State of Ecosystems and Species

INDICATOR: ALTERATIONS TO STREAM FLOW

STRATEGIC DIRECTION: Enhance Resilience
TARGET: N/A

THEME: State of Ontario’s Biodiversity — Aquatic Ecosystems

Background Information:

Stream flow is determined by climate and local environmental factors including the shape and size of
the stream and its watershed, and the geology of the landscape (Poff et al. 1997). Aquatic species living
in streams are adapted to regular, predictable changes in stream flow that occur seasonally. Because of
the overwhelming influence of flow on the physical habitat present in streams (e.g., channel form,
substrate composition), flow is an important factor in determining the species that are present in stream
communities. Aspects of flow that have an important influence on biodiversity include the amount of
flow, frequency (how often particular flow levels occur), duration (time that a particular flow lasts),
timing (when a particular flow event such as the spring freshet occurs), and variability (how quickly flows
change) (Richter et al. 1996; Poff et al. 1997). Changes to these hydrological characteristics outside of
the range of normal variation can be expected to impact stream biodiversity (Metcalfe et al. 2013).

Changes to flow regimes are often related to climate and patterns of precipitation, but can also be
brought about directly through the construction of impoundments and urbanization of watersheds (Poff
et al. 2006). Direct water taking and use of surface and ground water by humans can also contributed to
altered flow regimes. It is predicted that climate change will likely impact many aspects of flow regimes
in Ontario (Bates et al. 2008). In particular, changes in the spring freshet (peak stream flow associated
with melting snow pack), and summer low flows are probable. Some climate change models predict a
reduction in the amount and duration of the spring freshet due to an increase in snow melt events
during the winter. The timing of the spring freshet is also expected to occur earlier in the year and the
frequency of droughts (low flow events) is expected to increase in southern Canada (Bates et al. 2008).

This indicator assesses alterations in stream flow variables that are important to biodiversity by
examining long-term changes in the amount and timing of annual high and low flows and flow variability
(flashiness) for streams across Ontario.

Data Analysis:

Daily flow data were extracted from the Water Survey of Canada HYDAT (Water Survey of Canada
2014) database for 799 continuous stream flow monitoring stations in Ontario. Stations with
current data and a continuous record of at least 30 years were included in long-term trend analysis.
Stations with less than 90% of daily flow data for any month were excluded from the analysis. The
resulting database includes 291 Ontario stations — 20 of these stations are considered as reference
stations that have been relatively unimpacted by dams and other human influences on the
landscape. Changes through time in annual stream flow metrics based on daily flow data were
analyzed using the non-parametric Mann-Kendall rank regression (Helsell and Hirsch 2002, Helsell
et al. 2006). Five flow metrics relevant to biodiversity (Table 1) were assessed for each individual
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station to determine significant long-term trends and their direction (i.e., increasing or decreasing
for amount of flow and flashiness; earlier or later in year for high and low flows). Trends were
analyzed for the period 1981-2010 (274 stations) as well as for the entire period of record (mean 53
years) for each station. Trends for the 1981-2010 period are presented below on maps at the
provincial scale (Figure 1) and are summarized by ecozone (Figure 2). A more detailed account of
the analysis and results can be found in a companion technical report (Jones et al. 2015). Caution is
warranted.

It is important to note that trends in flow over a specific period of record will be influenced by
climate trends (precipitation and temperature) warranting caution when interpreting trends.
Longer term trends in flows for the stations included in this indicator are assessed and compared
with trends over the most recent 30-year period in Jones et al. (2015).

Table 1. Description of flow metrics assessed for long-term trends.
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3-day maximum

days
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days
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Flashiness Index the next

e download stream-flow summary data

Results:

Trend: Mixed Data Confidence: High Geographic Extent: Provincial


http://sobr.ca/_biosite/wp-content/uploads/Ontario-Stream-Flow-Summary-Statistics-by-Station_1981-2010.xlsx
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Figure 1. Significant trends in the amount and timing of high and low flows and flashiness for 274

Ontario stream flow stations over the period 1981-2010.
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igure 2. Summary of 1981-2010 trends in ecological flow metrics by ecozone.

Status:

Forty-two percent of stations (116 stations) had significant trends in at least one of the five
ecological flow metrics over the 1981-2010 period. Nine percent (26 stations) had significant trends
in multiple flow metrics. Among the 20 reference stations, only 30% showed significant trends and

each station showed a trend in only one of the five flow metrics.
Few stations showed trends in the amount of annual high flows (6%). Trends that were evident

included decreasing high flows in some stations in the Mixedwood Plains Ecozone and increasing
high flows in some stations in the northwestern portion of the Ontario Shield Ecozone.

Only 4% of stations displayed trends in the timing of annual high flows and most tended towards
later in the year. When examined over a longer period, 8% of 170 stations in the Mixedwood Plains
Ecozone had trends of high flows earlier in the year consistent with predicted responses due to

climate change.

Thirteen percent of stations show trends in the amount of annual low flows, with both increases and
decreases being equally represented.

Fifteen percent of stations showed a trend towards a later date in minimum flows and all of these
were in the Mixedwood Plains Ecozone and the southern part of the Ontario Shield.

A higher proportion of stations showed significant trends for flashiness (17%) than for any other
flow metric. Most of the stations with trends (78%) were increasing in flashiness and these stations
were concentrated in the southwest portion of the Mixedwood Plains Ecozone.
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Related Targets: N/A
Related Themes: N/A
Web Links:

Water Survey of Canada — hydrometric data http://www.ec.gc.ca/rhc-
wsc/default.asp?lang=En&n=894E91BE-1

Ontario Ministry of Natural Resources and Forestry — Surface Water Monitoring Centre
http://www.ontario.ca/environment-and-energy/surface-water-monitoring-centre
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