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Abstract
Pollution is a pervasive, albeit often invisible, threat to biodiversity in Canada. Currently, the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC) relies on expert opinion to
assess the scope (i.e., the proportion of a species’ population that may be affected) of pollution to
species at risk. Here, we describe a spatially explicit, quantitative method for assessing the scope of
pollution as a threat to species at risk in Canada. Using this method, we quantified the geographic
co-occurrence of 488 terrestrial and freshwater species and pollution sources and determined that,
on average, 57% of the mapped occurrences of each species at risk co-occurred with at least one
pollution source. Furthermore, we found a weak correlation between the scope of the threat of pollution as assessed by COSEWIC expert panels and the geographic overlap of species occurrences and
pollution sources that we determined with our quantitative method. Experts frequently identified
scope of pollution as absent or negligible even for species with extensive co-occurrence with pollution
sources, especially vascular plants. Clearly, a quantitative approach is needed to make accurate estimates of the scope of pollution as a threat to species at risk in Canada.
Key words: contaminants, endangered species, pollution, recovery planning, threatened species,
Threats Calculator

Introduction
Pollution of the air, soil, and water is a significant threat to many species (Novacek and Cleland 2001;
Dudgeon et al. 2006; Hernández et al. 2016). In some cases, pollution can cause sudden and
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immediate mortality, such as an oil spill leading to massive kills of birds (e.g., Haney et al. 2014) or
wildlife deaths after contact with cyanide-bearing wastes from gold mining (Donato et al. 2007).
Similarly, nutrient pollution can lead to rapid mortality of fish or waterfowl as a result of the production of potent toxins in algal blooms (e.g., Papadimitriou et al. 2018) or upwelling of anoxic bottom
waters (e.g., Rao et al. 2014). However, many pollutants cause sublethal effects on wildlife that are less
obvious and more challenging to assess (Nilsen et al. 2019). Nonetheless, sublethal effects of environmental pollutants on individuals can reduce their fitness, leading to population-level impacts
(e.g., Kidd et al. 2007; Incardona et al. 2015). Notably, pollutants not only have direct toxic effects
on organisms, but may also potentially cause harm through indirect pathways (e.g., trophic cascades;
Kidd et al. 2014; Sasaki et al. 2016). Pollution can also compound the effects of other drivers of
decline, weakening populations already affected by loss of habitat, overexploitation, or other threats
(Brook et al. 2008; Darling and Côté 2008).
The task of assessing the effects of pollution is daunting: tens of thousands of chemicals exist in
commerce today and the size of the global chemical industry is projected to double by 2030 (UNEP
2019). Contaminants, such as certain flame retardants, undergo transformations into more toxic
breakdown products in the environment that contribute to heightened environmental effects (Liggio
et al. 2016). For many pollutants there are no analytical methods to detect their presence in either
the environment or wildlife, or detection methods may be costly and invasive (Choy et al. 2010).
Most chemical substances available in commerce are not monitored in the air, soil, or water (Muir
and Howard 2006).
Numerous sources of pollution are of concern to Canada’s biodiversity. On an annual basis, about
5 million tonnes of pollutants, including over 320 substances, are released to the environment from
more than 7000 facilities across Canada (Government of Canada 2018). These include pollutants
released into the air, land, and water from oil and gas extraction, manufacturing, mining, quarrying,
electricity, and other sectors, including municipal wastewater treatment plants (Government of
Canada 2018). Over 2000 wastewater facilities across the country contribute to the over 150 billion
litres of untreated and undertreated sewage that is discharged into Canadian waterways every year
(Government of Canada 2017a). In addition to these intentional discharges, pipeline and other transportation incidences result in the accidental release of pollutants to the environment. For example,
close to 700 pipeline spills over the last decade resulted in the release of natural gas, crude oil, and
other substances to the Canadian environment (National Energy Board 2019). Runoff from urban,
agricultural, and industrial landscapes contaminates Canada’s groundwater and downstream aquatic
ecosystems (Government of Canada 2017b). Finally, over 23 000 known or suspected contaminated
sites have been identified and classified in urban, rural, and remote areas across Canada, many of
which are contaminated with petroleum hydrocarbons, metals, and (or) persistent organic pollutants,
such as polychlorinated biphenyls (Government of Canada 2017c).
To standardize the consideration of threats during species assessments, the International Union for
the Conservation of Nature (IUCN) developed a threat classification system. Categories include
anthropogenic threats such as Residential and Commercial Development, Agriculture and
Aquaculture, Energy Production and Mining, and Pollution (Salafsky et al. 2008; IUCN 2019). In
Canada, the IUCN’s threat classification system has been adopted by the Committee on the Status
of Endangered Wildlife in Canada (COSEWIC) in an effort to standardize federal species assessments.
COSEWIC is an independent committee of experts charged with determining which species are at
risk of extinction in Canada and re-assessing the status of each species at risk once every 10 years
(Government of Canada 2016a). The scope and severity of each threat are considered independently;
both are critical to accurately assess the impact of a threat on the target population. Scope estimates
the proportion of the species’ population that can reasonably be expected to be affected by the threat
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Table 1. Scope of a threat as defined by COSEWIC (based on NatureServe 2019a).
Scope
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Pervasive

Definition
Affects all or most (71%–100%) of the total population or occurrences

Large

Affects much (31%–70%) of the total population or occurrences

Restricted

Affects some (11%–30%) of the total population or occurrences

Small

Affects a small (1%–10%) proportion of the total population or occurrences

Negligible

Affects a negligible (<1%) proportion of the total population or occurrences

within the next 10 years (NatureServe 2019a; Table 1). Severity represents the likely impact of each
threat on the size of the population within 10 years, or three generations of the species, whichever is
longer (NatureServe 2019a). Thus, a threat with high scope and high severity affects most individuals
of the species and is likely to cause substantial declines. A threat with high scope and low severity
affects most individuals of a species but is unlikely to cause the population to decline.
In Canada, species assessments are conducted by panels of experts in the biology of particular taxa.
The members of these panels work together to complete a “Threats Calculator”, which quantifies
the scope and severity of each category of threat. The accuracy of a species assessment relies on the
available data, but complete “gold standard” data sets for most species and threat categories are
lacking (Joppa et al. 2016). Species experts are well qualified to assess the ecological needs or population trends of their study species. However, these experts may not necessarily have expert knowledge
of all threat categories, or of the ways in which each threat is most likely to affect their study species.
In the experience of some of us who have served on COSEWIC committees, the lack of data available
for assessing the scope of pollution in particular became painfully clear, which led us to wonder: how
accurately is the scope of pollution as a threat to Canadian species at risk currently being assessed and,
furthermore, could accuracy be improved by a rigorous, quantitative method?
In this study, we quantified the scope of pollution threat as the extent of geographic overlap between
point sources of pollution and the distributions of Canadian species at risk. We then compared our
estimate of scope with the scope of pollution listed in the Threats Calculators completed using expert
opinion through the COSEWIC process. Our goals were to determine: (i) what proportion of the
observed distribution of each species at risk coincides with conservatively mapped sources of
pollution, (ii) the geographic or taxonomic patterns in pollution and distribution co-occurrence,
and (iii) the extent to which Threats Calculator estimates of scope correspond to the geographical
co-occurrence of pollution sources and species. We do not address the severity of pollution as a threat
to Canadian species at risk, as this would require data that, in most cases, are simply not available.
However, our results provide a tool to estimate the minimum scope of exposure to pollutants for
species assessed or re-assessed in the future.

Methods
Species assessments
To document the current understanding of pollution as a threat to species at risk in Canada, we
reviewed Status Reports and Threats Calculators for each species listed as endangered, threatened, or
special concern by COSEWIC. A Status Report is commissioned before assessment or re-assessment
of each species and outlines the best available information on the species’ biology, population trends,
life history, distribution in Canada, and threats (Government of Canada 2016b). As of November
2015, each species assessment also includes a Threats Calculator that follows a standardized system
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(described above). The Threats Calculator is completed by a panel of species experts and representatives from relevant jurisdictions, during a discussion of the threats. Each threat type is subdivided into
second-level threat categories in the threat classification system (e.g., 9.5 Air-Borne Pollutants; see
Salafsky et al. 2008 and Table 2) and the panel must agree on the scope and severity of each threat

Table 2. Pollution threat categories of the International Union for the Conservation of Nature Threats Classification System (Salafsky et al. 2008), and sources
of spatial data for each.
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Category
9.1 Household Sewage
and Urban Waste
Water

Description

Spatial data sources used

Waterborne sewage and nonpoint runoff
from housing and urban areas that include
nutrients, toxic chemicals, and (or) sediments

1. Built-up areas: a populated zone where buildings are so close together that,
for cartographic purposes, they are represented by a built-up area outline
(polygons; DMTI Spatial Inc. 2015).
2. Sewage ponds: compiled from the industrial and resource layer provided by
DMTI (DMTI Spatial Inc. 2014). Includes only polygons labeled as Liquids
depot/dump: Liquid waste, sewage disposal pond.

9.2 Industrial and
Military Effluents

Waterborne pollutants from industrial and
military sources including mining, energy
production, and other resource extraction
industries that include nutrients, toxic
chemicals

1. National Energy Board reported pipeline incidents, 2008–2016. Point
locations of incidents involving the release of a liquid or that have adverse
environmental effects. Publicly available at neb-one.gc.ca/sftnvrnmnt/sft/
dshbrd/mp/index-eng.html.
2. Mines and quarries: compiled from the industrial and resource layer
provided by DMTI (DMTI Spatial Inc. 2014). Includes only polygons labeled
as Mining area: Pit, open pit, operational, OR Mining area: Mine, open pit,
operational, OR Mining area: Quarry, open pit, operational. Abandoned mines
not included.
3. National Pollutant Release Inventory releases to water or land. Publicly
available at canada.ca/en/services/environment/pollution-waste-management/
national-pollutant-release-inventory.html. We downloaded the data for
1994–2016 reported releases and mapped the locations of the reporting
facilities. We excluded releases <1 tonne that were not distinguished between
air, land, or water, and we excluded releases where the quantity released was 0.

9.3 Agricultural and
Forestry Effluents

Waterborne pollutants from agricultural,
silvicultural, and aquaculture systems that
include nutrients, toxic chemicals, and (or)
sediments including the effects of these
pollutants

1. Canada Land Inventory 1:1 000 000 Land Capability data set. Publicly
available at open.canada.ca/data/en/dataset/0c113e2c-e20e-4b64-be6f496b1be834ee. Included only polygons designated “Prime Agricultural Land”
or “Marginal Agricultural Land”. These areas are the most likely to be under
high-intensity agriculture, with inputs of chemical nutrients and pesticides.

9.4 Garbage and Solid
Waste

Rubbish and other solid materials including
those that entangle wildlife

1. Polygons representing solid waste dumps, obtained from DMTI’s
SolidDepotDumpsRegion layer (DMTI Spatial Inc. 2014). Included only
polygons representing the accumulation of solid material or waste from
domestic activity.

9.5 Airborne Pollutants

Atmospheric pollutants from point and
nonpoint sources

1. National Pollutant Release Inventory air-release data, compiled by
Environment and Climate Change Canada. Publicly available via canada.ca/en/
services/environment/pollution-waste-management/national-pollutant-releaseinventory.html. Included only releases to air between 1994 and 2016 and
excluded releases for which the quantity released was 0.

9.6 Excess Energy

Inputs of heat, sound, or light that disturb
wildlife or ecosystems

1. Earth Observatory night lights data, publicly available here: earthobservatory.
nasa.gov/NaturalHazards/view.php?id=79765&src=ve. This is a raster data set
that shows relative intensity of artificial light globally. We found the average of
all pixels inside each 10 km × 10 km grid square containing
one or more species occurrence records. If it was in the top 40% of brightness,
we designated the grid square as an “excess light” square.
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category. Scores for scope and severity are then combined to determine the overall impact of each
threat category on the species.
We obtained the most recent publicly available status reports for all species assessed by COSEWIC
(Government of Canada 2016a) as of August 2018. We also examined available Threats Calculators
for each species for which a formal Threats Calculator has been completed (accessed online and by
request to COSEWIC). For species with an available Threats Calculator, we extracted the scope for each
pollution category (see Table 2). We refer to the scope extracted from the Threat Calculators as scopeTC.
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Spatial data on species occurrences
We obtained occurrence records for each species from NatureServe (2015). NatureServe is a nonprofit
organization that compiles data on the occurrences of species and ecosystems provided by
Conservation Data Centres across Canada and the United States. The data we used were compiled
by NatureServe for the Nature Conservancy of Canada and NatureServe Canada under a license
agreement, and shared with us via an amendment to that agreement. The species occurrence data
set included all tracked species (ranked S1, S2, or S3; NatureServe 2019b), but it did not include
observations that were made prior to 1990 (e.g., not seen in over 25 years at that location) or ranked
historic (SH). The data set also excluded (i) the names of species considered to be sensitive by the
Atlantic Canada Conservation Data Centre and (ii) occurrence data for peregrine falcon from
the Yukon. For our analysis, we retained only species that were designated as endangered, threatened, or special concern by COSEWIC. We excluded marine fish, marine reptiles, and marine
mammals from our analysis, because the spatial data on pollution sources were limited to nonmarine locations. These species occurrence data are generalized to a 10 km × 10 km (100 km2) resolution; a given species is coded as present within a grid cell when the species occurs anywhere in the
grid cell. Information on the density of populations of the species within each grid square is not
available. The data set was missing data for species in Newfoundland and Labrador; therefore, we
supplemented the data set with an identical resolution data set of species occurrences for
Newfoundland and Labrador obtained from the Atlantic Canada Conservation Data Centre
(Atlantic Canada CDC 2016). Data for Nunavut were not available and the territory was omitted
from our analyses.
COSEWIC sometimes designates a subspecies or a specific population of a species as at risk following
the framework of “designatable units” (DU; Mee et al. 2015). In these cases, we obtained the occurrence records, status report, and Threats Calculator (where available) for each DU. Owing to
differences in the naming/designation of DUs between the COSEWIC status reports and the spatial
data, we harmonized the two sources of data to ensure that the entity represented in the spatial data
was the same as that represented in the status report. Sometimes populations within a species were
designated differently in the status report and in the mapping data. If the threats reported in the status
report were identical for two or more subpopulations of the same species, we merged the two subpopulations in the database. If a mapped subpopulation could not be reliably linked to the current delineation of a subpopulation, and the threats differed between subpopulations, we did not include
mapping data for that subpopulation (but we maintained the Threats Calculator and Status Report
data). From here onwards, we use the term species to include species or DUs below the species level
(i.e., subspecies or populations).

Spatial data on pollution sources
We compiled spatial data on the six categories of pollution threats (Table 2). These data were publicly available, or accessed via Scholars GeoPortal (Ontario Council of University Libraries 2016).
We included data sets with locations of known or inferred sources of pollution in Canada. Data sets
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were limited to those that were current within the past five years and encompassed all of Canada.
For some pollution categories (e.g., 9.1 Household Sewage and Urban Waste Water) we collected
more than one data set representing potential sources (see Table 2). Spatial data that met our criteria were not available for all categories of pollution listed in the Threats Calculators. For example,
we did not find appropriate spatial data on the location of sources of forestry-based effluents (9.3
Agricultural and Forestry Effluents) nor on locations where excess sound potentially disturbs species (9.6 Excess Energy). Therefore, these two pollution categories are represented only by highintensity agricultural land use and bright light, respectively. We also excluded some available spatial
data for locations of potential pollution only. For example, we did not include the spatial location of
pipelines, only locations where chemical spills were reported. Our compilation of potential pollution sources therefore represents a conservative, minimum estimate of the spatial extent of pollution sources in Canada.

Analyses
We calculated the presence or absence of each pollution category within each 10 km × 10 km grid cell
occupied by one or more species at risk using the “select by location” tool in ArcGIS. For example, if a
grid cell containing a record of a species also contained one or more point sources of pollution
category 9.2, that grid cell received a score of “1” for category 9.2. We summed the number of pollution categories represented by point sources within each grid cell; cells containing mapped pollution
sources from all six pollution threat categories have a score of 6, while those with no pollution sources
have a score of 0. We mapped these representations of pollution sources to illustrate the distribution
of pollution sources within the ranges of species at risk across Canada. To illustrate the distribution of
total richness for species at risk in Canada we summed the number of species recorded in each
grid cell.
To calculate the proportion of the known distribution of each species that overlaps with pollution
sources, we calculated the number of grid squares occupied by each species that was also occupied
by at least one mapped source of pollution in each pollution category and by all pollution categories.
We divided the total number of grid cells coincident with the presence of each pollution category by
the total number of grid cells occupied. The resultant proportion of geographic overlap of pollution
sources with mapped records of each species provides a quantification of scope, which we refer to
as scopeGEO. As stated above, we made no effort to quantify severity, which would require a very
different type of data.
We examined the proportion of geographic overlap of pollution in general (i.e., considering all categories) and of each pollution category independently, across all species and among taxonomic
groups of species. To test for differences in scopeGEO between different taxonomic groups we used
an ANOVA, followed by Tukey’s post-hoc test with adjusted p-values using the Bonferroni
correction to analyze pairwise differences. Similarly, we examined the scope from Threats
Calculators (scopeTC) of pollution (all categories summed), and of each pollution category, across
all species and between taxonomic groups of species. We again used ANOVA and a Tukey’s posthoc test to test for differences between taxonomic groups. Finally, for species (n = 80) with both a
(i) geographically explicit and (ii) Threats Calculator assessment of pollution scope, we tested for
a correlation between scopeGEO and scopeTC. To test for an association between these two variables,
we built a cumulative logit model (also known as a proportional odds model; Agresti 2002) to model
scopeTC (categorical; see Table 1) as a function of scopeGEO (i.e., proportion overlap; continuous).
We compared this model with an intercept-only model using a likelihood ratio test. We performed
this test for pollution in general, and for each pollution category separately. Due to the relatively low
number of species with completed Threats Calculators, we could not repeat these tests for each
taxonomic group separately.
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We used ArcGIS version 10.2.1 to complete geographic overlap and mapping analyses. We used R
(R Core Team 2018) with packages “MASS” and “multcomp” to complete ANOVAs, Tukey’s posthoc tests, and cumulative logit models.
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Results
Our final database included 588 terrestrial and freshwater species at risk, comprised of 24 amphibians,
64 arthropods, 83 birds, 71 fish, 19 lichens, 37 mammals, 31 molluscs, 17 mosses, 44 reptiles, and
198 vascular plants (data available in Supplementary Material 1). Of these species, 555 had a published status report, and 488 had mapped occurrence records. A Threats Calculator was available
for 109 species and the combination of a Threats Calculator and mapping data was available for
80 of these species.
We observed a strong geographic bias in species at risk and pollution (Fig. 1). The richness of species
at risk overlapped strongly with areas of greatest urbanization and landscape modification, such as
southern Ontario, the Prairies, and the Lower Mainland of British Columbia (Fig. 1A). The number
of categories of mapped pollution sources within grid squares occupied by one or more species at risk
also tended to be higher in southern regions (Fig. 1B; see Supplementary Material 2 for overlap
between occurrences of species at risk and each pollution category separately).
The proportion of mapped species occurrences that coincided with one or more categories of pollution (considering all pollution categories) ranged widely across the 488 species with mapping data
(Fig. 2). On average, over half (57%) of a species’ range overlapped with at least one pollution source
(all categories) and almost one-quarter (22%) of all species (n = 108) had at least one pollution source
in all of the 100 km2 grid cells they are known to occupy (100% range overlap). Just over 12% of all
species (n = 59) did not overlap with a single pollution source. Significant differences in scopeGEO
existed between taxonomic groups; on average, fish and molluscs exhibited a significantly higher proportion of overlap compared with lichens and mammals, whereas vascular plants exhibited a significantly higher proportion of overlap compared with mammals (Fig. 2; Supplementary Material 3).
Between taxonomic groups, differences were also present when considering each pollution category
separately (Supplementary Material 3). For example, fish had significantly greater average overlap
with Household Sewage and Urban Waste Water (category 9.1) than birds or mammals (respectively,
mean percentage overlap = 50%, 30%, 20%). Mosses had significantly greater average overlap with
Air-borne Pollutants (category 9.5) than birds, lichens, or mammals (respectively, mean percentage
overlap = 49%, 20%, 8%, 16%; Supplementary Material 3).
We also observed high inter-specific variation among scopeTC scores (Fig. 3). However, most species
with Threats Calculators received either the highest scope (“pervasive”) or zero; fewer species received
intermediate scores. Freshwater fish and birds had significantly higher scopeTC than vascular plants.
Pairwise differences between taxonomic groups were otherwise not significant (Table S4b,
Supplementary Material 4). There were also some significant differences when considering each
pollution category separately (Supplementary Material 4). For example, fish and molluscs had
significantly higher scope for Agricultural Effluents (category 9.3) than mammals and vascular
plants.
For the 80 species with both mapping data and Threats Calculators, the relationship between
scopeGEO and scopeTC was weak. Although scopeTC was positively related to the proportion of geographic overlap with pollution sources, there was substantial unexplained variation (Fig. 4). A cumulative logit model for scopeTC based on scopeGEO was significantly better than an intercept-only
model (p(χ2) = 0.029; ΔAIC = 2.79); however, the model explained only 1.77% of the residual deviance. The significant relationship is driven by the tendency for species with scopeTC pervasive to have
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Fig. 1. Maps of Canada. (A) The number of threatened species (listed by Committee on the Status of Endangered
Wildlife in Canada, Species at Risk Act, or both) in each 100 km2 grid square. Marine fish, marine reptiles, and
marine mammals are not mapped. Grid squares with no records of any threatened species are black. No records
were available for Nunavut (white). (B) The number of pollution categories with mapped pollution sources within
each 100 km2 grid cell that also contains a record for one or more threatened species. Grid squares with no records
of any threatened species are black (note that this does not necessarily indicate there are no pollution sources). No
species data were available for Nunavut (white). For maps of each pollution category separately, see
Supplementary Material 2. Data source for species data: NatureServe and its Natural Heritage member programs
and Conservation Data Centres. All maps were drawn by the authors using ArcMap 10.2.1.

higher proportion overlap, and species with scopeTC zero to have lower proportion overlap—there
was little or no correspondence for the scope levels in between (Fig. 4; Supplementary Material 5).
ScopeGEO and scopeTC correspond strongly for some taxonomic groups, but poorly for others (Fig. 5).
For example, mollusc species generally had a higher scopeTC with higher scopeGEO. The Yellow
Lampmussel (Lampsilis cariosa) and Round Hickorynut (Obovaria subrotunda) both received a
Threats Calculator scope of pollution of pervasive, corresponding to geographic overlap of 66.7%
and 100%, respectively, whereas the Haida Gwaii snail with scopeTC of 0 correspondingly had a
scopeGEO of 0%. However, some taxonomic groups, including molluscs, include species that scored
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Fig. 2. The range in the percent overlap of pollution with species’ occurrences (scopeGEO)—considering all pollution categories together—by taxonomic group
(N = 488), in order of increasing mean scope. Triangles indicate the mean percent overlap for each taxonomic group. Thick horizontal lines indicate the median.
AMPHIB, amphibians; VASCLRPLANT, vascular plants; and FW FISH, freshwater fishes.

0 for scopeTC despite a large proportion of their known occurrences coinciding with one or more pollution sources. Incongruous scoring for scope was especially common in Threats Calculators for vascular plants and terrestrial mammals (Fig. 5).
Results comparing scopeTC and scopeGEO for each pollution category separately varied by pollution
category. Species with a higher Threats Calculator scope for Household Sewage and Urban Waste
Water (category 9.1) and Agricultural Effluents (category 9.3) also tended to have a higher proportion
overlap, but there was a great deal of variation (Supplementary Material 5). Importantly, scopeGEO
was not a significant predictor of scopeTC for any of the other pollution categories, and scopeTC was
heavily zero-inflated (Supplementary Material 5).

Discussion
When considering all pollution categories together, we found little correspondence between the proportion of geographic overlap (scopeGEO) and assessed scope (scopeTC). Many species at risk that
were assessed geographically as having high proportions of their known occurrences co-occurring
with pollution sources received a score of zero or “negligible” for pollution in Threats Calculators.
Mismatches of this type are concerning and suggest that the decision to score the scope of pollution
as null or negligible may be made in the absence of supporting evidence. For example, the
American hart’s-tongue fern (Asplenium scolopendrium var. americanum) occurs in 55 grid cells in
southern Ontario, 45 of which also contain one or more pollution sources. Yet the Threats
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Calculator scores pollution scope as zero. The Lake Ontario population of the channel darter (Percina
copelandi) occurs in only 10 grid cells, six of which co-occur with one or more point sources of
pollution, but the Threats Calculator ranks the scope as negligible (<1% of the population affected).
The gypsy cuckoo bee (Bombus bohemicus) and the spotted turtle (Clemmys guttata) have 86% and
67%, respectively, of their occupied grid cells co-occurring with at least one pollution source.
However, the Threats Calculator for each of these species ranks the scope of pollution as “small”
(1%–10% of the population). Other studies have suggested that exposure to pollution may be underestimated in conservation assessments and recovery planning. For example, an analysis of the impacts
of oil development in Saskatchewan’s grasslands on species at risk concluded that the
potential impacts of water pollution from oil or fracking were not mentioned in recovery documents,
even though evidence supports that oil development has an impact on grassland birds and other
species (Olive 2018).
There were also cases of mismatches in the opposite direction, whereby species with low geographic
overlap with pollution sources nonetheless were scored a “large” or “pervasive” scope by experts participating in Threats Calculator panels. For example, many lichen species have received a scope of
large for Air-Borne Pollutants, even though they rarely co-occur with point sources of this pollution
category. Experts in these cases may have factored in the well-known ability of air pollutants to disperse over immense distances, and the documented accumulation of atmospheric contaminants in
lichens, in assessing the scope of this pollution category (e.g., Carignan et al. 2002; Graney et al. 2017).
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Our analysis shows that species at risk and pollution sources co-occur at a high rate in Canada. In
general, the highest densities of pollution sources and species at risk are concentrated in the south,
where the human population density is also highest. This observation corroborates a well-known
pattern in Canada, in which species are disproportionately threatened in southern portions of the
country, corresponding with regions of high human habitation (Coristine and Kerr 2011). There is
no question that species at risk in Canada are threatened by habitat destruction, natural resource
extraction, hunting and gathering, and disturbance via human recreation and work (McCune et al.
2013). Nonetheless, the scope of pollution as a threat is also high—especially for southern species—
and should not be overlooked despite the dominant and sometimes more obvious presence of other
threats. The taxonomic differences that we observed in proportion of geographic overlap between species’ ranges and pollution sources largely conforms with the distribution patterns of taxonomic
groups. For all pollution categories combined, mammals and lichens have the lowest proportional
overlap because they tend to have more northerly distributions, whereas freshwater fishes, molluscs,
and vascular plants are dominated by species with southerly distributions.
We assume that if a species is present in a 10 km × 10 km grid cell that also contains one or more pollution sources, there is potential for exposure to the pollutant. In practice pollution effects will vary with
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Fig. 5. The proportion of geographic overlap with pollution (scopeGEO) versus Threats Calculator scope (scopeTC) by taxonomic group. AMPHIB, amphibians;
FW FISH, freshwater fishes; VASCLRPLANT, vascular plants.

the category of pollution, type of species, and proximity of the species to the source of pollution. For
example, if a vascular plant species is present in the same grid cell as a municipal garbage dump, but
is still several kilometres away, there may be a very low chance that the dump will threaten the plant species. In the case of other threat categories, the potential for a pollution source to threaten a species that
co-occurs in the same grid cell is not easy to estimate. For example, nearly one-third of mapped vascular
plant species at risk have 50% or more of their occurrences in grid cells that also include intensive agricultural land use. There are few studies considering the impact of herbicide or pesticide drift, or other
agriculture-related pollution, on vascular plants growing nearby or at what distances such effects could
manifest (but see Marrs et al. 1989; Boutin and Jobin 1998). Based on the definition of scope, it is reasonable to expect that those plants could be affected by agricultural effluents, yet only one vascular plant
with a Threats Calculator has a scope >0 for agricultural pollution. In general, especially when little is
known about contaminant concentrations, the distances they can move, or susceptibility of the species,
it is prudent to assume that populations within a 10 km × 10 km grid cell that also contains a pollution
source are more likely to be exposed to that pollution category than those in grid squares that do not
contain a potential source of pollution. Therefore, species that co-occur with a pollution category should
receive a non-zero value for the scope of that pollution category.
The scope of pollution as assessed by COSEWIC expert panels in Threats Calculators (scopeTC) was significantly lower for vascular plants than for freshwater fishes and birds. Taxonomic differences in
scopeTC may reflect the expertise or conventions of the groups conducting assessments. COSEWIC
relies heavily on the expertise of Species Specialist Sub-Committees (SSCs) that are responsible for particular taxonomic groups and whose members participate in completing Threats Calculators. Different
SSCs may have slightly different tendencies in their scoring of pollution as a threat. For example, members of Threats Calculator groups for vascular plants may tend to record the scope of pollution as zero
when the severity of pollution is deemed minimal or not a factor. We believe it is important to keep
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scope and severity separate, especially given the rapid evolution of new sources of pollution and changing scientific understanding of the effects of pollution on species. Data on geographic overlap provides a
standardized and more rigorous method to quantify minimum scope. The species experts can then use
these geographic data to inform more nuanced, species-specific discussions.
Our geographically explicit determination of overlap contributes to an evidence-based, systematic
determination of minimum scope, which can then be modified based on evidence if and when
evidence is available. Additional evidence could include substantiated information about: the area of
pollutant influence, environmental persistence, and susceptibility of a particular species or taxonomic
group. For example, excess energy such as light pollution has a pronounced effect on bird species’
migration routes, foraging times, and reproduction (Longcore and Rich 2004), yet the impacts to
plants may be less direct (Bennie et al. 2015).
Pollution has been ranked below other threats, including habitat loss, overexploitation, and invasive
species, in literature reviews of the dominant threats to species at risk (e.g., Venter et al. 2006;
Prugh et al. 2010; McCune et al. 2013). A recent global analysis revealed that, even though the production and diversification of synthetic chemicals outpaces other agents of global change, mainstream
ecological journals, meetings, and funding devote only a tiny effort (<2%) to the study of synthetic
chemicals—which, unfortunately, has contributed to an ignorance among ecologists about how
synthetic chemicals affect biodiversity and ecosystem function (Bernhardt et al. 2017). Our study,
together with others, shows how the paucity of information about contaminants translates into
pollution being underestimated as a threat to species at risk in Canada.
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