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Abstract

The goal of this project was to utilize biodiversity as an indicator of sustainability
for selected wildlife groups in wetland habitat in agricultural regions and to examine the

socio-economic influences impacting wetland habitat through landowner interviews.

This project was part of an interdisciplinary research project, the Prairie Ecosystem

Sustainability Study.

Species diversity of songbirds, small mammals, aquatic invertebrates and the

adjacent vegetation was determined for five semi-permanent ponds and three

ephemeral ponds in the Beechy and Couteau Hills. Landowner perspectives were

examined through personal interviews. Fourteen owners were selected from the

immediate sampling site area. The interviews explored the perceptions towards

wetlands and wildlife, farming activities that affect wetlands and wildlife, and the

influence of agricultural related policy.

Species richness, especially that of endemic species (the core species which

evolved in an ecosystem), can provide valuable information on ecosystem communities

(Groombridge and Jenkins 1996). Overall, wildlife species diversity was the highest in

habitat with the greatest composition of native vegetation and the lowest amount of

disturbances. Endemic species richness was correlated to sites with native vegetation.
Abundance and diversity of songbirds were related to the vegetation diversity,

disturbance to slough and upland zones, and the presence of trees and shrubs. The

highest species richness of breeding songbirds was nine species at a cultivated site that

had large undisturbed margins with native vegetation, trees and shrubs. However, only
sites in the native grassland had breeding records of endemic species.

No trends were seen between mammal species richness and vegetation or

disturbance. However the greatest numbers of mammals species were observed at two

sites, one in native vegetation (eight species) and one in cultivated landscape (eight

species). Endemic mammal species richness was higher at the sites in native

grassland than at sites in cultivated areas.

Aquatic invertebrate diversity was highest at a native grassland site with no

margin disturbances (99 species). Aquatic invertebrate diversity is influenced by factors

including waterbody permanence and margin disturbances.

Interviews showed that landowners had strong environmental views and were

cognizant of wetland functions and values. All landowners appreciated the hydrological
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functions and values of wetlands. Two thirds of landowners found aesthetic value in

wetlands. However, 43% of farmers stated that wetlands are a nuisance.

Most farmers stated that they appreciated local wildlife and showed knowledge of

the species present on their farms. The three greatest perceptions of farming impacts
on wildlife include the loss of habitat (43%), destruction of nests in fields (36%), and

provision of shelter and food for some species (21%).
Factors involved in habitat loss include converting wetlands into cropland for ease

of cultivation (93%) and increasing cultivated acres (71 %). Many landowners

recognized that farming reduces wildlife habitat (43%). This corresponds with current

farming practices on upland margin habitat where 85% of landowners mow margins and

70% cultivate to the pond's edge.
Interviews found that the greatest incentive to conserving wetlands is personal

farm economics. Only 14% of farmers stated that they would conserve wetlands if

recommended by governmental agencies. This illustrates the lack of the public will to

conserve if the costs are borne only by landowners while the results benefit the wider

populations. Wetland conservation and policy should be attentive to this cost benefit

imbalance.
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1. Introduction

1.1 Prairie Ecosystem Sustainability Study (PECOS)

The Prairie Ecosystem Sustainability Study (PECOS) is an interdisciplinary

project to examine the sustainability of the semi-arid prairie by utilizing perspectives
from the natural, social and medical sciences. PECOS is an experiment in new

science that attempts to break the boundaries of disciplines and conduct community
based research', PECOS is supported by a three year grant (1994-1997) from the

EcoResearch Program of Environment Canada's Green Plan. Environment Canada

funded 10 projects across the country to examine the concept of sustainability from a

new perspective.
The objectives of the PECOS project are:

» "to evaluate the sustainability of the semi-arid prairie ecosystem
in terms of the health of the land and the well-being of the people
and their communities and to explore the prospects for a way of
life that does not jeopardize these. "

» "to provide opportunity for graduate education in interdisciplinary
research."

PECOS challenge's researchers to search for solutions to the complex problem
of sustainability. Sustainability encompasses the issues pertaining to the environment,

natural resource availability, and social justice. Along the topic of wetlands, these three

components of sustainability can be narrowed in scope to biodiversity and wetland

habitat; agricultural policies and farming practices at the wetland interface; and farmer's

attitudes and perceptions on wetlands and wildlife (Figure 1.1). The components of

sustainability interact and influence each other in many possible ways including those

indicated in Figure 1.1.

1 The aims of community based research are to include the local community in the planning
and conducting of research in hopes to achieve a more accountable and socially accepted research
project.
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Diversity, wetland habitat

Figure 1.1 An example of how components interact sustainably in an agricultural

ecosystem in relation to wetands. Thick arrows indicate stronger influence.

In a circular influence, the three components can affect one another as in the

following scenarios in which different societal perceptions of wetlands influence the

environmental and economic components· of the ecosystem. In one case, a wetland

may be viewed as a source of pest wildlife by farmers since certain wildlife species

depredate the crops. One option to decrease crop damage is to reduce the number

and size of wetlands by plowing margins or draining the wetland. The farmer has the

additonal economic bonus of obtaining more acres under cultivation and reducing the

time and costs associated with detouring around wetlands. In an alternate scenario,

farmers and landowners enjoy viewing and recreationally using wetlands and so

maintain the wetlands and margins. Conservationist views prevail in society and

agricultural policies shift focus to the preservation of wetland habitat. Wildlife

populations benefit from wetland protection and provide society and farmers with

greater recreational benefits. The wetlands, left intact continue to perform hydrological
functions including reducing flood effects, maintaining groundwater levels, reducing soil

erosion and bioremediating heavy metals and chemicals (Young 1990, Kantrud et al

1989). Water accumulations in wetlands provide local benefits in terms of soil moisture

enhancement and potentially for groundwater recharge (Young 1990). Soil erosion is

minimized both locally and downstream by reducing the action of floods and chemical

uptake by emergent vegetation improves water quality (Young 1990).
The PECOS study was divided into three focus groups: land use patterns and the

structure of rural communities, environmental pesticide exposure and human health,

2
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and the health of the land and its biota. PECOS's division into the natural science,

social aand medical science mirrors these three components of sustainability as in

Figure 1.1. The natural science focus group's aim is to determine the current status of

the ecosystem, identify sustainable agricultural practices and strategies, draw on many

disciplines to identify solutions and determine conditions of the land in the diverse

ecological subunits.
While individual aspects of sustainability have been studied (rural depopulation,

soil degradation or declining species), few studies recognize the interrelated

dependencies of the landscapes, economies and social structures (Baydack et at

1995). By studying these stresses from an interdisciplinary viewpoint, PECOS hopes to

provide greater understanding of the relationship between the natural resources and

the community reliant on them.

1.2 Project Objectives

My project on wetland wildlife diversity and landowner perspectives involved

aspects from each of my identified sustainability components: wildlife diversity,
landowner attitudes, and agricultural policy and practice (Figure 1.1). While primarily in

the environment sphere my project also examines agricultural practices and the

influence of society through landowner attitudes toward wetland ecosystems. Diversity
is considered an essential component of sustainability. If a region can support a

diverse biota at all levels of organization, genes, species and ecosystems, then it is

compatible with commodity production and other land uses (Caza, 1994). Caza (1994)
states:

"Monitoring biodiversity at a landscape level, through the use of
wildlife habitat (a synthesis of complex environmental relationships)
as an indicator, may be one way to determine if current land uses

are sustainable."

The attitudes and perspectives of landowners are influential to the success of any

framework of sustainable policy. As most land in the prairies is privately owned, the

actions of these owners affect large tracts of land. A society that is knowledgeable and

aware of ecosystem relationships is more likely to manage natural resources in an

equitable and long term manner. A society that is thinking sustainably has the aptitude
to advocate sustainability and farmers within that society have the ability to put the

.

policies into practice.
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Several questions become apparent when addressing the problem of declining
wetland habitat in agricultural landscapes. What wildlife species are found in prairie
wetlands (with the exception of the well researched waterfowl)? How can one provide
an assessment of wetland sustainability in a region of many small wetlands with variety
of agricultural influences? What are incentives for conservation and how to promote
wetland conservation on privately owned wetlands? This project was designed with

these questions in mind. The specific objectives of this study are:

> to utilize biodiversity as an indicator of sustainability of wetlands in the
PECOS region by conducting an inventory of diversity of songbirds,
mammals and aquatic invertebrates.

> to examine the influence of farmers' values and agricultural policies and
practices on wetland habitats.

The project inventory only provides a 'snapshot' of the diversity of the area in

1995. A complete inventory of species present in the area would require several years

monitoring to account for variation between years. Changes in water levels alone on a

yearly basis can result in a shallow marshy habitat or semi-permanent open water

habitat which influences species composition. Furthermore, the many variations

between wetlands' physical characteristics: water chemistry, hydrology and

geomorphology and agricultural influences prevents a direct comparison between

wetlands. While limited in time, the project provides useful data that serve as a

minimum level of diversity.
In this introduction and following sections, I will discuss ecological integrity,

biodiversity, sustainability and its relationship to agriculture in the PECOS region,

particularily wetland ecosystems. The introduction will be followed by two sections on

wetland wildlife diversity and landowner perspectives in which I will present my

methods, research results and discussion. I will conclude with a summarization and

discussion of my flndlnqs.

1.3 Ecological Integrity and Biodiversity

The way in which we perceive the ecosystem affects how we study and manage

ecosystems. Tansley coined the term ecosystem in 1935 as:

"the plant and fauna at any location together with soil and climate,
form an integrating ecosystem, tending to equilibrium, resisting, to
some extent, disintegrative forces" (Tansley 1935 in Crossley 1996).

4



Clements is credited with the next prevalent view on ecosystems. He believed

that communities are structurally and functionally like organisms. The organismic

theory that evolved from Clements' concept, stated that "communities were considered

normative entities with a recognizable identity that in the final stage of succession

becomes fixed or normative" (Crossley 1996). This mechanistic viewpoint has been

replaced with the concept of disturbance, instability, chaos and non-equilibrium
conditions (Bocking 1994). Currently, communities and ecosystems are seen as

dynamic, changing spatially and temporally because of disturbances.

An emerging trend in ecosystem theory is the concept of ecosystem integrity and

ecological health in environmental management (Bocking 1994, Nielsen 1991).

Integrity is often synonymous with the term health. A system that is healthy is said to

have integrity. Ecosystem integrity as defined by Karr and Dudley (1981) is the

"capability of supporting and maintaining a balanced, integrated,
adaptive community of organisms having species composition,
diversity and functional organization comparable to that of natural
habitats of the region".

Many researchers in the natural sciences believe that the term 'ecological health'

is too vague for application in the sciences (De leo and levin 1997). In addition the

concept of health assumes a normative state equivalent to Clements view of

communities and ignoring the dynamic nature of ecosystems. However, Crossley

(1996) and other scientists caution against throwing out the term health, because of its

universality and accessibility across disciplines.

Biodiversity is a term used to describe the diversity or variety of biological

organisms from genetic to ecosystem scales. In a review of the definition of biodiversity

Delong presents the following definition:

"Biodiversity is an attribute of a site or area that consists of the

variety within and among biotic communities, whether influenced by
humans or not, at any spatial scale from microsites and habitat

patches to the entire biosphere" (Delong 1996).
The importance of biodiversity as a valuable measurement in conservation and

ecosystem management has become an international concern as seen by the

Convention on Biodiversity in Rio de Janeiro in 1992. Biodiversity, as a tool for

conservation, can describe the species present in native habitat through monitoring

programs, indicate shifts in species composition, provide indications of ecosystem

stresses, and warn of serious collapse. The diversity and richness of ecosystems have

not only provided plentiful natural resources but as part of the ecosystems' life support

system provided health and well being of humans through regulating the soil, water and

5
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air quality (Wilson 1989). In order to protect biodiversity there must be sufficient

habitat, quantity and quality, to support species.

Biodiversity can be measured as species richness (alpha diversity), and species

diversity (beta and gamma diversity) (Magurran 1998). While the total number of

species (richness) is important that number does not explain how the species interact

in the ecosystem. A large number of ecological generalists is a very different

community than a community of unique species. Evenness is the distribution of

individuals among the species. When abundance or evenness is measured a better

picture of the community is obtained in terms of dominance. Species diversity indices

often include both richness and evenness to express community structure. A high

species diversity indicates a complex community with many species interactions.

Species diversity as a measure of community stability is still a debated topic in ecology
(Brower et al. 1990) and some studies have found highly diverse ecosystems may be

much less stable than expected (De Leo and Levin 1997, Clapham 1983). However,

this discussion will assume that diversity is correlated to community stability.

Ideally, research would concentrate on species diversity at a large scale

ecosystem level over the long term, however, many projects such as this one, can not

operate under a long time. Instead a simpler survey method using species richness can

provide initial information on community and ecosystem structure. Conservation

methods and guidelines emphasize endemic, threatened and resource species

(Groombridge and Jenkins 1996, Caldecott et al. 1994). The World Conservation

Monitoring Centre recommends that assessments of biodiversity concentrate on

species richness and endemism. These two traits indicate overall pattern of

biodiversity since they reflect the complexity, uniqueness and intactness of the

ecosystem (Groombridge and Jenkins 1996).
A natural community's response to external stresses is related to its resilience,

the ability of the system to return to its equilibrium condition when perturbed. A

community's resistance is the tendency of the system to remain in its equilibrium
condition when stressed. The ability of the ecosystem to remain as a viable system

despite stress its referred to as persistence. An additional influence on stability is the

spatial heterogeneity of the ecosystem (Clapham 1983). A heterogeneous habitat

provides more ecological niches, buffers the community from stress, and provides

refugia for populations.
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Relationships between biodiversity, ecosystem function, disturbance, and

resilience are the most important yet least studied aspect of biodiversity valuation (De
Leo and Levin 1997). Keystone species and functional groups or guilds are aspects of

biodiversity that control resilience and ecosystem properties (De Leo and Levin 1997,

Carpenter and Cottingham 1997). Loss of a species within a guild may decrease long
term resilience and lead to noticeable changes in short term ecosystem dynamics.
Several studies have found resilience to be greater in more diverse systems (Carpenter
and Cottingham 1997). Tilman and Downing (1994) found that species rich grasslands
were more resilient to drought than species poor ones. Resilience enables ecosystems
to return to a steady state, not necessarily the same state, after an unusual event.

Biodiversity confers resilience through compensatory shifts among species capable of

performing key control processes (Carpenter and Cottingham 1997).
Human intervention in ecosystems can result in a reduction in resilience (Holling

1992). In degraded ecosystems, communities are typically dominated by few generalist

species (Hammond 1995). Communities with low diversity can experience radical

oscillations in species abundance that are 'difficult to overcome due to lower resilience.

Endemic explosion of pest species are recurring problems in both forest and agriculture
monoculture systems: i.e., spruce budworm, gypsy moth, grasshoppers and army

worm moths.

1.3.1 Integrity and Prairie Ecosystems

The grassland ecosystem was periodically isolated during glaCial events over the

past 30 million years and subsequently evolved a different assemblage of communities

than the neighbouring forests (Knopf and Samson 1997). European settlement has

been accompanied by an increase in ecological generalist species invading the

grasslands. Holling (1992) theorized in his extended keystone hypothesis that

ecosystems are controlled and governed by a few species and abiotic processes that

structure the landscape. Knopf and Samson (1997) and Groombridge and Jenkins

(1996) believe that endemic species, as the core species that evolved in an ecosystem,
are the most significant elements in the system and therefore should be used as

indicators of ecosystem integrity. Endemic species are excellent indicators since they
have narrower ecological tolerances and are less resilient to change. Conservation

and monitoring efforts can become more efficient by concentrating on the few endemic

species rather than many species. Also concentrating on endemic species eliminates

r
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structure the landscape. Knopf and Samson (1997) and Groombridge and Jenkins

(1996) believe that endemic species, as the core species that evolved in an ecosystem,
are the most significant elements in the system and therefore should be used as

indicators of ecosystem integrity. Endemic species are excellent indicators since they
have narrower ecological tolerances and are less resilient to change. Conservation

and monitoring efforts can become more efficient by concentrating on the few endemic

species rather than many species. Also concentrating on endemic species eliminates
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species that are at the periphery of their range. Some species occurring in the

Canadian Prairies are simply rare due to being at the northern limits, but are abundant

elsewhere in their range.

The primary changes to the prairie ecosystem since European settlement were to

the landscape. The reduction in natural grasslands on the Great Plains (only 13% of

their original area remains) includes the loss of tall-grass prairie habitat in Canada, and

the reduction in plains fescue prairie. Mixed grass and rough fescue prairie remain the

largest areas with about 24% remaining of the original area (Diamond 1994). Within

the prairie habitat, micro-ecosystems have declined in abundance and quality: wetlands

have declined by 70%, and riparian habitat is threatened by the reductions in peak
flows due to dams on rivers. Initial disturbances tend to create a patchy and more

diverse landscape; however, landscape diversity declines as urbanization and

agricultural development increase.

As an ecosystem that has undergone changes due to human disturbances, one

would expect, following Odum's (1985) trends, prairie wildlife communities to have

fewer large predators and more generalist species. Losses in prairie biodiversity have

occurred in two stages: the first immediately following the European settlement in the

early 1900's and the second following the large increase in cultivated acres 1950 to

present day. Currently there are 20 prairie species out of 82 species in Canada listed

by the Committee on the Status of Wildlife in Canada (COSEWIC) (Table 1). In 1993,

16 prairie species were at risk or 20% of Canadian wildlife (Diamond 1994). Following
Diamond's calculations for the 1997 COSEWIC list, 24% of "at risk" species are located

in the prairies on 5% of the country's land area. These species at risk include endemic

species, top predators and species with specialized habitats.

Habitat loss and modification is the major factor causing the world's decline in

biodiversity (Groombridge and Jenkins 1996). Habitat loss may cause reductions in

biodiversity by decreasing the area of available habitat below the minimum size

required by ecological processes, or by decreasing the species population to below the

minimum viable population size. Habitat loss effects can be compounded by habitat

fragmentation. Small populations confined to habitat fragments are extremely
vulnerable to extinction due to restriction of migration patterns, isolation from

im�igrants and chance demographic and genetic events.

8
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Table 1.1. Terrestrial Prairie Mammals and Birds listed by COSEWIC in 1997.

Extinct

1 in Prairies

5 in Canada

Extirpated
5 in Prairies

5 in Canada

Endangered Threatened

5 in Prairies

21 in Canada

2 in Prairies

12 in Canada

Vulnerable

8 in Prairies

39 in Canada

Passenger Pigeon Black Footed Ferret Mountain Plover Loggerhead
Shrike

Black tailed Prairie Dog

Plains Grizzly Bear Piping Plover Sage Grouse Ord's Kangaroo Rat

Swift Fox Burrowing Owl Ferruginous Hawk

Greater Prairie Sage Thrasher Least Bittern
Chicken

Plains Bison Cougar Long Billed Curlew

Red Headed

Woodpecker
Caspian Tern

Short Eared Owl

Increasing industrialization and human populations have had a impact on the

natural ecosystems resulting in land management policy designed to address declines

in species diversity (Wilson 1988). With expandlnq population and industry more of

Canada's landscapes have been altered by human activity. In Canada, the percent of
. protected areas to total land is 7.1% or 70.8 million ha. In 1992 in Saskatchewan,

there were fewer than 1.0 million ha or 1% of the national total protected in the form of

parks which ranged from <10 ha to 1000 ha in size (Rubec 1993). In 1996 the

provincial government initiated a program for the protection of habitat called the

'Representative Areas Network' (SERM, 1996). The program's goal is to protect
habitat from each ecoregion in the province. In 1998, the government announced the

inclusion of federal PFRA lands and the establishment of newly protected ecological
and wildlife reserves. By 2000 the government hopes to have protected areas in all

ecoregions in the province.

1.4 Sustainability

1.4.1 The History and Philosophy of Sustainability

The term sustainability was first used in 1980 by the International Union for the

Conservation of Nature and National Resources (IUCN) and grew in popularity with the

1987 World Commission on 'Environment and Development (WCED) report "Our

Common Future" (also known as the Brundtland Commission). Since that time it has

become a 'buzzword' and has opened up a new field of study that crosses many

9



disciplines. Sustainable development encompasses the three sectors of life: economic,

social and environmental. Anderson et al. (1991) state that environmental and

sustainability concerns have transgressed disciplinary, sectoral and national

boundaries. This has manifested itself in policy, for example the North American

Waterfowl Management Plan which works at the landscape level involving agriculture,
wildlife conservation, policy incentives and encompasses many levels of government in

the US and Canada.

Concerns over the environment and resources have propelled the sustainable

development movement. Ruttan (1994) chronicles three waves of social concern about

natural resources. The first in the late 1940 and 1950's focused on the ability of the

resource base to sustain growth. In the late 1960's and 1970's social concern related

to the capacity of the environment to assimilate the pollution generated by growth. The

third social concern began in the mid-1980's and focused around global environmental

changes including global warming, ozone depletion and acid rain. Lele and Norgaard

(1995) state that the idea of sustainability has replaced progress and growth as the

basis of Western science'. An awareness of social inequities and exhaustibility of

resources has arisen from an ecocentric viewpoint. However, the use of the term

sustainable development by government and agencies today is not entirely based on

ecology.
Sustainable development requires a clear philosophical basis before any concrete

goals can be obtained. Many governments have agreed to the WCED report, yet few

projects and processes have been defined (Caza and Neave 1994). Caza and Neave

(1994) believe that this is because the issues of human perception of the environment

and the relationship between natural and economic systems have not been addressed.

Once the relationship between human society, environment and economic systems is

understood, then practical strategies and goals can be implemented.
A philosophical basis for sustainable development is not a new idea. Leopold

(1949) wrote The Land Ethic which is essentially sustainability in terms of land health

and self-renewal. In this treatise he describes two perspectives towards conservation:

one regards the land and its function as the production of commodities for use by

2 Western science was strongly influenced by the thinking of Descartes and Bacon (Rees.
1988). Descartes divided reality into the separate and independent realms of mind and matter.
Bacon stated that "knowledge gained through science should be put to work", thus creating the
worldview of scientific materialism and giving birth to the Industrial revolution. This materialistic view
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humankind; the second regards the land as part of the environment with wide ranging
functions and services. Leopold examines government involvement in resource use

and conservation and believes that a shift from government regulation and control to

private landowners is essential for sustainable land use. In the section titled

"Ecological Conscience" Leopold states:
"

a system of conservation based solely on economic self-interest is
hopelessly lopsided. It tends to ignore, and thus eventually
eliminate, many elements in the land community that lack
commercial value, but that are (as far as we know) essential to its

healthy functioning. It assumes, falsely, I think, that the economic

parts of the biotic clock will function without the uneconomic parts. It
tends to relegate to government many functions eventually too large,
too complex, or too widely dispersed to be performed by
government.
An ethical obligation on the part of the private owner is the only
visible remedy for these situations." (Leopold 1949)

1.4.2 Definitions of Sustainability

In the broadest sense of the term, sustainability is the ability to maintain

something undiminished over some period of time (Lele and Norgaard 1995). The

Brundtland Commission defined sustainable development as "development that meets

the needs of the present without compromising the ability of future generations to meet

their own needs" (WCED 1987). Many authors find this definition too general and

ineffective and thus many definitions of sustainable development have arisen.

Anderson et al, (1991) argue that it is the nature of the concept (intuitive and

abstract) that prevents an easy definition. Douglass (1984 in Anderson et at. 1991)
saw three different goals to sustainable agriculture: food sufficiency, ecological

stewardship, rural community stability. These goals can be seen in the various

definitions listed below.

:>=> "truly sustainable agriculture values the human as well as the ecological
components" (Gliessman 1989)

:>=>
"

•••toward greater human utility, greater efficiency of resource use and a

balance with the environment that is favorable both to humans and to most
other species" (Harwood 1990)

:>=> "

••• Iand should be as productive a century from now as it is at present" (Daly
and Cobb 1989)

,

combined with reductionist science has resulted in a society which is depleting its natural resources
and a science structure that isolates and compartmentalizes the environment.
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>- "the goal of sustainable agriculture is to achieve a system of food

production that will maximize the expected benefits to this and all future

generations of society" (Anderson et al. 1991)
>-

"

...over the long term, enhances environmental quality and the resource

base on which agriculture depends, provides for basic human food and fibre

needs, is economically viable, and enhances the quality of life for farmers
and society as a whole" (Nasavada 1991, in 8aydack et al. 1995)

>-
"

...Canadian society should support the following objectives and that the
Canadian agriculture and food system should commit itself to achieving
them:

a. to produce an adequate supply of wholesome and nutritious food,
b. to preserve the resource base
c. to attain self-sufficiency for Canada in products we produce efficiently
d. to improve Canada's balance of payments through exports
e. to enable capable farmers to continue in production through sufficient

returns to labour, risk capital and management
f. to recognize the contribution of farmers to the welfare and fabric of the

Canadian society"
(Federal-Provincial Agriculture Committee on Environmental Sustainability
1989)

>- "Recognizing and maintaining. an interconnected, dynamic, and adaptable
environment. The term environment is defined at both the natural and
human levels (natural levels: ecosystem, community, populations,
individual, gene, etc. and human levels: nation, province, city/town,
community, family, and individual)". (PECOS Student Workshop,
Radenbaugh 1996).

The above definitions include the three areas of sustainability: ecosystem,

economy and society, some with varying emphasis or bias towards one sector. This

project recognizes the following elements when defining sustainability: quality of life

both now and for future societies, economic viability, and protection of ecosystem
functions.

1.4.3 Sustainable Resource Management

Since resource use and economic systems are dependent on the biosphere,
economic practices should be consistent with ecological limitations of the land. Rees

(1988) points out the ecological reality of today's economic system. He states that

modern economic theory ignores the second law of thermodynamics. The global

economy is a closed system and thus all available energy and matter are degraded to

the unavailable state. Modern economies consume and degrade the very resources

that sustain them. The growth of many national economies can be sustained only by
continuous resource imports from elsewhere and only in the short run (Rees 1988).

12
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Ecosystems depend on fixed stock of material resources but are driven by an

external source of free energy, the sun, and therefore are an open system. As open

systems, ecosystems are self-sustaining and self-organizing, and thus contribute to a

reduction in global net entropy (Rees 1988). Rees concludes that "resource production
from the ecological sector is potentially sustainable over any time scale relevant to

humankind."

Resource management in Canada is only beginning to utilize sustainable

principles (Caza and Neave 1994). Sustainability can refer to resources, ecosystems or

development. Sustainability of ecosystems is linked to the concept'of ecosystem
health. Ecosystem sustainabilty requires the maintenance of ecological processes at a

large geographical scale over many generations or the "system's ability to maintain its

structure and function over time in the face of external stress" (Costanza 1992). This

landscape level approach attempts to synthesize ideas related to sustainable

development with the sustainable use of natural resources. The World Conservation

and Monitoring Centre recommend a practical and precautionary approach to

sustaining resources because of the long term nature of ecological processes and the

short term activities and pollcles which deal with these resources (Groombridge and

Jenkins 1996).
Few resource management programs are landscape based with the goal of

sustainability. A landscape based program recognizes the spatial and temporal aspects
of an ecosystem by encompassing a large area of land, many sites within the same

ecoregion and/or over a long period of time. Wildlife Habitat Canada, a non-profit

organization committed to conservation, uses a landscape approach to ensure the

future of wildlife. Other recent projects which use the landscape-level planning include

the National Forest Strategy, The North American Waterfowl Management Plan, and'

the Federal Government's Green Plan.

1.4.4 Sustainable Agriculture

"Farm populations are declining as farmers leave agriculture
because of low grain prices caused by world trading problems and

large supplies of agricultural commodities. The decline in the farm
population and the vulnerability of rural primary resource industries
to world trade patterns has placed many communities at risk along
with the unique social structures characteristic of agrarian societies.
The landscapes and biological resources in the agricultural regions
have been simplified by agriculture primarily by the land use pattern
brought about by intensive agriculture." (Clement 1992)

13
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Agricultural regions are experiencing interrelated social, economic and

environmental problems (McNaughton 1991). Hill's (1991) list of the stresses in

agricultural social and land systems points out many rural issues present in

Saskatchewan. Many of these problems are issues of concern to PECOS residents

and researchers and are the subject of PECOS studies.

8aydack et al. (1995) believe that the problems of unsustainable agriculture are

perpetuated by solutions which "fail to recognize that declines of landscapes,

economies and social structure are integrated as are policy solutions". Traditionally,

separate agencies have dealt with one facet of the problem. Uncoordinated and

conflicting policies and programs at both the federal and provincial levels have acted to

promote the cultivation of land (Thornton et al, 1994, Rosaasen and Lokken 1993,

8aydeck et al, 1995).

Table 1.2. Indications of Stresses in an Agricultural System

Degenerating Ecosystems
Soil degradation
Water contamination and depletion
Loss of natural habitat and associated species diversity
Increasing pest, disease and stress problems in crops and livestock

Degenerating Social Systems
Farm bankruptcies
Decaying rural communities

Discrimination and increase in abuse towards minority and native groups, women,
children, older people, and 'people of difference'

Decaying Economies

Increasing dependence on subsidies and high levels of resource inputs
Vulnerability to changes in world markets and natural events

Declining Physical and Mental Health

Increase in environmentally induced allergies
Stress related and degenerative disease

Learning disabilities, emotional disturbance, depression
'Compensatory' addictive, compulsive and aggressive behaviour

Feelings of isolation, hopelessness, helplessness.

Source: Adapted from Hill (1991).

Policies have been based on acreage, yield and commodity prices. 8aydeck et

at. (1995) estimated that $8 CON billion was spent on agricultural subsidies in 1991-
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1992 and these subsidies would be reduced by $240 CON million/year if a set aside

program was established to remove 8-10 million acres of marginal land in production.
Recent changes in agricultural policies and international trade agreements (NAFTA,

GAIT) should reduce government subsides and as a result promote more sustainable

agriculture (Baydeck et al. 1995, Tychniewicz and Wilson 1994). The following section

describes the major federal agricultural programs, their biases and recent changes.

)l> Canadian Wheat Board based grain delivery quotas for farmers on

cultivated acres regardless of land capability. The program encourages
summerfallow practices and the breaking of marginal land. In 1993-94 the
CWB implemented changes to remove acreage quotas for barley and
wheat and replaced them with a contract marketing system. Flax and
canola were already on the open quota system. This change has reduced
the incentive to cultivate marginal land.

)l> Crop Insurance program provided monies to reduce the risk and production
losses when crop yields were low. All lands regardless of Canada Land

Inventory capability were eligible for insurance benefits. Unsuitable land
was cultivated since there was low risk for the farmer as insurance would
be paid out if yields were low. Program was under review in 1996.

)l> Western Grain Transportation Act provided subsidy for grain transport on
specific grains only, also called the Crow rate. This program favoured grain
production for export and disadvantaged diversification, environmentally
positive land use, i.e.· permanent cover and forage crops, since these

practices produced products ineligible for subsidy. The program was

discontinued in 1995.

)l> Gross Revenues Insurance Plan paid revenue per acre based on historical
yield times a guaranteed indexed average crop price. Forage and pasture
lands were excluded from this plan. The result was to plant additional
acreage. This program was discontinued in 1994.

Thornton et al. (1994) examine the impact of provincial policies on agricultural
land use. The land assessment property tax system assessed agricultural land based

on productivity. Initially there is a disincentive to break land into cultivation, however

majority of farmers were not aware of this disincentive. The tax notices were presented
as a lump sum figure preventing knowledge of the different rates on different land

classes. Unbroken land that was arable was assessed at higher rate than non-arable

unbroken land encouraging cultivation. Cultivated land that was seeded back to

perennial cover was still taxed at the higher rate of cultivated land. Recent changes in

1996 in the tax assessment methods include the breakdown of the total tax owed on

the tax notice and lower taxes for marginal lands including wetlands.
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Agriculture is inherently a holistic practice. Agriculture encompasses a wide

variety of organisms and processes: people, their social institutions, their technologies;

plant and animals, both domesticated and wild; microorganisms; and weather, soil and

natural resources (Lockeretz and Anderson 1993). As a result of this multitude of

dimensions, land use practices should be assessed in terms of the positive and

negative impacts on the social, economic, political, biophysical and environmental

communities. Baydack et al. (1995) recommend integrating the rural community with

conservation efforts and redesigning agricultural policies for successful sustainable

agriculture. Table 1.3 describes the principles for sustainable agriculture from the

International Institute for Sustainable Development. These principles reinforce the

individual and international considerations regarding sustainable agriculture. They also

encourage an economic system which acts without subsidies, incorporates real costs,

provides adequate standard of living, and maximizes social benefits while minimizing
social costs. Biodiversity and the resource base are to be maintained and restored to

original levels.

Table 1.3. Principles for Sustainable Agriculture.

Principle Description
Stewardship

Conservation

Rehabilitation

Internalization of costs

Scientific and Technological
Innovation

Economic viability

Trade policy

Society consideration

Global responsibility

Individual and collective responsibility to sustain the environment
for both our own and future generations must be recognized.
There is a need to maintain biological diversity while
strengthening essential ecological processes.
Where renewable resources have been damaged, effort must be
expended so that their original productivity is restored.

The real costs of 'free goods' and 'undervalued goods' should be

incorporated into the total costs when determining the net returns
from production.
Research to enhance the development of technologies which
contribute to the maintenance of environmental quality and
economic growth should be conducted.

The net returns from production should enable adequate
standards of living and be sufficient to continue to attract

replacement operators.
.

Trade liberalization is an important component of progress toward
sustainable development.
Economic activity should minimize social costs while maximizing
social benefits. At the same time is should not detract from human
health and cultural resources, or the quality of the land and water.

Ecological interdependence exists among nations as there is no

boundary to our environment.

Source: International Institute for Sustainable Development. Tychniewicz and Wilson (1994)
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1.4.5 Indicators of a Sustainable Agricultural Ecosystem

One method of measuring the impacts of agriculture on natural areas is the use

of indicators. From a wildlife conservation viewpoint, Diamond (1994) lists biodiversity,

key species of concern, habitat quantity and habitat quality as measurable indicators.

The Leopold Center for Sustainable Agriculture has developed benchmark indicators

for the soil resources, the hydrological cycle, the biotic community and the economy

that can be monitored over time (Benbrook 1991). The benchmark indicators are listed

in Table 1.4. These indicators, when applied to a single farm or at a larger scale, can

provide a fairly complete picture of the physical quality of the land. The list of indicators

is very detailed for the soil and hydrological resources. Missing from the indicator list

are vegetation diversity, landscape diversity, community stability and human health

aspects.

1.4.6 Agriculture and the PECOS Region

The southern prairies were explored in the mid 1800's. Conflicting reports on the

viability of the area for agriculture were documented by Palliser and Macoun. Palliser

explored the area in 1857-1860 and concluded that the dry regions in the southwest

were not suitable for agriculture. This area is known as the Palliser Triangle and

includes much of the land in the brown and dark brown soil zones of Saskatchewan

and Alberta. In contrast Macoun in 1870's described prairie region as a fertile belt and

recommended settlement (Rosaasen and Lokken 1993). The Canadian government's
desire to protect its claim to the territory against American invasion and the global

demand for wheat led to settlement of the area.

Large scale settlement occurred as the railways were constructed and by 1913

over 13 million ha were under cultivation (Anderson et al. 1991). Agricultural land was

chosen by location not suitability and farming methods were based on the moister

farming regimes in Europe. The early fertility of the soils was due to high organic
matter and resulted in record crops in 1915. However, the inappropriate farming

practices and drought led to the problems with erosion. In the 1930's Depression years,

farms were abandoned throughout the brown soil zone. After the Depression, dryland

farming practices and tillage techniques were adopted. The improved prairie

agriculture resulted in steadily increasing yields in the 1950's.
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Over the years a greater use of inputs (fertilizers and pesticides), better crop

varieties and increasing farm size have characterized prairie agriculture. The average

farm size in Canada increased from 40 hectares in 1900, to 96 hectares in 1941, and

242 in 1991 (8aydack et at, 1995). Farm sizes in Saskatchewan followed the national

trend and the 1991average farm size was 526 ha in the PECOS region (Statistics
Canada 1992). As mechanization and capital replaced labour the number of farms in

Canada has decreased from 730,000 in 1941 to 280,000 by 1991 (8aydack et at,

1995).
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Table 1.4. The Leopold Center's Benchmark Indicators

Soil Resource

Hydrogeochemical Cycle

Biotic Community

Economic Viability

Long Term indicators of the physical quality of the resource

Percent organic matter content
Bulk density, other measures of compaction
Salinity and mineral levels

Cation exchange ratio

Short-term indicators

Annual erosion rates

Efficiency of nitrogen uptake by plants
Level and sources of nitrogen

On-farm efficiency of water use
Infiltration rates

Soil moisture storage capacity
Extent of waterlogging in the root zone

Concentrated flow and gully erosion
Efficiency of irrigation water use

Surface water flowing through the farm

Sedimentation, agrichemical loadings
Stream bank stability
Presence, quality and diversity of filter strips

Groundwater quality impacts
Loss of nitrates

Leaching of pesticides
In the Soil

Diversity of soil micro-organisms
Worm populations
Populations of plant pathogens or soil borne insects

Energy flows through soil micro-organisms
Above the Soil

Pest populations and pressure

Degree of resistance to pesticides
Effectiveness of cultural controls

Wildlife populations, diversity and stability
Farm profitability

Per unit costs/returns

Investments in the natural resource base

Ability to provide adequate income

Community stability and economic resiliency
Capacity to overcome external shocks

Reliance on government versus the market

Source: Benbrook (1991).
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Agriculture has cultivated more than 80% of the Canadian prairie landscape. In

Saskatchewan there is 25,947 thousand hectares of total farmland which includes

19,684 thousand hectares of improved farmland. Only 68% (or 17,600 thousand

hectares) of the total farmland is excellent to good agricultural land, Classes 1-3 of the

Canada Land Inventory (Anderson et al, 1991).

1.4.7 Attitudes towards Sustainability

Anderson et al, (1991) compiled some statements from farmers on sustainable.

agriculture. One common statement is that Canadian agriculture needs more farmers

and smaller farms. The conclusion that large farms resulted in the decline of rural

communities and these large farms are dependent on expensive and often

environmentally adverse inputs is prevalent. A common element in farmers'

statements is a strong land ethic as evident in the following quote "our ambition is to

leave the land in better condition than when we started". Farmers recommended an 11

step strategy for sustaining agriculture in Saskatchewan (Martin 1991 in Anderson et al,

1991) that involves primarily a reduction in farm sizes, followed by reduction in inputs
and dependence on loans, diversification of crops, withdrawal from the export market

and concentration on domestic market.

The existing systemic support for agriculture has been based on economic

factors and in order to become more sustainable the focus must shift to ecological
factors. Major changes in policies have started the shift away from subsidies. As real

costs emerge and if agricultural policies continue to move away from a cultivated

acreage based system, farming on marginal land will become uneconomical. Programs
to restore and maintain marginal land (Permanent Cover Program, Conservation

Easements) are needed to protect these lands and provide incentives to landowners.
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1.5 Wetlands

Wetlands are important contributors to and indicators of the environmental

health of the land. Wetlands cover 14% or 1,270,000 sq. km of Canada's total land

area (Lynch-Stewart et al. 1993) and function in the hydrology, waste assimilation,

ecosystem diversity and productivity of the land (National Wetlands Working Group

1988). The definition of a wetland is a much debated topic within and among

disciplines. Essentially wetlands possess three characteristics: areas which have

gleysolic soils, support wetland vegetation, and have a wetland hydrologic regime. The

Saskatchewan Wetland Policy defined wetlands as:

"Iow-Iying areas of land which are covered by water often enough to

support aquatic plants and wildlife for part of their life cycle. They
include both the wet basins and adjacent upland. In Saskatchewan,
wetlands are known by many names including sloughs, marshes,
potholes, rivers, and lakes." (Sask. Wetland Policy 1994).

In the agricultural regions, wetlands provide crucial diversity of habitat amid the

cultivated fields (Laubhan and Fredrickson 1997). The natural vegetation in these

prairie potholes and depressions forms essential wildlife habitat among the cultivated

fields in southern Saskatchewan. The prairie potholes or wetlands are scattered

throughout the province creating a patchy landscape. The mosaic of landscapes,
formed from the distribution of the wetlands, contributes to diversity in the agricultural
landscape.

The earliest wetland classification system was developed by Stewart and Kantrud

(1971) who organized waterbodies from ephemeral wetland to lakes. Millar (1976)
modified this scheme and added a disturbed wetlands class. The Canadian Wetland

Classification developed by Adams (1988) was to standardize classification and provide
a framework for different disciplines. The wetland classes are based primarily on

vegetation and then on hydrology and water quality. Woo et al. (1993) tested a

hydrological classification that proved to be consistent with Millar's vegetation based

classification. Table 1.5 lists the corresponding classifications for each system.
Wetland descriptions in this project will follow Millar's classification (1976) as it is the

best known system.
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Table 1.5 Comparison of MajorWetland Classification Schemes.

Stewart and Millar 1976 Adams 1988 Woo et al. 1993.
Kantrud 1971

Temporary potholes Wet Meadow Wet meadow Ephemeral
Seasonal potholes Shallow Marsh Shallow marsh Intermittent

Semipermanent Emergent Deep Deep marsh Semi permanent
potholes Marsh

Permanent lakes Transitional Open Intermittent open Permanent
water water

Open water marsh Permanent open
water

Shallow open water

Intermittent alkali Open alkali Intermittent saline
lake

Tillage potholes Disturbed

,....-
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1.5.1 Climatic Influences on Wetlands .

Wetlands are extremely variable ecosystems fluctuating in size, number and

characteristics with changes in the climate. Locally, annual water levels fluctuate

widely in the prairies and influence wetland habitat. On a larger scale, global warming
models predict drier conditions which will result in greater abundance of dry basins and

heavy emergent vegetation cover with few or no open water areas (Poiani and

Johnson 1991).

Drought results in lowering the water levels of wetlands and exposing the marsh

bottom. The mudflats are rapidly recolonized by annual (goosefoot, dock, and nodding

beggarticks) and emergent species (cattails, rushes, and spangletop grass). With

moister conditions, the water level rises and refloods the basin and the annual plant

species. Emergent species flourish, unless their water depth tolerance is exceeded.

Many species are adapted to a range of water depths and can survive yearly
fluctuations in water levels (Walker and Coupland 1968). Global warming and lower

water levels will stimulate emergent cover in semi-permanent wetlands and in general
result in less open water areas (Poiani and Johnson 1991). Researchers have

predicted that a drier climate regime will result in decreased waterfowl populations

(Bethke and Nudds 1995, Poiani and Johnson 1991). Effects on other wildlife groups
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are also likely as wetlands are critical habitat for many species and wetlands exceed all

other land types in wildlife production (Turner et al. 1988, Kent 1994).

1.5.2 Agricultural Influence on Wetland Habitat

Agriculture development since the turn of the century has resulted in the loss of

native habitats including wetlands. Millar 1986 (in Turner et al. 1988) surveyed the

prairie ecozone's conversion to cultivation. He reported that 78% of the mixed grass

prairie region was cultivated and 18% was native vegetation. The remaining native

habitat is associated with atypical areas such as coulees, wetlands, and saline soil

zones (Turner et at, 1988). Turner et al. (1988) examined the agricultural impacts on

wetlands in the parkland and grassland regions of the prairies. Wetland basins and

margins were impacted at a higher rate in the grasslands than the parklands. The

primary source of impacts in Saskatchewan was cultivation (43% impacts on basins;

59% impact on margins). Other impacts were, grazing, haying and burning. These are

all transitory impacts, and if not repeated, the habitats will restore naturally. Permanent

impacts such as draining were reported to-be low in Saskatchewan (0.19%). Refer to

Figures 1.2 and 1.3.
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1.6 Wildlife in Wetland Habitats

The following section will discuss the wildlife found on the prairies with reference

to wetland habitats. Historically, the wildlife communities have changed since the

1900's. Settlement was accompanied by invading generalist species. Generalist

species were brought intentionally or expanded their range due to changes in habitat

brought about by settlement, i.e. more trees in the grasslands. These generalist

species have adapted to the prairie ecosystem and compete with the endemic species
for food and resources.

Mammals

Historically, the prairie mammal community included plains bison, a nomadic

social herbivore which had a large influence on the vegetation and likely on wetlands

(Kantrud et al. 1989). Other mammals extirpated from the region include plains grizzly

bear, swift fox, plains wolf and black footed ferret. These predators are not wetland

dependent but would use wetlands for water, hunting, and resting habitat.

Terrestrial mammals have not been typically associated with wetland

ecosystems, however analysis of habitat use patterns and diets shows high utilization

of wetland habitats. Only three prairie mammals, beaver, muskrat and mink, are

dependent on wetlands to complete their life cycle. Kantrud et al. (1989) categorize

prairie mammal species according to degree of dependence on wetlands. They found

16 mammal species which make extensive use of wetlands or can complete a life cycle
in wet-meadow zones. Fritzell (1989) studied prairie wetland mammals present in

South Dakota, North Dakota, Iowa, and Manitoba. Fritzell found high wetland habitat

utilization by small mammals (voles, ground squirrels). These species are important

prey species for larger carnivores such as foxes, birds of prey, raccoons and weasels.

The larger herbivores (deer, pronghorn and elk) utilize the wetlands for thermal cover,

protection from predators, foraging of willow and aspen, and as foaling sites.

Endemic species identified by Benedict et al.: (1997) are centered on the great

plains (Table 1.6). Several species listed are located in the southern plains and do not

extend to the Canadian prairies. Benedict et al. (1997) defined endemic species as

those species which evolved on the grasslands as determined by historical records and

ranges. Smith's (1993) atlas of Alberta mammals contains additional species that are

not listed as endemics by Benedict et al. (1997): prairie shrew, northern pocket gopher,
Ord's kangaroo rat, and badger. These species may be considered endemic to the

northern prairies.
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Table 1.6. Endemic Mammal Species of the Great Plains and Canadian Prairies.

Species Habitat AffinityCanadian Prairies Canadian Status

White-Tailed Jackrabbit

Franklin's Ground Squirrel
Yes

Yes

Richardson's Ground Squirrel Yes

Thirteen-Lined Ground Squirrel Yes

Black-Tailed Prairie Dog Yes

Plains Pocket Gopher
Olive-Backed Pocket Mouse Yes

Plains Pocket Mouse

Hispid Pocket Mouse

Plains Harvest Mouse

Northern Grasshopper Mouse
Prairie Vole

Swift Fox

Black-Footed Ferret

Spotted Skunk

Pronghorn
Prairie Shrew

Northern Pocket Gopher
Ord's Kangeroo Rat

American Badger

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Short/mixed grass

Tallgrass
Short/mixed grass

Widespread
Short/mixed grass

Widespread
Short/mixed grass

Short/mixed grass

Short/mixed grass

Short/mixed grass
Unknown Short/mixed grass.

Declining in local portions Tallgrass
Extirpated (reintroduced) Short/mixed grass

Extirpated Short/mixed grass

Declining
Declining
Unknown

Unknown

Declining, Vulnerable

Unknown

·Declining

Source: Adapted from Benedict et al. (1996).

Unknown

Widespread
Short/mixed grass
Short/mixed grass
Short/mixed grass

Short/mixed grass

Widespread

Birds

Historically grassland bird communities evolved in an environment that was

heavily influenced by bison and fire. Bird species were distributed along a gradient of

grazed grassland from bare, heavily grazed landscape (McCown's Longspur). to

moderately (Long-billed Curlew) and lightly grazed mixed prairie (Sprague's Pipit)

(Knopf 1996). Grassland bird communities are relatively simple compared to other

ecosystems. They are characterized by low species diversity and dominated by few

species (lgl and Johnson 1997). Historical bird data for the study region is available for

the Matador region from 1967-1970 (Maher 1974). Species observed in the Matador

during this period are listed in Appendix 21
Wetlands provide food and cover for a variety of birds. Many birds are dependent

on wetlands seasonally while some require open water year round. The high degree of

mobility, allows wetland-dependent birds, waterfowl and shorebirds, to maintain their

26
,�E!f' i�,�'

""--1 ., A'
--------------------� - �-�------------ --------



.......)
-

.

"

populations across a wider region. Other groups which utilize wetlands include

migratory neotropical birds, passerines or songbirds, and raptors.
Endemic bird communities are described by Knopf (1996) as primary endemic

species and secondary endemic species (Table 1.7). The secondary endemic species
have a broader range of habitat but have strong association to the grasslands. Today,
cattle grazing produces a homogeneous grazed ecosystem with little variability in grass

height (Knopf 1996). With increases in trees and shrubs on the prairies (shelterbelts,
farm yards, riparian areas) generalist birds have moved into the region. The result of

these changes in the prairie is that avian communities are often dominated by a few

species. Four species (Horned Lark, Western Meadowlark, Lark Bunting and

Chestnut-Collared Longspur) accounted for 69% of all individuals recorded across sites

in the northern prairies (Kantrud and Kologiski 1982 in Knopf 1996).

Aquatic Invertebrates

Species diversity of North American insects is dominated by the orders

Coleoptera, Diptera, Hymenoptera and Lepidoptera. Many species are still

undescribed and many experts believe only half of the insects are known (Arenz and

Joern 1996, Ward 1992). Little work has been done on the communities of aquatic
invertebrates in wetland types of the prairie pothole region (Kantrud et al. 1989).
Prairie wetland invertebrate community structure is dependent on wetland hydrology,
chemical characteristics, size of the pond, pond depth, whether the pond freezes

completely during winter, and isolation or nearness of other wetlands. The permanency

of the wetland is the primary determining factor in community structure (Driver 1977).

Temporal and seasonal wetlands require invertebrate communities that have short life

cycles, can withstand dessication, and their eggs can withstand dessication. Water

chemistry, particularly salinity is another important influence on community type. Many

species have developed traits which enable them to inhabit wetlands with high salt

content. While specific species may be found in several types of wetlands from

seasonal to permanent, often a preference for one type is observed.

Studies on Canadian prairie aquatic invertebrates previously concentrated on

invertebrates as prey for waterfowl than on biodiversity and community ecology.

Parker (1992) conducted a study on aquatic invertebrates which examined the life

history, ecology and biodiversity of insects in prairie ponds. Driver (1977), Morrill

(1988) and Parker (1985) have focused on chironomid ecology in prairie ponds .
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Table 1.7. Endemic Bird Species ofthe Canadian Prairies and their Relative

Ecological Associations.

Grasslands Ecotone Wetland

Short ShorUMixed Mixed/Tall

Primary Endemics
McCown's Longspur X

Long billed Curlew X

Ferruginous Hawk X X

Chestnut-collared Longspur X X

Lark Bunting X X

Baird's Sparrow X X

Sprague's Pipit X X

Marbled Godwit X

Wilson's Phalarope X

Franklin's Gull X

Secondary Endemic Species
Horned Lark X

Swainson's Hawk X X

Prairie Falcon X X

Burrowing Owl X X

Vesper Sparrow X X

Savannah Sparrow X X

Short Eared Owl X X

Western Meadowlark X X

Upland Sandpiper X

Northern Harrier X

Sharp-tailed Grouse X

Clay-colored Sparrow X

Lark Sparrow X

Source: Adapted from Knopf (1996).
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Aquatic invertebrate communities in prairie wetlands play an important role in the

trophic food chain (Moss 1986, Paine 1980). Invertebrates constitute a major source of

biomass and are utilized as prey by waterfowl, fish and amphibians. Within the aquatic
invertebrate communities there are predators, herbivores and detrivores. Aquatic
invertebrates are associated with four habitat groups. Benthic invertebrates live in mud

or the mud-water interface. This group includes herbivores and some detrivores.

Pelagic invertebrates inhabit the water column and consume plankton and suspended

organic particles. Macrophyte-associated invertebrates are herbivores and live in or on

vascular plants. Neustonic invertebrates live on the surface of the water and are

primarily predators and detrivores.

Few diversity studies examine invertebrate communities and rarely is

identification carried to the species level because of the complexity of taxa and paucity
of knowledgeable people (Collinson et at. 1994, Lehmkuhl, 1984). The use of

invertebrates as indicators of habitat quality is gaining recognition and this may be one

method of increasing the knowledge base on species range and diversity (Rosenberg
et aI1986).

Lehmkuhl (1980) examined the origins of insect fauna found in the Canadian

prairies. He attributed the very few numbers of endemic species to the relatively young

geologic age of the prairies. Most insects immigrated into the prairie region after the

Wisconsin Glaciation (100,000 to 17,000 BP) from other regions of North America.

Mason and Lehmkuhl (1985) similarly found that chironomid species in the

Saskatchewan River had very widespread distribution patterns. This project will

therefore exclude invertebrate species in analysis and discussion of endemic species.

1.6.1 Agricultural Influences on Wildlife

Agricultural impacts on wildlife can vary in scale both spatially and temporally.
Freemark (1995) describes a hierarchy of impacts (Figure 1.4) in agricultural

landscapes. Transitory impacts such as tilling, single fertilizer applications or mowing,
stress wildlife communities on a short term time scale. As the impacts become larger
in areas affected or have cumulative effects (many pesticide applications) the length of

time of the impact on wildlife increases to decades. Global impacts such as ozone

depletion and climate change are the result of many single impacts accumulated over

time. These impacts will affect wildlife on the century to millennium time scale.

Other agricultural related impacts include diversity of crop and non-crop habitats,

patch size and isolation. In native habitats, smaller patches support fewer species than
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larger patches (Freemark 1995). Rodenhouse et al, (1993) cite the many changes in

agriculture as influences on wildlife: increases in mechanization, chemical use, farm

size, homogenization of the landscape, acres under cultivation, and monocrops. Other

studies have found similar results to these changes:
)l> As number of commercial farms increased (size, intensity), bird abundance

and species richness decreased (Moore et al. 1993).
)l> Greatest impact of herbicides on wildlife is through the alteration of

vegetation (Solberg and Higgins 1993). Freemark and Csizy (1993) found
use of herbicide affects total bird abundance.

)l> Cultivation and change from perennial grassland to annual monoculture
cropland resulted in change in species composition: more generalists, fewer
endemic species (Kaufman and Kaufman 1997).

)l> Greater number of species are found in native undisturbed habitat (Delphey
and Dinsmore 1993, Blair 1996, Best et at. 1995)

)l> Ranching can remove habitat through overgrazing, haying and mowing and
removes unwanted species such as prairie dogs (Kaufman and Kaufman

1997). Grazing effects were mixed for prairie birds with some species
showing a positive, negative or no relationship to grazing (Bock et al. 1993).
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Figure 1.4. Freemark's (1995) Spatio-temporal Hierarchy of Potential Stressors

for Wildlife in Agricultural Landscapes.
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Chemical Practices

Commercial fertilizer 43%

Herbicides 71%

Insecticides 9%

Other Practices

Irrigation 8%

Control salinity 32%

Shelterbelts 26%

1.7 Physical Characteristics of the Study Region

The PECOS study region is located in southwest Saskatchewan encompassing
the city of Swift Current and extending north to the Rural Municipalities of Monet, King

George and Coteau. Please refer to Figure 1.5 and 1.6 for maps of the study area.

The TransCanada Highway is located in the southern portion and the South

Saskatchewan River flows through the center of the region. The area is sparsely

populated (total population 28,670) with over 52% living in Swift Current. A total of

2942 farms operate in the area, with the majority of farm operators being male (77%)
and in their late 40's (Statistics Canada, 1992).

The 1991 Statistics Canada census found 3,868,916 acres in Saskatchewan are

used in farming operations. Of this 41% is cultivated land and 29% is fallow land.

Improved and unimproved pasture accounts for 27.5% of the land with the remaining
2.5 % of designated other uses. Current farming practices include chemical inputs in

the form of fertilizer (43% of cropland) and herbicides (71%) (Table 1.8).
A wide range of landforms in the PEC;:;OS study area results in the division of land

into arable and non-arable land. Agricultural use in the PECOS region is largely
determined by soils and topography. According to the 1991 Census 70% (6.5 million

acres) is cultivated and 27.5% is grazed land (Figure 1.7 and 1.8). The major grains
and oilseeds growing in the study area are winter wheat, spring wheat, durum wheat,

oats, barley, fall rye, flax, and canola. The 1991 census shows that these nine major

crops, planted in 1.38 million acres in the study area, account for 4.7% of the total crop

acres in Saskatchewan. Grazing land and community pastures are located on non

arable land, dry hill land around Matador, steep rolling moraine in the Coteau Hills, and

dune land north ofWebb. In the PECOS region the main livestock species is cattle.

Table 1.8. Percentage of Use of Farm Practices on Cropland in the PECOS

Area, Census Region 3BN.

Tillage Practices

Conventional tillage 54%

Conservation tillage 27%

No tillage 19%

Fallow Practices

Chemical & Tillage Fallow 50%

Tillage Fallow 46%

Chemical Fallow 4%

Source: Statistics Canada 1991 Census
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Figure 1.7 Cultivated land in the northeast PECOS area showing Victory,

Canaan, King George and Coteau RMs.
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1.7.1 Soils and Landforms

Brown soils dominate the study area, with dark brown soils occurring in slightly
more moist areas near the north border and the south east border of the study area.

Sandy loam, loam, clay loam textured soils that have developed on glacial till are

common over the entire region. These soils are naturally fertile, due to mixed minerals

present in the glacial till and of the medium capacity to store water for use by crops

(Ayres et al 1985).

Gleysols are found in and around wetland areas in the prairies. Wetlands in the

prairies were formed by glacial action during the Pleistocene. In the Continental Prairie

wetland region (Manitoba, Saskatchewan and Alberta), 55% of the wetlands are on

glacio-lacustrine and fluvial materials and 40% are on moraine (Zoltai 1988).
Lacustrine and fluvial materials were deposited by glacial waters. Slow glacial retreat

formed the rolling ground moraine landforms while the final stages of glacial retreat

resulted in the knob and kettle hummocky moraines. Wetlands formed in lowland

areas and in areas where the ground water table is near the surface.

Gleysols are mineral soils which are affected by poor -drainage. They occur in

shallow depressions and on level lowlands that are saturated with water (Adams 1988).
Water saturation may be due to a high ground water table or a temporary accumulation

of water above an impermeable layer (Foth 1990). Gleysols are identified by their dull

colour and the presence of mottles within 50 cm of the surface. The gray blue colour of

the soil indicates severity of water logging and reducing conditions whereas the mottles

were formed by periodic oxidizing conditions (Zoltai 1988).-
The main landforms in the PECOS region are lacustrine plains, moraine plains

and dry lands. Lacustrine plains, previously glacial lake beds, are predominantly fine

textured, clay soils on a level landscape (Ayres et al 1985). These areas found around

Kyle, Elrose, Birsay, and Success are good agricultural land and primarily used for crop

cultivation. The plains and hills found on glacial moraine deposit are gently rolling, with

medium to fine textured soils (Ayres et al 1985). These areas are used for cultivation

and rangeland, and occur in the northeast and central areas of the study region. The

dry lands include plains and hills which have coarse, sandy rapidly drained soils. In the

PECOS region there is both steep hill land around Matador and sand dunes north of

Webb. These types of areas are generally not used for agriculture, although some of

the hill land area is used for pasture.
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1.7.2 Hydrology

Hydrology of wetlands in the prairie region is determined primarily by local

precipitation (Mayboom 1967, Dingman 1994). Wetlands develop in snowmelt and

rainwater catch basins or shallow depressions where groundwater reaches the surface.

These groundwater outcrops or discharges include sloughs, willow rings, saline river

valleys, springs and seepages. Wetlands in prairies are subject to drought as areas

often experience precipitation deficits. Droughts are natural phenomena that vary in

severity and persistence. The 1988 drought was influenced by climate in the Pacific

Ocean (EI Nino) which resulted in below normal rainfall (Trenberth et al. 1988). During
a severe drought many semi-permanent wetlands dry up.

The annual water budget involves precipitation, evaporation, recharge, runoff and

storage (Kadlec 1987). Since prairie wetlands are typically located in isolated

depressions, ground water systems are important factor in their hydrology. In spring,
local systems experience inflow after the snow melt. Regional run-off from snowmelt in

the Rockies also increases prairie water levels. At high water levels, shallow

depressions and ephemeral sloughs are wet. In summer, evaporation and transpiration
are the main mechanism of water loss. The prairie arid climate has lower precipitation
than evapotranspiration and experiences a water deficit during summer months. Other

water losses to the system occur from seepage into the groundwater system. As the

summer progresses and the water levels retreat ephemeral, intermittent and semi

permanent sloughs dry up. Figure 1.9 illustrates the hydrological system of prairie
wetlands.

FLOW

r Recharge
t Throughflow
d Discharge

SLOUGH

E Ephemeral
I Intermittent

S Semipermanent
P Permanent

dry.Ummel'

Figure 1.9 Groundwater Flow and Wetland Types in the Prairie Pothole Region.

Source: Woo et al. 1993.
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1.7.3 Vegetation

Wetland vegetation is determined by the physical characteristics of a wetland

(amount of open water, duration of water saturation, salinity). Millar (1976) classified

marshes by vegetation type. Certain species were associated with the different

wetland classes and thus could be used as indicators of wetland permanence (Table

1.9). An scientific names can be found in the appendices.

Table 1.9. Wetland Types and Vegetation Attributes.

Zone Attributes

Wet meadow zone Submerged for only very short period in the spring and characterized by
short fine textured grasses or grass-like species: fowl bluegrass, foxtail
barley.

Shallow marsh zone Flooded in normal years until June or July, characterized by
intermediate height vegetation: spangletop, tall manna grass and awned

sedge.
Deep Marsh Zone Normally flooded until late in the season, in moist years throughout the

winter. Dominant species are tall coarse emergents: cattails, bulrushes.

Open Water Zone Flooded year round. Nearly all plants are submerged aquatics
Pondweed.

Drawdown Zone In drought years, with falling water levels a fifth zone may occur, the
summer drawdown. It is characterized by pioneering coarse weedy
forbs: marsh ragwort, goosefoot, and marsh yellow cress.

Source: Adapted from Millar (1976).
Wildlife habitat is primarily determined by the type, structure and composition of

vegetation. When the vegetation is altered, the habitat and community it supported is

also affected. Reducing the complexity of species present and community structure will

result in a less complex and thus a less diverse wildlife component of the community.
Land use is the cause of major disturbance to the vegetation in wetlands. Cultivation,

grazing and haying activities alter the composition by changing the dominant species
and altering the structure of the vegetation. Mowing for example increases the growth
of spangletop. However, it is the intensity of the disturbance that causes a greater

impact on the communities than the specific type of disturbance (Walker and Coupland

1970). Historically, prairie ecosystems were grazed by bison and prairie vegetation

adapted to grazing pressures. Only intense grazing pressure will degrade the

ecosystem by decreasing primary production, increasing water turbidity, and may even

eliminate all vegetation. Under normal grazing use, species composition may change
due to palatability of the emergent species and the changes in microclimate (Kantrud

1989).
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2. Wildlife diversity study

2.1 Description of Study Sites

Eight ponds were selected in May 1995 north of the South Saskatchewan River

in the PECOS region. Four sites are located in cultivated areas: Redden, Thunstrom,

Wiens and Jones and four are in native grassland in. the Matador Community Pasture:

Matador East, MatadorWest, Matador Tree Ephemeral and Matador Ephemeral. Table

2.1 describes the pond sites and surrounding landscape. Pond type follows Millar

(1976) and upland vegetation includes the pond margin (10m) and upland habitat (10m-

50m) if any exists. All sites are located within 50 km of Beechy, SK. Figures 1.10-1.14

are aerial photographs of the pond sites.. The photographs, taken in 1990 with the

exception of Thunstrom pond which was taken in 1986, are the most recent aerial

photography available for the region.

Table 2.1 Semi-Permanent and Ephemeral Wetland Sampling Sites in the PECOS

project area, 1995.

Site Pond Type Land Use Upland Vegetation

Rangeland
Matador East Deep marsh Prairie I Low Mixed -Grass Prairie

impact rangeland
Matador West Deep marsh Rangeland Mixed -Grass Prairie

Tree Ephemeral Shallow marsh Rangeland Mixed -Grass Prairie

Ephemeral Shallow marsh Prairie I Low Mixed -Grass Prairie

impact rangeland
Cropland

Thunstrom Deep marsh Cultivation Mixed -Grass Prairie

Redden Shallow marsh Cultivation I Reed grasses, Shelterbelt

mowing
Wiens Shallow marsh Cultivation I Reed grasses

mowing
Jones Shallow marsh Cultivation I Reed grasses

·draining
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2.1.1 Redden Pond: Land Location NW 10-22-9 W3M, RM. Canaan

Redden was a semi-permanent pond of the deep marsh type (Millar 1976) and

was located in cultivated fields. The pond was 150 m by 150 m in size (2.25 ha) and

the water depth in early summer was 0.75 m. Water levels decreased throughout the

summer to a depth of 0.1 m by late August. Emergent vegetation was nearly absent

with only a few rush stands near the pond edge. Pondweed and swamp periscaria
were dominant. Pond margins were approximately 10m wide and were mowed

annually for hay. The landowner typically seeds the pond during dry years. In 1993,

the pond was dry and seeded with oats. Several smaller ponds are located to the

northwest and two semi-permanent ponds are located to the east. An old farmstead is

located just north of the pond with hedgerows and shelterbelt trees. There is also a

shelterbelt 50m to the south of the pond. Previous crop use on adjacent fields include

canola, spring wheat and durum wheat. The crops had high chemical usage, especially
the north field which was in chemical fallow in 1994.

2.1.2 Thunstrom Pond: SW 29-26-9 W3M, RM. Couteau

Thunstrom was a large semi-permanent pond of the deep marsh type (Millar

1976), located in a coulee with cultivated fields to the east, north and west and a grid
road to the south. The pond was approximately 400 m long (north/south direction) and

100 m east/west at its widest point (4.0 ha). The depth of the pond in early summer

1995 was 1.5-2.0 m. An island was present in 1995 along the east side of the pond and

emergent vegetation of cattails and rushes was present along all sides of the pond and

on the island. The coulee was steeply sloped and undisturbed. Natural prairie

vegetation was found along the sides of the coulee including many shrubs and small

trees including willows, wolfwillow, snowberry, saskatoon berry, prickly rose and wild

rose, chokecherry, and hawthorn. Margin widths were on average 70 m with the

exception of the north end which was only 50 m. The north end of the coulee was

dammed in the 1930's converting the wetland into a semi-permanent pond. The coulee

was used for grazing in the past. The pond was dry during the 1988 drought and was

seeded the following spring. Crops in the fields above the pond alternated between

wheat, canola and summerfallow with the use of 2,4-D herbicide.

3 Chemical Fallow: type of fallow method which uses herbicides to remove weeds from the

field instead of the conventional tillage method. With decreased tillage, benefits are a reduction in

soil erosion and salinity.
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2.1.3 Wiens Pond: NE 21-22-10 W3M, RM. Victory

Wiens was a semi-permanent pond of the shallow marsh type (Millar 1976),
located in cultivated fields. The topography was gently rolling and there was little

natural vegetation nearby. The pond was approximately 150 m by 100 m (1.5 ha) and

the water depth of the pond in early summer of 1995 was 0.8 m. The pond margin

averaged 10m and was not mowed. The dominant aquatic vegetation was swamp

periscaria. In 1995, Wiens was inhabited by a family of muskrats and as a result had

very little emergent vegetation. Some small stands of rushes and occasionally cattails

were present. The pond was dry in 1991 and was cultivated that year. Crops grown in

the adjacent fields include mustard, durum wheat, lentils and the herbicides used

include Fortress, 2,4-0 with dicamba (Banvel®) and ethylfluralin (Edge®).

2.1.4 Jones Pond: SW 5-22-9 W3M, RM. Canaan

The Jones pond was an ephemeral wetland of the shallow marsh type (Millar

1976) located in cultivated cropland. The pond continued to the west (Section 6)
across a grid road. The size of the pond 'in Section 5 was 200 m by 150 m (3.0 ha).
The pond was 0.4 m deep in June 1995. The pond margin ranged from 2 m to 7m.

Drainage pipes have been placed on the east side of the wetland draining into the

fields. Mature shelterbelts were located 50 m to the east of the pond. Emergent

vegetation present included rushes and pondweed. Crops in the neighboring fields

were wheat with 2,4-0 herbicide use.

2.1.5 Matador East: SW 18-21-12 W3M, RM. Victory

Matador East pond was a semi-permanent pond of the deep marsh type (Millar

1976) and was located in the native prairie of the Matador Community Pasture. It was

in a paddock that is occasionally used to hold cattle in the fall. However, cattle have

not been present in the paddock for several years. The topography is rolling with

shrubby vegetation. The pond was dammed at the north end. It was approximately
300 m by 100 m (3.0 ha) and had a water depth in the early summer of 1995 of 1.0 -

1.5 m. Emergent vegetation included sedges and rushes. A small ephemeral pond
was located 20 m to the east of the main pond.

2.1.6 Matador West: SW 13-21-13 W3M , RM. Victory

Matador West was a semi-permanent pond of the deep marsh type (Millar

1976) and was located in a paddock used for cattle grazing throughout the year. The
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native prairie vegetation included shrubs and a meadow at the west end of the pond.
The pond was also dammed at the north-east corner. The pond was 300 m by 150 m

(4.5 ha) and the water depth at the beginning of summer 1995 was 1.0-1.5 m. The

pond margin was severely disturbed from cattle grazing and was composed of mud for

most of the summer. Emergent vegetation included reeds and sedges.

2.1.7 Matador Tree Ephemeral: NW 16-21-13 W3M, RM. Victory

The ephemeral pond of the shallow marsh type (Millar 1976) was located in

rolling topography in the community pasture. The paddock was used for cattle grazing.
A grove of aspen trees was located on the west side of the pond. The pond was

approximately 50 m by 50 m (0.25 ha). The pond depth at the beginning of 1995 was

0.45 m and drawdown occurred by 10 June 1995. Aquatic vegetation included swamp

periscaria.

2.1.8 Matador Ephemeral: SW 16-21-13 W3M, RM. Victory

This ephemeral pond of the shallow marsh type (Millar 1976) was located

between two hills in a pasture which did not contain cattle during 1994. The native

vegetation included shrubs on the slopes of the hillsides. The pond was approximately
150 m by 50 m (0.75 ha). The pond depth was 0.35 m and drawdown occurred by 10

June 1995. Aquatic vegetation included swamp periscaria and rushes.
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Scale 1 :40,000 N

Figure 2.1 Aerial photograph of Thunstrom pond SW 29-26-9 W3M, 1986. A
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Scale 1 :40,000 A
Figure 2.2 Aerial photography of Redden pond NW 10-22-9 and Jones SW 5-22-9

W3M pond, 1990.
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Scale 1 :40,000 N

Figure 2.3 Aerial photography of Wiens pond NE 21-22-10 W3M, 1990. A
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Scale 1 :40,000
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A
Figure 2.4 Aerial photography of Matador East pond SW 18·21·12 and Matador

West pond SW 13·21·13 W3M, 1990.
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Scale 1:40,000 A
Figure 2.5 Aerial photography of Matador Ephemeral pond SW16-21-13 W3M anJ

Matador Tree Ephermal pond NW 16-21-13 W3M, 1990.
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2.2 Methodology

2.2.1 Vegetation and Habitat Sampling

2.2.1.1 Vegetation Plots

To record species diversity, I sampled the vegetation at each semi-permanent

pond using 1 m2 quadrats. Two quadrats were placed in the four cardinal directions in

each of the following pond zones: the pond edge (a 2 m wide region with wet soil), the

lower pond margin (10 m wide zone) and the upper pond margin (and upland existing

beyond 10m). The border between the wet soil and dry margin was used as the edge
of the pond or the 0 m position. Six plots per direction (i.e, Pond edge North 1, Pond

edge North 2; Lower margin North 1, Lower Margin North 2; and Upper Margin North.t,

Upper Margin North 2) were sampled, totaling 24 plots per pond. Figure 2.6 details the

sampling design. Plant species were identified and percent cover was estimated.

2.2.1.2 Ephemeral Pond Vegetation Survey

The vegetation communities at ephemeral ponds were surveyed along a north

south and an east-west transect. The transects bisected the dry pond bed and

contained the surrounding upland habitat. The plant species and location along the

transect were recorded.
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Figure 2.6. Sampling Design at pond sites.
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2.2.2 Birds

I conducted singing bird censuses at each pond from 6 June to 28 July 1995 to

determine bird presence during the breeding season. Surveys were conducted during
suitable observation conditions: wind less than 15 km/hr and no rain or fog (Dale 1994).

Surveys were conducted by myself and assistant Greg Dueck after dawn (0500 - 0830)
and before dusk (1800-2130 hr) along a 300 m transect with three minutes stops every
25 m. Species seen or heard were recorded and the location if known, was plotted on

a map. A stationary survey method was used at the ephemeral ponds: Jones, Matador

Tree Ephemeral and Matador Ephemeral, since the entire pond could be observed

from one position. Stationary surveys recorded all calls and birds observed during 15

minutes. Each semi-permanent pond was visited seven times (six for Matador West)
and the ephemeral ponds were sampled four times (three times for Jones). Road

conditions and unsuitable weather prevented all sites from being visited equally.
I captured and banded songbirds at semi-permanents ponds with mist nets set

up in a "V" formation at dawn and dusk for a period of one to three hours. Mistnetting
was included in the methodology to confirm identification of birds present. However,

mistnetting on the open prairie proved difficult since the nets were visible to birds at

sites which lacked shrubby and tree vegetation and resulted in few birds caught.

2.2.3 Mammals

To identify mammals present in the pond habitat I used three methods: track

counts, live traps and general observations. Track counts were used to survey large
mammals at all semi-permanent ponds from 6 June to 21 July 1995. I established

three transects (1 m wide and 10m long) equidistant around the pond. Vegetation was

removed at ground level and locally obtained sand was placed to a depth of 10 cm.

The transects were smoothed and tracks recorded 24 hours later. I used Peterson's

Animal Track Guide (Murie 1974) to identify tracks. Three cervids (white tailed deer,

mule deer and pronghorn antelope) of similar size tracks, could not be distinguished.
The sand track method was adapted from Bider (1968) who used sand transects to

determine habitat utilization along an ecotone. My survey methods differed from

Bider's in that he used fine grained sand and covered transects whereas I used local

sand of medium to fine grain and the transects were not protected from wind or rain.

Live traps were used to trap small mammals at all pond sites. Sherman and

Longsworth style traps were set in the pond margin and upland habitat on a weekly
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basis from 2 August to 10 September 1995. Traps, baited with peanut butter were

checked every 12 hours. Mammals were identified and released. Hantavirus protection

protocol was followed: surveyors were gloved and masked, live mammals were not

directly handled, and traps were disinfected after use (Anonymous 1993).
Mammal observations were recorded throughout the summer (15 May to 10

September) at all pond sites. Species, number of individuals, location and type of

observations (track, sight or scat) were recorded.

2.2.4 Aquatic Invertebrates

Emergence traps were used to obtain samples of adult insects present in the

pond. The emergent traps collect most emerging species regardless of larval

microhabitat (Merrit and Cummins 1985). Traps are a pyramidal wood frame (base

measuring 1 m by 1 m) with PVC pipes providing the float apparatus. The frame is

covered with sheer netting and a collecting jar is attached to the top of the frame.

The floating traps were placed in open water and emergent vegetation habitat at

semi-permanent pond sampling sites. The. collecting jars, filled with 75% ethanol, were

collected on a weekly basis during peak emergence (26 May to 25 June) and biweekly
from 12 July to 23 September. Extreme winds and destruction of netting by muskrats

resulted in occasions when the traps were removed from the pond for repairs. Dipnet

samples were also collected on a biweekly basis. Dipnet sweeps were taken one

meter from shore with 10 sweeps per sample.

Species were identified by Dale Parker, Aquatax Consulting. Dip net samples
were washed through 500 and 125 sieves to remove silt. A series of each

macroinvertebrate type was selected and preserved in labeled vials. The remaining
material in both sieves was returned to the sample container and preserved in 75%

ethanol. Adult aquatic insects were sorted from the emergence samples, enumerated

and preserved in labeled vials. Specimens were identified to the lowest taxonomic

level practical, within the fiscal constraints of the contract, using published taxonomic

keys and comparisons with verified specimens. Where required, specimens were

mounted on microscope slides to aid the identification process.
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2.3 RESULTS

2.3.1 Vegetation

2.3.1.1 Species Richness

Table 2.2 lists the species present in the random plot surveys at each semi

permanent pond. Matador East pond had the highest number of species present (47)
followed by Thunstrom pond (41). Figure 2.7 illustrates the vegetation species richness

at each pond. The vegetation can be broken down into the following groups: 15

species of grasses and sedges, 2 introduced species of grasses, 11 aquatic species, .

43 species of prairie forbs, and 4 species of shrubs. The random plot surveys recorded

the percent cover of the species at each plot position: the pond edge, lower margin,
and upper margin. Refer to the tables in Appendix 1 for the random plot survey results.

Vegetation found at the ephemeral ponds was identified and is listed by

community type in Appendix 2.

2.3.1.2 Habitat Diversity

Habitat diversity values were calculated for each random vegetation plot and

means were determined for each vegetation zone (Appendix 1). Habitat diversity values

were calculated using Shannon's Diversity Index

H' =-Lpi log pi where pi = the percent cover of species i

(Brower et al. 1990). This equation is a description of the variety and relative

proportion of vegetation species in a habitat where the more heterogeneous a habitat

the larger the diversity values. Habitat diversity has been strongly correlated with the

diversity of animals species in terrestrial and aquatic habitats (Brower et al. 1990).
The highest diversity values for the pond edge zone were found at Redden

(0.3037) and Thunstrom ponds (0.3031) (Figure 2.8). A total of eight species were

found in the pond edge zone at Redden pond. At the other ponds the emergent.

vegetation was dominant and only 3 or 4 species were present. The diversity values

for the lower and upper margin were greatest at Thunstrom pond (Lower: 0.5491 and

Upper 0.6120) followed by Matador East pond (Lower 0.5120 and Upper 0.5655).
Redden and Wiens ponds had the lowest values for the lower and upper margins.
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Table 2.2. Vascular Plant Species List from Random Vegetation Plots at Semi-permanent Pond Sites, 1995.

Seecles Common Name Matador East MatadorWest Redden 'Thunstrom Wiens

Achillea mi/Jefolium Yarrow x x x

Agropyron crista tum Crested wheat grass x x

Agropyron dasystachyum Northern wheat grass x x x x

Agropyron smithii Western wheatgrass x

Agrostis scabra Rough hair grass x

Alisma plantago-aquatica Common water plantain x x

A/opecurus aequa/is Shortawn foxtail x

Anemone canadensis Canada anemone x x

Anemone patens Prairie crocus x x

Artemesia cana Sage brush x

Artemesia frigida Pasture sage x x x

Asterspp. Aster x x

Beckmannia syzigachne Slough grass x

Boute/oa gracilis Blue grama x x

Bromus inerrnis Smooth brome x x x

Campanula rotundifolia Bluebell x

en Capsel/a bursa-pastoris Shepherd's purse x

N Carex atherodes Awned sedge x x x x

Carexspp. Sedge x x x

Castilleja /utea Yellow paintbrush x x

Chenopodium album Lambsquarter x

Cirsium arvense Canada thistle x x

Descurainia sophia Tansy mustard x

Elaeagnus commutata Wolfwillow x

Eleocharis palustris Spike rush x x x x

Epilobium angustifolium Fireweed x

Galium spp. Bindweed x x x

G/ycyrrhiza lepidota Licorice root x x

Grindelia perennis Sticky gumweed x x

Haplopappus spinulosus Spiny Ironplant x

Heracleum lana tum Cow parsnip x

Hordeum jubatum foxtail barley x x x x

Juncus balticus Baltic rush x
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Vascular Plant Species List from _Random Vegetation Plots (continued)

S�ecies Common Name Matador East Matador West Redden Thunstrom Wiens
Uatrispunctata Blazing star x

Unumlewisii Blue flax x

Lygodesmia spp. skeleton weed x

Malvastrum coccineum Scarlet mallow x

Matricaria matricarioides Wild chamomile x

Medicago sativa Alfalfa x x
Melilotus officinalis Sweet Clover x x

Menthaarvense Wild mint x x

Myriophyllum spp. Water milfoil x

Opuntiaspp. Cactus x

Penstemon spp. Penstemon x

Petalostemon purpureum Purple prairie clover x
Phalaris arundinacea Reed canary grass x x x

Polygonum lapathifolium Pale persicaria x

Polygonum amphibium Swamp periscaria x x x
Potentilla anserina Silverweed x x

Psorelea argophylla Silverleaf psorelea x
(J1Ratibida columnifera Prairie coneflower xV>
Rosaacicularis Prickly rose x x

Rumexoccidentalis Western dock x x

Sagittaria cuneata Arum-leaved arrowhead x x
Scolochloa festucacea Spangletop x

Scirpusamericanus Three square rush x x x x
Scirpusvalidus Roundstem Bulrush x x x x

Solidago missouriansis Low goldenrod x x x

Sonchus asper Prickly sow thistle x x

Stipacomata Spear grass x x x

Symphoricarpus occidentalis Western snowberry x x x

Thermopsis rhombifolia Goldenbean x x

Triglochin maritima Seaside arrowgrass x

Typhalatifolia Cattail x x
Viciaamericana American vetch x x
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2.3.1.3 Disturbances

Disturbances occur on two levels: those directly affecting the pond and those that

affect the landscape in which the pond exists. At the pond level there are three types
of disturbances that directly affect the vegetation: cattle grazing, haying or mowing of

the pond margin and cultivation of a dry pond bed. Landscape-level disturbances

include: decreased heterogeneity, herbicide usage, and the spread of introduced

species.

Grazing

Grazing halts the plant community succession by encouraging the growth of

annuals and discouraging perennial and shrub growth (Kent 1994). Grazing in dense

vegetation stands creates openings. Overall, grazing reduces upland cover and

vegetation density. Grazing at wetland sites can destroy waterbody banks and

increase erosion. Specific changes in vegetation species can occur favoring fowl

bluegrass, tall manna grass, and slough grass (Walker and Coupland 1968).
The vegetation at Matador West was extremely disturbed by cattle grazing. The

pond margin was heavily utilized and a large proportion of the bare soil was exposed.

Sixty-six percent of the random vegetation plots in the pond edge zone and the lower

margin zone had no vegetation. As well, other plots contained species characteristic of

disturbed areas (Iambsquarter and shepard's purse).
The other sites in the Matador Community Pasture were only slightly disturbed by

cattle. Matador East is located in a paddock used to hold cattle in the fall and showed

no signs of recent disturbance during the summer of 1995. Matador Tree Ephemeral
and Matador Ephemeral were not heavily used by cattle since drawdown occurred at

both sites in early June.

Margin impacts

Mowing the pond margin may effect changes in species composition. Walker and

Coupland (1968) state that mowing increases the abundance of spangletop and in

some cases spangletop eliminates awned sedge from shared stands. However Millar

(1973) found no changes in vegetation composition in mowed margins.
The vegetation at Redden was mowed annually for hay. The vegetation in the

lower margin consisted almost entirely of stands of reed canary grass and in the upper

margin the dominant species were smooth brome and crested wheatgrass. Spangletop
and awned sedge are present at Wiens pond where the margin has also been mowed

for hay.
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A second impact on the pond margin is reduction of the margin width. The

minimum margin size recommended by Saskatchewan Wetland Conservation

Corporation and Canadian Wildlife Service is 10m. Pond margin and upland habitat

function in trapping snow and rain thus contributing to the groundwater supply, the

margin vegetation helps slow wind speeds and reduces wind erosion, and thus reduces

soil salinity by preventing evaporation of soil moisture. Wiens and Jones ponds both

had portions of their margins which were less than the recommended amount. Upland

habitat is absent at these ponds and present only on 50% of Redden pond.
Cultivation

Cultivation of a pond bed is a drastic disturbance since it eliminates natural

vegetation (Walker and Coupland 1968). With the return of a wetter water regime,
succession starts over. Colonizing species from early to later stages usually include:

toad rush, spike rush, needle spike rush, foxtail barley, slough grass, short awned

foxtail, common water plantain, cattail, and small yellow water buttercup. Millar (1973)
states that the presence of water milfoil, sago pondweed and hornwort are good
indicators that the ponds have been inundated for several years.

During dry years Redden, Thunstrom, Wiens and Jones ponds had been

cultivated in the past. Thunstrom pond only dried out in times of extreme drought and

was seeded in 1989. Some early and late colonizers were present at the Thunstrom

site including spike rush, foxtail barley, and cattails.

Redden, a much shallower pond, is cultivated approximately every third year.

Colonizing species present included: short awned foxtail and common water plantain,
with common water plantain dominant in 6 out of 8 random vegetation sample plots.

Cattails, an indicator of a longer term wet cycle, were not present.
Wiens pond had been cultivated on average 8 out of 10 years, however it has not

been cultivated since 1991. Colonizing species present included slough grass, spike

rush, and foxtail barley. A small area of cattails was present indicating that the pond
was entering a long term wet cycle.

Introduced Species
As new areas came under cultivation or improved pasture, exotic species found

their niche in the prairie ecosystem. Crested wheatgrass, seeded as a forage grass,

and brome grass are two introduced species that are readily establishing themselves

and out-competing native grasses.
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Smooth brome was present at Thunstrom, Redden and Wiens ponds and crested

wheatgrass was present at Redden and Wiens. It is possible that the landowners

seeded the margins to crested wheatgrass and brome grass. Most occurrences were

found at the edge of the crop/non-crop habitat boundary. However, brome was also

present in native vegetation on the coulee slopes at Thunstrom pond. Brome and

crested wheatgrass are sparsely distributed at the Matador pond sites.

Herbicides

Herbicides can affect non-crop habitat through overspray and drift and through

groundwater runoff. They can persist in the soil and contaminate surface and

groundwaters (Kent 1994). Herbicides decrease the species diversity by acting on non

target species. They also produce shifts in weed species composition and abundance

as one weed species is eliminated others replace the empty niche (Freemark and

Boutin 1995).
All cultivated sites were exposed to herbicide usage on the adjacent fields.

Howeve, Redden may experience higher levels since the adjacent fields were under

chemical fallow in 1994. The practice of chemical fallow relies on herbicides to control

weed growth while the fields are in fallow. Redden pond had the lowest habitat

diversity in the upper margin zone and the second lowest in the lower margin zone

(Figure 2.8). This may be due to a combination of herbicide usage and margin mowing
or to previous seeding of the margin to tame species.
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2.3.2 Passerine Diversity Survey

2.3.2.1 Species Richness

Table 2.3 lists the terrestrial species present at each pond as recorded from the

bird song counts. The following species were ubiquitous and found at all or nearly all

the locations: American Crow, Brewer's Blackbird, Clay-colored Sparrow, Horned Lark,

Red-Winged Blackbird, Savannah Sparrow, Vesper Sparrow, and Western

Meadowlark. Baird's Sparrow, McCown's and Chestnut-Collared Longspurs, and

Sprague's Pipit were only found at those locations which had native vegetation:
Matador and Thunstrom sites. Several species were recorded only in cropland areas:

Barn Swallow, Black-Billed Magpie, Brown-Headed Cowbird, Yellow-headed Blackbird.

Most birds recorded were passerines with the exception for observations of Northern

Harrier, Swainson Hawk, and Sharp-tailed Grouse.

Four species were recorded only at Thunstrom pond. American Goldfinch,

Cedar Waxwing, Gray Catbird and Yellow Warbler probably were present at Thunstrom

and not at other ponds because of the variety of shrubs and trees in the pond margin.

Knopf (1996) determined endemic bird species for grasslands (Table 1.7).
Endemic species will be indicated by a single asterisk *for primary endemics and a

double asterisk** for secondary endemics in the following tables and figures.

Figure 2.9 illustrates the passerine species richness of primary endemic and

secondary endemic species at each pond. Thunstrom and Redden ponds have the

highest and second highest total numbers of species (25 and 1.9 respectively). The

following sites had low richness values: Jones (6 species), Matador Ephemeral (10

species) and Wiens (12 species). Focusing on endemic species, the highest species
richness for primary endemics was present at Matador Tree Ephemeral (4 species or

29% of total birds present), Matador East (2 species or 15%), and Matador West (2

species or 14%). Of the ponds in cultivated locations, only Thunstrom pond had an

observation of a primary endemic species, Sprague's Pipit. The presence of secondary
endemic species is more evenly distributed with most sites having six secondary
endemic species present.

Table 2.4 lists the species caught by mistnets. House Sparrow, Least Flycatcher
and Baird's Sparrow were not recorded from the bird song censuses and add additional

information to the bird count for Redden, Thunstrom and Wiens ponds respectively.

58



\

Table 2.3. Terrestrial Bird Species Present at Pond Sites, 1995. Highlighted sites indicate sites with native vegetation.

•
'-

-

Common Name Species
Ephemeral Ponds

Jones :':M.<[Tree M. Eph
Semi-permanent Ponds

M.l::asf- .. M.'Wesf X!�- Redden :- Thunstrorn Wiens

(J1
(O

American Crow
American Goldfinch
*Baird's Sparrow
Barn Swallow
Black-billed Magpie
Brown Headed Cowbird
Brewer's Blackbird
*Chestnut Collared Longspur
**Clay Colored Sparrow
CedarWaxwing
Eastern Kingbird
Gray Catbird

**Horned Lark
**Lark Sparrow
*McCown's Longspur
**Northern Harrier

Northern Oriole
Red Winged Blackbird

**Savannah Sparrow
Song Sparrow
*Sprague's Pipit
**Sharp Tailed Grouse
**Swainson's Hawk
Tree Swallow

**Vesper Sparrow
Western Kingbird
**Western Meadowlark
Yellow Warbler
Yellow Headed Blackbird
Unknown bird
Unknown Sparrow
Unknown Warbler

Corvus brachyrhynchos
Carduelis tristis
Ammodramus bairdii

Riparia riparia
Pica pica
Mo/othrus ater

Euphagus cyanocephalus
Clacarius ornatus

Spizella pa/lida
Bombycilla cedrorum

Tyrannus tyrannus
Dumetella carolinensis

Eremophila alpestris
Chondestes grammacus
Calcarius mccownii
Circus cyaneus
Icterus galbula
Agelaius phoeniceus
Passerculus sandwichensis

Melospiza melodia
Anthus spragueii
Tympanuchus phasianellus
Buteo swainsoni

Tachycineta bico/or
Pooecetes gramineus
Tyrannus verticalis
Sturnella neg/ecta
Dendroica petechia
Xanthocephalus xanthocephalus
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Figure 2.9. Species richness of Birds at Semi-permanent and Ephemeral Ponds.

Table 2.4. Songbirds Captured by Mistnetting, 1995.

Species Common Name Location Number Caught

*Baird's Sparrow Ammodramus bairdii Mat. East 4

Mat. West 4

Wiens 4

CedarWaxwing Bombycil/a cedrorum Thunstrom 9

**Clay-colored Sparrow Spizella pal/ida Redden 1

Eastern Kingbird Tyrannus tyrannus Thunstrom 1

Gray Catbird Dumetella carolinensis Thunstrom 1

House Sparrow Passer domesticus Redden 1

Least Flycatcher Empidonax minimus Thunstrom 1

Red Winged Blackbird Agelaius phoeniceus Thunstrom 2

**Savannah Sparrow Passerculus sandwichensis Mat. East 2

Mat. West 2

Wiens 3

Song Sparrow Melospiza melodia Thunstrom 4

Yellow Warbler Dendroica petechia Thunstrom 3

Yellow-headed Blackbird Xanthocephalus xanthocephalus Thunstrom 5
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2.3.2.2 Breeding Bird Presence and Species Frequency Distribution

A total of five surveys were completed for each pond during the period 6 June to

26 July 1995. Species present at three or more survey times are considered to be

breeding in the area. Species observed on fewer than three occasions have a

decreased probability of breeding in the area (Driver, Pers. Comm). Table 2.5 lists the

breeding bird species at each pond. The frequency distributions of species recorded at

each pond during the bird song counts are in Appendix 2.

Species present in 3 or more surveys in the cultivated ponds include: Yellow

headed Blackbird, Red-Winged Blackbird, Brewer's Blackbird, Yellow Warbler, Eastern

Kingbird, Barn Swallow, Gray Catbird, Horned Lark, Western Meadowlark, Clay
Colored Sparrow, Savannah Sparrow and Vesper Sparrow. Forty-two percent of

species breeding in cultivated pond sites are secondary endemics. The Sprague's Pipit
was observed once at the Thunstrom site and this can not be an indication of breeding
in the area.

Species present in 3 or more surveys, i.e. probably breeding in the area, in the

Matador ponds include: American Crow, Red-Winged. Blackbird, Brewer's Blackbird,

Horned Lark, Western Meadowlark, Sprague's Pipit, Clay-Colored Sparrow, Savannah

Sparrow and Vesper Sparrow. An unknown sparrow was heard at Matador West pond
on three occasions. The only breeding primary endemic species was the Sprague's

Pipit and it was breeding at all the Matador sites. Sixty-three percent of the breeding

species at the Matador sites are secondary endemic species.
A greater percentage of breeding birds was endemic at the Matador sites: (13%

primary endemic and 63% secondary endemic) compared to 0% primary endemic and

42% secondary endemic at cultivated sites.
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Table 2.5 Bird Species Breeding At Pond Sites As Determined By Presence In

Three Or More Call Count Surveys During June 1995. Shading Indicates

Presence Of Native Grassland Vegetation At Pond Sites.

Pond Site Primary Endemic
Breeding Bird Species

Secondary Endemic Other

Redden Clay colored Sparrow Red Winged Blackbird

Savannah Sparrow Brewer's Blackbird

Horned Lark

Western Meadowlark

Jones Red Winged Blackbird
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2.3.2.3 Disturbance

Songbird species richness is strongly influenced by the vegetation. This section

will relate how disturbances which alter the vegetation influence the species present at

a site. Table 2.6 describes which disturbances were present at each site and the

relative frequency of endemic species.

Table 2.6. Degree Of Disturbances Affecting Vegetation and Bird Species.

Disturbance Redden Wiens Thunstrom Jones Matador Matador Matador Matador
West East Tree Ephemeral

Eph.

Grazing none none none none mod- none I low low

high low

Mowing high mod none low none none none none

Cultivation high mod low low none none none none

Drainage none none none mod none none none none

Herbicides mod mod mod mod none none none none

Heterogeneity low low mod low mod mod mod mod

Native habitat none none mod none high high high high

Presence of none none low none mod mod high mod

Primary
Endemic Bird
Species

Grazing and Mowing

Mowing and grazing both affect the height of the vegetation and reduce the

frequency of shrubs. Davis and Duncan (1995) and Davis et al. (1996) studied the

influence of vegetation type and characteristics on grassland passerine presence. Their

results on vegetation height and shrub preference are summarized in Table 2.7. They
also found that the Horned Lark was positively associated with heavily grazed native

pasture and Savannah Sparrow with lightly grazed native pasture. Mowing also

removes the standing dead grasses from the previous season. These grasses provide

perches for many grassland species. Sprague's Pipit, Savannah Sparrow and Baird's

Sparrow all were positively associated with standing dead grasses in Davis and

Duncan's (1995) study.
The songbird surveys in all the Matador pond sites occurred in lightly grazed

pasture which had stands of rose and snowberry shrubs. All species listed in Table 2.7

were present in all the Matador sites with the exception of the Chestnut-collared
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Longspur which was only present at Matador Tree Ephemeral and the Baird's Sparrow
which was not present at Matador Ephemeral. No preference for habitat can be

determined since Matador sites provided both pasture and shrub habitat in close

proximity.
In the cultivated sites species which prefer native grasses, Sprague's Pipit and

Chestnut-collared Longspur, were rarely observed. There is a one time record for

Sprague's Pipit at Thunstrom. Ponds with mowing disturbances which removes

standing vegetation and shrub species, should result in low observations of Clay
colored Sparrow, Vesper Sparrow, Baird's Sparrow and Savannah Sparrow. Clay and

Savannah Sparrows were breeding at Redden and Wiens ponds perhaps utilizing the

hedgerows and shrubs found at Redden or indicating that these birds have a wider

tolerance for vegetation type than found by Davis and Duncan (1995) and Davis

(1996). Baird's Sparrows and Vesper Sparrows were not breeding at Redden, Jones,

and Wiens ponds, the three sites with mowing disturbances and small margin sizes.

The lack of breeding observations in habitats with no or low shrubs and tall vegetation

agrees with the findings of Davis and Duncan (1995) and Davis (1996).

Table 2.7. Grassland Songbird Preferences for Vegetation Type and Height.

Species Native Standing Dead Vegetation No shrubs Shrubs
Grasses Low <10 cm High >10cm or <10cm >10 cm

Clay-Colored x x

Sparrow
Vesper Sparrow x x

Baird's Sparrow x

Sprague's Pipit x x

Chestnut Collared x x

Longspur
Savannah Sparrow x

Horned Lark x x

Source: Adapted from Davis and Duncan (1995) and Davis et al. (1996)
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Cultivation and Land Use

Horned Larks prefer habitat with patches of bare soil (Davis and Duncan 1995).
These birds are often found along road sides and in areas of bare ground in fields.

Cultivation of fields and of pond margins provides areas of bare ground. In my surveys,

all sites were near gravel roads and all sites (except Jones) had Horned Larks.

Davis and Duncan (1995) also examined grassland species preference for land

use: native pasture, tame pasture and crop. Horned Larks were the only species

showing preference for crop habitats. Sprague's Pipit, Clay-colored Sparrow and

Chestnut-collared Longspur preferred native pasture. Preference for tame or native

grasses was also tested. Clay-colored Sparrow was negatively associated with crested

wheatgrass. The following species showed a positive association with native grasses,

western wheatgrass, June grass, and needlegrass: Horned Lark, Sprague's Pipit,
Chestnut-collared Longspur, and Western Meadowlark (Davis and Duncan 1995). In

my survey, Sprague's Pipits were breeding at and Chestnut-collared Longspurs were

observed at only the Matador sites. Horned Larks and Western Meadowlarks were

found breeding in cultivated sites as well as native grassland sites.

2.3.3 Mammals

2.3.3.1 Species Richness

Table 2.8 and Figure 2.10 show the mammal species richness for all species
and endemic species. Again mammal endemic species (refer to Table 1.6) will be

identified with an
* in the following tables and figures. Matador West and Wiens ponds

have the highest total number of species (8) and Matador West has the highest number

of families. Kaufman and Kaufman (1997) found that the total abundance and species
richness were higher in refugia which bounded cropland and native prairie. This

explanation could account for the high number of species at Wiens pond.
The highest numbers of endemic mammals were found at the Matador sites

(Matador East 43%. Matador West 38%. Matador Tree Ephemeral 33%. and Matador

Ephemeral 25%). One endemic species was observed at Thunstrom (16% of total

species observed). Endemic species observed include pronghorn antelope. white

tailed jackrabbit. thirteen-lined ground squirrel and Richardson's ground squirrel.
The sand transects provided species presence and abundance data for large

mammals which are more difficult to observe during the daytime. Species identification

was difficult for ungulates and for the occasional other mammal track because of loose
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sand and poor weather conditions (wind and rain). In these cases tracks were

recorded at the family or order level. Thunstrom and Redden showed a high number of

ungulate tracks compared to Matador East and Matador West (Table 2.9). This is

probably a consequence of the surrounding landscape. In cultivated areas, the ponds
serve as prime habitat and refugia since there are few areas of natural vegetation and

water around and thus they have high usage rates. However, in Matador Community

Pasture, the riverbank and coulees located south of the study sites provide much better

cover and forage than the ponds and the ponds are only utilized when the antelope and

deer move through the area. Canid tracks were observed only at the cultivated pond

sites: Thunstrom, Redden and Wiens, despite hearing coyotes at Matador sites

frequently. Again this may be a function of greater availability of habitat in the Matador

pasture and the lower desirability of pond habitat. One skunk track was present at

Wiens pond.
At Redden and Jones ponds the greatest numbers of small mammals were

trapped (Table 2.10). Species trapped included deer mice (3.5 per 100 nights at

Redden, 0 at Jones), masked shrew (4.4 at Redden, 3.8 at Jones), meadow vole (0.9
at Redden, and 1.3 at Jones) and least weasel (0 at Redden and 1.3 at Jones). None

of these species are listed as endemic grassland species by Benedict et al. (1996).
The only small mammal species trapped that is listed as endemic is the Richardson's

ground squirrel which was trapped at Matador West.

2.3.3.2 Disturbance

Grazing, Mowing and Cultivation

Impacts on the margin habitat influence mammals by reducing vegetative cover.

Cattle grazing affects three types of mammals: predators by reducing cover; herbivores

by competing for food resources, and the small mammals by increasing mortality and

destruction of nests and tunnels (Kent 1994). Mowing will have the same effects but in

a more concentrated time span, from mid-summer to end of summer. Cultivation of the

margin edge will have more impact on small mammals who utilize burrows and tunnels.

There were fewer ungulate tracks in the Matador sites than expected. This may

be a factor of the surrounding landscape or reduced food resources. Coyotes were

seen and heard throughout the Matador pasture and since the pasture is not heavily

grazed it is unlikely that grazing adversely affected this population. Small mammals

were trapped and observed in the Matador pasture. The extent of disturbances caused

by grazing is unknown on this group of mammals.
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Mowing and cultlvation of the margin zone at Redden and Wiens eliminated

standing vegetation. No effects were noticeable on mammals in the numbers of

trapped small animals or number of tracks observed.

Hunting Pressures

Mammals are affected by hunting, a human-caused disturbance. While beneficial

in population control, past hunting activities and current illegal activities can drastically
affect one species population which can have consequences for the whole ecosystem.

Finley (1996) provides anecdotal information on the effects of coyote hunting in

Saskatchewan and the subsequent increase in fox populations on prairie wildlife

populations. Allen (1996) also reported on the linked populations of coyotes and red

fox in North Dakota. Farmers generally expressed a dislike for predators, weasels and

badgers, and for ground squirrels. Predators prey on farm livestock and ground
burrows may be hazardous to cattle. Farmers actively remove these species from their

farms through poisoning, shooting and scare tactics (propane torches). Removal of

one species, especially a predator, can influence remaining species populations.
Removal of rodent predators (weasels and badgers) can result in high populations of

rodents. The cycle of interference may be stopped by allowing natural predators to

remain in the ecosystem. Few predators were observed throughout the summer of

1995, the majority were coyotes. One badger was observed within 2 km of Wiens

pond. No badger burrows were seen near the Matador sites. Observations of dens

and individuals for 1995 are low compared to historical densities. Badger abundance

was estimated by Seton in the early 1900's to be one badger per square mile (equal to

2.6 square kilometers) and ten dens per square mile (Seton 1929). Anecdotal reports
from local residents include few sighting of bobcats, badgers and weasels in recent

years.

II
I
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Table2.8. Mammal Species Present at Sample Sites obtained from Mammal Tracks, Small Mammal Trapping and
General Observations in 1995.

Family Species

Antilocapridae
Cervidae

*Pronghorn
White Tailed Deer

Mule Deer

Coyote
Red Fox

Least Weasel

Striped Skunk
*White Tailed Jackrabbit
Western Jumping Mouse
*13 Lined Ground

Squirrel
*Richardson's Ground

Squirrel
Meadow Vole

Muskrat

Deer Mouse

Masked Shrew

Canidae

Mustelidae

Leporidae
�Zapodidae
Sciuridae

Cricetidae

Soricidae

,Endemic species richness
Totalspecies richness

Thunstrom " Redden
>. ��,��.... : ·:·X·�·· .::'�(. :;:��i�

Wiens

x

x

X

X

X

X

X

<�(}t ,'.� ; ;:.:

'�,:;;!�J

X

x

o

3 .·7;f::/t;:
.

X

*Indicates endemic grassland species

x X

X

x X X

X X

0 0
...
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Figure 2.10 Species Richness For All Species and for Endemic Species Obtained from Mammal

Trapping, Tracking and General Observations at Semi-Permanent and Ephemeral Wetland

Sites.
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Table 2.9. Occurrences of Mammal Tracks per 10 trials Observed on Sand

Transects at Semi-permanentWetlands Sampling Sites, 1995.

Famill£ ,< Thunstrom Redden Wiens
Cervidae&Antilocapridae ';;<l��58 .()PiiiEi;kg 31.7 8.6
Canidae

fill
6.6 1.4

Mustelidae 0 1.4
Domestic Cow 0 0
Unknown mammal 0 2.9

�

Table 2.10. Number of Mammals Live-trapped per 100 traps at Semi-permanent and Ephemeral
Wetland Sampling Sites, 1995.

Species ...

j;�"nstr<ll
Jones Redden Wiens

·.�.. '";',l�IIIJij ..
Deer Mouse }��:I;�II:iil 0 3.5 0.9
*Richardson's 0 0 0

Ground
Squirrel

Masked Shrew 3.8 4.4 0.9 0
Least Weasel 1.3 0 0 '0
Meadow Vole 1.3 0.9 0.9 P
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2.3.4 Aquatic Invertebrates

Samples were collected at all semi-permanent ponds throughout the summer of

1995. Samples from Thunstrom, Matador West, and Matador East ponds were

analyzed for species presence and samples from Redden were analyzed for species

presence and number of individuals. Lack of funds prevented all ponds from being

analyzed. The samples chosen for analysis provide data for ponds in native grassland
habitat and cultivated habitat.

2.3.4.1 Species Richness

Table 2.11 lists the species present at Thunstrom, Redden, Matador West and

Matador East. Highest species richness was present at Matador East (99 species)
followed by Matador West (68), Redden (58) and Thunstrom (47). Matador East ponds
had the most even distribution of species per family.

Parker (1992) found similar species richness (114 species) in ponds in the

parkland region of Saskatchewan. Other studies have concentrated on chironomids

and they too have similar species richness: Parker (1988) found 35 species of

chironomids, Morrill (1988) 37 species. My study found 38 chironomid species at all

study sites. The variance in communities at different ponds is illustrated in that the

above studies (Parker 1988, Parker 1992, and Morrill 1988) have only one-third to one

half of the chironomid species in common. Only seven chironomid species are

common to all four studies (Parker 1992; Parker 1988; Morrill 1988 and my study).
These common species are Ab/abesmyia pu/chripennis, Psectrotanypus dyari,
Chironomus atrel/a, Chironomus riparius, Chironomus tentans, Endochironomus

nigricans, and Glyptotendipes barbipes. Seven species found in my project were not

common to the other studies: Procladius de/taensis, Cricotopus sylvestris, Cricotopus

trifasciatus, Cladopelma viridula, Cryptochironomus psittacinus, Endochironomus

subtendens and Po/ypedilum halterale.

Collinson et al. (1995) studied seven ponds which varied in permanence. He

found that temporary. (dry every year for one to six months) ponds had a lower number

of species but that there was little difference in number of species between the

semipermanent (dry only in drought years) and permanent waterbodies (Collinson et al.

1995). This relationship is partially seen in the samples from the present study with the

exception of the Thunstrom site.
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Thunstrom suprisingly has a low number of species '(Table 2.11). It has similar

depth and permanence to the Matador sites yet fewer species. A more detailed

sampling of Thunstrom was conducted in June 1996 (Maingon 1996). A similar number

of species were collected by emergent traps as in 1995; however dip net sampling

provided more species. Forty-one species were collected in emergent traps and an

additional 53 species were collected by dip nets. The pond water levels were higher in

1996 than 1995 and created a new habitat in the south end of the pond. This area was

ephemeral during the 1995 sampling and dry by June. However the higher water levels

created a seasonal grass sedge marsh in 1996. The dip net samples were taken in this

habitat in the south end of the pond. In 1995 the only habitats available to sample at

Thunstrom were open water or thick stands of cattail and rushes. The addition of a

grassy marsh habitat in 1996 may have included new habitat and therefore, more

species. Driver (1977) found that vegetation was an important factor in providing
microhabitats and influenced chironomid community assemblages.

Species Abundance

The samples collected at Redden were analyzed for abundance as well as for

species presence. Analysis costs prevented abundance data for other pond samples.
Table 2.12 tabulates the relative frequency by order and family for Redden pond.

Dipterans dominated the pond at a frequency of 0.93 and within the order,

Orthocladiinae frequency was 0.46 followed by Chironomidae at 0.37. Figure 2.11

illustrates the number of individuals per family collected at Redden pond throughout the

summer. The abrupt decrease in numbers for July 1-15 and Sept 1-15 is due to the

destruction of sampling traps. Early summer (June 2-15) emergence was dominated

by Chironomus riparius and Chironomus tentens (Chironomidae) and Psectrotanypus

dyari and Derotanypus alaskensis (Tanypodinae) species. Late summer emergence

species were Coyrnoneura scutellata (Orthocladiinae) and Triaenodes (Ylodes) griseus

(Leptoceridae). Families with under 10 individuals collected include: Baetidae,

Tupulidae, Ceratopogonidae, Psychodidae, Dolichopodidae, Sciomyzidae, and

Ephydridae.
Habitat within ponds is. also a strong influence on communities (Wrubleski and

Rosenberg 1990). Within the chironomids Wrubleski and Rosenberg (1990) found

significant preferences for pondweed (submerged vegetation) or emergent vegetation
(cattails and rushes). Overall the number and biomass were greater in pondweed

habitat than cattail and rushes (Wrubleski and Rosenberg 1990).
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Abundance data for Redden pond show a dominance of chironomids

(subfamilies Orthocladiinae 47% and Chironominae 37% frequency). It is common for

chironomids to account for at least 50% of the total macroinvertebrate species diversity

(Merrit and Cummins 1985). Parker (1992) found that chironomids accounted for 66%

and 77% of the species richness in 1987 and 1998 at his sampling ponds. The

vegetation type at Redden was primarily pondweed and swamp periscaria which may

provide preferred chironomid habitat according to Wrubleski and Rosenberg (1990).
Parker (1988) found all species of Orthocladiinae to be associated with the submerged

vegetation. An alternate explanation of the high percentage of chironomids is found in

Mason (1991) who states that benthic invertebrates, particularly chironomids, may have

high densities after herbicide use (surrounding fields at Redden pond had high
herbicide usage) because of the greater amounts of detritus available as food.
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Table 2.11. Aquatic Invertebrate Species Collected in Emergence Traps and Dipnet Samples in 1995.

TAXA Order Family Common Name Genus & Species Redden Thunstrom MWest MEast
HYDROZOA Hydra X
NEMOATODA sp. X X
TRICLADIDA X
OLiGOCHAETA Tubificidae Limnodri/us X

Naididae Nais X
Hirudinea X X
Glossiphonidae He/obdel/a X

Thermoyzon X
MOLLUSCA Gastropoda Lymnaeidae Lymnaea stagna/is X

Stagnico/a sp. X
Stagnicola e/odes X
Stagnicola caperata X

Physidae Physa jenessi X X
PhYsasp. X X

......,j Planorbidae Gyrau/us def/ectus X X�
Gyrau/us pervus X
Gyrau/us circumstriatus X

Gyraulus sp. X X
Promenetus exacuous X X

HYDRACHNIDIA Eylidae Ey/ias X X X
CRUSTRACEA OSTRACODA sp. X X X

CLADOCERA Daphnidae Daphnia X X X
Chydoridae Eurycerus X X

COPEPODA sp. X X
Calinoida sp. X
Cyclopoida sp. X

AMPHIPODA Talitridae Hya/el/a azteca X
INSECTA EPHEMEROPTERA Baetidae Callibaetis pal/idus X X X X

__-
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Table 2.11 con't. Aquatic Invertebrate Species Collected in Emergence Traps and Dipnet Samples in 1995

TAXA Order Family Common Name Genus & Species Redden Thunstrom MWest MEast
ODONATA Aeshnidae Darners Aeshna

Coenagrionidae Coenagrion angulatum X X X X
sp. X
Enallagma verna/e X

Lestidae Lestes congener X
I""

Lestes unguiculatus X X
Lestes disjunctus X

Libelludidae sp. X
HEMIPTERA Corixidae Water Boatmen Coenocorixa dakotensis X

sp. X X
Hesperocorixa sp. X
Hesperocorixa vulgaris X
Trichocorixa verticalis X
Callicorixa audeni X
Sigara alternata X-1
Coenocorixa bifida X X X

(J'\

Cymatia americanus X X
Hesperocorixa laevigata X

Gerridae Water Striders Gerris comatus X
Notonectidae Back Swimmers Notonecta undulata X X

sp. X X
Notonecta sp. X
Notonecta kirbyi? X X

Saldidae Shore bugs Saldula bassingeri X
TRICHOPTERA sp. X X

Hydroptilidae sp. X
Agraylea multipunctata X X

Leptoceridae Oecetes inconspicua X
Triaenodes X
T. (Ylodes) griseus X X X
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Table 2.11 con't. Aquatic Invertebrate Species Collected in Emergence Traps and Dipnet Samples in 1995.

TAXA Order Family Common Name Species Redden Thunstrom MWest MEast
Limnephilidae Limnephilus sp. X

Limnephilus hyalinus X X
Limnephi/us labus X X
Limnephilus secludens X X
Philarcuts quaeris X X

Phryganeidae Agrypnia spp. X
COLEOPTERA Oytiscidae Predaceous Graphoderus X X

Diving Beetles
I/ybius X X
Rhantus X X X
Agabus X
Dytiscus X
Rhantus frontalis X
I/ybius fraternalis X X
Hydroporus X X X

-......I Adult genus X X0>
Gyrinidae Whirligig Beetles Gyrinus sp X

Gyrnus sp2 X
Hydrophilidae Water scavenger Hydrobius? X

beetle
Berosus X

Helophorus X X

Hydrophilus X
Enochus X

Helophorus orienalis X
Tropisternus lateralis X
Enochrus hamiltoni X X
Hydrochus X X

Haliplidae water beetles Haliplus X X X X
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Table 2.11 con't. Aquatic Invertebrate Species Collected in Emergence Traps and Dipnet Samples in 1995.
TAXA Order Family Common Name Genus & Species Redden Thunstrom MWest MEast

Hymenoptera Wasps sp. X
DIPTERA TipuJidae Crane flies sp. X X

Erioptera sp X
Phalacrocera sp X X
Tipu/idae sp 2 X

Ceratopogonidae Biting midges sp X X
Bezzia X
annulipes/japonica gr.
Bezzia cockerelli X
Bezzia sp. X
Culicoides sp X
Dasyhelea sp X X
Forcipomyia sp X

Chaoboridae Phantom Midges Chaoborus americanus X X-....j
Chironomidae Midges sp. X X

-....j

Tanypodinae sp. X X
Ablabesmyia X X
pulchripennis
Ablabesmyia sp X X
Derotanypus alaskensis X X X X
Derotanypus sp X X
Procladius bellus? X X
Procladius deltaensis X
Prodcladius nietus X X
Prodcladius sp X X
Psectrotanypus dyari X

Tanypus punctipennis X
Orthocladiinae sp. X X

Acrictopus sp. X
Corynoneura sp X

.....
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Table 2.11 con't. Aquatic Invertebrate Species Collected in Emergence Traps and Dipnet Samples in 1995.
TAXA Order Family Common Name Genus & Species Redden Thunstrom MWest MEast

Coryoneura scutellata X X X
Cricotopus sp X X
Cricotopus females X
Cricotopus sylvestris X X
Cricotopus trifasciatus X
Psectrocladius sp X X
Psectrocladius flavus X
Psectrocladius simulans X X

Chironominae sp. X
Chironomini sp. X X

Chironomus sp X X
Chironomus atrella X X
Chironomus decorus X
Chironomus riparius X
Chironomus tentans X X X X-...J
C/adopelma viridula X X Xco

Cryptochironomus X X
psittacinus
Cryptochironomus sp X
Dicrotendipes nervosus X X X X
Dicrotendipes sp X
Endochironomus X X
nigricans
Endochironomus X
subtendens
Endochironomus sp X
Glyptotendipes X X
Glyptotendipes X X X X
barbipes
Parachironomus X
P. monochromous X X X
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Table 2.11 con't. Aquatic Invertebrate Species Collected in Emergence Traps and Dipnet Samples in 1995.

TAXA Order Family Common Name Genus & Species Redden Thunstrom MWest MEast
Polypedilum halterale X
Unidentified females X

Tanytarsini sp. X
Tanytarsus X X

Culcidae Mosquitoes Aedesspp. X X X
Psychodidae Moth flies sp. X X X X
Anthomyiidae/Muscidae sp. X X
Dolichopodidae Dolichopus X X X X
Empididae Dance flies Rhamphomyia X X X
Ephydridae Shore & Brine sp. 'X

flies

Ephydridae sp X X

Typopsilopa X
Parydra X-....J
Setacera sp X XCD

Notiphila X
Sciomyzidae Marsh flies sp. X

Pherbellia sp X

Eigiva X X
Tetanocera X

Stratiomyidae Soldier Flies Odontomyia X
Syrphidae Flower flies X X X
Tabanidae Horse&deer flies

Hybomitra X X

Total species 58 47 68 99
Number of Samples 11 15 13 14



Table 2.12 Relative Frequency by Order and Family of Aquatic Insects

Collected by Emergence Traps at Redden Pond, 1995.

Order Family Relative Frequency
of Order

Relative Frequency
within Family

Ephemeroptera <0.001

Baetidae 1.0

Odonata 0.01

Coenagrionidae 1.0

Trichoptera 0.06

Leptoceridae 1.0

Diptera 0.93

Tipulidae
Ceratopogonidae
Chironomidae

Tanypodinae
Orthocladiinae

Chironominae

Tanytarsinae
Psycholdidae
Dolichopodidae
Sciomzidae

Ephydidae

0.002

<0.001

0.139

0.460

0.370

0.02

<0.001

<0.001

<0.001

0.002
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Figure 2.11 Number of Aquatic Invertebrate Individuals by Family Collected in

Emergence Traps at Redden Pond in 1995.
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2.3.4.2 Disturbance

The most significant factor influencing the community structure of aquatic
macroinvertebrates is waterbody permanence (Collinson et al. 1995). Schneider and

Frost (1996) tested the hypothesis that habitat duration i.e. wetland permanence

influences community assemblages. Community change can be explained through
random processes, life history characteristics and biotic interactions. Schneider and

Frost (1996) found that all three models explain patterns in communities, however, the

biotic interactions played a greater role in more permanent waterbodies. Biotic

interactions such as predation and competition require a greater length of time and thus

occur more frequently in permanent habitats (Schneider and Frost 1996). Following
this reasoning one would expect more predators in permanent versus temporary

ponds. Table 2.13 lists predators (as described by Merrit and Cummins 1985) collected

from the study sites. The greatest number of predator species was collected at

Matador East (26 species) and the least from Thunstrom (15 species). Schneider and

Frost's supposition that greater numbers of predators will be present in ponds of

greater permanence is seen for the Matador East site but not for the Thunstrom site.

Each is a permanent pond but Thunstrom has fewer species.

Surprisingly Redden pond has a higher number of predator species (20) than

Thunstrom pond. Landowner accounts state that Redden was dry in 1993, two years

prior to sampling and Thunstrom was dry in 1988 six years prior to sampling. A high

percentage of the predator species in Redden were from the Chironomid family (35%)

compared to 13% Chironomids from Thunstrom pond.
Schneider and Frost (1996) found Dysticidae, Libelluidae, Lestidae and

Notonectadae larvae present only in ponds of long duration. These predators are

present in all ponds at varying degrees. Redden pond had only three species,
Thunstrom seven species, Matador West eight species, and Matador East ten species.

Other disturbances including agricultural chemicals have effects on aquatic
communities. Insecticide use has been shown to have a Significant impact on aquatic
communities (Morrill 1988). Morrill (1988) found that after application of deltamethrin,

larval and adult chironomid densities were significantly reduced and deep water habitat

was the only habitat to show recovery of chironomid communities. Related impacts of

chemical applications include limited growth of waterfowl that rely on invertebrates for

food.
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Table 2.13 List of Predaceous Aquatic Invertebrate Species Present at

Sampling Sites.

Order Family Genus Redden Thunstrom Mat Mat
West East

Odonata Coenagrionidae sp X

Coenagrion X X X X

Enallegma X

Lestidae Lestes X (2) X X

Libellulidae sp X

Hemiptera Corixidae Callicorixa X

Trichocorixa X

Gerridae Gerris X

Notonectidae Notonecta X X X(2) X(3)
Saldidae Saldula X

Trichoptera Leptoceridae Oecetes X

Coleoptera Oytiscidae Graphoderus X X

IIlybius X X X(2)
Rhantus X X X X

Agabus X

Oytiscus
Hydroporus X X X

sp. X

Gyrnidae Gyrinus X(2)
Hydrophilidae Hydrolphilus X

Tropisternus X

Haliplidae Haliplus X X X X

Diptera Ceratopogonidae Bezzia X X(2)
Culicoides X

Chaoboridae Chaoborus X X

Tanypodinae Ablabesmyia X X X(2)
Procladius X(2) X X(2) X(2)
Psectrotanypus X

Tanypus X

Chironomini Cryptochironomus X X(2)
Parachironomus X X X(2)

Dolichopodidae Dolichopus X X X X

Sciomyzidae Pherbellia X

Eigiva X X

Tetanocera X

Tabanidae Hybomitra X X
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3. Landowners perspectives on wetlands and wildlife

3.1 Historical look at attitudes towards wetlands

Past social, political and economic views in the U.S. and Canada encouraged the

agricultural practice of draining or filling wetlands to increase efficiency and area of

cultivation (Leitch 1989). The traditional view of wetlands as wastelands promoted their

conversion to other uses and contributed to the lack of interest as a research area.

Attitudes towards wetlands were slow to change in comparison to other ecosystems

(Jones et al. 1995). Wetland conservation programs became in the forefront in the

1960's to provide and manage waterfowl resources.

Jones et al. (1995) state that one reason why wetlands were largely ignored prior
to the 1960's is their ubiquitous nature. Wetlands are found in nearly every climatic

zone and continent yet they rarely cover large areas. It wasn't until the common

features (groundwater, soil erosion) uniting wetlands and linking them to other

ecosystems were researched that scientists realized their value. Studies since then

have detected the radical changes in wetland habitat and the subsequent deleterious

impacts on the ecosystem (habitat destruction, sedimentation, alteration of the

hydrology of the area, and agricultural costs; flooding, reduced crop yields and

erosion). In the 1980's, the state of the environment became a worldwide focus (The
World Conservation Strategy in 1980; World Commission on the Environment and

Development in 1987) and internationally significant wetlands have gained importance
and protection under the RAMSAR Convention. Jones et al. (1995) state that full

protection of wetlands must be accomplished through management strategies at the

national and provincial levels.
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Conservation Policy
In North America concerns about the decreasing waterfowl populations initiated

wetland conservation. The North American Waterfowl Management Plan (NAWMP)
was established in 1986 to:

"rejuvenate waterfowl and other migratory bird and . wildlife
population through the conservation of uplands and wetlands on

both private and public lands" (Lynch-Stewart et al. 1993).
In the United States, the Farm Bills (1985,1990) have mandated the conservation

of wetlands (Robinson 1990). Nicknamed 'Swampbuster' the Farm Bills are a change in

government regulations towards the protection of wetland habitat and includes

penalties and denial of program benefits in the case of wetland destruction (Berg

1987).
In Canada, wetlands were gaining recognition and protection through various

federal government policies and task forces. In 1987 the Federal Water Policy
identified wetlands as a specific area of concern. Also in 1987 the Wetland

Conservation Policy in Canada recommended a policy framework for all governments
in Canada. In 1990, the Green Plan announced Canada's goal to adopt a wetland

policy and in 1991 the Canadian Wetlands Conservation Task Force was established to

outline federal government policy and to develop strategies on the long term

sustainability of the wetland resource. Federal policy was established in 1993 (Lynch
Stewart et al. 1993).

Saskatchewan developed a wetland policy in 1994 (Hass 1994) to address the

following issues: increase wetland monitoring, increase awareness of the benefits of

wetlands, coordinate government policies and programs to reduce their negative
effects on wetlands, to establish land use planning guidelines for wetland management,
and to provide incentives for landowners to maintain wetlands.

The underlying threat to biodiversity and habitat conservation come from the

socio-economic sector, policies and human communities. Full wetland management in

Saskatchewan must address individual landowners because of the high percentage of

private lands in southern Saskatchewan. While wetland conservation is a public

benefit, any perceived and real costs of lost economic opportunity is borne by the

farmer (Langier and Heimlich 1989, Napier et at, 1995). In this situation the attitudes of

landowners are an essential factor to conservation since many wetlands are on private
land.
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3.2 Perspectives Study Design

The PECOS researchers developed a comprehensive telephone questionnaire in

1995 which addressed issues of the environment, health, and farming practices. The

telephone questionnaire was carried out from 31 July to 15 August 1995 by an

independent surveyor with a total of 1000 respondents. I conducted fourteen personal
interviews with the aim of obtaining specific data on landowners' attitudes toward

wetlands and wildlife. I surveyed landowners of my sample ponds and others in the

same townships where my previous wildlife data were collected.

I interviewed participants during the first week of May 1996. Landowners were

chosen from R.M. maps and contacted by telephone to arrange for a personal interview

approximately 20-30 minutes in length. The questionnaire (Appendix 2) was designed
to obtain information on the:

� attitudes of landowners towards wetlands and wildlife

� activities of landowners that affect wetlands and wildlife

� influence of agricultural related. policy on wetlands and farm activities.

A total of fourteen interviews were completed from a list of 30 landowners. The

sample comprised farms in similar landform and with a large percentage of permanent
wetlands occurring in the R.M. Interview response was limited by the individual

farmers' seeding activities, farms without any wetlands, absent owners and dislike of

surveys in general. Although the number of interviews is small, the data received were

fairly uniform thus suggesting uniformity in views held (Foddy 1993). The PECOS

telephone questionnaire provided additional data for the entire PECOS region on

farmers attitudes to the environment in general.
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3.3 Results

3.3.1 PECOS telephone survey (31July -15 August, 1995)

Responses from Part I of the PECOS telephone survey which asked residents to

respond to various statements about the environment (Abaidoo and Dickinson 1996).

Respondents showed a very strong attitude towards protecting the land. Ninety-four

percent agreed or strongly agreed with the statement "as the source of life, the earth is

sacred and must be protected" and 86% agreed that "the natural environment should

be preserved for its beauty". Similar results are found on a global and national level.

Nevitte (1996) in a 1990 survey on Canadian values found strong support for the

ecological movement. People belonging to or supporters of ecological/conservation

groups were 54% of the population compared to 58% for human rights organizations,
40% peace movement and 37% for women's rights. These numbers are higher than in

the US but generally less than in West Germany. Approval of ecological movements

was higher in Eastern Europe and Latin America than in industrialized countries.

PECOS telephone responses indicate a knowledge of the integrated nature of the

ecosystem. Ninety-three percent agreed with the statement "the quality of life depends
on the interaction of soil, air, water, plants and animals". Seventy-nine percent agreed
that "the survival of all elements of the environment is as important as the survival of

people". Sixty percent of the responses indicated that they view humans as part of the

environment.

Several telephone questionnaire statements dealt with today's environmental

problems. Only 22% agreed that "concerns about pollution and environmental

degradation are exaggerated". Sixteen percent believe that the main environmental

problems we face today are beyond our control and 37% agreed with the statement

that "science will provide the means to solve environmental problems".
About one third of respondents have an anthropocentric and utilitarian attitude

toward the environment: "humans ought to have total control over the environments"

(33% agreed), "the components of the environment need to be protected only when

they have economic value" (22% agreed) and "the natural environment is mainly a

resource to be used for the benefit of humans" (31 % agreed).
In regard to mitigation of environmental problems, 82% think that intentional

pollution should be a criminal offense. Residents recognize the role of economy in
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environmental problems. They agree that economic development policies should be

consistent with environmental protection (87%). However, response was split over the

statement "economic self interest and the free market are the best guarantees of

sustainable development" (36% agree, 22% neutral and 42% disagree).

3.3.2 Landowner Survey Results

Of the landowners I interviewed in May 1996, the farms ranged in size from 880-

3040 acres (5.5 quarter sections - 19 quarter sections) with a median size of 1750

acres. The farm operators were all male and had been farming for 20-48 years. Half of

the farms were solely grain farms and half were mixed. Thirty-five percent of farmers

used conventional tillage practices. Other practices included minimum till, zero till,

chemical fallow, and continuous cropping. Many farmers stated that they had tried

various new practices but stopped due to problems with increasing salinity. All the

farmers regularly use herbicides and occasionally used insecticides. One farmer and

his family experienced adverse health effects due to grasshopper insecticide control

and now refrain from using insecticides.

Landowners were asked which farm practices apply to their wetlands. All farmers

seed sloughs during dry periods, 85% mow the slough margin for hay and currently or

have in the past drained sloughs. Seventy percent of farmers cultivate to the edge of

the slough. . None of the farmers use the water from the sloughs. Forty-five percent
and 55% of farmers aerial spray pesticides and insecticides respectively. Five percent
utilize the slough for grazing livestock.

3.3.3 Wetland Values

Landowners were asked to rate (strongly agree, agree, neutral, disagree, strongly

disagree) statements pertaining to wetland values. Two values were considered to be

very important (100 % agree and strongly agree): "wetlands provide necessary wildlife

habitat" and "wetlands recharge the groundwater". A third statement received 93%

agreement with "wetlands provide recreational opportunities". Sixty-four percent of

landowners agree or strongly agree that wetlands are aesthetically pleasing. This

moderate level is similar to what Jones et al. '(1995) found in a survey of New Zealand

farmers. In contrast with other ecosystems, Jones et al. (1995) found 100% of people

surveyed about forest values indicated that aesthetic values were important. Jones et

al, (1995) believe this is reflective of society's perception that wetlands are wastelands.
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However, these results suggest that landowners are realizing the value of

wetlands to farming practices. A narrow majority of farmers (57%) disagree with the

statement that wetlands are a source of weeds. While 50% agree or strongly agree

that wetlands are a source of nuisance wildlife; in their interview questions most

responded that they haven't had any significant wildlife damage in years.

The statement "wetlands are a nuisance to farming" received 35% agreement,
50% neutral, and 15% disagreement. Wetlands were viewed as a nuisance primarily
because farm machinery must detour around them which increases time and costs

spent in the field.

Table 3.1 describes responses to questions 5 and 6 from the questionnaire.
These questions were asked to determine what farmers perceive about the interactions

between their farm, wetlands and wildlife. The common response to how wetlands

affect farming was that wetlands were a nuisance. There is no significant difference in

responses between grain farmers and mixed farmers. The responses to the question
"how does farming affect wetlands?" indicate knowledge of the role of wetlands.

Increases of runoff, of sediment and of chemical runoff were common answers. Only 3

(21%) landowners stated they didn't know any effects of farming on wetlands.

Results indicate that farmers recognize wetlands' role in prairie hydrology.

Respondents indicated agreement for the following statements: 78% wetlands reduce

floods and store water, 72% improve water quality, and 100% recharge groundwater.

3.3.4 Wildlife Perceptions

When asked what wildlife they observe around their farms, all landowners

stated deer and ducks. Eleven landowners mentioned other wildlife mostly economic

species including fox, coyote, badger, muskrat and grouse. Only 50% (7 landowners)
mentioned non-economic species such as songbirds, Great Blue Heron, frogs, and

Richardson'S ground squirrels.
Table 3.1 describes farmers perceptions about the interactions between their

farms and wildlife. The most (43%) landowners stated that wildlife did not cause any

damage to their farming while 36% stated that little damage was due to wildlife. Only
one landowner (grain farmer) had high damages. The question of how farming affects

wildlife received many responses. The loss of habitat, specifically practices of burning
and seeding sloughs, was mentioned in 43% of interviews. Destruction of nests and

young broods was the second most common answer. One landowner believed that

farming habituated wildlife to human activities and three landowners stated that farming
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practices create shelter and food and increases populations of deer, sparrows and

starlings. One landowner stated that farming probably had no effect on wildlife.

Table 3.1. Landowner Responses to Questions OnWildlife,Wetlands and

Farming Practices.

Question

How do wetlands affect farming?
Response Percent Agree
Nuisance 43

Salinity 14

Not much effect 21

Reduces profit/increases costs 14

Provides cover and hay 7

Nice to have them 21

Increases runoff 36

Increases sediment in runoff 14

Removes small sloughs 43

Chemical runoff 29

Don't know 21

No damage in recent years 43

Little damage 36

High damage on large sloughs 7

Enjoys seeing wildlife 7

Loss habitat 43

Loss nests/broods 36

Habituated wildlife 7

Provides shelter and food 21

Chemicals kill birds 7

Seeding sloughs affect wildlife 7

Removes wildlife from area 7

Don't know 7

No effect 7

How does farming affect wetlands?

How do wildlife affect farming?

How does farming affect wildlife?

3.3.5 Agricultural Policy Perceptions

Many of the landowners (50%) did not know how their taxes differed on their

wetlands in comparison to the other lands. Four landowners stated that they paid the

same taxes as on other lands and three stated that their taxes were lower on wetlands.

Recent changes in the Saskatchewan tax system may result in the conservation of

marginal lands such as wetlands and improve landowner knowledge on how their lands
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Landowners were asked whether their practices would change due to recent

changes in agricultural policy (Le. elimination of the Crow rate). Three landowners

stated that it was too early to know and three stated that their practices would not

change. Of the eight who said their practices would change the reasons varied. An

increase in specialized crops and in grazing land were common answers. Two farmers

said that they would not seed marginal land or wetlands. Yet one stated he would seed

forage grains in sloughs and another that his seeding slough practices would not

are taxed. At the time of the survey, wetlands were taxed at a lower rate than arable

land but the tax notices were in a lump sum.

Only one of the farmers reclaimed or created any new wetlands. This was a

mixed farmer and he created wetlands in grazing lands. However, many landowners (5)
consolidated several small wetlands into one large permanent wetland and consider

this practice as beneficial to wetlands.

Responses to the question on whether landowners drained or cultivated

wetlands specifically to obtain more quota, get rid of nuisance wildlife, ease cultivation

or increase cultivated acres are listed in Table 3.2. There is no significant difference

between the responses from mixed versus grain farmers. Only one farmer has drained

a wetland to get rid of nuisance wildlife. This is the same landowner who stated he had

high depredation damage to his crops. The main reason for converting wetlands is for

ease of cultivation (93%) and secondly to increase the cultivated acreage (71 %).

Table 3.2. Landowner Responses to Po�icy Influences onWetland Conversion

Broken Down by Farm Type.

All farmers Grain Farmers Mixed Farmers

Wetland Conversion motivation Yes No Yes No Yes No

obtain more quota 15% 85% 14% 86% 14% 71%

get rid of nuisance wildlife 7% 93% 14% 86% 0% 100%

ease of cultivation 93% 7% 86% 14% 100% 0%

increase cultivated acres 71% 29% 71% 28% 71% 28%
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change. Table 3.3 tabulates the responses to what incentives would initiate farmers to

conserve wetlands.

There was strong response that government recommendations would not be

enough incentive to conserve wetlands. In the US landowner reaction to the

Swampbuster legislation was negative as 68% of farmers felt it violated their rights (Lant

1992). Compensation incentive received mixed approval while personal economics was

found to be the main incentive. A survey of farmers on conserving native grassland
found that most owners are willing to work with conservation organizations although the

feelings of distrust and loss of control were also stated (Sweetgrass Consulting 1996).

Projects such as Saskatchewan Wetland Conservation Corporation "Economics Of

Converting Wetlands To Croplands" and the receptiveness of landowners to

conservation organizations should help to promote wetland conservation.

Table 3.3. Responses by Landowners regarding the Incentives Required to

Initiate Conservation ofWetlands.

Total Grain Farmers Mixed Farmers

Incentives Yes Don't No Yes Don't No Yes Don't No
Know Know Know

Government 15% 7.5% 77% 0% 16% 83% 29% 0% 71%
recommended

Landowner 38% 23% 38% 33% 33% 33% 43% 14% 43%

compensated

Economically 62% 15% 23% 50% 33% 16% 71% 0% 29%
profitable for
landowner
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4. Conclusion

4.1 Summary of Biodiversity Results

Sustainability of wetland agricultural ecosystem involves the complex interactions

between the local, regional and global society, the economies and policies that govern

them, and the biological elements of the ecosystem (Figure 1.1). According to Caza

(1994) land use is sustainable if it supports and allows for a diverse biota. In examining
the diversity of wetlands and surrounding habitat, I found species richness to be a low

cost and time efficient measurement of diversity. Species richness, particularly of

endemics, . was found to provide valuable information on quality of habitat and

ecosystem sustainability. Table 4.1 summarizes the species richness found during my

study.

Vegetation

Vegetation diversity provided a good indication of quality of habitat. Habitat

heterogeneity influenced the diversity of flora and fauna in the area. As expected,

species richness and habitat diversity were highest at sites with least disturbances. The

highest species richness and habitat diversity was found at Matador East (47 species)
and second highest at Thunstrom pond (41 species) (Table 4.1). These two ponds

provided quality habitat due to the absence of agricultural disturbance to the pond and

margin. The Matador West site had moderate species richness values (23 species).
This site had native vegetation but also high cattle disturbance to the margins. Redden

and Wiens, ponds with disturbances as the sites are located adjacent to agricultural
fields and exposed to chemical usage, had lowest richness values (18 and 15 species).
Birds

The highest bird species diversity was observed at sites with a high amount of

native vegetation (Matador ponds, Thunstrom pond) and at sites with tree and shrub

vegetation (Thunstrom pond). This observation was also found by Freemark and Csizy

(1993) in studies of birds in agricultural areas of Ontario and by Parish et al. (1995) in

the UK. Highest diversity of primary grassland endemics was found at sites with native

vegetation, the Matador ponds. Although an intuitive finding, it also reinforces the idea
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vegetation, the Matador ponds. Although an intuitive finding, it also reinforces the idea

that human altered habitats do not provide sufficient habitat (in area, quality or specific

vegetation) that endemic species require. Blair (1996) and Best et al. (1995)
documented that greater number of species and native species are found in areas with

native vegetation. Only one primary endemic species (Sprague's Pipit) was observed

in cultivated site at Thunstrom pond. No primary endemics were observed at Redden,

Wiens or Jones. The lack of habitat and native vegetation are presumably the limiting
factors at these ponds. At the secondary endemic level, all ponds (except Jones) had

similar richness values, indicating that these secondary endemics have wider habitat

niches and utilize cultivated and grassland sites equally.

Historically there is a declining trend in endemic species. Twenty-three endemic

species were observed at Matador from 1967-70 (Appendix 2) compared to the 11·

endemic species observed in the Matador pond sites in 1995. Some endemic species
were not observed in 1995 since they inhabit coulees to the south of the study ponds.

Noticeably absent from 1995 observations are Long-billed Curlew, Lark Bunting,
Swainson's Hawk, Upland Sandpiper and Short-eared Owl. Breeding Bird survey data

(1992-1994) for the White Bear Route near Matador, indicate only one year with

records of the Upland Sandpiper and Lark Bunting and no Short-eared Owl records.

Agricultural practices that disturb the wetland margin remove native vegetation
and result in lower diversity and a different assemblage of birds. Redden and Wiens

ponds had the lowest vegetation diversity in the margin zone and had lower bird

species richness than Thunstrom, a pond with undisturbed margins. Other research

found that disturbances that affect margin vegetation; herbicides, or increased human

presence from number of passes per field for machinery, have a negative relationship
with bird abundance and total number of species (Freemark and Czisy 1993,

Rodenhouse et al. 1993, Moore et al. 1993).
The interesting point my study shows is that small wetland areas in cultivated

landscape provide habitat for' birds normally seen in extensive grassland areas.

Sprague's Pipit was observed at the Thunstrom pond site which has approximately 12

ha of upper margin. Recent research on Sprague's Pipits shows them to be area

sensitive with minimum area requirements of 190 ha (Saskatchewan Wetland

Conservation Corporation 1997 in Johnson et al. 1998). However, a Minnesota study
showed them breeding in much smaller grassland areas (16-32 ha) (Johnson and

Temple 1990 in Johnson et al. 1998). The presence of other native vegetation in
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coulees and pastures in the area (as seen in the aerial photograph Figure 2.1) may act

as connected habitat and thus allow species with large area requirements to inhabit

smaller connected areas.

Mammals

Mammal species richness was fairly uniform across the sampling sites with

highest richness at Matador West and Wiens ponds. Restricting the analysis to

grassland endemics, only sites with large habitats and native vegetation contained

endemic species. Matador East and West had the highest species richness of

endemics (4 species). Other sites with endemics included Matador Tree Ephemeral (2

species), Matador Ephemeral (1 species) and Thunstrom (1 species).
Ttrack abundance data indicate the use of wetland habitat in the agricultural

landscape. Tthe greatest usage by deer from was at Thunstrom and Redden ponds.
The greatest abundance of small mammals trapped was at Redden and Jones ponds.
Invertebrates

Invertebrate sampling provided information of species richness. Due to the lack

of endemic invertebrate species, the discussion is limited to richness only. Matador

East had the highest species richness with 99 species. This pond was the most

natural, with little disturbance and located in native grasslands. Matador West pond had

66 invertebrate species and was located in native grassland but had high disturbance

to the margin zone and little shoreline vegetation. Redden pond, with 58 invertebrate

species, had mowed margins, adjacent chemical fallow fields, and was frequently
cultivated during dry years (the most recent was 1992). Data anomalies include the

aquatic invertebrate richness for Thunstrom (47 species). Given the large pond size,

and low margin disturbance, the 1995 data collection had low species richness,

Thunstrom pond was similar to the Matador sites for vegetation, birds and mammal

richness, but had half the number of invertebrates species found at Matador East and

one third the number species at Matador West. Insufficient sampling of pond habitats

or annual fluctuation may be the reason why the number of species collected was low.
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Table 4.1 Summary of Species Richness at all Wetland Sampling Sites in 1995.
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4.1.1 Diversity as Sustainability Indicator

My data analysis using species richness as diversity indicator can provide insight
into the quality of habitat (e.g. limited human disturbances, presence of native species)
and sustainability of each sampling site. By looking at grassland endemics, I am

obtaining a measure of the sites' grassland ecosystem sustainabilty.
Matador East had the highest diversity of plants, endemic mammals, and aquatic

invertebrates and the third highest diversity of primary endemic birds. According to

species richness of endemics, Matador East is the most diverse and therefore the most

sustainable grassland ecosystem site. The other Matador sites have similar high
richness values and therefore sustainability.

Thunstrom, which had low disturbance to its margins and native prairie vegetation
had the second highest vegetation diversity. It had high total species richness for birds

and mammals but few endemic species. This pond would fall below the Matador sites in

grassland sustainability.
Redden pond ranked fourth in vegetation richness, second in total bird richness

and third in total mammal and invertebrate richness. No endemic species were

observed at this site. In terms of general species richness, this pond provides habitat

for many species. However, in terms of sustainability of native grassland ecosystems its

lack of endemic species indicates low sustainability. Wiens and Jones ponds fall below

Redden in sustainability as they too have no endemic species and lower general species
richness.

Of the species groups I sampled, birds showed the strongest link between

diversity and quality of habitat, at the primary endemic level. As well, birds are the more

easily observed taxa and have been extensively studied. Through the use of BBS

surveys, species richness of primary endemics could be analyzed to provide diversity
and sustainability information at the ecoregion level. Igl and Johnson (1997) analyzed
BBS data for 1967 and 1992-1993 in North Dakota. They found most species
associated with grasslands and wetlands had declined (Savannah Sparrow and Wilson's

Phalarope). Mean pairs of breeding birds per 100 ha declined from 67.2 to 50.9 in

grasslands and from 37.0 to 24.3 in wetlands. These declines of grassland and wetland

species were correlated with declines in wetland and grassland habitat. Research

throughout prairie ecosystems show a trend in decreasing populations of endemics,

particularly with birds (Knopf 1994, Igi and Johnson 1997). Many grassland bird
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populations experience annual changes in distribution and abundance but over the long

term, abundance of endemics species has decreased.

4.1.2 Wetlands as islands of diversity

My surveys show that wetlands, even those with little surrounding habitat or strong
,

human disturbances, act as refugia for wildlife in agricultural landscape. With increasing

pressures on the remaining islands of habitat, wetland conservation and role in wildlife

habitat is important. Small wetlands can play an important role in the larger landscape
scale as their presence reduces isolation and aids successful dispersal (Gibbs 1993).

The trend in prairie agriculture towards an increase in cultivated acres and

herbicide use have resulted in an increased uniformity of the landscape (Turner et al.

1987, Freemark 1994). Pockets of natural vegetation surrounding ponds and coulees

are fewer in number and farther apart. The remaining areas are isolated and

fragmented, and the species inhabiting them experience the effects of reduced gene

flow and migration.
Gibbs (1993) modelled the effect of small wetland loss on small mammal,

amphibian, and small bird populations. Prior to the removal of small wetlands (2 ha in

area), random points on the terrestrial landscapes averaged 0.53km from the nearest

wetland edge and 90% were within 1 km of a wetland's edge. 1 km is the approximate
maximum distance niost terrestrial salamanders, newts, toads and frogs migrate
between aquatic breeding sites and terrestrial non breeding territories (Gibb 1993).
After the loss of small wetlands, terrestrial points averaged 1.04 km and only 54%

occurred within 1 km of wetland edges. Gibb's (1993) model of wetland loss predicted a

15% extinction of small mammals and 5% of small birds after 50 years. When a

sensitivity analysis was applied the greatest change in minimum metapopulation size

after 10 years was predicted for taxa with low rates of population increase, turtles and

small birds. Small wetlands may be critical for the persistence of wetland taxa with low

population growth rates and low densities. Dispersal ability seems less important as

turtles and birds (the most dispersive taxa studied) were the most prone to extinction.

Other studies on landscape effects found that an abundance of terrestrial

predaceous insects increased if undisturbed habitat was set aside in cropland systems

(Thomas et al. 1991). Fahrig and Merriam (1985) also found a relationship of low

growth rates and high probability of local extinction for the white-footed mouse in

isolated woodlots. Positive relationship between landscape heterogeneity and species·
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abundance and diversity encourages the idea of leaving some natural habitat or creating
habitat in agroecosystems (Rogers 1995, Mader 1988).

4.2 Summary of Attitudes, Practices and Policy

Both the PECOS Telephone survey and my survey found strong support for

protecting land and knowledge of ecosystem functioning among residents in the PECOS

region. Residents work in close association with the land of their farms and are

dependent on the prairie ecosystem for their livelihood. This closeness to the land

allows them to observe the events that occur in the ecosystem.
All landowners interviewed recognized hydrological and wildlife habitat roles of

wetlands. However, the wildlife habitat role of wetlands is not valued as 50% stated that

wetlands were a source of nuisance wildlife and only 15% disagreed that wetlands are a

nuisance to farming. Half of the landowners listed non economic species as wildlife

observed in the area. The two most common ways that farming affects wildlife included

loss of habitat and destruction of nests. The importance of individual wetlands as wildlife

habitat is recognized by landowners, however I believe that the public may lack the

larger picture of the role all wetlands, regardless of size, play in maintaining wildlife

populations in the landscape.
Wetland conversion occurred frequently in the past decades. The primary reason

to convert wetlands was to ease cultivation, secondly to increase cultivated acres. Many
landowners stated that they drained several small sloughs into one larger slough. 36%

of farmers stated that they consolidated wetlands this way.

Agricultural policy influenced farming activities in the PECOS region. Changes in

transportation subsidies were expected to result in 57% of farmers changing their

practices: increase specialized crops, increase in grazing land, decrease in seeding

marginal and wetlands. Other recent changes in agricultural policy are likely to have the

same movement away from primarily wheat and cereal grain cultivation to other types of

crops and livestock.

4.2.1 Implications for Wetland Conservation

The underlying threat to biodiversity is human society (Groombridge and Jenkins

1996). Costs to conserve biodiversity are generally borne by local residents while the

benefits are achieved at a national or global level. This creates a disincentive for
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conservation. Part of this problem is that natural resources are not valued in the

economic system or are undervalued (Pimm 1997).
Costanza et al. (1997) identified the value of the world's ecosystem services as an

average of US $33 trillion per year. This is nearly double the global gross national

product. A breakdown of various ecosystems functions and values are available:

Wetlands provide gas and water regulation, water supply, waste treatment, habitat and

refugia, food production, raw materials, recreation, and cultural services. The total costs

range up to US $30,331 with an average of US $19,580/per ha year. Flood control,

storm protection, nutrient cycling and waste recycling account for almost 80% of

wetlands economic value.

Possible mitigation solutions to the cost benefit imbalance include site specific and

national strategies for local income generation, extractive reserves and integrated

conservation-development projects (Groombridge and Jenkins 1996). Belcher et al.

(1996) recommend financial incentives for landowners who adopt or continue

conservation-based management and the involvement of the agricultural community in

developing policies.
Other incentives include programs that achieve habitat conservation such as

Conservation Easements and Permanent Cover Programs. These programs reward

and provide a means for landowners to establish conservation practices while

minimizing their costs. Projects like the Saskatchewan Wetland Conservation

Corporation's Economics of Converting Wetlands to Croplands (1996) worksheet

provide educative tools for landowners. In this worksheet farmers are encouraged to

determine their cost of converting a single wetland against the costs of leaving the

wetlands and moving machinery around them. The average costs of operating around

wetlands was $25 per obstacle per year compared to drainage costs of $400 to $1030

per acre depending on topography and drainage method.

4.3 Prairie ecosystem Integrity

Some general trends can be observed in the prairies in terms of species, habitat,

agriculture and communities:

)l> Increase in numbers of threatened species
)l> Decrease in numbers of wetlands
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» Increase in generalist species
» Agricultural intensification
» Increase in marginal land under cultivation (past decades)
» Increase in farm size and decrease in number of farms

» Decrease in number of communities and community services
» Increase in transportation costs.

Odum's predicted responses to stress are paralleled in the general trends seen in

prairie ecosystems communities. Greater number of species are now listed by
COSEWIC. The plight of these species is indicative that ecosystems are unbalanced.

The endangered species crisis in the 1970's pointed to chemicals in the environment.

Today, wildlife face the additional problem of decreasing habitat. Without sufficient

quality habitat, food, protection and breeding resources can be limiting.
Within landscapes there are many interactions that affect the ecosystem.

Cumulative effects occur when several disturbances occur over the short term within the

same area, interact to produce additional disturbance and have indirect effects or

produce effects by small changes (Preston and Bedford 1988). Risser (1988)

emphasizes the importance of heterogeneity in time and space. In the prairie wetland

framework, climate conditions, pesticide usage, farming practices, hunting and

economic factors such as transport costs, farm subsidies all have effects on wetland

habitat and wildlife.

4.4 PECOS and Sustainability Revisited

The goals of PECOS are interdisciplinary research, to gain an understanding of

prairie ecosystem, and to evaluate sustainable agriculture. Steps were taken to

introduce interdisciplinary research to the College of Graduate Studies, individual

departments and to the PECOS students. Understanding the prairie ecosystem and

determining its status were covered by the various graduate research projects. Table 4.4

lists the Leopold Center's benchmarks of sustainability and corresponding PECOS

projects. Two additional areas were included: geomorphology and social systems. The

PECOS projects have researched all the themes listed and thus should have a

reasonable understanding of the status and sustainability of the ecosystem.
Current government policy recognizes the importance of wetlands to the

functioning of the ecosystem (Sopuck 1993). Wetland policy groups are turning
conservation ideas into governmental policy and legislation (Lynch-Stewart 1993). As
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many wetlands are privately owned, there is a need for public education and

determination of what incentives (economic or environmental) are needed to promote
wetland conservation. Many restoration and conservation ecology projects are currently

operating but more are needed to protect the remaining habitat and to mitigate the

disturbances affecting the quality of habitat.

The patchy distribution of wetlands in the prairies makes them ideal for areas of

biological conservation. The mosaic of landscape, created by the random distribution of

wetlands, increases the diversity of habitats and thus the potential diversity of species
within the ecosystem. A cluster of small wetlands near a large wetland is better for

population demographics since the large patch serves as a continuous source of

dispersers, supporting subpopulations and lowering extinction rates (Forman and

Godron 1981). In order to maintain diversity, the effects of fragmentation need to be

diminished. This can be accomplished by improving the quality and size of patches;

increasing the number of patches; and decreasing outside pressures of land practices

by including corridors, buffers and reducing the effect of barriers to enhance dispersal

(Harris 1988, Forman and Gordon 1981, and Kruess and Tscharntke 1994).

Conservation policy that recognizes the beneficial and detrimental effects of

islands will provide improved management of wetlands. These are small habitats, .

affected by size, population demography, and influenced by outside pressures of

agriculture. The wide diversity of wildlife in wetlands can be protected only through the

protection of habitat. Island biogeography shows that habitat area is one of the most

important aspects to a species survival. Size, shape, corridors and minimal population
size need to be assessed on an individual species level. General rules of thumb do not

apply to all situations. Therefore in order to best manage prairie wetlands as nature

reserves, the ecology and interaction of species to their environment need to be known.

Since wetlands are small habitats and strongly influenced by environmental conditions,

an interconnected web of wetlands of various sizes managed to mitigate the outside

pressures of agriculture will provide the greatest chance of survival for these wildlife

habitats.

The view of wetlands as marginal land for crop production has led society to view

them as wastelands (Young and Thompson 1990). This view is changing with

increasing education of the valuable functions wetlands play especially in terms of

hydrology (Odum 1989). Public consultation and attitudes play an important role in

conservation efforts on private land (Kreutzwiser and Pietraszko 1986, Weeks and

�
I
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Packard 1997). Humans are an integral part of the ecosystem. Removal of humans

from the agroecosystem or ignoring their role in the ecosystem will not return the

ecosystem to its natural state (Anderson 1991). In order to protect wetlands as wildlife

habitat, the agricultural influences including margin impacts, herbicides and conversion,

have to be addressed. This project recommends:

);l> Greater natural habitat to be set aside around wetlands to improve the
numbers of endemic species.

);l> Maintenance and restoration of all wetlands and remaining native prairie as

they are important in the wildlife movements, population viability and

landscape heterogeneity. Continuation of programs which conserve these
habitats (NAWMP, Permanent Cover Program, Conservation Easements)
and recognition of landowners who participate in sustainable land practices.

",. Continued coordination and revision of government policy that recognizes
the importance of wetlands and implementation of incentives for landowners
to counteract the cost benefit imbalance of conservation.

);l> Recognition and increased research on the cumulative effects on wetlands,
especially the effects of agrichemicals and how best to conserve wetlands.

",. Public education on the role wetlands play in creating diversity in the'
landscape and maintaining wildlife populations as in Saskatchewan Wetland
Conservation Corporation's wetland conversion worksheet.
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Short-term indicators

*Geomorphology Slope evolution in Sask. Valleys
Geomorphic systems and sensitivity

Table 4.2. The Leopold Center's Benchmark Indicators of Sustainability and

Corresponding PECOS Projects

Soil Resource

Long Term indicators of the physical
quality

PECOS Research

Effect of land use on soil macropores

Variability in Aggregate Stability
Micronutrient, toxic and trace elements in soil-plant

water system.

Hydrogeochemical Cycle
On-farm efficiency ofwater use
Surface water flowing through the farm Topsoil deposition in wetlands

Groundwater quality impacts
Biotic Community

In the Soil

Above the Soil

Microbial activity and biodiversity
Wetland Wildlife Diversity
Genetic Diversity in Hawks

Ecology of rare vascular plants
Changes in human ecospace utilization in food webs

*Social Systems
Agriculture Practices

Human Ecology

Zero Tiffage and Organic farming
Sustainable land Use: Integrated Modeling
Development of forage parameters for GrassGro
Historical Approach to Change and Adaptation
Impact of Agricultural Exposures on Injury
Effects of occupational and Environmental Pesticide

Exposure
Human-Nature Interactions and Modern Agriculture
Property institutions in the environment

Impact of pesticides on health

Environmental determinants of health

Violence against women in rural areas

Determinants of health and well being
Economic Viability

Farm profitability

Community stability and economic

resiliency

Effect of organic matter on economic viability of
continuous crop rotations

Factors affecting rural community viability
Community Sustainability and Institutional Change
Transition from school to work in the age of

globalization

*indicate themes not listed by Leopold Center
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6. Appendix I. Flora

Table 6.1. Matador East Random Vegetation Plots and Percent Coverage

Table 6.2. Matador West Random Vegetation Plots and Percent Coverage

Table 6.3. Redden Random Vegetation Plots and Percent Coverage

Table 6.4. Thunstrom Random Vegetation Plots and Percent Coverage

Table 6.5. Wiens Random Vegetation Plots and Percent Coverage

Table 6.6. Habitat Diversity Values

Table 6.7 Matador Ephemeral Vegetation

Table 6.8 Matador Tree Ephemeral Pond Vegetation

Table 6.9 Jones Pond Vegetation
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Table 6.1. Matador East vegetation species present and percent coverage from

random plots sampled in 1995.

Percent
Position Plot S�ecies Cover

Pond Edge EAST Polygonum amphibium Swamp periscaria 5
Eleocharis palustris Spike rush 80

EAST 2 Scirpus americanus Three square rush 20
Eleocharis palustris Spike rush 60

NORTH 3 Eleocharis palustris Spike rush 100
NORTH 4 Polygonum amphibium Swamp periscaria 5

Scirpus validus Roundstem Bullrush 5
Eleocharis palustris Spike rush 90

SOUTH 5 Eleocharis palustris Spike rush 100
SOUTH 6 Eleocharis palustris Spike rush 100
WEST 7 moss 5

Eleocharis palustris Spike rush 90
unk. aq. herb 5

WEST 8 Scholochloa festucacea Spangletop 5

Scirpus americanus Three square rush 5
Eleocharis palustris Spike rush 90

Lower Margin EAST Hordeum jubatum foxtail barley 5
Mentha arvense mint 1

moss 5
Alisma plantago-aquatica commonwater plantain 0.1
Potentilla anerina silverweed 1
Scholochloa festucacea Spangletop 5
Eleocharis palustris Spike rush 80
Cirsium arvense Canada thistle 3

unk. weed 0.1
EAST 2 Hordeum jubatum foxtail barley 5

moss 10
Potentialla anerina silverweed 45
Scholochloa festucacea Spangletop 1
Eleocharis palustris Spike rush 40

NORTH 3 Hordeum jubatum foxtail barley 15
Mentha arvense mint 15
Scirpus validus Roundstem Bullrush 50
Sonchus asper Prickly sow thistle 15
Eleocharis palustris Spike rush 3

un. flowering herb 2
NORTH 4 Asterspp. aster 1

Carexspp. sedge 10
Hordeum jubatum foxtail barley 2

Solidago canadensis Canada goldenrod 15
Mentha arvense mint 5
Artemisia frigida pasture sage 1

Petalostemon purpureum prairie coneflower 5
Sonchus asper Prickly sow thistle 1

Cirsium arvense Canada thistle 10
un. flowering herb 1

Agropyron smithii Western wheatgrass 20
Achillea millefolium Yarrow 1

Castilleja lutea Yellow paintbrush 1
SOUTH 5 Carex atherodes awned sedge 45

Carexspp. sedge 5
Trifolium spp. clover 0.1
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Hordeum jubatum foxtail barley 1
mushroom 0.1

Potentia/la anerina silverweed 5

Scirpus americanus Three square rush 45
Cirsium arvense Canada thistle 1

SOUTH 6 Heracleum lanaum cow parsnip 1
Scirpus americanus Three square rush 40
Eleocharis palustris Spike rush 60
Cirsium arvense Canada thistle 1

WEST 7 Carex atherodes awned sedge 10
Hordeum jubatum foxtail barley 1
Mentha arvense mint 15
Scholochloa festucacea Spangletop 25
Scirpus americanus Three square rush 25
Sonchus asper Prickly sow thistle 1
Eleocharis palustris Spike rush 25

WEST 8 Mentha arvense mint 15
moss 5

Eleocharis palustris Spike rush 75
unk. aq. herb 5

Upper Margin EAST Juncus balticus baltic rush 30
Hordeum jubatum foxtail barley 1

Agropyron dasystachyum N. wheatgrass 5
Potentiafla anerina silverweed 30
Cirsium arvense Canada thistle 5

unk. grass 10
unk. herb 3

Agropyron smithii Western wheatgrass 15
EAST 2 Carex atherodes awned sedge 5

Polygonum amphibium Swamp periscaria 40

Scirpus americanus Three square rush 10
Eleocharis palustris Spike rush 50

EAST 3 Asterspp. aster 3
Hordeum jubatum foxtail barley 30

Glycyrrhiza lepidota licorice 0.1
Penstemon spp. penstemon 1
Grindelia perennis sticky gumweed 3
Cirsium arvense Canada thistle 1

unk. grass 30

Syphoricarpus occidentalis western snowberry 5

Agropyron dasystachyum Northern wheat grass 30
NORTH 4 Bouteloa gracilis blue grama 50

Opunitia spp. cactus 1
Artemisia frigida pasture sage 5
Malvastrum coccineum scarlet mallow 1

Stipa comata spear grass 25

Agropyron dasystachyum Northern wheat grass 20
NORTH 5 Bouteloa graciliS blue grama 30

lichen 10
Artemisia frigida pasture sage 25
Malvastrum coccineum scarlet mallow 5

Stipa comata spear grass 30
Agropyron dasystachyum Northern wheat grass 5

SOUTH 6 Sonchus asper Prickly sow thistle 5
Eleocharis palustris Spike rush 3
Cirsium arvense Canada thistle 10

unk.grass 80

Agropyron dasystachyum Northern wheat grass 5
SOUTH 7 Aster spp. aster 5

Bouteloa gracilis blue grama 10
Artemisia frigida pasture sage 3
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Stipa comata spear grass 40
Vicia americana American vetch 1

Agropyron dasystachyum Northern wheat grass 30
Achillea millefolium Yarrow 10

WEST 8 Asterspp. aster 5
Anemone patens prairie crocus 5
Thermopsis rhombifolia goldenbean 10
Solidago canadensis Canada goldenrod 20
Sonchus asper Prickly sow thistle 5

unk. grass 2
unk. woody 5

Vicia americana American vetch 0.1
Agropyron dasystachyum Northern wheat grass 50

WEST 9 Galium spp. galium sp. 2
Artemisia frigida pasture sage 2
Penstemon spp. penstemon 2

unk. ground cover 2
Vicia americana American vetch 2

Syphoricarpus occidentalis western snowberry 60
Agropyron dasystachyum Northern wheat grass 30

WEST 10 Asterspp. aster 10
Boute/oa gracilis blue grama 0.1
anemone patens prairie crocus 5
Artemisia frigida pasture sage 5
Penstemon spp. penstemon 0.1

Lygodesmia spp. skeleton weed 0.1
Stipa comata spear grass 50
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Table 6.2. Matador West vegetation species present and percent coverage
from random plots sampled in 1995.

Percent
Position Plot Species Cover

Pond Edge East 1 Eleocharis palustris Spike rush 100
East 2 Typha latifolia cattail 20

Eleocharis palustris Spike rush 80
North 3 Scirpus americanus Three square rush 5

Eleocharis palustris Spike rush 70
North 4 Eleocharis palustris Spike rush 100
South no vegetation
West no vegetation

Lower Margin East Hordeum jubatum foxtail barley 5

Chenopodium album lambsquarter 5
Eleocharis palustris Spike rush 90

East 2 Eleocharis palustris Spike rush 100
North 3 Scirpus validus round stem bulrush 10

Eleocharis palustris Spike rush 90
North 4 Eleocharis palustris Spike rush 100
South 5 Hordeum jubatum foxtail barley 10

Epilobium angustifolium fireweed 5

Capsella bursa-pastoris shepard's purse 5
unk. grass 40
unk. yellow 20

South no vegetation
West no vegetation

Upper Margin East Haplopappus spinulosus ironplant 5
lichen 30

Artemisia frigida Pasture sage 10

Stipa comata spear grass 30
unk. grass 15

Agropyron dasystachyum Northern wheat grass 15
East 2 Anemone canadensis anemone 0.1

Bouteloa gracilis blue grama 45
lichen 1

Artemisia frigida pasture sage 2

Stipa comata spear grass 50
unk. gr. cover 2

North 3 Artemisia frigida pasture sage 5

Stipa comata spear grass 95

Agropyron dasystachyum Northern wheat grass 5
North 4 Hordeum jubatum foxtail barley 10

Grindelia perennis gumweed 10

Stipa comata spear grass 30

Agropyron dasystachyum Northern wheat grass 50
South 5 Artemisia frigida pasture sage 10

unk. grass 70
South 6 Matricaria matricarioides chamomile 5

Grindelia perennis gumweed 15

Agropyron dasystachyum Northern wheat grass 60
Achillea mille folium Yarrow 20

West 7 Rumex occidentalis western dock 0.1
Hordeum jubatum foxtail barley 80
Grindelia perennis gumweed 5

Stipa comata spear grass 10

Castilleja lutea Yellow paintbrush 5
West 8 Hordeum jubatum foxtail barley 95

unk. rass 5
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Table 6.3 Redden vegetation species present and percent coverage from random

plots sampled in 1995.

Percent
Position Plot Species Cover

Pond Edge East Sagittaria cuneata arum-leaved arrowhead 5

Alopecurus aequalis shortawn foxtail 30
Alisma plantago-aquatica water plantain 50

East 2 Sagittaria cuneata arum-leaved arrowhead 5
Carex atherodes awned sedge 5
Alisma plantago-aquatica water plantain 90

North 3 moss 5
Alisma plantago-aquatica water plantain 90

North 4 Sagittaria cuneata arum-leaved arrowhead 5
moss 7

Polygonum amphibium Swamp periscaria 65
Alisma plantago-aquatica water plantain 15

South 5 Carex atherodes awned sedge 50

Polygonum lapathifolium Pale persicaria 30
Alisma plantago-aquatica water plantain 15

weeds 5
South 6 Sagittaria cuneata arum-leaved arrowhead 15

Polygonum lapathifolium Pale persicaria 5
Alisma plantago-aquatica water plantain 70

West 7 Sagittaria cuneata arum-leaved arrowhead 20
Alisma plantago-aquatica water plantian 70

West 8 Sagittaria cuneata arum-leaved arrowhead 5
moss 5

Carex spp. sedge 15
Alisma plantago-aquatica water plantain 75

Lower Margin East Medicago sativa alfalfa 5
Bromus inermis smooth brome 40
Phalaris arundinacea reed canary grass 55

East 2 Phalaris arundinacea reed canary grass 100
North 3 Phalaris arundinacea reed canary grass 99

mushroom 1
North 4 Phalaris arundinacea reed canary grass 95

unk. grass 1
South 5 Phalaris arundinacea reed canary grass 100
South 6 Phalaris arundinacea reed canary grass 100
West 7 Phalaris arundinacea reed canary grass 90
West 8 Galium spp. bindweed 0.1

Phalaris arundinacea reed canary grass 90

Upper Margin East Medicago sativa alfalfa 15
Bromus inermis smooth brome 85

East 2 Bromus inermis smooth brome 100
North 3 Agropyron cristatum crested wheatgrass 80
North 4 Agropyron cristatum crested wheatgrass 80

moss 5
South 5 Bromus inermis smooth brome 45

Phalaris arundinacea reed canary grass 45
licorice root 10

South 6 Agropyron cristatum crested wheatgrass 90

Solidago canadensis Canada goldenrod 1
West 7 Medicago sativa alfalfa 1

Agropyron cristatum crested wheatgrass 95
West 8 Bromus inermis smooth brome 40

Agropyron crista tum crested wheatgrass 45
Rosa acicularis rose 1
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Table 6.4. Thunstrom vegetation species present and percent coverage from

random plots sampled in 1995.

Position Plot Species Percent
Cover

Pond Edge East Typha latifolia cattail 35

Scirpus americanus Three square rush 15

Scirpus validus Roundstem Bullrush 50
East 2 Scirpus validus Roundstem Bullrush 80

Scirpus americanus Three square rush 20
North 3 Scirpus validus Roundstem Bullrush 100
North 4 Typha latifolia cattail 10

Scapus americanus Three square rush 30
Scirpus validus Roundstem Bullrush 60

South 5 Typha lafifolia cattail 30

Scirpus americanus Three square rush 30

Scirpus validus Roundstem Bullrush 40
South 6 Scirpus americanus Three square rush 20

Scirpus va/idus Roundstem Bullrush 80
West 7 Typha latifolia cattail 33

Scirpus americanus Three square rush 33

Scirpus validus Roundstem Bullrush 33
West 8 Carex atherodes awned sedge 20

Scirpus americanus Three square rush 80

Lower Margin East Solidago canadensis Canada goldenrod 10
Rosa eclculeris rose 30
Sonchus asper Prickly sow thistle 5
Cirsium arvense Canada thistle 5

Syphoricarpus occidentalis western snowberry 50
East 2 Campanula rotundifolia bluebell 2.5

Galium spp. galium 2.5

Solidago canadensis Canada goldenrod 2.5
Rosa acicularis rose 10

unk. grass 40

Syphoricarpus occidentalis western snowberry 40
Achillea millefolium Yarrow 2.5

North 3 Galium spp. bindweed 1
Carexspp. sedge 3
Trifolium spp. clover 5
Hordeum jubatum foxtail barley 2
Mentha arvense mint 5

Scirpus americanus Three square rush 80
Sonchus asper Prickly sow thistle 5

North 4 Trifolium spp. clover 2.5
Hordeum jubatum foxtail barley 5
Mentha arvense mint 30

Scirpus americanus Three square rush 60
Sonchus asper Prickly sow thistle 2.5

South 5 Carex atherodes awned sedge 20

Typha latifolia cattail 10

Scirpus americanus Three square rush 60

Scirpus validus Roundstem Bullrush 10
South 6 Galium spp. bindweed 15

Carex atherodes awned sedge 25

Scirpus americanus Three square rush 25

Scirpus validus Roundstem Bullrush 15
Lower Margin Cirsium arvense Canada thistle 5

Descurainia sophia Tansy mustard 15
West 7 agrosfis scabra agrostis seabra 0.1
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Asterspp. aster 3
Phalaris communis reed canary grass 10
Carex atherodes awned sedge 20
Hordeum jubatum foxtail barley 3

Solidago canadensis Canada goldenrod 2

Scirpus americanus Three square rush 50
Sonchus asper Prickly sow thistle 5
Cirsium arvense Canada thistle 5

Syphoricarpus occidentalis western snowberry 3
West 8 Phalaris communis reed canary grass 3.3

Carex atherodes awned sedge 40
Hordeum jubatum foxtail barley 3.3
Mentha arvense mint 10

Scirpus americanus Three square rush 40
Cirsium arvense Canada thistle 3.3

Upper Margin East Artemesia cana sage brush 2
Artemesia frigida pasture sage 5

Asterspp. aster 3
vetch 3

Liatris punctata liatris punctata 3
Psorelea argophyl/a Silverleaf psorelea 3
Rosa acicularis rose 3

Stipa comata spear grass 70
unk. grass 5
unk. ground cover 3

East 2 Artemesia frigida pasture sage 10

Asterspp. aster 0.83
anemone patens prairie crocus 0.83

Solidago canadensis Canada goldenrod 0.83
Liatris punctata liatris punctata 0.83
lichen spp. lichen 5

purple prairie clover 0.83
Rosa acicularis rose 0.83
Stipa comata spear grass 80

North 3 Asterspp. aster 5
Bromus inermis smooth brome 40

Carexspp. sedge 30
Sonchus asper Prickly sow thistle 50.14
Cirsium arvense Canada thistle 10
Agropyron dasystachyum Northern wheat grass 40

North 4 Artemesia cana sage brush 2
Cirsium arvense Canada thistle 2
Rumex occidentalis western dock 2
Hordeum jubatum foxtail barley 2
Sonchus asper Prickly sow thistle 2

Agropyron dasystachyum Northern wheat grass 30
Descurainia sophia Tansy mustard 30

South 5 Asterspp. aster 5
Hordeum jubatum foxtail barley 0.1

Solidago canadensis Canada goldenrod 5
Upper Margin Mentha arvense mint 5

Potential/a anerina silverweed 0.1
Triglochin maritima seaside arrowgrass 0.1
Sonchus asper Prickly sow thistle 10

Eleocharis palustris Spike rush 50

Agropyron dasystachyum Northern wheat grass 20
South 6 Asterspp. aster 5

Rosa acicularis rose 50
Sonchus asper Prickly sow thistle 5
Eleocharis palustris Spike rush 1
Cirsium arvense Canada thistle 5

unk. grass 50
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Syphoricarpus occidentalis western snowberry 20
Elaeagnus communata Wolfwillow 5

West 7 Cirsium arvense Canada thistle 20
Rosa acicularis rose 20
Sonchus asper Prickly sow thistle 5
Syphoricarpus occidentalis western snowberry 20
Agropyron dasystachyum . Northern wheat grass 30
Elaeagnus communata Wolfwillow 5

West 8 Anemone canadensis anemone 1

Asterspp. aster 1
Bromus inermis smooth brome 2
Unum lewisii blue flax 1

goldenbean 2

Solidago canadensis Canada goldenrod 10
Rosa acicularis rose 1

Stipa comata spear grass 37.5
Syphoricarpus occidentalis western snowberry 20
Agropyron dasystachyum Northern wheat grass 37.5

I

II
I
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Table 6.5 Wiens vegetation species present and percent coverage from random

plots sampled in 1995.

Position Plot S�ecies Percent Cover

Pond edge East 1 Sagittaria cuneata Arum leaved arrowhead 1

Scirpus americanus Three square rush 20
Eleocharis palustris Spike rush 80

East 2 Sagitta ria cuneata Arum leaved arrowhead 50
Eleocharis palustris Spike rush 20

North 3 Sagittaria cuneata Arum leaved arrowhead 30
Eleocharis palustris Spike rush 30

Myriophyllum spp. water milfoil 10
North 4 Sagitta ria cuneata Arum leaved arrowhead 60

Beckmannia syzigachne slough grass 0.1
Eleocharis palustris Spike rush 20

unk. grass 0.1
South 5 Polygonum amphibium Swamp periscaria 50

Scirpus americanus Three square rush 40
Eleocharis palustris Spike rush 40

South 6 Polygonum amphibium Swamp periscaria 10
Sagittaria cuneata Arum leaved arrowhead 10
Eleocharis palustris Spike rush 60

West 7 Polygonum amphibium Swamp periscaria 5

Sagittaria cuneata Arum leaved arrowhead 5
Eleocharis palustris Spike rush 80

West 8 Polygonum amphibium Swamp periscaria 5

Sagittaria cuneata Arum leaved arrowhead 80
Lower Margin East 1 Phalaris arundinacea reed canary grass 100

East 2 Phalaris arundinacea reed canary grass 90
Scirpus validus round stem bulrush 10

North 3 Phalaris arundinacea reed canary grass 100
North 4 Phalaris arundinacea reed canary grass 100
South 5 Phalaris arundinacea reed canary grass 95

Scirpus americanus Three square rush 5
South 6 Phalaris arundinacea reed canary grass 95

Carex atherodes awned sedge 5
West 7 Phalaris arundinacea reed canary grass 100
West 8 Phalaris arundinacea reed canary grass 90

Scirpus americanus Three square rush 10
Upper Margin East no vegetation

North Medicago sativa alfalfa 35
Bromus inermis smooth brome 35
Phalaris arundinacea reed canary grass 25

Agropyron cristatum crested wheat grass 5
North 2 Medicago sativa alfalfa 5

Bromus inermis smooth brome 8
Phalaris arundinacea reed canary grass 80

Agropyron cristatum crested wheatgrass 1
Hordeum jubatum foxtail barley 5

South 3 Bromus inermis smooth brome 80
Agropyron dasystachyum Northern wheat grass 10

South 4 Bromus inermis smooth brome 90

Phalaris arundinacea reed canary grass 5
West 5 Bromus inermis . smooth brome 90

Syphoricarpus occidentalis western snowberry 10
West 6 Medicago sativa alfalfa 20

Bromus inermis smooth brome 80
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Table 6.6. Habitat diversity values (Shannon's Diversity Index) for the three

vegetation zones at permanent pond sites.

Position Plot Mat East Mat West Redden Wiens Thunstrom

Pond 1 0.1426 0.0000 0.3724 0.2373 0.4337
2 0.2729 0.2173 0.1713 0.2903 0.2173
3 0.0000 0.1735 0.1062 0.4137 0.0000
4 0.1713 0.0000 0.3911 0.2789 0.3900
5 0.0000 0.4960 0.4689 0.4729
6 0.0000 0.2971 0.3331 0.2173
7 0.1713 0.2482 0.2076 0.4767
8 0.1713 0.3474 0.1426 0.2173

Lower 1 0.3644 0.1062 0.3670 0.0000 0.5375
2 0.5003 0.0000 0.0000 0.1412 0.5786
3 0.6009 0.1412 0.0243 0.0000 0.3723
4 0.7475 0.0000 0.0412 0.0000 0.4351
5 0.4882 0.2048 0.0000 0.0862 0.4729
6 0.3323 0.0000 0.0862 0.7368
7 0.7151 0.0412 0.0000 0.6945
8 0.3474 0.0442 0.1412 0.5650

Upper 1 0.7331 0.7260 0.1836 0.5466
2 0.4747 0.3975 0.0000 0.3462
3 0.6700 0.1513 0.0775 0.5347 0.7906
4 0.5459 0.5074 0.1426 0.3154 0.4836
5 0.6943 0.3589 0.4121 0.1775 0.5945
6 0.3533 0.4615 0.0612 0.1062 0.7210
7 0.6468 0�3106 0.0412 0.1412 0.7063
8 0.6875 0.1513 0.3352 0.2173 0.7072
9 0.4599
10 0.3896

Pond Mean 0.1162 0.0977 0.3037 0.2966 0.3031
Lower Mean 0.5120 0.0905 0.0647 0.0568 0.5491

U��er Mean 0.5655 0.3831 0.1567 0.2487 0.6120
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Table 6.7 Matador Ephemeral pond vegetation species present along transects in

1995.

Meadow Community
foxtail barley
Mint

Yarrow

Western wheatgrass
Rough hair grass
South slope
Snowberry
Silverleaf psorelea
Yarrow

Speargrass
Aster

Anemone

Hordeum jubatum
Mentha arvense

Achillea millefolium

Agropyron smithii

Agrostis scabra

Symphoricarpus occidentalis
Psorelea argophylla
Achillea millefolium

Stipa comata

Asterspp.
Anemone canadensis

North slope
Aster

Strawberry
American vetch

Speargrass
Western wheatgrass
Yellow paintbrush
Anemone

Rose

Asterspp.
Fragaria virginiana
Vicia americana

Stipa comata

Agropyron smithii

Castilleja /utea

Anemone canadensis

Rosa acicularis

Wetland (during drawdown)
Three square rush

Spike rush

Slough grass

Scirpus americanus
Eleocharis palustris
Beckmania syzchigache

c,�""._/;
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Table 6.8 Matador Tree Ephemeral pond vegetation species present along
transects in 1995

South Slope
Pasture sage
Blue grama grass

Speargrass
Golden rod

Rose

Canada thistle

Ironplant
Scarlet mallow

Gaillardia

Penstemon

Artemisia frigida
Bouteloua gracilis
Stipa comata
Solidago canadensis
Rosa acicularis

Cirsium arvense

Haplopappus spinulosus
Malvastrum coccineum

Gaillardia aristata

Penstemon spp.

Shrub/Forb Community
Snowberry
Rose

Canada thistle

Goldenrod

Fireweed

Anemone

Golden bean

Tansy mustard

Lambsquarter
Aster

Smooth brome

Yellow salsify
Western dock

Mint

Symphoricarpus occidentalis
Rosa acicularis

Cirsium arvense

Solidago canadensis

Epilobium angustifolium
Anemone canadensis

Thermopsis patens
Descurainia sophia
Chenopodium album

Asterspp.
Bromus inermis

Tragopogon dubius

Rumex occidentalis

Mentha arvense

Wetland (during drawdown)
Rough hair grass
foxtail

Three square rush

Fireweed

Western dock

Slough grass

Agrostis scabra
Hordeum jubatum
Scirpus americanus
Epifobium angustifolium
Rumex occidentalis

Beckmannia syzigachne
Meadow

Mint

Aster

Pasture sage
Rose

Canada thistle

Blue flax

Yarrow

Gumweed

Speargrass
Western wheatgrass

\
I

Mentha arvense

Asterspp.
Artemisia frigida
Rosa acicularis

Cirsium arvense

Unum lewisii

Achillea mille folium

Grindelia perennis
Stipa comata

Agropyron smithii
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Aspen Grove

Aster

Rose

Brome grass
Mint

foxtail

Canada thistle

Tansy mustard

Snowberry
Trembling aspen

Asterspp.
Rosa acicularis

Bromus inermis

Mentha arvense

Hordeum jubatum
Cirsium arvense

Descurainia sophia
Symphoricarpus occidentalis

Populus tremuloides
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Table 6.9 Jones Ephemeral pond vegetation species present along transects in

1995

Pond margin
Reed Canary grass Phalaris arundinaceae

Cattail Typha latifolia
foxtail Hordeum jubatum
Sow thistle Sonchus asper
Mint Mentha arvense

Slough
Water periscara Polygonum natans

Horsetail Equisetum arvense

Slough grass Beckmannia syzigachne
Spike rush Eleocharis palustris
Cattail Typha latifolia

Round stem bulrush Scirpus validus

Edge of crop field

Smooth brome Bromus inermis

Western dock Rumex occidentalis

Canadian thistle Cirsium arvense
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7. Appendix II. Fauna

Table 7.1. Matador Bird Observations 1967-1971.

Figure 7.1. Species frequency distribution from bird call counts Redden Pond.

Figure 7.2. Species frequency distribution from bird call counts Jones Pond.

Figure 7.3. Species frequency distribution from bird call counts Wiens Pond.

Figure 7.4. Species frequency distribution from bird call counts Thunstrom Pond.

Figure 7.5. Species frequency distribution from bird call counts Matador East Pond.

Figure 7.6. Species frequency distribution from bird call counts Matador West Pond.

Figure 7.7. Species frequency distribution from bird call counts Matador Tree

Ephemeral Pond.

Figure 7.8. Species frequency distribution from bird call counts Matador Ephemeral
Pond.
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Table 7.1. List of birds observed in the Matador Area from 1967-1971. Maher

1974.

Waterfowl
American Avocet Common Goldeneye Great Blue Heron Red Necked Grebe

American Bittern Common Loon Herring Gull Redhead
American Coot Common Merganser Hooded Merganser Ring Billed Gull
American Widgeon Double Crested Cormorant Horned Grebe Ring Necked Duck
Blue Winged Teal Eared Grebe Lesser Scaup Ruddy Duck
Bufflehead Franklin's Gull Mallard Snow Goose
California Gull Gadwall Northern Pintail Western Grebe
Canada Goose Green Winged Teal Northern Shoveler Whistling Swan
Canvasback Harlequin Duck Pied-Billed Grebe White Fronted Goose
Cinnamon Teal Black Crowned Night Heron Red Breasted Merganser White Winged Scoter

Whooping Crane
Shorebirds and upland Birds
American Golden Plover Gray Partridge Pectoral Sandpiper Short Billed Dowicher
Baird's Sandpiper Killdeer Piping Plover Solitary Sandpiper
Black Bellied Plover Least Sandpiper Ring-Necked Pheasant Sora
Black Tern Lesser Yellowlegs Sanderling Spotted Sandpiper
Chukar Long-Billed Dowitcher Sandhill Crane Stilt Sandpiper
Common Snipe Long Billed Curlew Semipalmated Plover Upland Sandpiper
Common Tern Marbled Godwit Semipalmated Sandpiper White Rumped Sandpiper
Greater Yellowlegs Northern Phalarope Sharp-tailed Grouse Willet

Wilson's Phalorope
Passerines
American Crow Cliff Swallow Mourning Dove Snow Bunting
American Goldfinch Common Grackle N. Rough Winged Swallow Solitary Vireo
American Redstart Common Nighthawk Northern Flicker Song Sparrow
American Robin Common Yellowthroat Northern Oriole Sprague's Pipit
Baird's Sparrow Dark Eyed Junco Northern Shrike Swainson's Thrush
Bank Swallow Eastern Bluebird Northern Waterthrush Tennessee Warbler
Bam Swallow Eastern Kingbird Olive Sided Flycatcher Tree Sparrow
Bay Breasted Warbler European Starling Orange Crowned Warbler Tree Swallow
Belted Kingfisher Fox Sparrow Palm Warbler Veery
Black And White Warbler Grasshopper Sparrow Pine Grosbeak Vesper Sparrow
Black Billed Cuckoo Gray Catbird Pine Siskin Water Pipit
Black Billed Magpie Gray Cheeked Thrush Purple Martin Western Kingbird
Black Capped Chickadee HairyWoodpecker Red Breasted Nuthatch Western Meadowlark

Blackpoll Warbler Harris' Sparrow Red Eyed Vireo Western Wood Pewee
Bobolink Hermit Thrush Red Winged Blackbird White Crowned Sparrow
Bohemian Waxwing Homed Lark Redpoll White Throated Sparrow
Brewer's Blackbird House Sparrow Rock Dove Willow Flycatcher
Brewer's Sparrow House Wren Rock Wren Wilson's Warbler
Brown Creeper Lapland Longspur Rose Breasted Grosbeak Yellow Bellied Flycatcher
Brown Headed Cowbird Lark Bunting Ruby Crowned Kinglet Yellow Bellied Sapsucker
Brown Thrasher Lark Sparrow Rufous Sided Towhee Yellow Breasted Chat
Cedar Waxwing Least Flycatcher Rusty Blackbird Yellow Rumped Warbler
Chestnut Collared Longspur Lincoln's Sparrow Sage Thrasher Yellow Warbler
Chestnut Sided Warbler Loggerhead Shrike Savannah Sparrow Yellowheaded Blackbird

Chipping Sparrow Mccown's Longspur Say's Phoebe

Clay Colored Sparrow Mountain Bluebird Smith's Longspur

Raptors
Bald Eagle Hawk Owl Osprey Sharp Shinned Hawk

Burrowing Owl Kestrel Peregrine Falcon Short Eared Owl

Copper's Hawk Long Eared Owl Prairie Falcon Snowy Owl

Ferruginous Hawk Merlin Red Tail Hawk Swainson's Hawk
Golden Eagle Northern Harrier Red Tailed Hawk Turkey Vulture
Great Horned Owl Northern Saw Whet Owl Rough Legged Hawk
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··Clay-colored Sparrow _g_gllll.;
··Western Meadowlark 4

Red Winged Blackbird

Eastern Kingbird

··Vesper Sparrow 2

Song Sparrow

Brown Headed Cowbird

Black Billed Magpie ••••11111

Northern Oriole

·*Swainson's Hawk

o 1 2 3 4 5

Redden

Figure 7.1 Species frequency distribution from bird call counts at Redden pond.

Bars represent number of visits to site during June 1995. * represents primary endemic
species, ** represents secondary endemic species.
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American Crow

**Swainson's Haw k

o 2 3 4 5

Jones

Figure 7.2. Species Frequency Distribution from bird call counts at Jones Pond.

Bars represent number of visits to site during June 1995. *

represents primary endemic
species,

**

represents secondary endemic species.

**Qay-colored Sparrow

**Savannah Sparrow

Yellow Headed Blackbird •••••111

Red Winged Blackbird .g••••iIIg•••••••••••"wl,,"'II�.114

**Horned Lark 4

**Western Meadow lark ••••••••••••••••113

....................... 3

....................... 3

**Lark Sparrow .'ii,ilil•••1

Barn swallow

Song Sparrow

**I\lorthern Harrier �••!ii!iii
Brewer's Blackbird •••••1

American Crow

o 2
Wiens

3 4 5

Figure 7.3. Species frequency distribution from bird call counts at Wiens pond.

Bars represent number of visits to site during June 1995. * represents primary endemic
species, ** represents secondary endemic species.
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Figure 7.4. Species frequency distribution from bird call counts at Thunstrom.

Bars represent number of visits to site during June 1995. *

represents primary endemic

species, ** represents secondary endemic species.
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·Sprague's Pipit

·*Clay-colored Sparrow

Red Winged Blackbird

**Horned Lark .m·'!!>:I·.·i�i!·�!,�Il

Unknown Sparrow ••�•••§lm�gg!l

**Northem Harrier ••••ii·m;

Eastern Kingbird ••��.I.I

o 2 3
Matador East

4 5

Figure 7.5. Species Frequency Distribution from bird call counts at Matador East

Bars represent number of visits to site during June 1995. *

represents primary endemic species,
** represents secondary endemic species.

*Sprague's Apit 4
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o 2 3
Matador Tree

4 5

Figure 7.6. Species frequency distribution from bird call counts at Matador Tree

Ephemeral pond.

Bars represent number of visits to site during June 1995. * represents primary endemic species,
** represents secondary endemic species.
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Figure 7.7. Species frequency distribution from bird call counts at Matador West.
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Figure 7.8. Species frequency distribution from bird call counts at Matador

Ephemeral pond.

Bars represent number of visits to site during June 1995. *

represents primary endemic
species,

**

represents secondary endemic species.
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8. Appendix III. Survey Questionnaire
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I. Farming practices
1. How long have you been farming?
2. How much land do you farm?

3.a. What type of farming operation: livestock, mixed or grain?
3b. What type of tillage practices?
4. Do you use herbicides, insecticides, fertilizers?

II. Use of Wetlands

1 a. Do you have permanent/semi-permanent sloughs on your land?

1 b. Do you have temporary sloughs on your and?

.2. Which of these practices apply to your sloughs?
a. seeding during dry periods
b. draining
c. mowing margins for hay
d. cultivating to the edge of the slouqh
e. grazing
f. water use for spraying

g. aerial spraying of pesticides
h. spray insecticides near slough

3.00 you use the slough for hunting/allow hunting?
4. What wildlife do you notice around your slough?
Sa. How do sloughs affect your farming?
5b. How does your farming affect sloughs?
6a. How do wildlife affect your farming?
6b. How does your farming affect wildlife?

III. Policies

1. Were the taxes on your wetlands greater than, the same as, or less than the

farmland around them?

2. Have you reclaimed or created any wetlands on your land?

3. Have you drained/cultivated any wetlands to:

a. obtain more quota
b. get rid of nuisance wildlife

142

_�

�

__L



c. make working the fields easier

d. increase cultivated acreage.

4. Do you see any changes in your land use because of new policies? e.g. demise

of the crow rate, establishment 0 of cultivation easement program.

5. Would you conserve existing sloughs and reestablish old sloughs
a. if recommended

b. if compensated
c. if economics dictated.

IV. Wetland values statements

Please circle the corresponding number which best describes how you feel about

each statement.

Strongly Disagree Disagree Neutral Agree Strongly Agree
1 2 3 4 5

1. Wetlands recharge the groundwater. 1 2 3 4 5

2. Wetlands provide necessary wildlife habitat. 1 2 3 4 5

3. Wetlands are a source of nuisance wildlife. 1 2 3 4 5

4. Wetlands provide recreational opportunities. 1 2 3 4 5

5. Wetlands catch and purify run-off. 1 2 3 4 5

6. Wetlands reduce soil loss. 1 2 3 4 5

7. Wetlands are aesthetically pleasing. 1 2 3 4 5

8. Wetlands are a source of weeds. 1 2 3 4 5

9. Wetlands are a nuisance to farming. 1 2 ·3 4 5

10. Wetlands reduce floods/store excess water. 1 2 3 4 5
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