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Abstract
Rangelands make up a significant portion of Manitoba’s land area and provide a number of valuable
ecosystem services. Several of these, including carbon sequestration, water regulation, and biodiversity
can be managed locally, with influence on global ecosystems. The objective of this report is to review the
scientific basis of three ecosystem services provided by rangelands in Manitoba: carbon sequestration,
water regulation, and the provision of biodiversity. Our review is based on peer-reviewed sources, with a
focus on grasslands and rangelands in Manitoba. Scientific knowledge of services provided by rangeland
ecosystems is growing, however further research in Manitoba will allow producers to best implement
management practices to contribute to the growing recognition of values provided by agricultural
landscapes.

Introduction
Approximately 90% of the 11 million hectares of grassland on the Canadian prairies are grazed, including
the 2.4 million hectares of rangeland found in Manitoba (Kulshreshtha et al., 2015). As a significant
portion of Manitoba’s area, the ecosystem services provided by grasslands and rangelands (grazed
grasslands) constitute an important element of our environment.

Ecosystem services, or “the benefits that people obtain from ecosystems” (Millennium Ecosystem
Assessment 2005), can be divided into four categories: provisioning, regulating, cultural, and supporting
services. Among these, provisioning of forage for livestock is an important and a traditional service
provided globally by rangelands. However, between 1979 and 2009, livestock abundance in North
America has decreased by 14% and alternative ecosystem services provided by rangelands are becoming
important (Yahdjian et al., 2015). As a result, the capacity of rangelands to provide multiple ecosystem
services, including carbon sequestration, water regulation, and the provision of biodiversity
(Kulshreshtha et al., 2015) is increasingly valued. 

Four aspects impact their capacity of rangelands to provide ecosystem services (Havstad et al. 2007).
First, the availability of resources, including water and nutrients, limits the primary production of
rangeland ecosystems. Second, seasonal and regional variations in plant productivity pose a challenge
broad management strategies. Third, ownership of rangelands is often fragmented between private and
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public sectors. And finally, rangelands can simultaneously provide multiple ecosystem services (Havstad
et al. 2007).

This report reviews the scientific literature focused on three ecosystem services provided by rangelands
in Manitoba: carbon sequestration, water regulation, and the provision of biodiversity. In addition, we
discuss principles for management of grassland and rangelands that would help maximize these
ecosystem services in Manitoba.

Methods
We created an initial list of 54 peer-reviewed articles using searches in Web of Science (© 2016 Thomson
Reuters) and Proquest Natural Sciences Collection (©2016, ProQuest LLC) databases at the University of
Winnipeg, MB (June 24-29, 2016), focused on peer-reviewed articles published between 2005 and 2016.
The following list of keywords were suggested based on the expertise of team members: “ecosystem
services”, rangeland*, “Great Plains”, farm biodiversity, climate change, adaptation, livestock,
biodiversity, “water quality”, agroecosystem, grassland(s), “perennial forage”, prairie, public benefit,
carbon, and multifunctionality. Each team member, examined the list separately and provided comments
to help reduce the number to 30 articles. Articles recommended by at least two of the four team
members were compiled into the final list.

We created an annotated bibliography based on the final list of 30 articles containing information about
the ecosystem goods and services examined and the region(s) studied. Combined with a group decision-
making process, the annotated bibliography was used to narrow the final list to 16 papers. The following
report is based on this final list.

Analysis
Carbon sequestration
Increasing atmospheric CO2 and the ensuing changes in global climates have raised interest in
understanding and adapting to these changes. For rangelands, increasing atmospheric CO 2

concentrations lead to increased Net Primary Productivity (NPP) of many plant species (Izaurralde et al.,
2011), but the effects of increasing temperature and changing precipitation must also be considered. For
example, while increasing temperatures could increase productivity, temperatures beyond the tolerance
of range plants could lead to their decline. In addition, changes in precipitation patterns are expected to
vary geographically and increasing variability in rainfall may reduce NPP in areas where soil moisture is
the main factor limiting plant growth (Izaurralde et al. 2011).

Rangelands have the capacity to regulate levels of atmospheric CO2 by sequestering carbon in the above-
and below-ground biomass of plants and in soil organic matter Havstad et al., 2007). In Manitoba,
2,385,660 hectares of rangeland have the potential to sequester 250.5 million t/yr. (Kulshreshtha et al.,
2015). However, the degradation of rangelands through soil erosion could lead to the release of stored
carbon (Havstad et al., 2007). At local scales, the potential of soil to sequester carbon can be increased
by converting cropland to rangeland, restoring degraded rangelands, and adopting better management
practices to increase sequestration (Joyce et al., 2013). 

Increasing soil organic carbon (SOC) levels of rangelands has numerous benefits for the surrounding
ecosystems. For example, increased SOC levels can reduce the loss of soluble nutrients to leaching,
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increase soil water capacity available to plants, and increase soil stability and resistance to erosion and
compaction (Lal, 2011). These benefits also contribute to productivity by increasing the efficiency of
inputs such as fertilizers, water, and pesticides (Lal, 2011). Recommended practices to increase SOC
include: reducing soil disturbance, mulching and cover cropping to provide continuous ground cover,
using biological nitrogen fixation to reduce dependence on chemical fertilizers, supplementing soil
carbon with inputs such as biochar, and restoring degraded soils (Lal, 2011). Many of these management
practices could be applied to rangelands in Manitoba in order to increase their capacity to sequester soil
carbon.

Water regulation
Agriculture has numerous potential impacts on surrounding water systems. In addition to the rerouting
of water for irrigation, agriculture may contribute to the export of nitrogen, phosphorus, and other
contaminants. Globally, nitrogen export in terrestrial ecosystems has doubled since 1960, and the
amount of biologically available phosphorus in terrestrial ecosystems has increased threefold
(Millennium Ecosystem Assessment 2005). While the use of fertilizers has greatly increased agricultural
productivity, nitrogen lost in runoff can have profound effects on the eutrophication or nutrient over-
enrichment of aquatic ecosystems that can lead to the formation of coastal dead zones (Gordon et al.,
2010). 

Export of nitrogen from agricultural landscapes can be reduced by planting perennial forage crops that
uptake nitrogen though their deep root systems that remain active for a large portion of the year
(Liebman et al., 2013). As a result, converting annual cropland to forage land can reduce nutrient export
and prevent the eutrophication of aquatic ecosystems. Even integrating perennial forages into crop
rotations can improve nitrogen retention and reduce the application of chemical fertilizers (Liebman et
al., 2013). For example, within intensely cultivated areas, small buffer strips of perennial forages along
the periphery of fields can reduce nutrient leaching (Liebman et al., 2013). Even converting 10% of a
cropland to native prairie can have disproportionately large effects on nutrient, soil, and water retention
(Liebman et al. 2013). In Manitoba, the flat topography may reduce the effectiveness of buffer strips to
retain nutrients (Sheppard et al. 2006). As a result vegetated buffer swales that extend into depressions
in fields may be more effective than uniform-width strips, increasing the area of buffer that runoff water
passes through (Sheppard et al. 2006).

Biodiversity
The relationship between biodiversity and ecosystem services has a long history in ecology (Moonen and
Bàrberi, 2008). Recent discussion has been spurred by the possibility that loss of biodiversity negatively
impacts other ecosystem services, such as nutrient and water retention (Liebman et al., 2013). Loss of
biodiversity may affect ecosystem services based on the functional traits of species that are lost (Havstad
et al., 2007). For example, in rangelands, the provisioning of primary production for grazing animals,
could, result from the loss of plant biodiversity. 

In an effort to describe how biodiversity affects ecosystem services, Moonen and Bàrberi (2008) use the
concept of functional biodiversity. They define functional biodiversity as “part of the total biodiversity
composed of clusters of elements (at the gene, species or habitat level) providing the same
(agro)ecosystem service, that is driven by within-cluster diversity”. This definition includes two points:
the functional groups (elements providing the same ecosystem service) and the importance of diversity
of elements within each functional group. As a result, increasing the diversity of functional groups within
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a rangeland could have a greater impact the ecosystem services it provides, for example carbon
sequestration or water regulation, than increasing the taxonomic diversity of species. These questions
remain important for future research in Manitoba rangelands.

Conclusions
Understanding the current state of ecosystem services like carbon sequestration, water regulation, and
biodiversity is an important step towards optimizing their supply. Whereas early studies on ecosystem
services focused on a small number of independent services, recent emphasis has been placed on
bundles of interrelated ecosystem services (Gos et al., 2016). For example, coordination of management
strategies that deliver multiple services such as biodiversity and climate change mitigation can help
optimize ecosystem services and streamline management. These strategies can be compared using the
amount of environmental benefits per unit area, or unit cost (Galler et al., 2015). Further analysis of
these bundles will be useful for coordinated management strategies looking to maximize multiple goods
and services.

Although bundles of ecosystem services are thought to be positively related to the magnitude of
biodiversity (Hector and Bagchi, 2007), the degree to which they are related may vary between regions
(Bai et al., 2007). Further research into mechanisms that maximize ecosystem services and their bundles
will be helpful in convincing stakeholders of the importance of managing grasslands and rangelands for
multiple ecosystem services (Duru et al., 2015). Manitoba’s unique climates and landscapes make this a
an important area for future research.
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