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Background Information

Freshwater species populations have declined by an average of 85% globally from 1970 to

2020 (WWF 2024), emphasizing the vulnerability of freshwater ecosystems to multiple human
pressures such as habitat loss and degradation, climate change, pollution, overexploitation, and
invasive species. Aquatic habitats can be affected directly by in-water activities (e.g., dredging,
filling, dams), shoreline alterations (e.g. hardening, removal of riparian vegetation), as well as by
large-scale alterations of the watershed that increase non-point source pollution, sedimentation,

and peak flows. Streams and lakes tend to reflect the conditions of their surrounding watersheds.

In particular, habitat loss and degradation due to human activities remains a leading driver of
population decline for aquatic species (Dudgeon et al. 2006, Albert et al. 2021; WWF 2024).
Notably, watersheds in southern Ontario support some of the highest levels of freshwater fish
biodiversity as well as the highest levels of human stress (Chu et al. 2015).

Continued biodiversity declines highlight the importance of monitoring the numerous habitat
stressors impacting regional freshwater resources. As a result, this Aquatic Stress indicator
uses the global human modification index developed by Theobald et al. (2020) to represent
anthropogenic stressors across Ontario, with a focus on watersheds that support provincially
monitored lakes that contain substantial fisheries resources. Included in the index are
measures of land development, agriculture, energy and resource extraction, transportation,
human intrusion, reservoirs and air pollution. As anthropogenic pressures continue to expand,
understanding how they may combine to affect fish biodiversity is key for supporting successful
and meaningful evidence-based conservation and management decisions.

Similar information on impacts to habitats within the Great Lakes is available through the Great
Lakes Environmental Assessment and Mapping Project web site (GLEAM) and the Great Lakes
Aguatic Habitat Framework web site (GLAHF).


https://sobr.ca/wp-content/uploads/Indicator-Aquatic-Stress-Index_May-19-2015.pdf
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Data Analysis

Aquatic Stress Index values represent the average degree of human modification within each
watershed (Theobald et al. 2000). Human modification values are based on the following stressor
types: urban and built-up areas, crop and pasture lands, livestock grazing, mining and quarrying,
power generation (renewable and non-renewable), roads, railways, logging and wood harvesting,
human intrusion, reservoirs, and air pollution. For each stressor type, human modification is
calculated using the proportion of an area that is impacted by that stressor, the probability of
stressor occurrence, and stressor intensity. Human modification scores for each stressor type are
then combined additively to produce an overall score.

Human modification values were gathered for the years 2000, 2010, and 2015. The Zonal Statistics
tool in ArcGIS was used to calculate a mean value of human modification for the upstream
catchment of each lake monitored by the broad-scale monitoring program in Ontario. Broad-scale
monitoring watersheds were selected as they represent the majority of larger Ontario lakes that
support substantial recreational fishing resources in Ontario. Notably, human modification closer
to a lake is more likely to have an influence on the lake habitat quality, and future iterations of

the Aquatic Stress Index may benefit from including a proximity factor in its analysis. The spatial
resolution of this dataset was 300m (0.09km?2) and it was indexed on a 0-1 scale, where a value of

1 represents areas experiencing the highest level of stress, and 0 denotes areas with no observed
stress.

Ecozone data were paired with the broad-scale monitoring watershed delineations using the
Pairwise Intersect tool in ArcGIS Pro. In the event the watersheds overlapped multiple ecozones,
the watershed was assigned the dominant ecozone by area of overlap.
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Figure 1. The average Aquatic Stress Index within broad-scale monitoring (BsM) lake watersheds
summarized across the three Ecozones in Ontario (Hudson Bay Lowlands, Ontario Shield, and Mixedwood
Plains) for the years 2000, 2010, and 2015. M Bars represent one standard deviation.
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Figure 2. The average Aquatic Stress Index across broad-scale monitoring (BsM) lake watersheds

in Ontario for A) the year 2015 and B) changes in index scores between 2000 and 2015 (negative
values indicate reduced stress and positive values indicate increased stress). Solid black lines indicate
ecozone boundaries (from south to north: Mixedwood Plains, Ontario Shield, and Hudson Bay
Lowlands).
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Status

Overall, the broad-scale monitoring watersheds in Ontario have increased in human modification
by an average of 0.028 in 2000 to 0.046 in 2015, an increase of 64.3%.

Broad-scale monitoring watersheds in the Mixedwood Plains Ecozone (n = 63 watersheds) have
the highest levels of average human modification ranging from 0.241 in 2000 to 0.245 in 2015,
which represents a 1.7% increase. The Stress Index increased in 52 watersheds (82.5%) and
decreased in 11 watersheds (17.5%) in this ecozone.

The average Stress Index increased the most in broad-scale monitoring watersheds within the
Ontario Shield Ecozone (n = 1159 watersheds) from 0.016 to 0.036 between 2000 and 2015,
which represents a 125% increase. The Stress Index increased for 1137 watersheds (98.1%) and
decreased for 22 watersheds (1.9%). Fisheries management zones which have had relatively
large increases in human modification include zones 5 (Fort Frances, Kenora, Dryden) and 6
(Thunder Bay, Nipigon, Dryden) in the northwest and zone 8 (Hearst, Chapleau, Cochrane,
Timmins, Kirkland Lake) in the northeast.

Hudson Bay Lowlands have experienced comparatively low human modification with index
values less than 0.0001 in both 2000 and 2015. However, it should be noted that there have
been very few broad-scale monitoring monitored lakes in this ecozone (n = 5).

The Stress Index within broad-scale monitoring watersheds in the Mixedwood Plains Ecozone
was almost seven times higher than watersheds in the Ontario Shield in 2015.



Links

Related Targets: N/A
Related Themes: N/A
Web Links

Ecozones: https://geohub.lio.gov.on.ca/datasets/13a94ec0c0dd42d499184c3bb92edf25 17/
explore?location=49.874140%2C-84.745000%2C3.92

Great Lakes Environmental Assessment and Mapping Project Phase Il - https://graham.umich.
edu/activity/16536

Great Lakes Aquatic Habitat Framework - https://hub.glahf.org/
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