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Abstract

Beneficial land management practices have been the center of conservation activities to mitigate
biodiversity loss in agricultural lands. However, practical methods that account for the gains and losses in
biodiversity from land management choices remain lacking. To help the Alberta Agriculture Sector in exploring
opportunities to participate in biodiversity markets, we used species-specific habitat models for 232 native
species from five different taxonomic groups to quantify current biodiversity intactness, and estimate the gains
and losses in biodiversity from a set of relevant land management scenarios across an agricultural watershed in
southwestern Alberta. Here we provide a summary of the modeling methods and results, with a focus on the
biodiversity outcomes of (1) converting land areas under cultivation by annual crops to tame perennials or
native perennials, and (2) changing grazing intensity management in non-footprint land areas that have been
historically grazed by livestock.

The current biodiversity intactness varied among the analyzed species and taxonomic groups. Overall, the
examined land management scenarios resulted in increased biodiversity across agricultural lands in the studied
watershed. However, the magnitude of this increase varied among examined scenarios, species, and taxonomic
groups. The examined management scenarios, therefore, can be considered beneficial management practices
in Alberta’s agricultural lands. However, to increase the success of markets for biodiversity, attention needs to
be paid to the response of species or groups of species of interest to specific land management practices.

This assessment helps understand better market opportunities associated with biodiversity management in
Alberta’s agricultural lands. Serving as a proof of concept, the modeling framework developed here can be
used as a step toward quantifying gains or losses in biodiversity from relevant land management scenarios.
Furthermore, the information generated can be used by relevant industries to ensure biodiversity conservation
through the procurement of biodiversity offsets. The data produced in this study will be integrated into a
decision support tool that includes a wider range of ecosystem services and land management scenarios to
help manage multiple ecosystem services and biodiversity in Alberta’s agricultural landscapes.

Keywords: Agriculture Sector; biodiversity intactness; beneficial management practices; grazing management;
land conversion; predictive habitat models; taxonomic groups.

1. Introduction

Agricultural landscapes provide many valuable ecosystem services, including biodiversity services (Power,
2010). Sustainable agricultural systems are needed to meet the food demands of a growing human population
(Landis, 2016). However, agricultural systems are often managed for higher yields, and loss of biodiversity and
critical ecosystem services due to agricultural intensification has received less attention (Dainese et al., 2019).
In many geographic regions, landscape simplification and over-use due to agricultural intensification have
resulted in the loss of biodiversity on which agriculture products depend (Adhikari et al., 2019).

Recently, substantial efforts have been initiated to mitigate biodiversity loss in agricultural lands, primarily
via beneficial land management practices that promote biodiversity the farm to landscape scales (Power, 2010;
Adhikari et al., 2019). Market-based mechanisms for biodiversity conservation have been proposed to support
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land management practices that protect and enhance biodiversity services on agricultural lands (Jack et al.,
2008; Jellinek et al., 2019). Despite the growth of these market-based approaches, practical methods that
account for biodiversity outcomes from land management practices under local environmental and
management conditions remain unresolved (Salzman et al., 2018). A well-functioning biodiversity market
would need to include agreed and practical approaches for measuring the biodiversity values on a given land
area and the increase in certain biodiversity values in addition to business as usual land practices (Di Minin et
al., 2017).

The biodiversity impact of beneficial land management practices has been examined in previous studies.
However, the results of those studies are mostly specific to a species or group of species and limited to a
particular geographic area. Hence, it is hard to use previous studies to quantify the impacts of suggested land
management practices on larger groups of species and taxa. While expert opinion can provide useful guidance
for identifying where beneficial land management practices have the most potential to improve biodiversity, it
can lead to substantial variation among experts in their absolute predictions of biodiversity outcomes. Experts’
knowledge of biodiversity is usually limited to specific species or taxonomic groups, for which they do not
necessarily share similar opinions about the magnitude and direction of species responses to a specific
management practice (Dorrough et al., 2019).

To help the Alberta Agriculture Sector in exploring opportunities to participate in biodiversity markets, we
used the ABMI’s biodiversity models and geospatial data to better understand the potential outcomes of
biodiversity from relevant land management choices in an agricultural watershed in southwestern Alberta.
Specifically, we used spatially-explicit information on multi-species biodiversity intactness to assess current
biodiversity and examined biodiversity impacts from: (1) converting land areas under cultivation by annual
crops to tame perennials or native perennials, and (2) changing grazing intensity management in non-footprint
land areas that have been historically grazed by livestock.

2. Methods
2.1. Study area

We conducted this study in the Indian Farm Creek (IFC) watershed (141.45 km?), located in the southwest
corner of Alberta (Fig. 1). The IFC watershed lies mainly in the productive Black Soil Zone of the Foothills Fescue
Natural Sub-region with annual precipitation of about 515 mm. The watershed upstream is a hilly and rocky
landscape with short and complex slopes, while the watershed downstream is a flat landscape with much
longer and simpler slopes. The dividing area between the watershed upstream and downstream is a high relief
landscape with very steep slopes (Olson et al., 2011; Fig. 1). Agriculture is the primary land-use practice in the
watershed (97%) with crop and livestock production dominating the landscape. 39% of the watershed area
(mostly downstream) is covered by annual crops (primarily barley) and 56% by native or tame perennials
(mostly upstream). Approximately 2500 grazing cattle were estimated to be in the watershed (Olson et al.,
2011).
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2.2. Estimating current biodiversity intactness

We used biodiversity intactness (positive or negative deviation in biodiversity from a natural or reference
condition; ranges from 0 to 100%; Biggs et al., 2006; Nielsen et al., 2007; Martin et al., 2019) to quantify
biodiversity and its response to alternative land management scenarios across the watershed. We considered
232 native species from five taxonomic groups of vascular plants, lichens, mosses, mammals, and soil mites
(152, 37, 15, 4, and 24 species, respectively) for spatially-explicit assessment of intactness across the
watershed. For this study, we only considered native species that, based on the ABMI’s simulated species

occurrence data (ABMI, 2018c), showed a high probability of being present in the watershed area.

We delineated unique spatial units for quantification of intactness from the ABMI’s Polygon Tool layer (Fig.
Al). The Polygon Tool layer is intended to be used as a base layer for assessing the biodiversity value of all land
in Alberta. It represents the spatial distribution of homogenous patches of natural habitat or native soil types,
and human footprint types across Alberta as extracted from the ABMI’s Human Footprint (ABMI, 2018a) and
Native Vegetation (ABMI,2012; ABMI,2018b) layers.

For lichen, moss, mammal, and soil mite species, we used the existing species-specific habitat models
developed by the ABMI (ABMI, 2018c) to spatially predict the relative abundance of individual species under
two human footprint types of ‘crop’ and ‘tame pasture’ (ABMI, 2018a), as well as under a reference condition
in which human footprint is back-filled by the natural habitat types that were most likely to occur before the
creation of human footprint (ABMI, 2018b). We then employed these predicted relative abundances to
calculate species-specific intactness under ‘crop’ and ‘tame pasture’ human footprint types across the
watershed (Fig. Al). Further details of the methodology used to develop species-specific habitat models and

calculate intactness for individual species are provided in Appendix 1.
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For vascular plant species, we first incorporated the ABMI’s field information on litter scores (range from 3
to 1; ABMI 2018d) as a proxy predictor for grazing intensity into the existing ABMI species-specific habitat
models for vascular plants. We then spatially predicted the relative abundance of each analyzed species under
different natural habitat or native soil types by employing grazing- intensity-modulated coefficients indicating
the response of individual plant species to three proposed grazing intensity levels of ‘healthy’, ‘healthy with
problems’ and ‘unhealthy’ that only reflected litter scores of 3, 2, and 1 (ABMI 2018d), respectively. For each
species, we then calculated species-specific intactness under ‘healthy with problems’ and ‘unhealthy' by
comparing predicted species-specific abundances under these two proposed grazing intensity levels with the
corresponding species-specific abundances under the ‘healthy’ grazing intensity level. Thus, any deviations
(increases or decreases) from the proposed grazing intensity level of ‘healthy’, lower intactness. Further details
on collection of the ABMI’s field information on litter scores, as well as the methodology used to incorporate
litter scores as a proxy predictor for grazing intensity into the ABMI’s species-specific habitat models and

calculate intactness under different grazing intensity levels, are provided in Appendix 2.
2.3. Estimating impacts of land management scenarios

Several land management scenarios have been suggested to protect biodiversity and ecosystem services in
Alberta’s agricultural lands. These include scenarios for the management of natural habitat and riparian
ecosystems (e.g., fencing, buffer strips, grassed waterways), pastures (e.g., timing and intensity of grazing,
pasture vegetation improvement), and marginal croplands (e.g., conversion to tame or native perennials).
However, the nature of the ABMI’s species-specific habitat models restricted our assessment to biodiversity

outcomes from land conversion and grazing intensity management scenarios.
2.3.1. Land conversion scenarios

We examined biodiversity impacts of converting land areas under cultivation by annual crops to tame
perennials (‘crop to tame perennials’ scenario) or native perennials (‘crop to native perennials’ scenario). For
each spatial unit associated with annual crops (1077 units), we calculated multi-species intactness under the
current land use or ‘crop’ human footprint type (ABMI, 2018a), as well as under the ‘tame pasture’ human
footprint type (ABMI, 2018a) by averaging the mean intactness estimated for the analyzed species from five
taxonomic groups. We then quantified the biodiversity outcome of the ‘crop to tame perennials’ scenario as
the absolute difference between multi-species intactness under the ‘tame pasture’ and ‘crop’ human footprint
types. In addition, we quantified biodiversity outcome of the ‘crop to native perennials’ scenario as the
absolute deviation of multi-species intactness under the ‘crop’ human footprint type from a 100% intactness

that was considered under the predicted reference or native soil types.
2.3.2. Grazing intensity management scenarios

We examined the biodiversity impacts of changing grazing intensity in non-footprint land areas that have
been historically grazed by livestock by considering 129 native vascular plant species. In the IFC watershed,
field-scale estimates on stocking density were obtained through aerial survey and producer interviews (Olson

et al., 2011). However, converting stocking density information to grazing intensity is not straightforward and
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requires additional information, including site productivity, animal herd structure, and rate of forage offtake
per animal (Hankerson et al., 2019). We therefore used ‘what if’ type scenarios to assess the impact of change

in grazing intensity level on intactness of vascular plants in non-footprint land areas across the watershed.

To spatially quantify the biodiversity outcome of changes in grazing intensity level, we examined the
impacts of the ‘healthy with problems to healthy’ and ‘unhealthy to healthy’ scenarios on multi-species
intactness. For each spatial unit, we calculated the absolute deviation of multi-species intactness under
‘healthy with problems’ and ‘unhealthy’ from a 100% intactness that was considered under the ‘healthy’

grazing intensity level (‘healthy with problems to healthy’, and ‘unhealthy to healthy’ scenarios, respectively).

3. Results
3.1. Current biodiversity intactness

Current intactness for analyzed taxonomic groups varied between the ‘crop’ and ‘tame pasture’ human
footprint types (Fig. A2). Overall, intactness for five taxonomic groups (except for mammals) were estimated to
be slightly greater across spatial units associated with the ‘tame pasture’ compared to units associated with the
‘crop’ human footprint type (Fig. A1, Fig A2). However, assessment of individual species from analyzed
taxonomic groups revealed a diverse range of species-specific intactness across the ‘crop’ and ‘tame pasture’

human footprint types in the watershed (Fig. A3).

The current multi-species intactness for vascular plants in non-footprint land areas varied among the
proposed grazing intensity levels (Fig. A4). Across spatial units associated with natural habitat or native soil
types (Fig. A1), vascular plant intactness was estimated to be greater when a ‘healthy with problems’ grazing
intensity level, as opposed to an ‘unhealthy’ grazing intensity level, was assumed (Fig. A4). However, individual
plant species showed varied species-specific intactness under these two proposed grazing intensity levels,
specifically when an ‘unhealthy’ grazing intensity level was assumed across spatial units associated with natural

habitat or native soil types in the watershed (Fig. A1, Fig. A5).
3.2. Biodiversity impacts of land conversion

Multi-species intactness for analyzed taxonomic groups varied among the examined land conversion
scenarios (Fig. 2). Across spatial units associated with the ‘crop’ human footprint type (Fig. A1), both
implemented land conversion scenarios resulted in an increase in multi-species intactness for different
taxonomic groups. This increase, however, was relatively small under the ‘crop to tame perennials’ scenario. By
contrast, the ‘crop to native perennials’ scenario resulted in a noticeably greater increase in multi-species
intactness for different taxonomic groups, except for mammals, which showed the smallest increase in

intactness under both land conversion scenarios (Fig. 2).
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Fig. 2. Spatial variability in the impacts of
implemented land conversion scenarios
(vertical panels) on multi-species
intactness for analyzed taxonomic groups
(boxplots with different colors). Spatial
change in multi-species intactness was
calculated by considering the spatial units
associated with crop human footprint
type in the watershed (Fig. Al).

A diverse range of species responses to the implemented land conversion scenarios (Fig. 3). Although
intactness decreased for a small group of species under the ‘crop to tame perennials’ scenario, this scenario

resulted in an increase in species-specific intactness for the majority of species. The ‘crop to native perennials’
scenario, however, resulted in an increase in species-specific intactness for almost all species. This increase was
noticeably greater for most species under the ‘crop to native perennials’ scenario than under the ‘crop to tame

perennials’ scenario (Fig. 3).
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3.3. Biodiversity impacts of grazing intensity management

Fig. 3. Impacts of the implemented land
conversion scenarios on mean intactness
of individual species from analyzed
taxonomic groups (boxplots with
different colors). Change in species-
specific intactness was calculated across
spatial units associated with the ‘crop’
human footprint type in the watershed
(Fig. A1).

The implemented grazing intensity management scenarios resulted in varied multi-species intactness for
analyzed vascular plants (Fig. 4). Across spatial units associated with natural habitat or native soil types (Fig.
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Al), both grazing intensity management scenarios increased multi-species intactness for vascular plants. This
increase, however, was relatively smaller under the ‘healthy with problems to healthy’ scenario than under the

‘unhealthy to healthy’ scenario (Fig. 4).
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Fig. 4. Spatial variability in impacts of
the implemented grazing intensity
management scenarios (boxplots with
different colors) on multi-species
intactness for analyzed vascular plants.
Spatial change in vascular plant
intactness was calculated by
considering the spatial units associated
with the natural habitat or native soil
types in the watershed (Fig. Al).

Individual vascular plant species responded differently to the implemented grazing intensity management
scenarios (Fig. 4). Across natural habitat or native soil types (Fig. A1), species-specific intactness increased for
almost all species under both grazing intensity management scenarios. This positive response of analyzed plant
species, however, was noticeably greater for most species under the ‘unhealthy to healthy’ than under the

‘healthy with problems to unhealthy’ scenario (Fig. 5).
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Fig. 5. Impacts of the implemented
grazing intensity management
scenarios (boxplots with different
colors) on mean intactness of
analyzed vascular plant species.
Change in species-specific intactness
was calculated across the spatial units
associated with the natural habitat or
native soil types in the watershed (Fig.
Al).
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4. Conclusion and implications

There has been a growing interest in biodiversity market programs as an innovative way to compensate for
the biodiversity losses that occur from agricultural practices (Jellinek et al., 2019). Beneficial land management
practices have been the center of conservation activities to mitigate biodiversity loss in agricultural lands at the
farm to landscape scales (Power, 2010; Adhikari et al., 2019). However, measuring biodiversity is complex, and
developing practical methods that account for gains and losses in biodiversity from alternative land
management practices under local environmental and management conditions is technically challenging
(Salzman et al., 2018).

To address this data gap for Alberta’s agricultural lands and support Alberta Agriculture Sector in exploring
opportunities to participate in biodiversity market programs, we explored the potential gains and losses in
biodiversity from a set of relevant land management choices. By using species-specific habitat models for 232
native species from five taxonomic groups (vascular plants, lichens, mosses, mammals, and soil mites), we
quantified current biodiversity intactness to better account for gains and losses in biodiversity from land
management scenarios related to land conversion and grazing intensity management across an agricultural
watershed.

We found pronounced variation in biodiversity intactness for analyzed species and taxonomic groups across
the agricultural lands in the studied watershed. Overall, implementing land conversion scenarios resulted in
biodiversity increases across the annual croplands in the watershed. However, the magnitude of this gain in
biodiversity varied among analyzed taxonomic groups and was noticeably greater when the annual croplands
were converted to native perennials than to tame perennials. Nevertheless, assessment of the response of
individual species to the implemented land conversion scenarios revealed a diverse range of gains, or even
losses, in biodiversity for the analyzed species.

We also found pronounced variation in biodiversity intactness for analyzed vascular plant species under the
assumed grazing intensity levels for natural habitat or native soil types in the watershed. Overall, implementing
grazing intensity management scenarios resulted in a gain in biodiversity for vascular plants across the
watershed. However, the magnitude of this gain varied among analyzed plant species and was greater when
the assumed ‘unhealthy’ grazing intensity level was substituted with the ‘healthy’ grazing intensity level.

Our findings collectively suggest that the implemented land management scenarios can enhance
biodiversity and, therefore, can be proposed as beneficial management practices in Alberta’s agricultural lands.
However, the increase in biodiversity depends on the species or group of species (taxonomic group) of interest.
Hence, to increase the success of markets for biodiversity, attention needs to be paid to the response of
species or groups of species of interest to specific land management practices.

Our results are sensitive to the set of species and taxonomic groups analyzed. The implemented land
management scenarios might affect a wider range of species and taxonomic groups than can currently be
modeled due to the lack of necessary species-specific monitoring data. Furthermore, the nature of the ABMl’s
species-specific habitat models restricted our ability to assess temporal changes in biodiversity under the
examined land management scenarios. It could take several years to reach the estimated level of biodiversity
(close to pre-disturbance biodiversity levels) after implementation of the examined scenarios. Therefore,
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identifying and assessing the suitability of other available biodiversity data sources is a priority for advancing
our knowledge of the biodiversity outcomes from relevant land management choices in Alberta’s agricultural
lands.

Our results provide a strong foundation for better understanding market opportunities associated with land
management activities that encourage biodiversity services in Alberta’s agricultural lands. Serving as a starting
point and a proof of concept, the modeling framework developed here can be used as an important learning
step to quantify gains or losses in biodiversity from alternative land management scenarios, and consequently
identify beneficial management practices that encourage biodiversity in Alberta’s agricultural lands. It s,
therefore, essential to prioritize alternative land management practices that might improve the biodiversity of
agricultural lands. Currently, information and knowledge developed through this project are being integrated
into a decision support tool aimed at producing credible knowledge and information necessary for the
development of market programs that improve multiple ecosystem services and biodiversity in Alberta’s
agricultural landscapes.

Biodiversity markets are experiencing rapid growth from the eco-labeling of consumer products such as
crops and livestock meat. With further enhancement of the standards and metrics for biodiversity protection,
companies are under increasing pressures to ensure biodiversity conservation through procurement of
biodiversity offsets. Conservation markets for biodiversity have the potential to benefit agriculture producers,
the environment, and society. Credible knowledge and information on the biodiversity outcomes of beneficial
management practices can be used by industry in sustainability reporting. The relevant industries can use the
information generated from this study to make informed decisions in their business to be more competitive,
environmentally friendly, and socially responsible. Opportunities to integrate biodiversity metrics into
sustainability reporting initiatives still need to be further explored and applied.
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Appendix 1: Developing predictive habitat models for estimating biodiversity intactness

We used biodiversity intactness to quantify biodiversity and its response to alternative land management
scenarios across the watershed. Compared to more commonly used measures such as species richness,
intactness better reflects the sensitivity of species to land use (Biggs et al., 2006; Nielsen et al., 2007; Martin et
al., 2019). It integrates the responses of species that are both positively and negatively affected by disturbance
relative to what would be expected in the absence of human intervention (Lamb et al., 2009). Therefore,
intactness is a more robust measure for quantifying biodiversity impacts from alternative land management

scenarios.

Intactness is calculated as a measure of deviance in the relative abundance of species from the natural

condition, where 100% intactness represents reference or natural condition with no human intervention, and
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0% intactness represents maximum human disturbance or completely degraded biodiversity (Nielsen et al.,
2007; ABMI, 2018c). Consequently, intactness declines when species abundance deviates either positively or
negatively from its expected abundance under natural or reference conditions. Because intactness for
individual species decreases from 100% with either downwards or upwards differences from reference
conditions, an ‘increaser’ species does not cancel out a ‘decreaser’ species; instead, both contribute to
lowering the average intactness (ABMI, 2018c).

We employed the species-specific habitat models developed by the ABMI (ABMI, 2018c) to estimate
intactness across the IFC watershed. Since 2007, the ABMI has generated rich biodiversity and habitat attribute
data on a large number of species from a wide range of taxonomic groups, including birds, mammals, soil
mites, vascular plants, lichens, and mosses (ABMI, 2018d). The ABMI's accumulated biodiversity and habitat
databases support the creation of predictive species models that provide information on spatial distribution,
habitat associations, responses to human footprint, and the predicted relative abundance of individual species
for over 800 species (ABMI, 2018c).

The ABMI’s predictive habitat models are developed using a set of statistical methods to associate the
relative abundance of each species measured at the ABMI sites to various sets of variables. These variables
include: (1) habitat types (e.g., forest stand types by broad age classes, and open vegetation including grass,
shrub, open wetland, open water, and barren), (2) native soil types (e.g., productive, clay, saline and rapid-
draining), (3) human footprint categories (e.g., cutblocks, cultivation, industrial and residential developments,
roads and other linear and non-linear features), (4) geographic location (latitude and longitude), and (5) broad

climate variables (e.g., monthly climate normals of temperature and precipitation; ABMI, 2018c).

The ABMI’s predictive habitat models provide habitat coefficients separately for the northern or forested
(mainly Boreal, and Foothills) and southern or prairie (mainly Parkland, and Grassland) regions of the province.
These species-level habitat coefficients enable us to spatially predict the relative abundance of each analyzed
species under current natural habitat or native soil types (ABMI, 2018b) and human footprint types (ABMI,
2018a), as well as under a reference condition in which human footprint is back-filled by the natural habitats

that were most likely to occur before the creation of human footprint (ABMI, 2018b).

We carried out predictions of the relative abundance of each analyzed species under current and reference
conditions by employing: (1) species-level habitat coefficients estimated for different soil types of natural
habitats (i.e., productive, clay, saline, and rapid-draining), and human footprint types in the prairie region
(south); (2) information on the current natural habitat or native soil types, and human footprint types across
the watershed (Fig. Al); and (3) geographic location and broad climate variables (i.e., monthly climate normals
of temperature and precipitation) for the watershed area. For each species, we then calculated intactness (%)
as:

Current / Reference x 100, when current abundance is smaller than reference abundance, or

Reference / Current x 100, when reference abundance is smaller than current abundance (ABMI, 2018c)
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Finally, we used species-specific intactness to assess variation in current intactness across the watershed (Fig.
A2, Fig A3). Additional details on the methodology used to develop species-specific habitat models and

calculate intactness for individual species are explained in ABMI, 2018c.

Clay soil
Crop
- Hard linear
I Productive soil
Rapid drain soil
Rough pasture
B saline soil
P soft linear
Tame pasture

I urban land

Fig. Al. Spatial distribution of upland natural habitat or native soil types, and human footprint types (left)
together with the spatial modeling units considered for estimating biodiversity intactness across the IFC
watershed (11073 units).

The ABMI’s species-specific habitat models might have large errors for uncommon species. The spatial
variation in the relative abundance of analyzed species might not be accurately captured by the use of
estimated habitat coefficients for different native soil types of natural habitats (i.e., productive, clay, saline,
and rapid-draining). In our analysis, the same habitat models were used to predict the relative abundances of
analyzed species under both current and reference (i.e., no human footprint) conditions as we do not know the
actual abundances of the analyzed species prior to the creation of human footprint or under natural habitats.
Also, the reference habitat or vegetation types were predicted for large human footprint areas based on
adjacent undisturbed habitat types and knowledge about the type of land areas in which different human
footprint types might occur. Therefore, the reference natural habitat or vegetation type might not be
accurately predicted for all the spatial modeling units considered in our analysis. Finally, in non-footprint land
areas historically grazed by livestock, grazing impact was only considered for improving the predictions of
vascular plant species. Updating habitat models with grazing impacts for species from other taxonomic groups

is anticipated.
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Appendix 2: Incorporating grazing intensity into predictive habitat models

In footprint land areas (e.g., cultivated areas with annual crops), the ABMI’s intactness compares current
abundances of species to their predicted abundances under reference conditions with natural habitat or soil
types (ABMI, 2018b). However, in non-footprint land areas that have historically been grazed, selection of
reference condition needs extra caution as grazing has been part of the history of these natural habitat areas

(Herrero-Jauregui and Oesterheld 2018) and a significant factor contributing to their biodiversity (Pulungan et
al., 2019; Tonn et al., 2019).
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The ABMI’s species-specific habitat models predict the relative abundance of individual species as a function
of niche-related predictors (vegetation type, soil type, bioclimatic variables, local human footprint), and spatial
coordinates that limit a species’ distribution (see Appendix 1 for further information). Yet, the ABMI’s
predictive models do not explicitly include grazing impacts. To improve the habitat models, we used the ABMI’s
field information on litter scores as a proxy measure for grazing intensity in non-footprint land areas covered
with natural habitat types. Through its Range Status Assessment program, the ABMI has collected litter
normals at more than 130 sites where biodiversity data has been obtained (ABMI, 2018d). The litter normals
are assigned based on the amount, distribution, evenness, and patchiness of litter (i.e., standing dead and

fallen dead plant material, and variably decomposed material on the soil surface) across the ABMl site.

In the field, one of the three litter scores of 1, 2, and 3 is given to the studied sites (ABMI, 2018d). The
highest score (3) is given where litter is in the range of 65% to 100% of the expected level under proper grazing
level, and litter amounts are more or less uniform across the site and include standing dead plant material,
fallen dead plant material and variably decomposed material on the soil surface. The middle score or (2) is
given where litter is in the range of 35% to 65% of the expected level under proper grazing level, and litter
amounts are slightly or moderately reduced and are somewhat patchy across the site with fallen dead plant
material and variably decomposed material on the soil surface being the dominant litter types. Finally, the
lowest score (1) is given where litter is < 35% of the expected level under proper grazing level, and litter
amounts are greatly reduced or absent with little or no standing or fallen litter and decomposing material on
the soil surface as the main type of litter. Additional details on the methodology used to collect litter normals in
the field are explained in ABMI, 2018d.

We incorporated the ABMI’s field information on litter scores as a proxy predictor for grazing intensity into
the ABMI’s species-specific habitat models for vascular plants. Specifically, we assessed the fractions of
additional variance explained by the litter score data after controlling for non-grazing predictors that already

included in the ABMI’s predictive habitat models, as explained in Appendix 1.

We then used the updated species-specific habitat models with a proxy predictor for grazing intensity to
predict the relative abundance of each analyzed plant species under three proposed grazing intensity levels:
‘healthy’, ‘healthy with problems’, and ‘unhealthy’. Although the ABMI’s Range Status Assessment includes
more questions for assessment of range health, these three proposed grazing intensity levels only reflected
litter scores of 3 to 1, respectively (ABMI, 2018d).

By considering the ‘healthy’ level of grazing intensity as the reference condition, we then calculated species-
specific intactness under two proposed grazing intensity levels: ‘healthy with problems’ and ‘unhealthy’.
Finally, we used species-level intactness to assess variation in current intactness under these two latter grazing

intensity levels (Fig. A4, Fig. A5) across natural habitat or native soil types of the watershed (Fig. Al).
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Fig. A4. Spatial variability in multi-species
intactness for analyzed vascular plants under the
proposed grazing intensity levels (boxplots with
different colors). The values represent mean
intactness of analyzed species across the modeling
units associated with natural habitat or native soil
types (3374 units) in the IFC watershed (Fig. Al).

Fig. A5. Variability in mean intactness of individual
plant species under the proposed grazing intensity
levels (boxplots with different colors). The values
represent species-specific intactness across the
natural habitat or native soil types in the IFC
watershed (Fig. Al).

The use of the ABMI’s litter score data as a proxy predictor for grazing intensity might have caused
additional uncertainty in the prediction of relative abundances for analyzed plant species. The ABMI’s sampling
scheme was not designed to statistically represent different grazing intensity levels. Also, the long-term
impacts of grazing on analyzed plant species might not be accurately captured by the use of litter scores as a
proxy predictor for grazing intensity. More precise surveys of grazing intensity or collection of more litter score
data by targeting sites with a range of grazing intensity levels or litter scores would likely lead to a more
accurate assessment of grazing intensity impacts on individual plant species.
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