dependent on
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the dense vegetation and deep sod layers of windbreaks and shelterbelts. Numbers of pollinating
insects such as bees and butterflies have declined following the destruction of hedgerows and
other neglected strips. Herbicide applications can eliminate many pollen- and nectar-producing
flowers. In their place appear a few resistant grass and herb species that are of little use to
pollinating insects. This is significant, as the estimated economic value of insect pollination to
agricultural production in Canada is $1.26 billion’ per annum (Friesen, 1994).

Fertilization is another farm practice that affects diversity. Grazing and hay areas managed with
low levels of nitrogen (< 50 kg N/ha per year), will harbour a higher species diversity of plants
and other organisms than highly-fertilized areas (OECD, 1997; Tilman, 1996). The form of
nitrogen is also an important consideration. Applying as little as 18 kg/ha of urea to pasture soil
can cut earthworm numbers in half (Murphy, 1998:55). Soil acidity below pH 5.6 is generally
unfavourable to earthworms.

In the Netherlands, numbers of meadow bird species increased in the early 1900s due to
increased biomass of soil fauna following initial land fertilization. However, bird populations
declined in the late 1900s because intensification of agriculture went too far. Intensification
caused loss of habitat due to drainage, high fertilization with nitrogen, and increased frequency
of mowing and grazing (OECD, 1997: 111).

Kings County Farmers Recognize Non-Monetary Values (Gibson, 1997)
Short-eared owls nest on dykelands in Kings County, Nova Scotia, often in well-established hayfields.
New varieties of hay that mature earlier, coupled with the need to get two cuts of hay per season, have
made successful nesting difficult. Local naturalists studied the nesting patterns of short-eared owls, and
presented the information to farmers who “fully supported” a proposal to avoid cutting hay where the
owls are nesting. The farmers “recognized the value of these birds in controlling rodents.” Volunteers
monitor over 9,000 acres of dykelands from the roads. When they identify a nest, the farmer is
approached for permission to visit the site, and an experienced birder assesses and flags sites that need to
be mowed around.

The evidence presented above does not mean that a// uncultivated and unfertilized areas are more
species-rich than cultivated areas. When uncultivated areas are very acidic (which is the case in
some areas of Nova Scotia), and a corresponding cultivated area is optimally limed and
fertilized, higher species richness and abundance can occur in the cultivated areas (Brady,
1974:115). Therefore, conversion of land to agriculture has the potential to improve the status
and activity of soil micro-organisms, provided that an optimum level of fertility and cultivation
is achieved.

Nevertheless, it is difficult to maintain a persistent population of natural enemies of crop pests
within the annual crops themselves, because the pest disappears with the crop when harvested. It
is not surprising that attempts to establish new, exotic natural pest enemy organisms into annual
cropping systems have been less successful than in more permanent crops such as orchards
(Waage, 1990).

> The figure quoted by Friesen, 1994 was 1.2 billion, which was converted to $1997 using the Consumer Price
Index.
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Recently the relationship between diversity and productivity in uncultivated areas has been
clarified further by US and European studies. When comparing species-diverse with species-
poor permanent hay and pasture land, researchers in the US (Tilman, 1997) and across Europe
(Biodepth, n.d.) have found that in species-diverse environments,

* soil carbon sequestration per unit of nitrogen is higher (Kaiser, 1996);

* productivity per unit of soil moisture is higher;

* resistance to stress such as drought is higher;

* year-to-year variation in production is lower;

* leaching loss of nitrogen is lower;

* below-ground root production is higher;

* invasion of weedy species is lower;

* activity of plant parasites and fungal pathogens is lower;

* soil microbial biomass and activity are higher;

* bacterial diversity is higher; and

* mycorrhiza (beneficial root fungi) abundance on roots is higher.

Uncultivated agricultural areas used for hay, pasture, shelterbelts, and even field margins, can
contribute significantly to a farm’s biodiversity. In turn, this biodiversity can provide significant
ecological and productivity benefits, provided the intensity of use (i.e. fertilization and harvest
schedule) is not so high as to reduce biodiversity. It is difficult to conclude whether Nova Scotia
farms are farmed intensively enough, on average, to reduce the potential benefits from
biodiversity. It has been clearly documented that in many parts of Europe’s agricultural areas,
significant biodiversity losses are now causing alarm (OECD, 2001).

3.2 Farm Landscape Diversity

Numerous surveys indicate that overall species diversity (species richness and species evenness)
in agricultural landscapes declines as farmland is used more intensively (Bjorklund et al., 1999).
Hopkins & Hrabe (2001:100) reviewed studies relating birds to farming ecosystems in Europe
(see also OECD, 2001:341). Habitat favourable for a diversity of birds on farms includes (1)
greater abundance of invertebrates and ‘soil life,” (2) structurally diverse landscapes (including
diversity of crops), (3) larger, older hedges, and (4) trees integrated into the landscape. Although
studies showed 25% more birds are supported on the boundaries of biological (or organic) farms
than on paired conventional farms in Britain, it was difficult to determine whether it was the non-
use of pesticides, or the more diverse habitats offered on the biological farms, or both, that
caused this difference in bird abundance. Other studies in Eastern Europe showed highest bird
species diversity near housing (72 species), then meadow and mixed ecosystems (50+ species),
followed by pure forest ecosystems (33 species), and then predominantly arable ecosystems (25
species).

Crop rotation can be very effective against pest species that have a narrow host range and a
limited dispersal range. Increased diversity on farms not only attracts natural predators of crop
pests but provides them with an alternative food source (i.e., pollen and nectar) when crop pests
are not abundant (Smallwood, 1996).
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Changing the Land’s Complexion (DeVore, 1998b).

“Our agricultural system is less diverse than at any time in history and it’s paying the price in lost
resiliency. Dramatic swings in yields, disease outbreaks that can’t be controlled and chemical-resistant
pests are just some of the warning signs. Studies are emerging in respected scientific journals that show
agriculture needs biological diversity if it is to continue producing food and fibre well into the next
century.”

In the Red River Valley of Minnesota, ‘“a monocrop-loving disease called Fusarium graminearum is
wiping out the small grains industry, taking farmers and Main Streets with it.

“It’s become clear that diversity is not simply a numbers game: it’s also how those plants interact and
compete with each other that is key.

“Ideally, scientists worried about lack of biodiversity would like to see a farming system that more
closely resembles natural processes; a prairie ecosystem made up of hundreds of species of plants, for
example. University of Minnesota ecologist David Tilman’s research has shown that increasing diversity
in plots of perennial grasses results in more resiliency and biomass productivity. But grain crops can’t be
produced in such an environment on a large scale -- at least not yet.”

“Practical Farmers of lowa is a pioneer in conducting on-farm research into methods of bringing more
diversity back into agricultural systems. Farmers involved with the group are experimenting with using
alternative crops in rotations, planting cover crops to build soil between growing seasons and establishing
flowering plants near fields to serve as hosts for beneficial insects.”

“Recent long-term crop trials in Wisconsin, Minnesota and North Dakota show that diverse rotations not
only suppress weeds and disrupt the breeding cycles of insect pests; they can also produce better yields
when compared to mono-crop systems reliant on chemical inputs. How much diversity is needed to
return ecological health to farm fields? Researchers and farmers aren’t sure. What agronomists are
certain of is that adding just one or more plants to a one or two-crop system won’t accomplish much --
economically, agronomically or ecologically.”

Overwhelming evidence suggests that diverse orchards support a lower crop pest population than
monoculture orchards (Altieri, 1990). Orchards with a rich floral undergrowth exhibit lower
incidence of insect pests than clean cultivated orchards, mainly because of an increased
abundance and efficiency of predators and parasitoids. Smaller blocks of orchards with nearby
woody vegetation are generally colonized by a diverse complex of predators early in the season
relative to more extensive orchards. Timely colonization is important to reduce pest populations
early in the season.

Generally, insects that parasitize crop pests need some source of carbohydrate, such as nectar or
aphid honeydew. They may also require protein provided by pollen, bird droppings, or fungi.
Many parasitic hymenoptera and syrphid flies feed on nectar of plants from the Apiaceae family
(e.g. dill, caraway, wild carrot) and Asteraceae family (e.g. aster, daisy, dandelion), but also on
nectar from other sources (e.g. exudates from fruits). Some ladybird beetles (Coccinellids) feed
on pollen (NOFA, 1998). According to Altieri (1990:172), the keys to attracting natural pest
predators are:

* provide alternative host prey at time of pest-host scarcity;

* make sure there is food (e.g. pollen and nectar) for adult parasitoids and predators;
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» provide refuges for overwintering, nesting, and so on; and
* maintain acceptable populations of the pest over extended periods to ensure continued
survival of beneficial predator insects.

Attracting natural pest predators is a very complex task. Ultimately successful attraction of
beneficial predator organisms to the task of pest control on farms will depend a great deal on
knowledge of predator-prey relationships and experience generated at each site in question
(Altieri, 1990). Building biological systems to produce optimum yields and pest control is a
knowledge-intensive rather than a synthetic input-intensive strategy.

The literature is full of examples of experiments documenting that the diversification of cropping
systems often leads to reduced herbivore (crop pest) populations. The published studies suggest
that the more diverse the agro-ecosystem and the longer this diversity remains undisturbed, the
more internal links develop to promote greater insect stability (Altieri, 1990).

In Europe, practices that cause declines in plant species diversity are:

* intensified agricultural land use (i.e. higher crop land to natural land ratio and higher use of
synthetic inputs);

* cessation of agricultural use of land (farm abandonment);

* eutrophication of rivers and lakes caused by agricultural inputs;

* loss of pasture land;

* loss of hedgerows and uncropped areas within farms; and

» pesticide use (OECD, 2001).

These same characteristics strongly influence total amounts and species composition of soil
organisms in agricultural settings (Bjorklund et al. , 1999). International studies of keystone
organisms such as earthworms, N-fixing bacteria, or mycorrhizal fungi show that reductions in
species diversity and functional relationships can profoundly alter biological regulation of
decomposition and nutrient availability in the soil (Matson et al., 1997).

3.3 Biological (Organic) vs. Conventional Areas

Some studies cited below are based on a comparative trial (started in 1978) in Switzerland:
referred to as the ‘Swiss long-term trial’ (Fleissbach et al., 2000; Méder et al., 1996; Mider et al.
, 2000; Oberson et al. , 1996; Pfiffner & Luka, 2000; Pfiffner & Méder, 1997; Pfiffner & Niggli,
1997). This study is valuable because it compares four different farming systems used in
Switzerland — two biological (or organic) systems and two conventional systems — while keeping
rotations and tillage the same. The two biological systems do not use synthetic fertilizer or
pesticides, while the two conventional systems do. The two conventional systems use modern
integrated pest management (a variety of pest control methods are used, including careful use of
some synthetic pesticides) and receive higher levels of nutrient inputs than the biological
systems. One conventional system uses only synthetic fertilizer (treatment M) and the other uses
a combination of synthetic fertilizer and manure (treatment C). Treatments are replicated and
randomized at one uniform location, allowing for reliable comparisons. Despite the fact that the
biological systems received about 70% less input of available nitrogen, and about 50% less input
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of phosphorous and potassium, the average yields were only reduced by 19-24% in the biological
system (Méder et al., 2000).

Increases in soil organic matter produce substrate for micro-organisms and for earthwormes,
insects, and other invertebrates, which are, in turn, important for soil structure, water infiltration,
nutrient cycling, and ecological productivity. Although many conventional farms have excellent
soil organic matter status, and therefore good habitat for soil life, organic or biological farms
must rely on feeding the soil life with organic matter in order to achieve production goals, as
they cannot rely on synthetic fertilizer. Beneficial soil life includes mycorrhizal and other fungi,
earthworms, spiders, beetles, and other epigaeic arthropods, as well as bacteria and
actinomycetes. For more detail on their benefits, see Table 10.

In biologically managed plots in the Swiss long-term trial, beneficial organisms were much more
abundant and diverse than in conventionally managed plots. Earthworm biomass and density
were 30 to 80% higher in biological than in conventional systems (Fleissbach et al., 2000). Plots
fertilized with synthetic fertilizer only (no compost or manure) had the lowest earthworm
biomass and density of all treatments. The total mass of soil micro-organisms in the biological
systems was 20—40% higher than in the conventional system with manure, and 60-85% higher
than in the conventional system without manure. The activity of earthworms and soil micro-
organisms was also higher in biologically managed plots (Fleissbach et al., 2000). On average,
mycorrhizal colonization of roots was highest in the crops of the unfertilized system, followed by
the biological systems. Conventional crops had mycorrhizal colonization levels that were 30%
lower than biological systems. Mycorrhizal colonization of grass-clover and vetch-rye crops was
much higher than in winter wheat or potatoes on both biological and conventional systems.
Investigators discovered that conventionally managed soil actually suppressed mycorrhizal
symbiosis, even when the soil was inoculated with the beneficial fungi (Fleissbach et al., 2000).

The average density, abundance, and species diversity of epigaeic arthropods (spiders, carabids,
and staphylinids) on biological systems was significantly higher than that of conventional
systems in the Swiss long-term trial (Méder et al., 1996). Density was almost twice as high in
biological than conventional plots. This finding was repeated in several other European studies
(Hopkins & Hrabe, 2001:99) where density, species diversity, total biomass, and bird food
species of arthropods were consistently and often significantly greater in biological than
conventional fields. All of these variables decreased with increasing distance from the field
margins — emphasizing the need for uncropped areas on farms for maintaining in-field
invertebrate populations.

Research in Australia (Sivapalan et al., 1993) demonstrated similar results to the European
findings. They also showed that within the biological field plots, total fungal, bacterial and
actinomycete populations were higher in soil with a 10-year history of pasture than soil with a
10-year history of vegetable production. Soil managed organically supported twice the microbial
populations and a wider range of fungal species than soil managed conventionally. Occurrence
of fungi potentially antagonistic to plant pathogens was greater in the organic area. Also, a
number of soil-borne plant pathogens found in the conventionally cultivated area were not
isolated in the organically managed area. The authors attributed most of the observed

GENUINE PROGRESS INDEX 15 Measuring Sustainable Development



EX GPVAtlantic

differences in soil life to added organic matter in the form of composted manure, as well as the
10-year history of pasture on half of the organic plots.

Birds generally have higher avian diversity and total numbers on biological farms than on
conventional farms. Differences are attributed to the higher percentage of land in pasture on
biological farms studied, as well as the elimination of synthetic pesticides on organic farms
(Freemark & Collins, 1992; Friesen, 1994).

One of the advantages of organic or biological agriculture (in terms of biodiversity) is that it does
not allow use of synthetic pesticides. Many of the beneficial organism functions described in the
section on ecosystem services are more likely to function well on organic farms or areas of farms
where pesticides are not used. Carbamate insecticides have been singled out as particularly
harmful because they act on the nervous system of insects, and are also known to affect birds,
fish, bees, and mammals (EPA, n.d.). Integrated Pest Management (IPM) can also help to reduce
negative side effects of pesticides on beneficial organisms.

3.4 Wetlands

Wetlands are lands that are poorly drained and saturated with water long enough to promote
aquatic processes. They occupy a position of transition between water and land, and are able to
store and release large quantities of water, buffering surrounding areas from weather extremes
(Statistics Canada, 2000). Wetlands include salt marshes, sloughs, peatlands, and swamps. The
total area of wetlands in Nova Scotia is estimated to be 1,770 ha, with an additional 1,580 ha
classified as peatlands (more than 40 cm depth of peat) (Statistics Canada, 2000). It is unclear
how much wetland area exists on Nova Scotia farms.

Salt marshes are a significant type of wetland in Nova Scotia. When a salt marsh is dyked for
agriculture, it creates valuable fertile land for farm production. Close to 65% of Atlantic
Canada’s coastal marshes have been converted to agricultural use (National Wetlands Working
Group, 1988). Some wetlands are left in their natural state on farms. Salt marshes, for example,
can be used for grazing during midsummer drought, or for collection of mineral-rich salt hay
(Purinton & Mountain, 1997).

Altering (draining and dyking) salt marshes in order to grow agricultural crops has consequences
for marine production, however. Agricultural annexation of marshland cuts off access to the
affected marshes by important bottom-tier foodchain fish species, such as mummichogs
(Fundulus heteroclitus). In addition, the export of organic matter from the salt marshes — a vital
life-support function for the detritus-based food web of estuarine and marine environments — is
reduced or eliminated where tidal exchange is restricted or cut off by a tide gate, a flapper valve,
or a dyke (Purinton & Mountain, 1997).
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3.5 Multiple benefits of habitat®

Habitats on farms are important for hosting beneficial organisms. But habitats important for
biodiversity can themselves provide a multitude of other benefits to farms. One example is the
ability of hedgerows (or windbreaks, shelterbelts) to provide wood, wild food, habitat for birds
and beneficial insects, as well as reduce wind speed.

There are several on-farm benefits of reduced wind speed (Friesen, 1994; Murphy, 1998). These

include:

* protection against wind erosion of soil;

* reduction of crop desiccation which helps plants grow faster (less loss of moisture and shut-
down of photosynthesis in the wind to prevent drying);

* reduction of crop lodging and other crop damage;

* maintenance of snow on the ground, which increases winter survival of clovers, winter
grains, and other perennial crops;

e shade and shelter for livestock;

* longer growing season due to reduced fluctuations in temperatures on sheltered land; and

* protection of buildings in the winter, therefore reducing energy for heating (a 10-30% energy
savings is possible).

Natural features such as hedgerows and forests limit soil loss by reducing surface and subsurface
water flow through interception and evapotranspiration. Plant cover impedes water flow and
creates barriers to soil movement. The effects can be pronounced, as soils may be a foot deeper
on the uphill side of a hedgerow than on the downbhill side. The closer hedgerows are to each
other, the more they act to inhibit soil erosion. Doubling the distance between hedgerows may
result in a 40% increase in erosion (Friesen, 1994).

Small strips of vegetation located between streams and cornfields have been shown to remove a
substantial quantity of nitrate-nitrogen from the groundwater that otherwise would have moved
into the stream. Similarly, shelterbelts have been demonstrated to limit the water migration of
various chemical compounds effectively (Friesen, 1994; Murphy, 1998). Trees such as poplar,
for example, can effectively reduce soil residues of atrazine by 50% (Siciliano & Germida,
1998).

In addition to producing salt hay, the marine productivity of salt marshes and associated mud
flats is staggering. Rotting material produced by the marsh grasses is used by a wide spectrum of
organisms. Dead salt-marsh grass is broken down by bacteria and fungi, producing a natural
compost that is consumed by a wide range of organisms (detritivores). Detritivores such as crab
larvae provide food for small fish, which in turn provide food for larger fish such as striped bass.
These larger fish are in turn consumed by species such as ospreys and humans. Salt marshes
provide food as well as important spawning and nursery areas for species crucial to the
commercial and recreational fish and shellfish industries. (Purinton & Mountain, 1997)

® Much of the information in this section is from Friesen (1994), and Murphy (1998).
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Wetlands
* trap sediments, nutrients, and other pollutants, thereby greatly improving water quality;
* reduce the likelihood of flood damage, especially important to agricultural producers;
* help control the rate and volume of runoff;
*  buffer shorelines against erosion;
* help maintain and stabilize streamflows over longer periods of time;
* provide spawning grounds and habitat for commercially important fish and shellfish; and
* help preserve biological diversity across the landscape (Natural Resource Conservation Service,
1997).

Similarly, wetlands and ponds are important habitats for a variety of amphibian species. Toads,
frogs, and salamanders can help regulate pests because they are voracious consumers of
invertebrates (including mosquitoes). These amphibians can be widespread on farmlands if
provided with suitable habitat. Retention of wetlands on farms not only maintains habitat, but
conserves groundwater resources and provides a measure of protection against drought (Friesen,
1994; Gibson, 1997),which became a major affliction to farms in Nova Scotia in the late *90s.

Multiple benefits of habitat example: Bavarian Hedgerows (Naylor & Erlich, 1997).

In Bavaria, hedgerows are the most diverse woody vegetation, containing some thirty woody species,
several of which are insect-pollinated. They serve as a major habitat for herbivorous insects and aphids.
These insects support a large number of predators and parasites in their natural setting. At the time when
the grain crop is developing in the surrounding fields, these natural enemies are present and control the
potential damage of aphids on cereals. As a result, northeast Bavaria is one of the few regions in
Germany where spraying pesticides against wheat aphids is not necessary.

On some farms, however, larger machinery has required larger fields; wood from the hedgerows is no
longer used for cooking or local woodcraft; and other food sources, such as berries, are no longer
collected from the hedgerows. These changes have led to an escalating eradication of hedgerows in
recent decades that is disrupting the natural pest-predator balance. Moreover, the service that hedgerows
have provided is largely irreplaceable on a time scale of decades. 1t has been shown that because
populations of insects in hedgerows are very stable and local, hedgerows that were newly planted in open
fields did not contain the full set of herbivores and predators even after 40 years of growth.

3.6 Trends

It is possible to track trends in broad land-use categories that may affect habitat on a provincial
level. Table 3 provides a summary of different land uses and examples of farm practices that can
affect habitat. Some preliminary trends in land use and farm practices, based on Statistics
Canada agricultural census information, will be discussed.

National trends in agricultural practices such as increased farm and field size, reduction of
uncultivated field boundaries, increased chemical inputs, and lower crop diversity, all point to
more ecosystem simplification. All these trends adversely affect habitat quantity and quality for
beneficial organisms (Friesen, 1994).
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Table 4: Land Use and Farm Practices that Affect Habitat

Land use that

affects habitat NS data? Habitat effect on beneficial organisms Reference
Areaoflandin | Yes Beneficial organisms are generally less prevalent and less Hopkins &
annual crops active in annually cropped vs. perennial areas of the farm. | Hrabe, 2001
Area of land in | Partial High levels of nitrogen (N) fertilization, herbicides, land Hopkins &
perennial crops drainage, and high-intensity grazing are all variables that Hrabe, 2001
or pasture tend to reduce species diversity on pastures and land
(uncultivated) growing hay.
Area of land Some Hedgerows, forest, wetlands and riparian zones are Hopkins &
that is not data, important habitat for predators of pests, including birds as | Hrabe, 2001;
cropped or some well as a host of other species. Pfiffner &
grazed years Luka, 2000;
Langer,2001;
OECD, 1997.
Farm
practices that | NS data? Habitat effect on beneficial organisms Reference
affect habitat
Adding fertility | Area Increases the activity of soil micro-organisms up to an Brady, 1974;
to the land fertilized, | optimal fertility, then further increases in fertility may OECD, 1997.
yes decrease their activity.
Raising the pH | Area Increases the activity of soil micro-organisms up to an Brady, 1974;
of acid soils limed, optimal site-dependent pH, then decreases their activity. OECD, 1997.
yes
Use of Area of Reduces abundance of soil micro-organisms Brady, 1974
synthetic pesticide | Faunal diversity (e.g. arthropods and birds) is negatively Hopkins &
pesticides use, yes | affected by organophosphate-based pesticides (used Hrabe, 2001
sometimes on livestock and arable crops), and
anthelmintics (dewormers used in livestock). The
anthelmintics leave residues in livestock dung that
adversely affect dung-dwelling invertebrates.
Organic or Some Density, abundance, and species diversity of beneficial Fleissbach et
biological data, birds and arthropods are significantly higher in organic or al., 2000;
farming 2001 biological systems compared with conventional or Mider et al.,
only. integrated systems. 1996; Hopkins
& Hrabe,
2001:99
Crop rotation Difficult | Monoculture reduces soil organisms species numbers Brady, 1974
to assess. | (richness) and may actually increase the organism count Hopkins &
(abundance) of the fewer remaining species. ?ggbg ég(]))l
Diverse crop mix improves bird species diversity 2001:341
Conservation Yes Improves habitat for many soil invertebrates. OECD, 2001
tillage
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Land Use

In Nova Scotia, the proportion of farm land in annual crops is 11%, almost unchanged in 50
years, while the proportion of land in tame hay or pasture’ has risen from 10% to 24% in the last
50 years (Table 2; Figure 1). These proportions are favourable for habitat compared to Canadian
averages (Figure 2). The proportion of Canadian farmland in annual crops is between 40% and
45% (up from 32% in 1951), and the proportion of land in tame hay and pasture is only about
18%. Within Nova Scotia, the most intensively-farmed county (Kings) has 28% of farm land in
annual crops, and 23% of the land in tame hay and pasture (Figure 3).

Figure 1: Portion of NS Farmland in Woodland, Tame Hay and Pasture, and Annual
Crops, 1951-2001

A
6 — \A\‘\A\
50 ~3
—&— %of farm area in woodland
40 +
% of farm area in tame hay and pasture
30 7| - - - % of farm area in crops (excluding hay)
\—/
) /
10 + e _ PN o o - - <
.__.___--_._‘___‘__ = 3 \ 4 \ 4 &
0 T T T T T
1950 1960 1970 1980 1990 2000

Source: Statistics Canada. 2002; 1997a and b; 1992; 1987; 1982; 1978; 1973.

In Nova Scotia and Kings County, about 8% of the farm land area has ‘natural land for pasture.’
This portion of the land has remained stable for the years reported (1986 to 2001) (Statistics
Canada, 2002; 1997a; 1992; 1987). Natural land for pasture is a very important habitat on farms,
as explained in the previous section, because it has not been cultivated, drained, or treated with
synthetic inputs.

The portion of farmland in ‘woodland’ is reported in census data up to 1986, when it occupied
48% of farm land in Nova Scotia. The quality of forested or wooded land habitat is not reported
(as indicated by the method of cutting, or diversity of species, for example), making the data
difficult to interpret in terms of habitat quality and the value of this habitat for generating
ecosystem services.

7 Statistics Canada reports area of farm land in tame hay crops, and tame pasture. The agency also has a
classification of ‘all other land’ which could contain ‘natural land for pasture’. Tame pasture or ‘improved’ pasture,
is land used for pasture or grazing that has been cultivated, drained, irrigated, fertilized, seeded, or sprayed in recent
years. Natural land for pasture has had no such ‘improvements’ made to it.
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In Nova Scotia, 7% of census farms reported the use of windbreaks or shelterbelts on their farms,
and 40% reported the use of ‘permanent grass cover’ in 2001, up marginally from the 1996
census (Statistics Canada, 2002; 1997a). Both of these are important landscape habitat features
for provision of ecosystem services.

Figure 2: Portion of Canadian Farmland in Woodland, Tame Hay and Pasture, and
Annual Crops, 1951-2001
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Figure 3: Portion of Kings County Farmland in Woodland, Tame Hay and Pasture, and
Annual Crops, 1971-2001
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Farm Practices

Many studies discussed in sections 3.1 and 3.3 report reduced habitat quality, species diversity,
and ecosystem services as a result of synthetic fertilizer use (particularly rates of nitrogen over
50 kg N/ha) and synthetic pesticide use. Average nitrogen fertilizer use (kg N/ha of cropland) in
Nova Scotia in 1990 was below this ‘threshold’ (Table 4), which indicates that Nova Scotian
farms may not be subject to a level of fertilization that would significantly compromise
biodiversity. The data does show that the increase in N fertilizer use has been continuous over
time, with each agricultural census showing higher usage rates. (Unfortunately, average N
fertilization rates are not available from Statistics Canada after 1990.) In addition, there will be
areas of cropland fertilized at much higher rates of N than the average.

Table S: Intensity of Synthetic Input Use, Nova Scotia Farms, 1970-2000

Area sprayed with .
Mean kg N Area fertilized insecticides or Area spr?)fed with
o - herbicides
Year fertilizer per fungicides
ha cropland % area of % area of % area of
ha ha ha
farms farms farms
1970 25.0 38,150 7.1 9,971 1.9 15,567 2.9
1980 37.7 88,537 19.0 11,109 2.4 20,863 4.5
1985 41.8 85,042 21.1 12,165 2.9 24,744 5.9
1990 46.1 82,267 20.7 13,466 34 22,383 5.6
1995 n/a 88,552 20.7 22,618 53 26,621 6.2
2000 n/a 88,376 21.7 28,217 7.0 29,686 7.3

Note: In Tables 4, 5 and 6, data on insecticides and fungicides for 1995 and 2000 are comparable with each other,
but not with previous years. Data for 1995 and 2000 are the sum of area sprayed with insecticides and area sprayed
with fungicides. Some areas may be sprayed with both, and therefore counted twice. Previous to this, only one
question was asked (area sprayed with insecticides or fungicides?), which eliminated double counting. However,
the 1995 and 2000 data reflect more accurately the intensity of use. These different reporting requirements and the
possibility of double-counting in the 1995 and 2000 data may explain the apparently very sharp increases in reported
insecticide and fungicide use for Kings County and PEI between 1990 and 1995 indicated in Tables 5 and 6 below.
Fertilizer per ha is reported in Statistics Canada, 1995. Human Activity and the Environment 1994. These data are
not updated in Statistics Canada, 2000. Human Activity and the Environment 2000."

Sources: Statistics Canada, 2002; 1997a and b; 1995; 1982.

In Tables 4, 5 and 6, the areas on NS, Kings County, and PEI farms that are fertilized, sprayed
with insecticides and fungicides, and sprayed with herbicides are reported. For the last reporting
year (2000), an average of 22% of total farm area was fertilized on NS farms, 36% of total farm
area in Kings County (the province’s most intensively-farmed county), and 42% of total farm
area in PEL. NS farms are also subject to considerably lower levels of pesticide and herbicide
application than in PEI, though Kings County pesticide use is approaching PEI levels. This

¥ GPI Atlantic recommends that data for the rate of N fertilizer application continue to be reported.
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indicates that on average, Nova Scotia farms are subject to a lower amount of synthetic input use
than in neighbouring PEI. The higher the percent of total farm area subject to fertilizer and
pesticide use, the more likely that habitat and ecosystem services provided by beneficial
organisms will be compromised.

Table 6: Intensity of Synthetic Input Use, Kings County Farms, 1980-2000

Area fertilized Area sprayed wi.tl? insecticides Area spr?)fed with
Year or fungicides herbicides
ha % area of farms ha % area of farms ha % area of farms

1980 | 22,698 34.0 7,814 11.7 10,154 15.2
1985 | 21,710 36.0 8,375 13.9 11,582 19.2
1990 | 17,502 31.0 7,501 13.3 9,074 16.1
1995 | 20,058 35.7 13,841 24.6 11,689 20.8
2000 | 19,030 36.2 14,440 27.5 11,173 21.3

Sources: Statistics Canada, 2002; 1997a and b; 1995; 1982.

Table 7: Intensity of Synthetic Input Use, PEI Farms, 1980-2000

Area fertilized Area sprayed wi.tl¥ insecticides Area spr?)fed with
Year or fungicides herbicides
ha % area of farms ha % area of farms ha % area of farms

1980 107,442 37.9 31,984 11.3 81,789 28.9
1985 113,297 41.6 35,039 12.9 85,573 314
1990 102,117 39.5 36,161 14.0 73,783 28.5
1995 119,451 45.0 91,267 34.4 91,367 34.5
2000 110,102 42.1 89,808 34.4 92,732 35.5

Sources: Statistics Canada, 2002; 1997a and b; 1995; 1982.

In Table 7, the most recent data for areas fertilized, sprayed with insecticides and fungicides, and
sprayed with herbicides are reported for Nova Scotia, Kings County, PEI, and Canada. The
proportion of farm area is lower, in each case, when comparing Nova Scotian with Canadian
areas. Both Kings County Nova Scotia and PEI have higher input use intensities (as measured
by proportion of farm area sprayed and fertilized), most likely because of the intensive nature of
farming in these areas and the high proportion of fruits and vegetables grown. The trend towards
ever-increasing areas fertilized and treated with pesticides is a signal that the ecological services
provided by biodiversity (discussed in the next section) may be increasingly compromised.
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Table 8: Intensity of Synthetic Input Use, NS, Kings Co., PEI, and Canadian Farms, 2000

Location % area of farms % area of farms sprayed with % area of farms
fertilized insecticides or fungicides sprayed with herbicides
NS 21.7 7.0 7.3
Kings County 36.2 27.5 21.3
PEI 42.1 34.4 35.5
Canada 35.6 7.1 38.4

Source: Statistics Canada, 2002.

These data should be combined with rates of use information, which is presently unavailable, to
determine more accurately the trends in intensity of farming over time. It is important to know
the amount of a nutrient or an active ingredient used, and how benign or toxic these materials
might be relative to each other. It is also difficult to know how accurate agriculture census
information is, given that it is based on answers to a questionnaire rather than empirical
evidence. Data for amounts of synthetic inputs sold to farms within the province would be
required to double-check the figures from Census questionnaires. Repeated attempts to obtain
pesticide sales data from the Nova Scotia Department of Environment and Labour have failed.

According to recent agricultural censuses, Nova Scotia farmers are using predominantly
conventional tillage practices (71% of area prepared for seeding) (Table 8). This is a much
higher percentage than the national average of 41% of area prepared for seeding. This is
possibly due to the fact that minimum till and no-till work best on light-textured soils, so areas of
Nova Scotia with heavier-textured soils are not managed with these methods. Reduced tillage
may provide better habitat for some soil organisms. However, it is still unclear whether the
increased use of herbicides in reduced tillage systems will cancel out any habitat benefits of
leaving the soil relatively undisturbed.

Table 9: Tillage Practices Use on NS and Canadian Farms

% of area prepared for seeding

Tillage practice Nova Scotia farms Canadian farms
1996 2001 2001
Conventional tillage 77 71 41
(incorporates most crop residues into the soil)
Minimum tillage . . 20 20 30
(tillage retaining most crop residue on the soil surface)
No-till or zero till seeding 3 8 30

Note: Figures in each column may not add up to 100% due to rounding.

Source: Statistics Canada, 2002; 1997a.

Overall it appears that Nova Scotian farms are being managed in a more intensive manner over
time. Substantially higher proportions of farm area fertilized and treated with pesticides, along
with a slight recent increase in area used for annual crops indicate a definite increase in intensity.
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Within Nova Scotia, Kings County is farmed more intensively than average Nova Scotian farms.
Nova Scotia is in a fortunate position to be managed much less intensively than Canadian farms
in general and PEI farms in particular. From the data available (which is far from complete), it
appears that NS farms still offer significant quantity and quality of habitat for beneficial
organisms to live, and for beneficial ecosystem services to occur, although trends over time also
indicate that these advantages may be increasingly compromised.

4. Ecological Services Provided by Beneficial Organisms

Ecosystem services are the services, such as pollination, that organisms provide as they go about
their regular business of living. For example, the bee obtains nectar from the flower, and the
flower gets pollinated so it can produce fruit. There is usually some element of benefit, for
example the plant carries out a process of photosynthesis in order to grow, but at the same time
produces oxygen that human beings can breathe. There are a diversity of functional ecological
roles, and beneficial ecological interactions between species. The variety of ecosystem
interactions between plants, animals, and micro-organisms maintains the quality, relative
stability, and habitability of the environment by purifying and regulating air, water, and land
resources — as well as controlling climate. Ecosystem interactions play a role in the protection of
water resources; the formation and protection of soil; the storage and cycling of nutrients; the
breakdown and absorption of pollution; the maintenance of ecosystems’ equilibrium (including
controlling pests); and the recovery of ecosystems from unpredictable events. In addition,
ecosystems provide biological resources, such as wild food, medicines, and wood products.

A Swedish study demonstrated that ecological goods and services provided by biodiversity on
farms have largely been replaced by fossil fuel-based technology (Bjorkland et al., 1999). In the
1950s, regulation of Swedish agricultural systems was carried out mostly by landscape-based
ecosystem services, and in the 1990s, the system was driven largely by external (purchased)
factors. The two systems were compared: net primary production (NPP, a measure of yield) was
higher for the more modern system, but when the NPP was corrected to account for the
purchased inputs used in the modern system, production gains over the 40 year period were
cancelled out by the increased energy required to produce those gains. Not only is this lack of
net gain concealed by conventional accounting mechanisms based on gross domestic product,
but the increased farmer expenditures and energy and input usage are added to the economic
growth statistics, and thus misleadingly counted as contributions to economic progress and
prosperity. Compared with 1950s agriculture, the modern system uses less land more intensively
(higher use of purchased inputs), many diverse landscape features have been removed, and farms
are more specialized regionally, so that livestock operations are concentrated in one area, and
crop farms are concentrated in another.

Overly intensive modern production methods severely depleted the ability of the agricultural
landscape to provide services such as maintenance of fertile soils, biotic regulation (pollination
and pest control), nutrient recycling, assimilation of wastes, and maintenance of genetic
information. Biotic regulation alone is estimated to have declined by 60% in the case of wild
pollinators, and 75% in the case of invertebrate activity (Bjorkland et al., 1999).
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Swedish agriculture in the 1950s was more dependent on the landscape’s ecological
infrastructure, partly because transportation of goods and services was less of an option than in
the 1990s. More labour and draft power was required in the 1950s, manure from livestock was
essential for maintenance of healthy soil life, and landscape characteristics (ditches, field islets,
wetlands, small streams, hedgerows, pools of water) were key habitat for beneficial organisms
and other wildlife. Much of this ‘ecological infrastructure’ was dismantled over time.
(Bjorkland et al., 1999)

This Swedish study is informative because it demonstrates that farmers can choose to foster farm
environments that allow them to take advantage of ecosystem services, which may yield less. Or
alternatively, they can choose to purchase inputs that replace the work done by beneficial
organisms. However, the extra energy (i.e. cost) required to implement these solutions may
negate any yield gains that result. Table 9 shows some of the internal (ecosystem-based) and
external (fossil fuel-based) choices available when production challenges are encountered. Many
farms will use a combination of the two. The advantage of ecosystem-based solutions is that
they are a renewable resource, always and indefinitely available for free if sustainably managed,
and that they tend to produce a wide range of beneficial side-effects that more specialized
synthetic inputs cannot achieve. In fact, fossil fuel-based solutions are based on non-renewable
resources, and may produce harmful side-effects (e.g. killing beneficial insects with insecticides)
(Bjorkland et al., 1999).

Table 10: Examples Of ‘Internal’ Vs. ‘External’ Solutions To Production Challenges

Production Internal (ecosystem service) solutions External (fossil fuel-based)
challenge solutions

Water stress | - reduce drying winds and increase shade with - irrigation using plastic hosing

- drought hedgerows and gas-powered pumps

- increase water holding capacity of soil with soil
organic matter and crop residue management

Water stress | - increase organic matter of soil, which helps soils - install plastic drain tile
- excess drain excess moisture

- leave ponds and trees where drainage is not ideal
- leave wetlands and sufficient forests in place to
prevent flooding

Pest or - provide habitat for beneficial organisms - use of pest control products
pathogen - regulation by competing organisms, predators and
control parasitoids

- optimal levels of fertility
- crop rotation
- appropriate field size

Fertility - feed soil life with materials high in organic matter - application of purchased
management | such as crop residues and livestock manure synthetic fertilizers

As an introduction to the topic of ecological services, Table 10 presents a sample of services
provided by beneficial organisms. Many ecological services will not be covered in this table,
and many have yet to be discovered. The information presented is meant to demonstrate the
wide range of activities in an agro-ecosystem that are possibly being taken for granted.
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Table 11: A Sample of Ecological Services Provided by Beneficial Organisms

Soil fertility & nutrient supply

Service Detail Reported
by
Nutrient Proteins and related compounds are transformed by soil life to plant- Brady,
transform- useable nitrates and ammonium compounds. Similarly, sulfate is 1974: 135
ations produced and mineral elements such as iron and manganese are kept
relatively insoluble to prevent toxic accumulations.
Soil micro-organisms mineralize soil organic phosphorous (P) for plants Oberson
to use. The rate of P mineralization depends on microbial and free etal.,
phosphatase (enzyme) activity. Phosphatases are produced by micro- 1996
organisms, plants, and earthworms. It appears that synthetic P fertilizer
may reduce this soil activity, and organic management enhances it.
Yield In New Zealand, introduction of earthworms produced a 28% Lee, 1990;
improvement improvement in dry matter yield in pastures that previously had no Murphy,
earthworms. In Vermont, pasture production increased up to 25% in 1998
pastures with earthworms compared to pastures without earthworms.
Micro-organisms in soils produce numerous root-stimulating substances Magdoff
that behave as plant hormones and stimulate plant growth. Humus also & van Es,
can stimulate roots to grow longer and have more branches, resulting in 2000
larger and healthier plants.
Vesicular Arbuscular mycorrhizal (VAM) symbiosis is widespread in roots of Maider et
arbuscular agricultural plants. It is believed to ameliorate plant mineral nutrition, to al., 2000
mycorrhizae enhance water stress tolerance, and to contribute to a better soil aggregate
help crop formation, which is important for soil structure and stability and helps
productivity prevent erosion. It appears that synthetic pesticides may reduce AM
activity, while organic management enhances it. Organic systems had
measured increases in AM activity of 30-900% relative to conventionally
farmed systems. Preliminary evidence shows positive yield effects of
AM fungi.
Roots that have lots of mycorrhizae are better able to resist fungal Magdoff
diseases, parasitic nematodes, and drought. & van Es,
2000
Nitrogen Nitrogen gas in the atmosphere cannot be used directly by crops without Brady,
fixation the help of rhizobium bacteria and free-fixing bacteria present in the soil. 1974: 135
Estimated value to US agriculture of $8 billion per year (1997 US funds). Pimentel
et al.,1997
Organic matter | Significant contribution of soil fauna and flora. Organic matter Brady,
decomposition | decomposition prevents unwanted accumulation of residues; releases 1974: 135

nutrients for use by plants; and improves soil structural stability.
(Without this vital process, food would have to be grown hydroponically
— an expensive proposition.)
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Soil fertility & nutrient supply (continued)

Service Detail Reported
by
Soil formation | Earthworms and other invertebrate species bring between 10 and 500 Pimentel
and soil tonnes per ha per year of subsurface soil to the surface, contributing an etal.,
mixing estimated 1 tonne per ha per year to the fertile topsoil layer. 1997
Under agricultural conditions, it takes approximately 500 years to form
25 mm of soil, whereas under forest conditions it takes approximately
1000 years to form the same amount of soil. This enhanced soil
formation capacity in US agriculture is valued at $5 billion using a figure
of $12 per tonne (1997 US dollars).
Composting The major groups of organisms that help convert raw materials to Rynk,
—stabilize compost are bacteria (excellent decomposers), fungi (highly effective in n.d.:12
nutrients, tackling woody substances), and actinomycetes (technically bacteria —
reduce volume | they thrive in aerobic, low moisture conditions).
of material
applied to
fields
Regulation of pests and pathogens
Service Detail Reported
by
Healthy A diverse biological community in soils is essential to maintaining a healthy Magdoff
Crops environment for plants. There may be over 100,000 different types of & van Es,
organisms living in soils. Of those, only a small number of bacteria, fungi, 2000: 20.
insects, and nematodes might harm plants in any given year. Diverse
populations of soil organisms maintain a system of checks and balances that
can keep disease organisms or parasites from becoming major plant problems.
Some fungi kill nematodes and others kill insects. Others produce antibiotics
that kill bacteria. Protozoa feed on bacteria. Some bacteria feed on harmful
insects. Many protozoa, springtails, and mites feed on disease-causing fungi
and bacteria. Beneficial organisms, such as the fungus Trichoderma and the
bacteria Pseudomonas fluorescens, colonize plant roots and protect them from
attack by harmful organisms. Some of these organisms, isolated from soils,
are now sold commercially as biological control agents.
GENUINE PROGRESS INDEX 28 Measuring Sustainable Development




EX GPVAtlantic

Regulation of pests and pathogens (continued)

Service Detail Reported
by
Pathogen | In the process of decomposition, soils render harmless many potential human Daily et
control pathogens in waste and in the remains of dead organisms. Soil organisms al., 1997:
produce potent antibiotic compounds, such as penicillin and streptomycin, 121
manufactured by a soil fungus and a soil bacterium, respectively.
An Australian experiment showed that soils managed organically hosted a Sivapalan,
higher occurrence of fungi potentially antagonistic to plant pathogens than did | 1993.
conventionally managed soils.
Earthworms remove plant litter from the soil surface (this can have Smith et
pest/disease control effects in orchards e.g. apple scab prevention). Apple al., 2001
producers in the Annapolis Valley spend an average of $648-675/ha on apple
scab control products (fungicides) — c. 75% of total pest control products
expense.
Earthworms also quickly break down manure in pastures; recycling nutrients, Murphy,
and reducing fly reproduction sites and internal parasite larvae levels in 1998
grazing livestock.
Aerial Bats catch an estimated 3,000 insects per night. Swallows catch insects in Gibson,
insect pest | open areas. Yellow warblers catch all types of insects including those 1997
control considered to be pests. Dragonflies and damselflies are major predators of
mosquitoes and blackflies, which prey on farmers. Downy woodpeckers
consume large numbers of insects including corn borers. Flickers eat insects
of all types and feast on grasshoppers in late summer.
In one study, bird predation on insects in US spruce forests is estimated to be Pimentel
worth $180 per ha per year (1997 US funds), or $246.6 per ha per year etal.,
($1997 Canadian). 1997
Rodent Short-eared owls, barred owls, and red-tailed hawks are valuable for Gibson,
pest controlling rodents 1997
control
Biocontrol | Approximately 99% of pests are controlled by natural enemy species and host | Pimentel
of crop plant resistance. Each insect pest has an average of 10-15 natural enemies etal.,
pests that help to control it. The estimated value of this biocontrol to US 1997
agriculture is $12 billion per year (1997 US funds), or $16.4 billion per year
($1997 Canadian).
A full-grown ladybird beetle larva can consume about 50 aphids daily. An See
average female will eat at least 2,400 aphids before she dies. section 4.2
Beneficial wasp predators and other natural pest controls may have a value of | See
$561,000 per year to Nova Scotia fruit orchards. section 4.6
Anecic earthworm species reduce leaf miner pupae incidence in orchards Pfiffner &
Mader,
1997
Host plant | Genetic traits in crops that help them resist pests and pathogens. An estimate Pimentel
resistance | of its value in the US is $8 billion per year (1997 US dollars), or $11 billion etal.,
per year ($1997 Canadian). 1997
Species and genetic diversity of crops helps to foster long-term horizontal Robinson,
resistance to pathogens over time if the farmers select and save their own 1996
seed.
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Regulation of pests and pathogens (continued)

Service Detail Reported
by
Disease Anecic earthworm species reduce scab pathogens in orchards. Pfiffner &
control Mader,
1997
Buffer Humus — the very well decomposed part of organic matter — can surround Magdoff
crops from | potentially harmful chemicals and prevent them from causing damage to & van Es,
toxic plants. 2000
substances
Antibact- | Honeys from different floral sources vary greatly in their antibacterial McCarthy,
erial activity. 1995: 342
activity
Maintenance of water quality and quantity
Service Detail Reported
by
Improved Erosion-prevention effects of the soil biota include improvements in soil
water aggregation, prevention of surface crust formation, and increase in water
infiltration in | infiltration capacity.
soil and * Introduction of earthworms produced a 100% improvement in the rate Lee, 1990
erosion of water infiltration in pastures that previously had no earthworms.
prevention *  Chemical elimination of earthworms doubled the amount of annual Lal, 1990
runoff from a 13° slope.
Hydrological | This function of maintaining the water table, slowing percolation of
cycle precipitation, filtering wastes before they get to water bodies, water
maintenance | purification, and transpiration is provided by a host of plants and
organisms. See Water Capacity and Quality report - forthcoming.
Resistance to | Species-rich pasture production dropped by 50% during a drought, Tilman,
drought stress | compared with a 92% drop in production in species-poor pastures in a 1997.
Minnesota study.
Species In many places, the numbers of amphibians have undergone dramatic Gibson,
indicate reductions during the 1990s. Practices such as draining marshes and 1997
health of the | meadows, and cutting forests often result in a loss of amphibian habitat.
environment | Acid rain and other types of pollution also reduce breeding success.
Amphibians live both on land and in water. They have a moist, permeable
skin and quickly respond to changes in the quality of air and water.
Amphibian populations are excellent indicators of environmental stress
and should be monitored with care. Examples of amphibians include
frogs, toads, and salamanders.
Degradation Biological treatments, which use microbes and plants to degrade chemical Pimentel
of chemical materials, can both decontaminate polluted sites (bioremediation) and etal.,
pollutants purify hazardous wastes in water (biotreatment). Biological methods are 1997
often more effective than physical, chemical, and thermal methods because
they convert the toxin to a less toxic or inert substance — rather than
transferring the pollutant to a different medium. The estimated value of
this ecosystem service in the US is $22.5 billion per year (1997 US
dollars). A portion of this value occurs on farms where toxic materials in
sewage sludge and pesticides are being degraded by soil organisms and
plants.
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Other Ecological Services Associated with Biodiversity

Service Detail Reported
by
Crop and Use of the richness of breeds and plant varieties to improve agricultural | Pimentel
livestock breeds and varieties is valued at $40 billion (1997 US dollars) in the US | et al.,
breeding (equivalent to $55 billion in Canadian dollars). 1997
Exotic The United States government estimates that for just two major crops, Shand,
germplasm for access to exotic germplasm adds a value of more than $10 billion: -- 1997
crop breeding USS$ 3,200 million to the nation's US$ 11,000 million annual soybean
production, and about $7,000 million to its $18,000 million annual
maize crop (1997 US dollars).
Pollination Pollination by a host of different organisms (e.g. bees, butterflies, and Pimentel
birds) is estimated to be worth $40 billion to US agriculture per year etal.,
(1997 US dollars) (equivalent to $55 billion in Canadian dollars), and 1997;
$1.26 billion per year to Canadian agriculture. Although many major Friesen,
crops are self- or wind pollinated, others require and benefit from insect | 1994
pollination to increase quality or increase yields.
In Nova Scotia the value of rented bees required to help pollinate See
lowbush blueberries is worth $2.7 million annually. The value of wild section 4.6
pollinators” work in this crop has not been estimated.
Wild food Food gathered from non-cultivated species such as fish, berries, deer, Pimentel
fiddleheads, seaweed, or maple syrup can contribute significantly to our | etal.,
diets. In the US, the value of these wild foods is estimated to be worth 1997
$34 billion per year (1997 US dollars). If hunting and seafood is
eliminated from the estimate, the estimate is a $0.5 billion per year
contribution.
Pharmaceuticals | Estimated value of $20 billion (1997 US dollars) (equivalent to $27.4 Pimentel
from plants billion in Canadian dollars). etal.,
1997
Medicinal A diversity of vegetation in pastures can be helpful to livestock that Duval,
benefits to selectively graze certain plants for their medicinal benefits and/or 1994;
livestock mineral concentration. Examples of plants in the Maritimes that have Lampkin,
these benefits include mugwort (Artemesia vulgaris), dandelion 1990;
(Taraxacum officinale), plantain (Plantago lanceolata), wild carrot Murphy,
(Daucus carota), chicory (chichorium intybus), juniper (Juniperus 1998
communis), and other conifers.
Maintenance of | Soil organisms produce sticky substances that help bind soil particles Magdoff
soil structure together, stabilizing soil aggregates, thus contributing to good soil & van Es,
structure. A good soil structure increases water filtration into the soil 2000
and decreases erosion.
Carbon Conversion of cultivated land to productive permanent pastures results Murphy,
sequestration in ~ 176 tons of CO, being removed from the atmosphere and stored in 1998
soil, per ha, a significant contribution in an era of climate change that
has direct economic value as a credit under the Kyoto Accords.
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In this section, beneficial organisms are considered in more detail. Several beneficial organisms

are highlighted here, with the aim of adding new ones in future updates of this report.

Commonly known beneficial predatory insects such as ladybird beetles, and common green

lacewings are included along with lesser known parasitoid insects such as braconid, chalcid, and

ichneumonid wasps. Other beneficial functions include pollination by bees, or soil

mixing/aeration by earthworms. The information presented for each organism is based on three

very utilitarian questions:

*  What are the ecosystem services performed?

*  What is the estimated value of those services?

*  What conditions does the organism need to thrive/decline, and are these conditions currently
being met?

When estimating the value of ecosystem services, it is sometimes useful to know what it might
cost to replace such a service. In some instances it may not be feasible to actually replace a
service, but determining a hypothetical replacement or restoration value is still instructive.
These numbers may have no practical economic reality but rather demonstrate that certain
ecological services are, in effect, irreplaceable or invaluable.

4.2 Ladybird Beetles

Ladybird beetles belong to the beetle family Coccinellidae, which means ‘little sphere.” There
are more than 350 species in North America. In Nova Scotia, the seven-spotted lady beetle (C7)
is the most common species.

*  What are the ecosystem services performed?

Both adults and larvae are fierce predators and are best known for their appetite for aphids.
According to Bishop et al. (1997), a full-grown larva can consume about 50 aphids daily. An
average female will eat at least 2,400 aphids before she dies.

Where natural enemies (including lady beetles) are not disrupted, aphids such as the green peach
aphid on potato and various aphid species in apple orchards seldom increase to densities that
cause economic damage.’

e  What is the estimated value of those services?

The exact economic worth of the crop protection service provided by ladybeetles is difficult to
estimate because it would be challenging to set up a comparison control excluding these insects.
In one case where crop plants were caged to exclude lady beetles, aphid populations quickly
increased to destroy them (WWF Canada, 1999).

If lady beetles were absent from an area, the replacement cost (hypothetical restoration value)
would be approximately $34 per hectare, just to purchase the insects.'” More commonly,

o Javorek, S., personal communication.
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farmers will take compensatory action when aphids get out of control, and use a pesticide
application to compensate for the loss of predatory insects (compensatory value). Pesticide
sprays may cost about the same per hectare as purchasing lady beetles, but will do nothing to re-
establish a long-term balance between predators and pests (i.e. the capacity for biocontrol). If all
populations of lady beetles (and other aphid predators) on Nova Scotia farms were absent, the
cost of trying to keep aphid populations under control would likely be significantly higher than
$34 per hectare. Using this figure for now, however, we can estimate that lady beetles are
providing a service worth at least $13.8 million annually to the control of aphids and other pests

on farms.!"!

The naturally-adapted predators will be more effective than purchased insects, because many
purchased insects will be lost due to shipping stress and lack of adaptation to the environment in
which they are introduced. Their service is more valuable than a pesticide application, because it
provides a daily and continuous pest control service, rather than a one-time control. Also,
ladybird beetles do not create the health and safety risks associated with spraying a toxic

chemical.

Table 12: Ladybird Beetle Species, Functions, And Price

Species Functions Price
Seven-spotted This species is most common in Nova Scotia. One to two 2 gallons of lady
lady beetle generations occur annually. The adults and larvae feed on beetles can cover
(Coccinella aphids, mites, small caterpillars, aphid honeydew and, when an area 4-8 ha:
septempunctata) food is scarce, each other (Bishop et al., 1997). Each larva can $214.00 (NIC,

consume 500 to 1000 green peach aphids during its 2-4 weeks 2001).

of growth.
Pink spotted lady | These are a particularly voracious predator of the Colorado 250 eggs and 50
beetle potato beetle (CPB). Both adults and larvae eat eggs, and the adults: $76.95
(Coleomegilla larvae will eat CPB larvae, green peach aphid (GPA) nymphs (NIC, 2001).
maculata) and adults, and European corn borer eggs. The adults will also

feed on nectar, pollen, fungal spores, and GPA honeydew
(Pavlista, n.d.).

*  What conditions does the organism need to thrive/decline?

Ladybird beetles are sensitive to pesticides intended to kill crop pests. Since ladybird beetles
have one or two generations a summer (Bishop et al., 1997), and aphids can produce a new
generation every week (WWF Canada, 1999), pest populations can quickly get out of control
when predator populations such as ladybird beetles are killed or set-back by pesticide
applications. In this regard, increased use of pesticides (see Tables 4-7 above) are a cause for

concern.

198214 for 2 gallons of lady beetles, which is likely to cover about 6 ha. This would not include shipping costs,

application costs, or costs associated with lady beetles that fly away. $214/6 ha=$36. This is equal to $34 ($1997).
" The total area of Nova Scotia farms in 2001 was 407,046 hectares. The area of forested and Christmas tree land is
included, because aphids would affect them as well. 407,046 ha * $34 = $13,839,564.

GENUINE PROGRESS INDEX 33

Measuring Sustainable Development




EX GPVAtlantic

Ladybird beetles benefit from the maintenance of field and landscape diversity. Nearby shrubs,
trees, ‘weeds’ and leaf litter are important overwintering habitat (Bishop et al., 1997; Pavlista,
n.d.). This habitat also supports populations of alternative ladybird beetle prey (food sources)
such as thrips and mites. Because adult ladybird beetles react very quickly to the absence of prey
by migrating (Corbet, 1997), these non-pest insects are an important part of the whole system.
An increase in prey diversity ensures that predator densities will remain high even after
reductions of specific agricultural pests (Coderre, 1988). Both non-pest prey and beneficial
predators require a diversity of habitats within a given landscape (Maredia et al., 1992).

Ladybird beetles also benefit from pollen and nectar flowers in the crop area, such as dandelions,
wild carrot, and yarrow (Ellis & Bradley, 1996).

4.3 Earthworms

Earthworms provide a wide range of valuable and well-documented ecosystem services in
agricultural environments. They provide benefits to the structure and productivity of soils, pest
and disease control, as well as food for other organisms.

*  What are the ecosystem services performed?

Earthworms provide essential benefits to the structure and productivity of agricultural soils
(Table 12). They can produce earthworm castings at a rate of about 20 tonnes per ha per year for
crop land and 56 tonnes per ha for pasture land (Murphy, 1998). Another source estimates that
earthworms produce up to 33 tonnes of castings per ha per year (WWF Canada, 1999).
Earthworms are like composting facilities, taking in mineral soil and other debris, and churning
out a valuable, pH balanced, well-aggregated, nutrient-rich product on which crops thrive.

Table 13: Value of Earthworm Benefits

Hypothetical | Hypothetical
restoration value to all
value/ha/yr NS crop and

($1997) pasture land"

Ecosystem benefits of earthworms

Fertilizer producing benefits
Earthworms produce 56 tonnes of castings per hectare of pasture and 20 | $63,280/ha of | $ 6.2 billion/yr

tonnes per ha of crop land per year. Earthworm casts, compared to the pasture land restoration
top 15 cm of soil, contain five times more nitrate-N, twice as much $22,600/ha of | valuation
calcium, three times more magnesium, seven times more phosphorous, crop land"

and 11 times more potassium. Pasture production can be 25 to 28%
higher with earthworm presence than with no earthworm presence
(Murphy, 1998; Lee, 1990).

2 Pasture and crop land in Nova Scotia consist of 22,873 ha tame pasture + 32,867 ha natural pasture + 119,219 ha
crop land = 174,959 ha (Statistics Canada, 2002). Per hectare figures are multiplied by 174,959 ha to reach the
figures in this column, or a re separated into pasture land and crop land.

" Jolly Farmer Products Inc. in Northampton NB sells worm castings for $231/45 cubic foot bag. A cubic foot of
worm castings weighs about 10 lbs, which gives us 450 lbs * 0.454 = 204.3 kg. $231/204.3 kg = $1.13/kg.
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Value of Earthworm Benefits (continued)

Hypothetical | Hypothetical
Ecosystem benefits of earthworms :I:;t::/‘;g;;l; 1\},;1::0:)0:;11
($1997) pasture land
Soil composting benefits
“The earthworm gut is like a miniature composting tube that mixes,
conditions, and inoculates plant residues.”
- Neutralize soil pH
- Stimulate beneficial soil organisms, e.g. nitrogen fixing bacteria
- Provide ideal rooting environment $20,580 to $3.6t0 38.9
Creation of porosity and aggregate stability in the soil $222,180" billion/yr
- Increases plant growth ecosystem ecosystem
- Reduces soil erosion service service
- Increases the soil’s ability to absorb and hold water
Soil mixing
- Brings minerals upward in the soil profile and makes - plant nutrients
more available
Pest/disease control To be To be
Earthworms remove plant litter from the soil surface (this can have determined determined
pest/disease control effects in orchards e.g. apple scab prevention).
Apple producers in the Annapolis Valley spend an average of $648-
675/ha on apple scab control products (fungicides) — c. 75% of total
pest control products expense (Smith et al., 2001).
Earthworms also quickly break down manure in pastures; recycling
nutrients, and reducing fly reproduction sites and internal parasite
larvae levels in grazing livestock (Murphy, 1998).
Food source for other species such as birds, toads and snakes To be To be
determined determined

Earthworms stimulate microbial populations. Free-living nitrogen-fixing bacteria are more
numerous around the sides of the earthworm burrows. The mucous, enzymes, and calcium lining
of the burrows are excellent sources of nutrients for microbial populations, as well as ideal

rooting environments (Brown, 1995).

Earthworms producing 56 tonnes/ha/year of castings in pasture land generate $63,280 worth of castings (56,000 kg
* $1.13/kg) for a total of $3.5 billion in Nova Scotia farm pastures ($63,280* 55,740 ha) annually (replacement
value). Similarly, earthworms producing 20 tonnes/ha/year of castings in crop land generate $22,600 worth of
castings (20,000 kg * $1.13/kg) for a total of $2.7 billion in Nova Scotia farm cropland ($22,600* 119,219 ha)
annually (replacement value). These prices do not include shipping or spreading costs.

' Estimates of the amount of soil processed by worms range from 49 to 1,008 tonnes per ha (WWF Canada, 1999).
The average of those two figures is 529 tonnes per ha. Since earthworms perform many of the same functions as a
composting operation, the value of 529 tonnes of compost is used as a proxy value for the work they do. Jolly
Farmer Products Inc. in Northampton NB sells compost for $60/45 cubic foot bag. A cubic foot of compost weighs
about 7 1bs, which equals 143 kg (315 Ibs * 0.454). The value of earthworm work is estimated to be $0.42/kg
($60/143 kg), multiplied by the amount of compost generated per ha (529,000 kg) = $222,180/ha. Using the lowest
estimate of worm soil processing capacity (because many soils in Nova Scotia are acidic), produces a value of
$20,580/ha (49,000 kg * $0.42/kg).
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Earthworms also play a role in pest and disease control, for example in orchards (Smith et al.,
2001) and in pasturing livestock (Murphy, 1998).

¢  What is the estimated value of those services?

Estimates of the value of earthworm castings, and earthworm soil processing are presented in
Table 12. If we had no earthworm castings in the soil, it would cost about $6.2 billion to replace
them annually with commercially-produced castings on crop and pasture land (hypothetical
restoration value). The value of earthworm soil processing is estimated based on replacing the
weight of soil processed (49,000 kg/ha for the lowest estimate) with purchased compost. This
would translate into an ecosystem value of at least $3.6 billion per year (hypothetical restoration
value). There are additional services earthworms provide that have not yet been valued, such as
disease prevention in orchards, or provision of a food source for other organisms.

Obviously all of these values far exceed the value of agricultural production in the province. If
we compared the productivity on land with and without earthworms, and estimated the difference
in value of production between the two systems (direct valuation), we would get much smaller
figures for the value of earthworm work. If we put a value on the fertilizer and tillage necessary
to compensate for lack of earthworms, that would be a compensatory valuationthat would still be
much smaller than values presented in Table 12. Avoidance values, the amount of money spent
to avoid earthworm losses in the first place (such as liming, adding organic matter, or forgoing a
fungicide application), would also be lower. These will all be determined in later updates of this
report. For now it is instructive to have an estimate of the hypothetical replacement value of the
extraordinarily valuable services earthworms provide, so that it is quite clear why they are so
important to soil productivity and agricultural production.

*  What conditions does the organism need to thrive/decline?

The primary habitat requirement for earthworms is a good supply of organic matter in the soil to
act as a food source. Other conditions that earthworms prefer, and that enable them to thrive, are
listed in Table 13. Of course there is some variation among different earthworm species in terms
of preferred habitat conditions that y will not be dealt with here.

In 1999 the World Wildlife Fund (Canada) (WWF Canada, 1999: 39-40) prepared a review of
the effects of pesticides on earthworms. Pesticides affect earthworms directly as toxins, or
indirectly by changing their habitat food sources. In general, earthworms are better off in
environments where pesticide use is minimized or eliminated. Parts of the WWF Canada review
are reproduced below.

“It is known that fumigants, fungicides, insecticides and vermicides are toxic to earthworms,
while herbicides pose less of a threat. Although differences in sensitivity exist among earthworm
species, earthworms such as Lumbricus terrestris are very sensitive to toxic chemicals. ...
Surface activity makes [Lumbricus terrestris] particularly prone to exposure from chemicals
applied to vegetation and to granular pesticide formulations [Ebing et al., 1985; Edwards and
Lofty, 1977]. The overall effects 