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Glossary

Aerobic: In freshwater systems, an environment that contains oxygen.
Aeolian: Geological landforms or processes associated with wind action.
Anaerobic: In freshwater systems, an environment that is devoid of oxygen.

Anoxic: In freshwater systems, anoxic refers to a lack of dissolved oxygen. Bacterial decomposition of
excessive organic matter under winter ice cover frequently causes anoxia.

Anthropogenic: Literally, “human origin”, such as sewage inputs into a freshwater system.

Arable: Land fit to be cultivated as by plowing or tilling.

Benthic: Refers to the substrate at the bottom of aquatic habitats (e.g., lakes, oceans and rivers). Also
describes the life strategy of organisms living in or on that substrate (e.g., clams and oligochaete

worms) (CCME, 1999).

Chlorophyll A: A plant pigment involved in photosynthesis that can be used to indicate the
concentration of algal biomass in water.

Colluvial: Refers to loose deposits of rock accumulated by gravity, generally at the bases of hills or cliffs.
Colony-forming unit (CFU): A unit of measurement of viable cells, especially for bacteria, based on the
principle that each bacterium in a sample is capable of producing a viable colony on a plate of

growth medium.

Conductivity: A measure of the ability of a material or solution to carry an electric current; in terms of
water quality, it provides an indication of the concentration of all ions in a solution.

Dissolved Oxygen: A measurement of the amount of oxygen available to aquatic organisms.
Temperature, salinity, organic matter present, BOD and COD affect DO solubility in water.

Ecological Integrity: See Environmental Integrity.

Ecosystem: An ecological system of an assemblage of plants, animals, bacteria and fungi that are treated
together as a functional unit in their natural environment.

Ecoregion: A distinct geographic area characterized by a distinctive climate, ecological features, and
plant and animal communities.

Environmental Integrity: The degree to which all environmental (ecological) components and their
interactions are represented and functioning.
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Ephemeral Wetland: A wetland that temporarily holds water for part of the year in some years. Using
the Stewart and Kantrud (1971) classification, these would be classes | - lll, with class | being very
temporary and often farmed right through in all but the wettest years and Ill containing typical
emergent vegetation, like cattail, but drying up in mid-summer.

Epilithic: Refers to growth on the surface of rocks and stone, especially of algal or planktonic growth on
stream/riverbed rocks.

Epiphyton: A complex community of plants and algae that live on the surface of other plants and
animals.

Eutrophic: Refers to aquatic environments that have abundant nutrients and high productivity. In
waterbodies such as lakes, ponds and slow-moving rivers, oxygen levels below the surface layer
may be depleted. Opposite of oligotrophic (CCME, 1999).

Eutrophication: The natural and/or anthropogenic processes by which the nutrient content of natural
waters is increased, generally resulting in an increase of biotic productivity and biomass (CCME
1999).

Exceedance: A sample, event, or sampling period for which a measurement exceeds a specified
guideline or limit.

Fauna: Animals of a particular region, considered as a group.

Fecal Coliform: Refers to the group of bacteria associated with the feces of warm-blooded animals.
They constitute one of three bacteria commonly used to measure possible contamination of water
by human or animal wastes. The others are Escherichia coli (E. coli) and Enterococcus spp.

Five-Year Running Average: The sum of the previous five years’ quantities in a set divided by five.
Expressing an average in this manner eliminates individual between-year variation, making data
easier to understand.

Fluvial: Geological landforms or processes associated with streams and rivers.

Forest Management Area: An agreement between the Alberta government and a company to enable
that company to enter on forest land for the purpose of establishing, growing and harvesting
timber in a manner designed to provide a perpetual sustained yield. Unlike timber quotas or
timber permits, FMAs require long-term forest management planning and public consultation by
the companies.

Forest Management Unit: The defined area of forest located in the Green Area designated by the
Alberta government to be managed as a unit for wood fibre production and other renewable
resources.

© 2009 Red Deer River Watershed Alliance 807



Red Deer River State of the Watershed Report

Gastroenteritis: Inflammation of the stomach lining membrane and intestines that is marked by flu-like
symptoms, including nausea, vomiting, diarrhea and abdominal cramping, and is typically caused by
a virus (as the Norwalk virus) or a bacterium (as E. coli).

Fluvial: Refers to geological processes associated with glacial streams and rivers.

Glaciolacustrine: Refers to geological processes and landforms associated with glacial lakes

Guidelines: Generic numerical concentrations or narrative statements that are recommended as upper
limits to protect and maintain the specified uses of air, water, sediment, soil or wildlife. These
values are not legally binding (CCME, 1999).

Hardness: The concentration of all metallic cations, except those of the alkali metals, present in water.
In general, hardness is a measure of the concentration of calcium and magnesium ions in water and
is frequently expressed as mg/L calcium carbonate equivalent (CCME, 1999).

Hummocking: Depressions in soil resulting from large animals walking through soft or moist soil.

Invasive Plant Species: Weed species classified as noxious or restricted by a municipality or county with
the potential to infest riparian areas.

Lentic: Waterbodies consisting of standing or still water.

Linear Developments: Human development associated with seismic lines, pipelines, roadways, railways,
and utility right-of-ways

Linear Regression: A statistical test to determine whether there is a linear relationship between two
variables, and how strong that relationship is.

Lotic: Waterbodies consisting of flowing water.
Macrophytes: Macroscopic (large) aquatic plants, which can be rooted, submersed, emergent or sessile.

Mass Loads: The mathematical weight of a pollutant in a waterbody. The load is the calculated product
of the concentration of a pollutant in water multiplied by the water volume.

Mesotrophic: Refers to aquatic environments with adequate nutrients and sufficient rates of
productivity to sustain aquatic life (meso = “middle”).

Moraine: A landform of unconsolidated soil and rock resulting from the melting of a glacier.
Morphometry: The measurement of the shape of a lake, usually with depth contours.
Multi-Barrier Approach: An integrated system of procedures, processes and tools that collectively

prevent or reduce the contamination of drinking water from source to tap in order to reduce risks
to public health.
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Natural Region: A region characterized by common geological, ecological, and climatological factors.

Nitrogen: A nutrient necessary for the growth and development of animals and plants. Typically,
nitrogen is the limiting nutrient in terrestrial systems.

Oligotrophic: Refers to aquatic environments that have scarce nutrients and low productivity. Opposite
of eutrophic (CCME, 1999).

p or p-value: In statistics, the probability (out of 1.0) that an observation occurred by chance. Values
less than 0.05 are generally considered to indicate a statistically significant result.

Pathogen: An agent that causes disease, especially a living microorganism, such as a bacterium, parasite
or fungus.

Peatland: Wetlands that accumulate large amounts of organic matter (peat), including bogs and fens.

Pelagic: Open-water areas of lentic systems that receive enough sunlight for net photosynthesis to
occur. Also used as a descriptor of organisms that are commonly found in or prefer such areas.

Periphyton: A complex mixture of algae, cyanobacteria, heterotrophic microbes and detritus that is
attached to submerged surfaces in most aquatic ecosystems.

Permanent Wetland: A wetland that retains water for most of the year in most years. Using the Stewart
and Kantrud (1971) classification, these would be class IV or V (lakes).

pH: A logarithmic scale used to measure the acidity of water. Values less than 7 (pH of pure water) are
acidic, values greater than 7 are basic.

Phosphorus: A nutrient necessary for the growth and development of animals and plants, which is
typically the limiting nutrient of aquatic systems. It can be measured as several variables: total

phosphorus (TP), total dissolved phosphorus (TDP) and soluble reactive phosphorus (SRP).

Plankton: Assemblage of small drifting organisms suspended in the water column, including
plants/algae (phytoplankton), animals (zooplankton), and bacteria (bacterioplankton).

Polygon: A term used to describe a riparian inventory site area.
Pugging: Raised mounds in soil resulting from large animals walking through soft or moist soil.

Reach: A section of stream, river, lake or wetland with similar physical and vegetative features and
similar management influences.

Riparian: The transitional zone between upland and aquatic habitat. Riparian areas perform important
ecological functions, contain a diverse assemblage of plant and animal species, provide essential
habitat for wildlife and are influenced by seasonal water levels.
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Salinity: In fresh waters, the salinity is the sum of the ionic composition of the eight major cations
(calcium, magnesium, sodium and potassium) and anions (carbonate, sulfate, chloride and nitrate)
in mass or milli-equivalents per liter (Wetzel, 1975).

Secchi Disk: An 8-inch (20 cm) disk with two alternating black and white quadrants used to measure
water transparency to light penetration. Transparency decreases as color, suspended sediments or
algal abundance increases.

Seismic: An exploration technique to identify oil and gas deposits by producing sound waves at the
surface, recording how the waves are reflected from underlying features and interpreting these
reflections to produce a computer model of subsurface geological structures.

Solids: Matter suspended or dissolved in water which may negatively affect water quality in terms of
palatability, industrial use and aesthetics.

Soluble Reactive Phosphorus: A measure of the inorganic (dissolved) phosphorus in a solution.

Standard: A legally enforceable numerical limit or narrative statement, such as in regulation, statute,
contract or other legally binding document, that has been adopted from a criterion or objective
(CCME 1999).

Stratigraphy: The study of rock, soil or lake sediment layers (strata), especially the distribution,
deposition and age of sedimentary rocks or lake sediments.

Taxon: In biology, a taxonomic category or group, such as a phylum, order, family, genus or species.

Till: A glacial deposit consisting of unsorted sediment, possibly including clay, silt, sand, gravel, and
larger rocks.

Total Dissolved Phosphorus: A measure of the phosphorus concentration in a solution, as the sum of
soluble reactive phosphorus and organic phosphorus that passes through a 0.45 um filter.

Total Dissolved Solids: Portion of dissolved solids that passes through a 2.0 um filter (National Standard
Methods, 1998).

Total Coliforms: A group of closely-related, mostly harmless bacteria that live in soil and water as well as
the gut of animals. The extent to which fecal coliforms are present in the source water can indicate
the general quality of that water and the likelihood that the water is fecally contaminated. Total
coliforms are currently controlled in drinking water regulations, because their presence above the
standard indicates problems in treatment or in the distribution system. If total coliforms are found,
then the public water system must further analyze that total coliform-positive sample to determine
if specific types of coliforms (i.e., fecal coliforms or E. coli) are present.

Total Kjeldahl Nitrogen: A measure of the nitrogen concentration in a solution, as the sum of organic
nitrogen and ammonia nitrogen (National Standard Methods, 1998).
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Total Nitrogen: A measure of the nitrogen concentration in a solution, as the sum of total Kjeldahl
nitrogen and nitrate-nitrite.

Total Phosphorus: A measure of the phosphorus concentration in a solution, as the sum of soluble
reactive phosphorus and organic phosphorus.

Total Residue: Material left behind after evaporation of a sample and oven drying (National Standard
Methods, 1998).

Trophic: Refers to the nutrient availability and productivity status of a waterbody. See oligotrophic,
mesotrophic, and eutrophic.

Total Suspended Solids: The portion of dissolved solids that are retained by a 2.0 um filter (National
Standard Methods, 1998).

Watershed: The area of land draining into a stream, lake, wetland or other waterbody.

Wetland: A wetland is land where the water table is at, near or above the surface or which is saturated
for a long enough period to promote such features as wet-altered soils and water tolerant
vegetation. Wetlands include organic wetlands or “peatlands” and mineral wetlands or mineral soil
areas that are influenced by excess water but produce little or no peat.
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Appendix A - Indicator Report
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1.0 Introduction

The Red Deer River Watershed Alliance
(RDRWA) is currently completing a State of the
Watershed report for the Red Deer River from
the headwaters to the Saskatchewan border.
Before baseline data collection commences, the
RDRWA has identified a suite of biological,
chemical and physical indicators to focus data
collection efforts. The indicators and their
metrics will be used in the future to assess the
cumulative impacts of land use on water
quality, quantity and biodiversity within the
watershed.

The use of indicators and their metrics has
become a useful regulatory tool, and much data
exists on the use of indicators; however,
indicators may be region-specific, system-
specific or seasonal. For example, stream-
based metrics are not suitable for detection of
habitat degradation in wetlands, and sampling
dates should be arranged into seasonal
groupings. Some measures are meaningless
unless or until presented in a time series —is the
situation improving or deteriorating with time?

Due to the large size of the Red Deer River
watershed, the challenge will be to find relevant
indicators that occur along the entire length of
the watershed, or to choose those indicators
that have a significant impact on some portion
of the watershed (e.g., E. coli concentrations in
areas of higher human or livestock populations).
Where possible, measures are presented on a
sub basin scale to assist in future land
management decisions.

It is important to realize that any group of
indicators can be used. It all depends on the
desired outcome and why the indicators are

being selected. Our selection of indicators is

premised on the expectation that they will be
useful in the next stage of the project —an
integrated watershed management plan —and
because they will indicate issues to be
addressed within the watershed. Water quality,
guantity and riparian health are measures
which can be affected by land use changes or
changes in management practices.

1.1 What are indicators?

Indicators are measures of environmental
quality that are used to assess the status and
trends of the physical condition of the
watershed. Their purpose is to show how well a
system is functioning. If there is a concern, an
indicator can help determine what direction to
take to address the issue. To be effective, an
indicator must be:

e Relevant, able to show you something
about the system that you need to
know.

e Easy to understand, even by people
who aren't experts.

e Reliable, so the information the
indicator provides is trustworthy.

e Timely, so the information is available
while there is still time to act.
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In addition, a good environmental indicator will
simplify large amounts of complex information
into a concise, easily understood format such as
the Alberta Surface Water Quality Index
(Alberta Environmental Protection, 1996).

1.2 RDRWA indicator selection process

On March 05, 2008, an Indicator Workshop was
held in Red Deer, AB. Attendees included
representatives from the RDRWA, Alberta
Environment, Ducks Unlimited Canada, Alberta
Sustainable Resource Development, Alberta
Agriculture and Rural Development, Prairie
Farm Rehabilitation Administration, Alberta
Health Services, the City of Red Deer, Sundre
Forest Products and the University of
Lethbridge. Presentations on the following
topics were made to help the RDRWA and its
stakeholders to understand and select the
indicators that are important to their
watershed:

e water quality

o wetlands

e riparian areas and fish

e natural flow study of the Red Deer

River.
After group consideration and a ranking

exercise by workshop attendees, a list of

indicators was chosen and ranked on priority,
based on both the group consideration and by
the professional experience and judgment of
those involved. There are a total of 20
indicators, which are presented below.

2.0 Indicator Details
2.1 Land Use Indicators

Changes in land use patterns reflect major
development trends, such as forested lands
converted to agriculture and agricultural lands
developed and lost to urban sprawl. Land use
changes and the subsequent changes in
management practices impact both the
guantity and quality of water within the Red
Deer River watershed. The following land use
indicators and metrics have been selected (see
Table 1 for a summary of land use indicators
and metrics).

A. Wetland Inventory

Wetlands serve many functions in the natural
landscape including water storage, flood
attenuation, wildlife habitat, groundwater
recharge and general water quality
improvements (e.g., nutrient uptake,
degradation of pesticides, and retention of
sediments). Additionally, wetlands provide a
cost effective and sustainable alternative to
engineered treatment options. The loss of
wetlands to development and/or agriculture
can be deleterious to both water quantity and
quality.

Wetland inventories are completed by aerial
examination and enumeration of wetlands
across an area. This provides a benchmark for
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comparison for future inventories to monitor
the percentage lost, restored or maintained.
Comparisons can also be made to historical
inventories to determine critical areas in need
of restoration, and areas in need of protection
and conservation. A percentage of loss can be
determined as well. Wetland inventories are
currently being completed across the province
by Alberta Environment.

Performance measures can include no net loss
of wetlands (i.e., no change in current number
of wetlands from the benchmark set at the time
of assessment), increases in net wetland area,
increases in the number of sites under
protection, restoration of critical wetland areas
and increases in numbers of waterfowl.

B. Riparian Health

Riparian areas are an important transition zone
between uplands and water. They act as buffer
zones, protecting water quality and attenuating
floods. Contaminants are adsorbed onto
sediments, assimilated by vegetation and
transformed by soil microbes into less harmful
forms (Klapproth and Johnson, 2000). They
have long been proven effective in reducing
nutrients, sediments and other anthropogenic
pollutants that enter surface waters via
overland and subsurface flow (Klapproth and
Johnson, 2000; Lee and Smyth, 2003; Mayer et
al., 2006). While this indicator does not
examine water quality specifically, certain
suppositions can be drawn regarding the
potential impacts to the receiving waterbody
once the health and functionality of the riparian
area has been assessed.

Riparian health can be determined using
techniques such as aerial videography and on-

the-ground assessments. Aerial videography
involves a fly-over of a waterbody and the
entire shoreline is recorded using a video
camera. GPS points are taken at regular
intervals. A specialist who is trained in
interpretation of these videos can then assign a
score to sections of the shoreline, and an
overall score to the entire waterbody. This
score is based on parameters such as current
riparian vegetation cover, land use, riparian
area width or absence, and many others.
Riparian health assessments have been
completed on many major waterbodies within
the province, such as Moose Lake and Lac la
Biche by the Alberta Conservation Association.

On-the-ground assessments are completed by
trained professionals from the Alberta Riparian
Management Association (Cows and Fish). The
entire shoreline of a waterbody is assessed on
foot at certain predetermined intervals. A score
of health is assigned based on presence or
absence of invasive species, percent cover,
presence or absence of bare ground and
compaction, and many other parameters.
These assessments are time consuming and can
only be accurately completed by individuals
trained in the Cows and Fish method. Riparian
assessments have been completed on a by-
request basis across the province.

Performance measures for riparian areas
include increases or maintenance of current
riparian health scores, increases in restored
riparian areas, improvements in water quality
and fish numbers, and preservation of riparian
buffers.
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C. Livestock and Grazing Leases

A component of the agricultural sector’s
indicators will be the category of livestock
density. Areas of higher livestock density within
a sub-watershed are expected to have greater
impacts on downstream water quality. Results
from an Alberta Environment study have shown
that streams that drain land with high intensity
livestock operations have higher nutrient
concentrations, dissolved nutrients, mass loads,
fecal bacteria and exports of total dissolved
phosphorus than streams with medium or low
intensity livestock operations (Anderson et al.,
1998). This indicator will help identify areas in
need of manure best management practices
(BMPs). For the purposes of the State of the
Watershed report, ‘grazing leases’ will be a
measure of livestock density within the green
zone, whereas ‘livestock’ will be a measure of
livestock density from within the white zone.

Livestock and grazing lease density is typically
measured using the Agricultural Census data
from Statistics Canada. This data can then be
mapped to show areas of high to low livestock
density. This can be cross-referenced with
wetland and riparian data to identify surface
and groundwater areas at risk of contamination
from livestock fecal input. Water quality data
can also be used to show areas of high nutrient
loading and fecal bacteria counts.

Performance measures include improvements
in water quality parameters (particularly
nutrients, fecal bacteria and solids), decreases
in livestock numbers in areas sensitive to
surface or groundwater contamination, and
increases and improvements in manure best
management practices.

D. Urban, Rural and Recreational Development

Urban sprawl, rural and recreational
development is the expansion of urban areas,
rural subdivisions and recreational areas into
surrounding landscape. The measurement of
this indicator determines the area of watershed
lost to development. This expansion can have
many negative effects on the environment.
These effects can include (but are not limited
to) the loss of wetlands, riparian areas,
intermittent streams, and wildlife habitat, as
well as increased surface runoff (stormwater)
into neighbouring creeks, rivers and lakes.
Stormwater is generally higher in nutrients,
bacteria, salts than surface waters and can also
contain hydrocarbons and pesticides, all of
which can be harmful to aquatic life.

The current developed area is determined using
aerial photographs and satellite imagery. This
information can be compared to historical
photos to determine increases or decreases in
developed area. This data can also be
correlated with the wetland and riparian data,
which will give an indication of the amounts of
wetland and riparian area lost over a certain
time period due to development. Increases in
the amount of impermeable (paved) surfaces
can also be measured and estimations of storm
water volumes into local waterbodies can be
determined.

Performance measures can include
improvements in water quality (particularly in
total solids, nutrients, bacteria, pesticides and
hydrocarbons), decreases or maintenance of
current amounts of impermeable areas,
increases in usage of low impact development
techniques (such as green roofs, permeable
pavement, swales etc.), increases in urban
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densities vs. sprawl (building “up” instead of
“out”), and decreases in the amount of rural
acreage homes.

E. Linear Development

In Alberta, landscape disturbances from linear
development can be very high. Linear
developments include seismic activity,
pipelines, roads, railways and utility right of
ways. Quantifying linear development will help
us understand potential changes in water
quality and fish and wildlife populations. For
example, wildlife corridors can be interrupted
by roads, and watersheds can have their
drainage patterns permanently altered by
increases in impervious or compacted surfaces.

Linear disturbances are mapped using aerial
photos and satellite imagery. Comparisons can
be made to historical data to estimate the
increase in disturbed areas, and current levels
will serve as a benchmark for future
comparison.

Performance measures can include a
maintenance or decrease in the amount of
linearly disturbed areas, preservation of wildlife
corridors, preservation or restoration of natural

drainage patterns and improvements in water
quality, particularly nutrient loads and solids.

F. Oil and Gas Activity

Oil and gas activity is very common throughout
the province of Alberta. With oil and gas
development there can be a number of
associated impacts, including loss of wetlands,
habitat fragmentation and surface water and
groundwater contamination. This Indicator will
show areas with high drilling density and help to
identify areas at high risk of groundwater and
surface water contamination from
hydrocarbons or salinity. This indicator includes
an inventory of coalbed methane activity within
the watershed.

Current oil and gas density is determined using
aerial photos, drilling logs, satellite imagery and
data from the Energy and Utilities Board (EUB).
These data can be correlated with proximity to
wetland, riparian and shallow groundwater
areas to determine areas at high risk of
contamination from hydrocarbons and salinity.

Performance measures can include sensitive
areas protected from drilling, maintenance in
the amount of current wells in an area (i.e. no
new wells from benchmark date), increases in
the monitoring programs implemented in
drilling areas, improvements in water quality
data, increases in the amounts of certified
reclaimed sites, and improvements in drilling
and drilling waste management practices.

2.2 Water Quality

Changes in water quality indicate either a
deterioration or improvement in the condition
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of the watershed and demonstrate specific
areas that require further attention or
protection. Changes in water quality are
brought about by changes in land use or land
management practices, landscape disturbance,
and natural events. The major anthropogenic
impacts on water quality result from logging,
mining (including oil and gas), wetland
drainage, dredging, dam construction,
agricultural runoff, industrial wastes, municipal
wastes, land erosion, road construction and
land development. The following water quality
indicators and metrics have been selected (see
Table 2 for a summary).

A. Nutrient Levels

Nitrogen and phosphorus are essential
nutrients to most aquatic plants; in Alberta,
phosphorus is typically the limiting agent in
aquatic systems. Excess nutrients can lead to
eutrophication. Eutrophication is an excessive
amount of aquatic plant (macrophyte) and
phytoplankton growth resulting from the
presence of excess nutrients, which can lead to
decreased oxygen levels within the water
column, potentially leading to suffocation of
fish and other aquatic organisms (Bronmark
and Hansson, 2005). In addition, excessive
phytoplankton growth (a bloom), particularly of
cyanobacteria, can lead to the release of toxins
into the water column. These toxins can be
harmful to aquatic organisms, waterfowl,
livestock and humans alike. Environmental
quality guidelines exist for nitrogen and
phosphorus to protect aquatic life, recreation
and livestock drinking water (CCME, 1999).
Changes in nutrient concentrations in aquatic
systems can be linked to changes in land use,

and can come from point and non-point sources
within the landscape.

B. Bacteria

Coliforms are a broad class of bacteria found in
human and animal wastes. Total coliforms
include Escherichia coli, fecal bacteria and other
coliforms that occur naturally in warm blooded
animals. E. coli and other fecal bacteria are
capable of causing human illness if ingested. E.
coli is one of three bacteria commonly used to
measure the direct contamination of water by
human or other mammal wastes.
Environmental quality guidelines exist for E. coli
for drinking water, agricultural (irrigation) and
recreational water. Due to the short survival
time of these organisms outside of animals, the
impacts of these coliforms can be short-lived or
episodic following larger precipitation events.
Sources of this type of bacteria include
agricultural and municipal runoff, wildlife, faulty
septic systems and septic fields.

C. Parasites

Waters that are polluted may contain several
different disease-causing organisms, commonly
called parasites. Enteric parasites, those that
live in the intestine of warm blooded animals,
can carry or cause a number of infectious
diseases. Cryptosporidium and Giardia species
are two such parasites. Cryptosporidium and
Giardia are found in almost all environments
including lakes, rivers, reservoirs and
groundwater. They come from the feces of
rodents, birds, cows, pigs and humans. They
are a highly infectious parasite responsible for
gastrointestinal conditions known as
cryptosporidiosis and giardiasis.
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D. Pesticides

Pesticides are a group of chemicals, including
herbicides, insecticides, rodenticides and
fungicides, used for many purposes, including
pest control and aesthetics in urban areas, golf
courses and in forestry and agricultural
production. Pesticides are a common
contaminant of streams and dugouts in the high
intensity agricultural areas of Alberta (Anderson
et al., 1998). Herbicides were detected in 54 of
112 dugouts (48%) sampled in 1994 and in 10 of
14 dugouts (71%) sampled in 1996 during the
CAESA program (Anderson et al., 1998).

E. Point Source Inputs

Point source inputs include effluents from
waste water treatment plants (WWTP),
stormwater outfalls and industry. Effluent from
WWTP’s, although regulated, generally has
higher concentrations of certain compounds
(e.g., nutrients, solids, pharmaceuticals, metals,
etc.) than the receiving environment. For
example, a study of ten WWTP’s in the United
States found that concentrations of the
majority of the variables tested were either
below detection or at trace levels in the
upstream samples, while the same variables
were found at their maximum allowable
concentrations in the wastewater effluent
samples (USGS, 2008). Like municipal
wastewater effluents, stormwater outfalls
contain elevated levels of nutrients, salts and
solids compared to the receiving environment
(Gray et al., 2008). Industrial effluents can also
contribute elevated levels of different
contaminants, such as metals, solids,
hydrocarbons and/or salts, as well as other
chemicals used in processing or manufacturing.

-:‘._ e W e T T T i,

Photo Credit: Bill Shaw

Benchmark water quality is determined using
existing water quality data provided from
government agencies (federal and provincial),
private citizens, health authorities and
watershed groups. This is compiled using field
survey measures, including long term
monitoring stations and annual water sample
collection. These samples are then analyzed by
certified environmental laboratories. This data
is summarized and trends can be determined by
graphing certain parameters of interest. This
can indicate what parameters are of particular
concern and are in need of long term
monitoring. These parameters can also be
linked to certain land use practices, which will
show where outreach and education is needed
in order to improve current conditions and
prevent further degradation.

Performance measures can include
improvements in water quality parameters (e.g.
25% improvement in nutrient levels from 2008
benchmark concentrations), decrease in the
incidents of pesticide detections, lower fecal
bacteria and parasite levels, decreases in the
number of harmful algal blooms, decreases in
boil water advisories, decreases in winter fish
kills, and many others.
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2.3 Water Quantity

Water quantity is important for the
maintenance of stream flows providing aquatic
habitat (in stream flow needs), has functions
related to water quality, and is essential for the
treatment and production of sufficient volumes
of drinking water to meet current demands.
Irrigation, industry and livestock production are
all highly dependent on a minimum amount of
water. Water quantity is necessary for many
recreational activities, and in recent years many
cottagers and recreational lake users across
Alberta have voiced concerns about the
decreasing volumes of water seen across the
province. The following water quantity
indicators and metrics have been selected (see
Table 3 for a summary).

A. Water Volume

Water volume is the amount of water flowing
past one point over a given time, or in the case
of lakes, the total amount of water present in
the lake at a given time. This amount can vary
seasonally and annually with shifts in weather
patterns. Water withdrawals for consumptive
uses have increased dramatically in recent years
and have resulted in some basins within the
province being closed to new water licenses.

This data is collected using long term
hydrometric stations, water gauges and
bathymetric mapping. Environment Canada
and Alberta Environment often set up long term
monitoring stations to track water levels and
this information can be used to calculate water
volumes.

Performance measures can include increases or
maintenance of water volumes, decreases in
number of water licenses issued for surface
waterbodies, increases in fish populations and

seasonal variations remaining within historical
norms.

B. Minimum Flows to Maintain Ecological
Integrity

Minimum flows to maintain ecological integrity
are the lowest flows or volumes (lakes) required
to sustain native aquatic species and natural
ecosystem functions. For example, fish require
a minimum depth for easy passage and some
riparian plant species require seasonal (spring)
flooding for growth and/or reproduction.
Minimum flows must be determined before
allocation of water can safely take place, in
order to preserve the ecological functionality of
our aquatic ecosystems.

Minimum flows are calculated based on the
species of interest, e.g., fish, invertebrates,
plants, etc, and are based on preserving the
health and functionality of an aquatic
ecosystem. Calculating this value can include
determining minimum flows required to keep
ammonium concentrations below toxic levels
for fish populations, or minimum flows required
for successful recruitment of riparian
vegetation, for example.

Performance measures for this parameter can
include increases in or maintenance of fish
populations, prevention of toxic levels of
parameters such as ammonium, and successful
growth of riparian vegetation communities.

C. Contributing Areas to Watershed

Contributing areas to the watershed are areas
from which runoff flows into the lakes, creeks
and rivers of the watershed. From this
information, we can determine an estimated
volume of water contributed to the river on an
annual basis.

© 2009 Red Deer River Watershed Alliance
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This parameter is determined by mapping out
the watersheds of all major waterbodies within
the larger watershed of interest. Areais
determined by calculating the area of all land
contributing water directly into the waterbody
of interest and contributing volume can be
estimated using meteorological data
(precipitation amounts).

Performance measures for this parameter
would include no loss of annual input volumes,
no water directed out of the subwatershed of
interest, and subsequently maintenance of
instream flow needs.

D. Allocation

Surface and groundwater water withdrawal
permits for the watershed are quantified by
user sector (agriculture, municipal, industrial)
along with information on licenses,
consumption, and return flows. This
information will be used along with water flow
data to show areas of potential future
constraints on surface water availability, which
may have implications for future development.

This parameter is measured by using the online
approvals and applications viewer provided by
Alberta Environment. From this website, all
groundwater and surface water withdrawal
permits can be seen, along with the associated
approved volumes and time periods.

Performance measures will include
maintenance or decrease in the amount of
allocations in water stressed areas, approvals
granted to a level that will preserve instream
flow needs and groundwater levels, and
preservation of good quality return flows.

E. Groundwater Recharge/Discharge

Areas where groundwater gets recharged or
discharges to the surface indicate areas where
the groundwater table is close to the surface
and the soils are generally more permeable.
These areas are at greater risk of becoming
contaminated from development, agricultural
and/or industrial activities. Knowing where
groundwater recharges and discharges will help
to identify areas requiring special protection
and limitations to land use.

Groundwater discharge and recharge areas can
be determined using historical information,
aerial photos, groundwater studies and satellite
imagery. These areas can be mapped and
overlapped with other variables such as land
use, oil and gas exploration, and other
parameters of interest.

Performance indicators will include
maintenance and protection of groundwater
discharge and recharge areas, limitations to
land use in areas of concern, improvements or
maintenance of local groundwater quality and
preservation of local hydrology.

2.4 Bioindicators

Bioindicators are biological (plant and animal)
data from which various aspects of ecosystem
health can be determined or inferred. The
presence, absence and abundance of such data
can be linked to water quality, quantity and
ultimately to overall watershed health (see
Table 4 for a summary).

© 2009 Red Deer River Watershed Alliance
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A. Wildlife Biodiversity (Terrestrial and
Aquatic)

Wildlife inventories to determine the
biodiversity within the watershed will help
indicate changes in environmental conditions
(e.g., habitat fragmentation, loss of nesting and
breeding sites, nutrient enrichment, etc.). A
loss of biodiversity can cause an ecosystem to
become less stable and more vulnerable to
environmental change (Wilsey and Potvin,
2000). A change in diversity may also affect
nutrient cycling and/or energy flow through the
ecosystem (Wilsey and Potvin, 2000).

Wildlife biodiversity will be determined using
completed wildlife surveys and inventories from
organizations such as Ducks Unlimited, Alberta
Conservation Association, Sustainable Resource
Development, Fish and Wildlife and others.

Performance measures will include
maintenance of current populations of species
of interest, number of re-introductions,
successful annual recruitment and habitat
preservation.

B. Fish

Inventories of selected fish populations may
show increases or declines through
introductions or changes in environmental
conditions. Indicator species that are sensitive
(e.g., bull trout) to environmental pollution may
show areas of concern with their absence, while
others may show similar with their presence.
Invasive species, if present, will indicate areas
of concern requiring future monitoring. Trophic
cascade effects may be linked with changes in
water quality.

Fish data will be collected from creel (angler)
surveys, biological assessments and other
reports completed by Fish and Wildlife,

Sustainable Resource Development,
Department of Fisheries and Oceans the Alberta
Conservation Association and others. The
number of issued fish licenses within the
watershed may also be determined.

Performance measures will include
maintenance or improvement of current fish
population numbers, increases in species
diversity, maintenance of habitat and riparian
areas, decreases in licenses issued in areas with
low populations and numerous age classes of
fish.

C. Land Cover

Land cover is the type of vegetation or lack
thereof covering the landscape; it includes
grass, trees shrubs, asphalt and bare ground.
Inventory of vegetation populations may show
increases or declines through introductions or
changes in environmental conditions. Indicator
species that are sensitive to environmental
pollution may show areas of concern with their
absence, while others may show areas of
concern with their presence. Changes in land
cover can indicate a change in land use and
identify areas that need restoration, are at risk
of erosion and/or areas with rare plant species
that need protection. Land cover is a separate
measurement from land use even though these
two terms are sometimes used interchangeably.

Land cover is determined using aerial photos
and satellite imagery. Photos can be compared
to historical data for comparison purposes and
current data can be used to set a benchmark
level of cover. Rare plant species will be located
using rare plant surveys and the Alberta
Biodiversity Index will be utilized as well.

Performance measures will include healthy
native vegetation populations, an increase in

© 2009 Red Deer River Watershed Alliance
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land cover over current levels, no loss of native
vegetation cover, no loss of rare plant species,
decreases in number of invasive species,
decreases in harmful insect and disease
occurrences and preservation and conservation
of sensitive areas.

D. Species at Risk

Identifying species at risk and their habitats will
help to determine sensitive areas and level of
protection required. Species that are at risk act
as umbrella species. Protecting areas where
species at risk occur, the habitats of other
species are indirectly protected. The Species at
Risk Act (SARA) was introduced in June 2003 to
provide legal protection of wildlife species and
conservation of biological diversity. The Act
aims to prevent Canadian indigenous species,
subspecies, and distinct populations from
becoming extirpated or extinct, to provide for
the recovery of endangered or threatened
species, and encourage the management of
other species to prevent them from becoming
at risk (Government of Canada, 2008).

Species at risk data will be obtained from
federal and provincial wildlife surveys and may
be mapped using GIS software. Areas
containing species at risk can be highlighted and
protection efforts can be initiated.

Performance measures would include no
further extinctions or “downgrading” of the
status of any species, restoration of extirpated,
endangered or threatened species to safe
levels, and preservation of specialized habitat.

© 2009 Red Deer River Watershed Alliance
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Appendix B — Summary Results from October 2008 Open Houses
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Red Deer River Watershed
State of the Watershed Report Open Houses
October 2008

Responses to Questionnaires

Respondents’ Sectors:

Sector Tally
Agricultural 4
Municipal

General public
Provincial government

= = 01 N

None given

Respondents Prioritization of Issues Raised by the SoW Report

Area Priorities (10 highest, 1 lowest) Average priority ranking
Wetland conservation and 8,8,4,5,7,5,4,9,3,3,7 5.73
restoration

Water quality in surface 5,10,3,4, 6,10, 5,5,8,2,9 6.09
Waterbodies

Wildlife protection and 7,9,7,6,9,4,3,7,6,8,3 6.27
enhancement

Preservation of agricultural land 3,4,5,7,1,8,10,6,8,7,4 5.73
Protection of riparian areas 10,7,6,9, 8,9, 6,10,2,1,2 6.36
Changes in land use practices 6,1,8,8, 4,3, 2,3,1,9,6 4.64
Protection of groundwater 9,6,2,1, 3,6, 8,4,4,4,8 5.00
resources

Water quantity 4,3,1,2, 2,2,9,5,7,5,10 4.55
Sustainable development 2,2,9,3,10,7,7,2,9,6,5 5.64
Preservation of recreational areas 1,5,10,10,5,1,1,1,10,10,1 5.00

Comments Received on the Questionnaires

Eleven respondents completed the priority areas section of the survey. The three issues with the
highest average priority ranking were the protection of riparian areas, wildlife protection and
enhancement, and water quality in surface waterbodies. The issues with the lowest average priority
ranking were water quantity, preservation of recreational areas, protection of groundwater resources,
and changes in land-use practices. The most contentious issues (as measured by the variance in the
rankings) were preservation of recreational areas, sustainable development, and protection of riparian
areas.
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Major issues raised by responses to questionnaires

One of the most frequent comments from the survey respondents was that they would like to see more
information on what the next steps are or might be once the State of the Watershed report is
completed. There were specific references to the development of watershed management plans, and
guestions about what plans are in place for the RDRWA to work with the province and other groups to
bring about these changes. One respondent stated that they would have liked to see a prioritization of
issues and recommendations to the government placed within the report.

Many respondents were concerned about water quantity, including shortages (due to drought, demand
increases, etc.) and flooding (especially within the context of land use change and forestry activities).

One respondent commented that they would like to see the results presented in layman’s terms. This
respondent also stated that they found the descriptions in the presentation of why a particular finding
was important to be very helpful.

Comments made directly on presentation boards

A large proportion of comments dealt with policy or legislative changes that the respondents felt was
important, but did not pertain directly to the State of the Watershed report or reporting process (many
reflected concerns with legislative changes that may come about upon the completion of the State of
the Watershed Report). The comments directly pertinent to the State of the Watershed Report follow:

e One of the subwatershed sections on phosphorus includes mention of cyanobacteria, but the
Buffalo subwatershed does not
e WQdata for Horseguard Creek may be available from Clearwater County
e One attendant thought that the presentation boards suggest that all of the manure produced in
each watershed enters into the waterways
e One attendant was curious about any information on the proportion of water returned to the
river (e.g., municipal or agricultural return)
e Several comments requested the inclusion of recommendations for remediation of identified
problems
e Noted intense development on Waskasoo creek — current preventative measures (silt retention
fences) are in disrepair
e Questions about frequency of testing of oil and gas lines for degradation
e  Why has P sampling on Buffalo Lake been discontinued?
e Specification of what “other” category includes (p.108, fig. 38) for water allocations
e Concerns over flooding in Little Red Deer River, Dogpound Creek since 2005 — causes,
remediation options
e Comments on water usage statistics:
0 Whatisincluded in the water diversion stats?
0 Who are the consumers?
O How is usage broken down?
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0 What types of irrigation activities are there in the James SWS?
e One respondent felt that the ecologically significant areas should be further broken down by
wetland class and stream class
e Concerns over what the natural background levels for coliforms, N, P would be (in the complete
absence of humans)

Comments recorded by Aquality staff at the last 3 open houses

e High concentration of bentonite in Bullpound Creek, trib. to Fox Lake
0 Natural ion exchanger, cleanser (primary element of Fuller’s earth)
e Question over the identity of the other dam in Kneehills (Bigelow is one, what is the other?)
e The DO figure on page 436 is missing the depth axis
e #/frequency of occurrence of boil water advisories in the watershed as indicator of health
e One individual was concerned with linear disturbances leading to microclimate changes,
especially with respect to increases in shallow gas drilling
0 Less snow, increased light penetration, warmer conditions
e Currently reporting livestock densities as densities (#/ha) as opposed to area per animal (ha/#)
e Special areas range management reports as ha/animal, and has detailed breakdowns on allowed
carrying capacities based on animal age, drought years, etc.
e Question as to the source of the high P in Berry — no farms, no irrigation
0 Suspects that Carolside dam spillwater @ Sheerness power plant is the source
e No fertilizer is used in the special areas, should be noted
e Less P present south of the Red Deer River in Berry; one individual in the Millicent area has to
supplement calf feed with a Ca-P supplement, otherwise milk-fever symptoms occur
e Concerns in Empress over lower river levels, occurrence for longer periods of time (influence of
Meridian Dam?)
e Concerns over coal bed methane drilling
e Noted immediate distinction between Alberta and Saskatchewan when crossing the border —
paved --> gravel, complete lack of well pads

Pervasive issues from all of the Open Houses

The following issues were brought up throughout the questionnaire responses, comments made on the
presentation boards, and conversations with the attendees:

What is the hook?
Why is this of interest to me?
What is going to be done with this?
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