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EXECUTIVE SUMMARY

The Guidance Manual for Developing Nutrient Guidelines for Rivers and Streams developed by
the Canadian Council of Ministers of the Environment (CCME) provides a set of protocols to
facilitate the development of nutrient guidelines for streams and rivers across Canada that are
scientifically defensible and that take into account the natural diversity of watercourses.

Eutrophication, which for the purpose of this manual is defined as the increase of aquatic
productivity resulting from enrichment of surface waters with nutrients, is one of the major water
quality issues in Canadian waters. Existing Canadian Water Quality Guidelines mostly address
toxic contaminants and do not address the effects of nutrient enrichment on aquatic biota.
Nutrient guidelines are used in several Canadian jurisdictions, but they often do not take into
account the large natural variations in nutrients across different natural regions or the modifying
factors that affect the translation of nutrient concentrations into biological responses.

A comprehensive review of the literature was conducted to assemble information on the existing
approaches and methods that are used for nutrient guideline development in Canada and other
countries. The review consulted the large volume of literature produced through recent efforts to
standardize nutrient guideline development in other jurisdictions (U.S., Europe, Australia and
New Zealand) and the supporting scientific literature on nutrient indicators, nutrient-biota
relationships and stream classification systems.

The literature review revealed that there are three general approaches available for guideline
development: the reference condition approach, predictive models, and the adoption of
applicable guidelines from other jurisdictions or literature values. Each of these approaches can
be implemented using a broad range of indicators and methods, the choice of which depends on
the availability of existing data, the access to resources, and the natural characteristics of the
region of interest.

The use of multiple lines of evidence is suggested. Results from a variety of approaches should
be used in the formulation of the final guideline. The level of uncertainty associated with each
result should be used in a “weight of evidence” approach, where results with low uncertainty
receive a larger weight in the final guideline than results with high uncertainty.

The general process of guideline development consists of a number of consecutive steps,
including:

» definition of the area of interest and with that the decision if a regional or site-specific
guideline is required

»  establishment of the desired outcomes, which is usually the protection of designated uses

» selection of the guideline variable(s)

» classification of streams or subdivision of the area of interest into regions

»  evaluation and selection of methods



»  collection and analysis of data
»  establishment of guidelines.

Region- and jurisdiction-specific considerations play a crucial role in each of these steps. There
is no ideal “one-fits-all” approach to nutrient guideline development, because each region and
jurisdiction has a unique combination of natural features, economic and intellectual resources,
and existing data monitoring programs.

Developing a nutrient guideline is not a one-time, straight-forward undertaking. In some cases
the initial decisions, such as variable choice and stream classification scheme, have to be revised
as a result of method evaluation in terms of feasibility and in response to data analysis results.
Generic initial guidelines may have to be verified for their applicability and refined over time.

As an alternative to the complete guideline process outlined above, this manual includes a more
simple procedure that can be used in regions where very limited resources are available, or where
a draft guideline is desired as a first step. This procedure consists of the adaptation of a literature
value as interim guideline and then the iterative refinement of the guideline as more ecological
data from the rivers become available.

Cost of nutrient guideline development depends on a variety of factors. In general, costs increase
with guideline sophistication in terms of methods and the number of variables and seasons
considered, as well as the inclusion of stream classification. Available data and technical
expertise as well as partnerships can reduce cost. The use of literature values and the percentile
approach are cost-effective, but result in a higher level of uncertainty and therefore potentially
lower protection of the aquatic ecosystem.

In conclusion, this guidance manual summarizes a large number and diversity of variables,
approaches and methods applicable to nutrient guideline development and provides guidance on
how these tools can be used in the process of guideline development. The manual can thereby
support the further development of scientifically defensible and regionally and locally relevant
nutrient guidelines across Canada.

The terms “guidelines” and “objectives” have been defined in various ways in the context of
surface water management, and are often used interchangeably, along with the term “criterion”.
For the purpose of this guidance manual, the following definitions were used:

Nutrient guidelines are developed with a science-based protocol and are designed to achieve or
maintain a desired level of ecosystem health

Nutrient objectives may include additional consideration of social or economic impacts which
recognize more than ecosystem health or water use.

Criteria are elements of state water quality standards, expressed as constituent concentrations,

levels, or narrative statements, representing a quality of water that supports a particular use.
When criteria are met, water quality will generally protect the designated use.

Vi
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1.0 INTRODUCTION
1.1  Project Background

The Canadian Council of Ministers of the Environment (CCME) Water Quality Guidelines for
the Protection of Aquatic Life are designed to be protective of toxic effects. Toxicity based
guidelines currently exist for several forms of nitrogen; nitrate (CCME 2012), nitrite (CCREM
1987), and un-ionized ammonia (CCME 2010). However, these guidelines are not expected to
protect surface waters from the undesired effects of increased aquatic productivity that can result
from nutrient enrichment. Separate nutrient guidelines are required to protect aquatic life, as well
as to help guide nutrient reduction efforts and assist in the evaluation of surface water quality.
Federal and provincial guidelines do not exist for nutrients in all jurisdictions, and in some cases
are not complete for both phosphorus and nitrogen.

Across Canada, natural waters exhibit a range from naturally low to naturally high productivity.
This variation in natural concentrations of nutrients between regions is a result of differences in
factors such as geology, climate, soil depth and wetland area, and need to be considered in the
guideline development process. It may also be difficult to distinguish natural from anthropogenic
nutrient sources in developed watersheds, confounding the ability to determine the natural
background concentration of a watercourse. Nutrient concentrations also fluctuate seasonally in
natural waters, especially in streams and rivers, in response to changes in flow or the source of
the water. Inter-annual variability in the effective drainage area caused by year-to-year variation
in precipitation and run-off can also have an important influence on the water quality of
receiving watercourses.

Several factors besides nutrients control the nature of aquatic life in running waters, such as flow
regime, water clarity, and substrate composition, such that similar nutrient concentrations can
result in very different ecosystem characteristics and responses between systems. Therefore,
although it is important to develop a standardized guideline development process it must also be
sensitive to regional differences.

Similarly, CCME (2001) describes derivation and use of the CCME Water Quality Index (WQI)
as a standardized means of interpreting and summarizing overall water quality at specific sites,
and notes that a disadvantage of water quality indices is “the lack of portability of the index to
different ecosystem types.” Khan et al. (2005), in the effort to develop a site-specific water
quality index, noted that site-specific water quality guidelines have been developed for very few
locations, which is a limiting factor in the widespread use of a Canada-wide WQI. The use of
regional or site-specific nutrient guidelines in calculating the CCME WQI could help make it a
more robust summary metric of water quality and allow for more meaningful comparisons of the
WQI to be made among geographic areas.

A guidance document for the derivation of site-specific water quality objectives (CCME 2003)
has been developed to assist in the derivation of water quality objectives for metals, but it does
not provide specific guidance for developing site-specific nutrient guidelines. Site-specific water
quality guidelines have been developed for a number of British Columbia rivers for the purpose



of national reporting (Tristar Environmental Consulting Ltd. 2005a,2005b,2005¢,2005d),
following the “rapid assessment approach” developed for Environment Canada, (Canada 2008).

CCME (2004) provided a guideline for phosphorus in fresh waters that was derived from
Environment Canada (2004). The guideline is not presented as a numerical limit or objective,
however, but as a framework for the assessment of changes in phosphorus. The framework
includes a process to define baseline conditions and ecosystem goals, “trigger ranges” for
classification of trophic status, a process to compare measured concentrations to the trigger
ranges and recommendations for assessment tools to determine if the changes are problematic or
not.

The Canadian Guidance Framework for the Management of Nutrients in Nearshore Marine
Systems was produced to guide the protection of estuaries and other near-shore zones from
eutrophication effects (CCME 2007). This guidance document highlights the importance of
managing nutrient inputs to rivers and streams that discharge to marine waters and focuses on
one of the approaches discussed in this document as well: the reference condition approach. That
document should be consulted for any situation where guidelines are developed with the intent to
protect downstream waters.

The purpose of this guidance manual is to provide a set of protocols to facilitate the development
of nutrient guidelines for streams and rivers across Canada that are scientifically defensible. The
scope of this project is limited to the methods used to develop guidelines and does not consider
the technical feasibility of processes and technologies to achieve the guidelines.

1.2 How to use this Guidance Manual

This guidance manual contains a literature review component and a guidance component. These
are complementary and should be examined alternately to effectively develop nutrient
guidelines. The latter part of Section 1 consists of a high-level synthesis of nutrients and other
variables important in guideline development as well as their occurrence and behaviour in
aquatic ecosystems. Section 2 describes the methods used to produce this guidance manual and
contains a classification of literature sources that is maintained in the reference section (Section
7). Section 3 is a synthesis and evaluation of methods related to nutrient guideline development
and is a direct result of the literature review. Section 4 is the core piece of the guidance manual,
as it provides a step-by-step guide through the process of nutrient guideline development. It is
designed to assist in decision making through referencing different situations in which certain
methods are more applicable than others. It includes brief notes about methods but mostly relies
on cross-references to the detailed method descriptions in Section 3 as well as other relevant
background information described in Sections 1 and 2.

The language used in the development and use of guidelines, objectives, and water quality
indices is complex such that there may not be coherence in the terms used in the references
consulted for this guidance manual. A glossary (Section 6) has been included to clarify the
terminology and provided consistent use of terminology related to the main concepts used.



A list of all relevant literature is provided in Section 7 both alphabetically and by category. The
key details on methods are summarized in this guidance manual but it will be necessary for the
user to consult some of these references directly for specific details on methods or individual
case studies.

1.3 Guidelines vs. Objectives

The terms “guidelines” and “objectives” have been defined in various ways in the context of
surface water management, and are often used interchangeably, along with the term “criterion”.
For the purpose of this guidance manual, the following definitions were used:

Nutrient guidelines are developed with a science-based protocol and are designed to achieve or
maintain a desired level of ecosystem health (CCME

2012). Guidelines can apply provincially, regionally

and/or on a site-specific basis. Guidelines can be defined

to protect specific uses of surface waters, such as the Nutrient guidelines are

protection of aquatic life, agricultural water uses, developed with a science-

recreation and aesthetics. based protocol and are
designed to achieve or

Nutrient objectives may include additional consideration maintain a desired level of

of social or economic impacts which recognize more than ecosystem health.

ecosystem health or water use. Objectives are CCME (2012)

interpretations of guidelines and are often developed in a

site-specific context (e.g., Alberta Environment and Water

2012).

Guidelines and objectives differ in their purpose and their importance for implementation of
watershed management actions. One main purpose of guidelines is to provide a benchmark
against which measured values can be compared to assess aquatic health. Another important
application includes assimilation studies, where point-source discharge limits are set to be
protective of downstream uses, which is usually interpreted as meeting applicable guidelines at
the edge of the mixing zone. Objectives, on the other hand, are often developed as part of a site-
specific or watershed-based management framework and have implicit management actions
associated with them.

The term ‘criterion’ has a more generic application and is used in reference to guidelines,
objectives or target values. In the U.S., nutrient criteria have the same purpose as guidelines in
Canada. Any criteria developed for nutrients in U.S. jurisdictions should be reviewed to establish
the degree to which they could be used to support the development of nutrient guidelines
throughout Canada. The glossary at the end of this manual provides definitions for these terms
and many other terms commonly used in relation to nutrients and nutrient guidelines.



1.4  Nutrient Dynamics of Rivers and Streams

A large volume of literature on nutrient dynamics in rivers and streams exists. This guidance
manual focuses on the aspects important for the development of nutrient guidelines.

Nutrients occur in rivers and streams as a function of natural watershed export and any
anthropogenic inputs. Natural inputs are largely determined by the weathering of surface
material in the watershed (overland flow) and groundwater contributions. The origin and
magnitude of these contributions will largely determine the different categories of streams and
rivers that must be considered separately when developing nutrient guidelines (section 3.2). In
addition, the concentration of nutrients at any given time in lotic systems depends on the flow
regime and is linked to annual high flow/low flow cycles, e.g., seasonal nutrient concentrations
may be linked to total suspended solids (TSS) loads during high flow periods. Seasonal
influences on primary production will also affect the partitioning of nutrients into different
fractions.

Lotic ecosystems vary dramatically in their type; some are, deep, turbid, and nutrient rich, while
others are clear and nutrient poor. Identifying the difference among river types in relation to
management goals is important. The management goal in one river may be to decrease
phytoplankton biomass, whereas in a different river it may be to decrease periphyton. Unlike
lakes that experience nutrient cycling between organisms (esp. bacteria, phytoplankton) and the
water column that allows for direct comparison of total nutrients in relation to algal biomass, the
overall directional flow of water in rivers means that attached communities incorporate only a
fraction of available nutrients at any single location (Davies and Bothwell 2012). Measures of
total nutrients are therefore partitioned between the water column and attached biota with strong
longitudinal effect on nutrient cycling as part of the river continuum. This has important
implications to the interpretation of phosphorus and nitrogen values in relation to management
objectives.

Guidelines are difficult to develop for production related variables (chlorophyll a, periphyton
biomass, etc.), because increased nutrients enhance production, which will be deleterious for
some forms of aquatic life that are native to the site (e.g., altered algal species composition) and
advantageous for others (e.g., high aquatic productivity due to nutrient enrichment may increase
benthic invertebrate richness and improve food sources for fish). The definition of desired
outcomes is therefore a vital step in guideline development (section 4.2).

Anthropogenic inputs can also be temporally variable and occur as the result of both point and
diffuse sources. These factors contribute to nutrient dynamics that are difficult and costly to
measure, because a good understanding of nutrient dynamics of running waters requires data
from all seasons and multiple years. The interpretation of data can be challenging as well,
especially if the measured data include aspects of production within the system.



1.4.1 Nitrogen & Phosphorus: Chemistry and Bioavailability

For the purpose of this guidance manual, nutrients are defined as phosphorus and nitrogen
including all of their various fractions. Total nitrogen (TN) is all nitrogen present in the water
(both organic and inorganic forms). Total Kjeldahl Nitrogen (TKN) is the sum of the organic
nitrogen and total ammonia (total ammonia = un-ionized ammonia (NH3) + ammonium (NH4")).
Nitrogen is also found in oxidized forms as nitrate (NO3") and less frequently as nitrite (NO3").
The inorganic forms of nitrogen (ammonia, ammonium, nitrate, and nitrite) are the most
biologically available and their sum, i.e., dissolved inorganic nitrogen (DIN) or total inorganic
nitrogen (TIN), are often used in studies of nitrogen effects on biota.

Phosphorus is found in both particulate and dissolved fractions. Together these are referred to as
total phosphorus (TP) and this is the most common form analysed. In rivers and streams, where
particulate phosphorus can form a much higher proportion of the total than in lakes, there is often
a need to measure the dissolved fraction. Total dissolved phosphorus (TDP) contains both
inorganic and organic dissolved P, with the inorganic fraction (orthophosphate or PO,*) being
the most biologically available fraction. Soluble reactive phosphorus (SRP) concentrations
(APHA 1995) measured by analytical laboratories are commonly reported as ‘orthophosphate’,
even though SRP represents an overestimate of the actual orthophosphate concentration, due to
analytical artefacts introduced by sample filtration and acidification of the filtrate (Hudson et al.
2000). Additional methodological issues with the spectrophotometric SRP assay include
interference by natural colour and arsenate (Chamberlain and Shapiro 1973). In addition to these
methodological issues, the usefulness of quantifying dissolved inorganic nutrient concentrations
IS questionable because these concentrations are determined by the relative rates of biotic uptake
and regeneration, so that low concentrations of dissolved inorganic nutrients are not necessarily
indicative of strong nutrient limitation (Dodds 2003). Generally, the relationship between total
nutrient concentrations and ecosystem productivity has resulted in the common use of total
nutrients as an objective (e.g. TP). Although, as noted in Section 1.4.2, these relationships are
generally weaker than those found in lakes because a greater portion of phosphorus is associated
with the benthos in addition to multiple modifying factors (see section 1.0.2). However, some
research has found strong relationships between dissolved nutrients (SRP) and periphyton
response (Bothwell 1989). In certain ecosystems establishment of guidelines or objectives for
dissolved nutrients may most appropriately meet management objectives.

For these reasons, among others, guidelines for phosphorus are most commonly based on TP.
This is acceptable because relationships are demonstrated between TP and ecosystem
productivity, although these relationships are generally weaker than those found in lakes due to
the larger portion of phosphorus bound to sediments and multiple modifying factors (see section
1.4.2).

There are many phosphorus and nitrogen fractions that are used to describe nutrient dynamics in
lotic systems. The most commonly used fractions are shown in Table 1.



Table 1. Commonly Measured Nutrient Fractions

Nutrient fraction Common abbreviation
Total Phosphorus TP
Total Dissolved Phosphorus TDP
Soluble Reactive Phosphorus (Ortho-phosphate) SRP, Ortho-P

Total Nitrogen TN
Total Kjeldahl Nitrogen TKN

Nitrate and Nitrite NO3', NO,y”

Total Ammonia NHs+ NH,"

Anthropogenic nitrogen pollution to surface waters mainly occurs as organic nitrogen, total
ammonia and nitrate from municipal effluent, as total ammonia and nitrate from agricultural run-
off, and as NOx from atmospheric deposition. Nutrient-enriched groundwater can also be a
significant contributor to nutrient enrichment of surface waters in certain areas. There are a
variety of natural biochemical processes that are involved in the transformation between different
forms of nitrogen.

Phosphorus is most often identified as the nutrient which controls growth of plants in both lakes
and rivers, as it is often the limiting nutrient, i.e., the nutrient which is available in lowest
concentrations relative to what is needed for optimal growth of primary producers (e.g.,
Schindler et al. 2008). There is good evidence for nitrogen limitation and nitrogen and
phosphorus co-limitation in lotic systems, suggesting that phosphorus, nitrogen, or both nutrients
can frequently limit autotrophic production in rivers and streams and that both nutrients must
therefore be managed (Dodds 2006, 2007). Temporal variation in relative rates of nitrogen and
phosphorus supply and biological assimilation can result in fluctuations between nitrogen- and
phosphorus-limitation of a single lotic system over time.

Phosphorus-nitrogen ratios are the topic of much discussion as they serve as an indicator for the
nutrient which is limiting for primary production in a watercourse. Although the particulate
phosphorus fraction is not always bio-available, the TN:TP ratio has been found a reliable
indicator of the proportional degree of nitrogen- vs. phosphorus-limitation in aquatic systems,
but the ratio of dissolved inorganic nitrogen to SRP should be interpreted cautiously, as its
relationship to TN:TP is highly variable (Dodds 2003 and references therein). In certain
environments, such as in highly turbid, humic, or shaded waters where light availability limits
photosynthetic rates, neither phosphorus nor nitrogen availability exerts the dominant control on
primary production (Wetzel 2001).



1.4.2 Modifying Factors

Many factors influence nutrient and biological characteristics of rivers and streams. There are
factors that create variation between systems with respect to the degree of nutrient enrichment
and factors that determine the type of aquatic life present and their responses to variations in
nutrients. These influences can occur at both regional and local scales.

Biological responses to nutrient concentrations are also influenced by many abiotic (physical)
and biotic factors. In some cases these may be both regional and local in nature. Temperature, for
example, may vary by latitude and by the source of water (glacier, groundwater, surface runoff).
Other physical modifying factors include:

¢ light (as determined by canopy density and/or water transparency, for plant and algae growth)
e flow (shearing stress that can remove algae or move bottom material that is habitat for algae)

e residence time, which is directly related to discharge and channel cross-sectional area (a
longer residence time generally allows for more planktonic, as opposed to benthic,
production)

e substratum (e.g., sand/silt is transported easily and therefore provide a less stable aquatic
habitat for attached algae, while gravel, cobble, and boulders are more stable and favour the
development of attached algae).

All of the above factors can differ between lakes and rivers, but water residence time is the most
characteristic difference between lotic and lentic systems. The higher flushing rates of rivers and
streams relative to lakes makes them more highly sensitive to even relatively low levels of
nutrient enrichment, as the rate of nutrient replenishment at a fixed point (e.g., where periphyton
is growing) is much higher than in lentic systems (Bothwell 1989, Davies and Bothwell 2012).
There is also potential for interaction between these factors; for instance, during periods of high
flow, turbidity is typically high and light penetration therefore relatively low.

1.4.2.1 Regional Scale

Modifying factors that act on a regional scale include climate, geology, soil type, vegetation and
topography. These factors are mainly terrestrial and are included in the definition of ecoregions.
They influence both the size of the river or stream, the resultant natural nutrient concentrations
and the biotic communities. Climate variables, such as precipitation, temperature and irradiance
can vary on a regional scale and have direct effects on both biota and on nutrient export from the
watershed. These factors will require guidelines that are specific to different regions (Section
2.2).

1.4.2.2 Local Scale

Local factors may influence both the nutrients available and the nature and response of the biotic
community. These modifying factors are often site-specific or specific to individual



watercourses. Factors modifying nutrient concentrations and biotic responses may include
variation in the source of the water (e.g., wetland, spring, or glacier), variation in the size of the
watercourse (planktonic vs. benthic communities, light availability) and may be based on simple
but influential parameters such as temperature (cold vs. warm water streams).

1.4.3 Sources and Effects of Nutrient Enrichment on Lotic Ecosystems

Inputs of nutrients from diffuse or point sources will alter the trophic state of the system and
generally increase biotic production. The main effect of nutrient enrichment in lotic ecosystems
is growth of attached algae and aquatic plants. The initial increases in nutrients, especially in
dilute systems, will have what appear to be positive effects (increased production and species
diversity). Further nutrient enrichment, however, will stimulate primary and secondary
production to levels that affect dissolved oxygen (DO) dynamics.

Proliferation of attached algae or rooted plants can alter the oxygen dynamics of the system
through oversaturation as a result of photosynthesis and undersaturation as a result of respiration,
senescence and decay. These processes typically increase diurnal (daytime) concentrations and
decrease nocturnal (night-time) concentrations, augmenting the magnitude of the diel (24-h)
oscillations in DO concentration in lotic systems (Wetzel 2001). Extremely low oxygen
concentrations as a result of eutrophication will consume oxygen and may lead to fish kills. For
example, fish kills from anoxia in tidal river estuaries have occurred in Prince Edward Island™.

Excessive nutrient enrichment can lead to proliferation of algae which sometimes comprise
harmful taxa (e.g., toxic cyanobacteria) and are therefore a public health concern. Toxic algae
blooms are mostly limited to lakes, but elevated levels of harmful algae toxins have been
observed occasionally in slow-flowing rivers, for example the lower Cataraqui River, Ontario, in
August 2010°,

1.4.4 Variables

An important step in the development of nutrient guidelines is the identification of variables that
best describe nutrient dynamics and effects of nutrient enrichment in the region of interest.
Nutrient dynamics and their effect on ecosystems are best described by a) stressor variables
(nutrients) b) the primary response variables such as biological metrics that respond to increased
nutrients and c) secondary response variables which are a second level consequence of the
primary stressor-response relationship. For example, oxygen concentration is a secondary
response variable which can be controlled by reducing the stressor variable, TP, through the
relationship between phosphorus and aquatic plant and algae growth (the primary stressor-
response relationship). In this example phosphorus is managed as a stressor variable by
developing a guideline to control the production of aquatic plants and algae (the primary
response variable) to achieve a suitable oxygen climate (the secondary response variable).

! http://www.cbc.ca/news/canada/prince-edward-island/p-e-i-says-fish-kills-in-rivers-could-be-extensive-1.739297
2 http://www.kflapublichealth.ca/News.aspx?NI1d=119
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Australia and New Zealand have explicitly included the concept of physical and chemical
stressor variables and biotic response variables in their guideline development (ANZECC 2000a,
2000Db), and the concept is also apparent in U.S. guidance documents (U.S. EPA 2000, 2010a),
but the concept is used differently than that described above.

e “Primary” variables for guideline development identified by the U.S. EPA (2000) include
those variables considered most important for guideline development: nutrients, algal biomass
(as benthic or planktonic chlorophyll a), TSS, transparency, turbidity, discharge and velocity.

e “Secondary” variables such as dissolved oxygen, pH, benthic ash-free dry weight (AFDW),
macrophytes, and macroinvertebrate multi-metric indices are considered less important (see
U.S. EPA 2000 for a complete list of variables).

The U.S. EPA concept does not refer to stressor-response relationships. Instead, it includes those
variables which should be looked at primarily and the secondary variables which may add
additional information. Experience from different U.S. jurisdictions after publication of the EPA
guidance has shown, however, that a variety of combinations of primary or secondary variables
can be useful for nutrient guideline development (see section 4.3). Therefore consideration of
primary and secondary response variables to explain the mechanistic basis for guideline
development is suggested.

There are a number of additional biological response variables that can be useful in the context
of nutrient guideline development that have not been mentioned in the previous references.
Additional primary response variables include diatom community composition (Lavoie et al.
2006, 2010), diatom metrics (Stevenson et al. 2008), cyanobacterial biomass, and non-diatom
periphyton composition (Schaumburg et al. 2004). Other secondary response variables include
fish community metrics (Wang et al. 2006, Weigel and Robertson 2007, Justus et al. 2010,
Heiskary et al. 2010).

The European Union mandates the use of biological variables including flora, benthic
invertebrates and fish for the assessment of surface waters, together with chemical and physico-
chemical variables that support the biological variables (European Union 2000).

This concept is fundamentally different from the U.S. approach in that the ecological condition
of waters is used directly for guideline development and that all related stressor variables, such
as nutrients, are then managed to obtain the desired biological condition.

The U.S. and Australian approaches recognize the importance of biological condition for ‘use
protection’ through the guideline development process, but mainly focus on stressor variables for
guidelines, which is a more practical approach, due to a higher level of standardization of
methods for chemical (i.e., nutrient) measurements in surface waters. An exception to this is
periphyton biomass, which has been included in guidelines for several North-American and other
jurisdictions (e.g., B.C. Ministry of Environment 2001, New Zealand (Biggs 2000a), Montana
(Suplee et al. 2008)).



For the Canadian context, this manual uses, the terminology “chemical stressor”,

primary and

secondary response variables” plus the concept of modifying factors (Table 2).

Table 2. Types of Variables Relevant for Nutrient Guideline Development.

Type of Variable

Definition

Examples

Chemical stressors

All nutrient fractions

Phosphorus and nitrogen in their
different forms

Primary response
variables

All biological variables directly affected
by nutrient enrichment and which
relate to use protection

Periphyton or phytoplankton biomass as
chl-a, algal community and community
metrics, benthic invertebrate metrics.

Secondary response
variables

Any resulting modified components of
the ecosystem

Dissolved oxygen, pH, algal toxin
content, secondary producer metrics

(benthic invertebrates, fish), turbidity

Conditions that alter the relationship
between the stressor (for which a
guideline is developed) and the
response variables

Turbidity, TSS, canopy cover,
discharge, velocity, depth , residence
time

Modifying factors

Nutrient concentrations are the most practical variables for nutrient guidelines as they can be
managed directly. Any of the response variables are candidates for nutrient guidelines as long as
their importance and applicability for a region can be demonstrated. Modifying factors are those
variables that may need to be considered on a site-specific basis to explain the relationship
between the nutrient concentrations and the primary and secondary responses or can be taken
into account by regionalization.

2.0 METHODOLOGY

2.1 Literature Review

The literature review involved the compilation and classification of documents. Relevant
material from scientific and grey literature (including documents specific to the development of
nutrient guidelines), reports that described the development of guidelines, and case studies where
the development and implementation of guidelines are described were collected and categorized
(Table 3). Sources for the literature included jurisdictions, bibliographies in review articles,
review reports, and guidance documents. Documents were located using internet search engines
(i.e., Web of Science) for academic literature and through keyword searches on the World Wide
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Web for relevant grey literature (reports produced by government agencies, watershed groups,
consulting companies) including the websites of government agencies that are tasked with
surface water management in various national and international jurisdictions. The scope of this
search included Canadian provinces, U.S. border states and the U.S. Environmental Protection
Agency (U.S. EPA). Relevant literature was also reviewed from Australia and New Zealand,
where regional nutrient guidelines have been developed. The resultant list of literature is
provided in Section 7.

The scope of this project did not allow for detailed review of all available literature. It was
necessary to restrict focus to the most relevant literature. A literature source was deemed useful
to this project if:

1) it was previously used in the process of nutrient guideline development
2) the authors intended the method to be used in nutrient guideline development, or

3) a method was used in a different context (objective setting, research) but generated
results that could be useful for nutrient guideline development.

A categorization of the literature retrieved, based on major themes discussed in this guidance
manual is shown in Table 3 and is discussed further in Chapter 2.

Table 3. Number of References by Category.

Category #
References

(a) Biomass nutrient relationships, Thresholds and nuisance definition 29
(b) Canada Guidance 11
(c) Canada Guidelines, Targets, criteria 17
(d) Canada Objectives 4
(e) National Agri-Environmental Standards Initiative (NAESI) 2
(f) Variables 3
(g) International Guidelines 11
(h) Local factors 1
(i) Lakes 3
(j) Downstream Considerations 5
(k) Reference Conditions 20
() Review Articles 3
(m) River Classification 14
(n) Trophic State 2
(o) U.S. guidance 2
(p) Weight of Evidence 3
(q) General Aquatic Science Theory 10

Note: References have subscripts denoting which category they belong to. Categories are not mutually exclusive (e.g., there are
more than 3 references relevant to lakes) but each reference was assigned to the most relevant category).
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2.2 Guidance Development

The goal of this guidance manual is to assist Canadian water managers in setting appropriate,
science-based nutrient guidelines across a Canada-wide range of water characteristics and
regions. The literature review provided here can identify those methods and approaches that are
available for use in nutrient guideline development, but cannot specify their use within the
guideline development process itself. The second part of this guidance manual (Section 4) is
therefore designed to outline steps required to develop a nutrient guideline. This involves the
incorporation of the methods and approaches discussed in Section 3 into the framework of
guideline development, as summarized in Figure 6. The objective is to guide users through the
nutrient guideline development process with consideration of common circumstances and
applicable methods. In the guidance section, references are provided to the detailed descriptions
of approaches and methods in Section 3.

All available types of information were assessed for their potential contribution to the process of
developing nutrient guidelines. The use of available information within the guideline
development framework was identified based on the following three principles:

1) the consideration of designated uses in guideline development; to align nutrient guidelines
with existing Canadian Water Quality Guidelines

2) the importance of geographic considerations as a basis for regional or site-specific nutrient
guidelines and

3) the dependence of critical decisions in the process upon types of available information and
the methods required to collect it.

The framework therefore presents strategies and considerations that assist in selecting the
appropriate approaches and methods based on data and resource availability, together with
regional, local or site-specific considerations. The framework highlights the points in the process
that require decisions about allocation of resources for monitoring and data analysis. Finally the
nutrient development process is summarized as a decision tree (Section 4).

3.0 REVIEW OF METHODS FOR STREAM NUTRIENT
GUIDELINE DEVELOPMENT

This section presents methods that have been used or proposed previously for any of the steps
involved in nutrient guideline development. The available information for each method is used to
describe:

« the rationale and technical procedure

e geographic considerations, including whether the method is valid for regional or site-specific
guidelines or both
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« the statistical approach

« data requirements

e resources required

« one or more examples of where and how successfully this method has been used previously
e any obstacles or weaknesses of the method and

« the applicability of the method in the Canadian context.

3.1  Multiple Lines of Evidence for Guideline Development

A “multiple lines of evidence” approach has been used by the U.S. EPA (2000) and applied in
guideline development by a number of authors (Chambers et al. 2009, Smith and Tran 2010,
Stevenson et al. 2008, Suplee et al. 2008). It uses more than one piece of supporting evidence to
reduce the uncertainty in the derivation or application of any one guideline. For example,
guidelines that are developed from regression models could be compared to independent
empirical data, relevant literature values or to experiments that described specific nutrient
thresholds. Attention has to be paid that the results used in the multiple lines of evidence are
independent from each other, as strongly related values will bias the result. It is also possible to
use professional judgement or observation to weigh the relative importance of different results.
Professional judgement will vary with the professional, however, and so should only be used
where it can be substantiated and verified in the process.

Many of the documents supporting development of guidelines use the term “weight of evidence”
(WOE) in different contexts. The WOE approach combines data (multiple lines of evidence) to
differentiate between two states, i.e. impaired, not impaired, over limits, not over limits, etc. The
goal is to assess the probability of impairment. In a statistical sense WOE is a method for
combining evidence to support a hypothesis (Smith and Tran 2010, Smith et al. 2002). It is
similar to the use of the statistical technique multiple regression, which involves the estimation
of a response variable using a set of predictor variables. The approach also involves using
logarithms of likelihood ratios which allow the weight of evidence from different lines of
evidence to be added together. This would be useful, for example, in determining whether
aspects of toxicity, biology and chemistry together would indicate that sediments have been
impaired. This approach was used by Ramin et al. (2012) to weigh the standard error around the
results of multiple ecological models to derive weighted water quality criteria. Weight of
evidence, in this way, could be used in a statistical framework to derive a guideline that uses the
weighted results from several different models.

The use of multiple lines of evidence should be used wherever possible in the development of
guidelines. If the outcome from multiple models or regression analyses can be harmonized to
produce a single weighted value for a guideline, this is preferable to choosing a single result or to
using an (unweighted) average.
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3.2 Stream Classification

There is general agreement that different nutrient guidelines need to be developed for distinct
stream types in order to reduce the large natural variability associated with modifying factors that
vary on regional and local scales (U.S. EPA 2000, Hering et al. 2010). Classification systems are
used to maximize variation between the identified stream types and to minimize variation found
within each type. This allows some generalization of nutrient guidelines to reflect regional
differences in natural nutrient status by recognizing the most important determinant factors.

This chapter reviews existing classification schemes (Section 3.2.1), variables that can be used to
classify streams (Section 3.2.2) and numerical methods to complete classification (Section 3.2.3).
The appropriate stream classification system is one which balances specificity and generality.
Classification systems which use too many river types are less specific, complicate management
and require a large amount of data, while more general systems provide too little classification
and may not sufficiently account for natural variability (Hering et al. 2010). The most
sophisticated assessment methods would build on data from a wide range of watercourses to
produce site-specific prediction systems. The large number of watercourses from the wide range
of ecoregions across Canada however, makes this procedure unrealistic.

Experience from international waters in the European Union has shown that differing approaches
to developing river typologies between jurisdictions results in too many different typologies that
are difficult to compare (Pottgiesser & Birk 2007). Should Canadian jurisdictions develop
guidelines for running waters independently, those that share watersheds could consider a similar
approach to river typology. Inter-jurisdictional organizations, such as the Prairie Provinces Water
Board, can be instrumental in the harmonization of such efforts. The U.S. EPA (2000) developed
a strategy for the purpose of developing river typologies for nutrient guideline development.

3.2.1 Existing Classification Schemes

If an existing classification scheme is found applicable for the region of interest, then adopting
that classification can be the most cost-effective way of classifying streams for nutrient guideline
development. Ecoregions and climate zones are examples of such classification schemes, as
detailed in this section.

3.2.1.1 Ecoregions

Ecoregions are landscape units that are characterized by similar natural characteristics such as
geology, climate, soils, and topography. All of these factors play a potential role in determining
natural nutrient concentrations and habitat conditions in Canadian watercourses. Ecoregion
classifications are therefore appropriate classification methods for regional stream nutrient
guidelines.
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In Canada, there are three levels of ecoregions with an increasing amount of detail that is
covered in the smaller units: 9 ecozones (Figure 1), 53 ecoprovinces and 194 ecoregions (Atlas of
Canada 2012). For the classification of streams and rivers in agricultural watersheds, Chambers
et al. (2009) used ecozones, with distinctions between provinces or regions within some
ecozones (e.g., P.E.l. versus N.B. for the Atlantic Maritime ecozone). The natural region
classification used in Quebec is based on ecoregions, but for the purpose of standards, so far only
larger ecozones (Appalachians, Canadian Shield, St. Laurence Lowlands) and some distinct
ecoregions within the Canadian Shield ecozone (Abitibi Lowlands and Lake St. Jean Plain) have
been suggested (Berryman 2006). Gartner Lee Ltd. (Environment Canada 2006) used 25th
percentile phosphorus concentrations to produce four statistically significant groupings of similar
phosphorus concentrations among 14 of the 17 Ontario ecoregions.

In Alberta, draft targets for agricultural streams for three “ecoareas” — e.g. Boreal (Boreal Plain
ecozone), Parkland and Grassland (Prairie ecozone) — have been developed (Janna Casson,
Alberta Agriculture and Rural Development, personal communication).

The Ecoregion levels used by the U.S. EPA are very similar to, but do not correspond to the
Canadian Ecoregions discussed above. The U.S. classification system, which includes Level I, II,
Il and IV Ecoregions, has been developed in concordance with Canadian Agencies and may
therefore represent a viable alternative regionalization scheme. For example, the Level 1l
ecoregions for North America designate the Okanagan Valley region as a desert (Figure 2), while
in the Canadian Ecozone and Ecodistrict Classifications, this area is included in the Mountain
Cordillera Zone with the Rocky Mountains.

Ecoregion mapping is readily available and stream and river sites can be classified according to
their location in ecoregions using Geographic Information Systems (GIS). Watercourses often
have their origin in one ecoregion and their lower reaches in another, and therefore different sites
in one river may fall into different categories. This issue can be resolved by using a classification
unit (ecoregion) that will include the entire watershed, and then to categorize sites by
geographical location (upland versus lowland) and stream size at the specific site location (e.qg.,
Schaumburg et al. 2004), or by assigning the ecoregion that covers the majority of the watershed
at that specific site (Heiskary et al. 2010).
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Figure 1. Canadian Ecozones and U.S. EPA Nutrient Regions along the U.S.-Canada Border (Atlas
of Canada 2012).
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Figure 2. Level Il Ecoregions Defined by The Commission for Environmental Cooperation (1997)
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3.2.1.2 U.S. EPA Nutrient Ecoregions

The USEPA Level |11 ecoregions were aggregated into fourteen nutrient ecoregions (Rohm et al.
2002) for the purpose of U.S. National Nutrient Strategy, which includes nutrient criteria
development. These regions have since served as a classification framework for nutrient criteria
development in individual states. A number of studies have assessed the applicability of these
regions for individual states and for the entire country, as summarized below.

Herlihy et al. (2008) analyzed data from all 48 contiguous states and concluded that the
classification was “too coarse to account for natural variation in stream nutrient concentrations.”
Another country-wide analysis showed that land cover explained more variation in nitrogen and
phosphorus concentrations than the nutrient ecoregions (Wickham et al. 2005).

In Montana, Suplee et al. (2008) selected the Level 111 ecoregion classification, which is a more
detailed classification than the EPA aggregations, as the best method. Minnesota was subdivided
into North, Central and South for the purpose of ecoregion-specific nutrient criteria, which
generally corresponds to the EPA aggregations (Heiskary 2010). An analysis of the Red River in
South-Central U.S., located at the meeting point of a number of aggregate regions, showed that if
a watershed is located near ecoregion boundaries, it requires basin-specific data (Longing and
Haggard 2010). Other authors have developed refinements of the aggregate regions, as a
compromise between the high-level nutrient zones and the very detailed ecoregions, e.qg., for the
Upper Mid-West (Robertson et al. 2001).

The United States Geological Survey (USGS) developed Environmental Nutrient Zones, which
differ from the U.S. EPA ecoregions (Robertson et al. 2001). Regression trees were used to
identify those environmental characteristics that best explained the variability in nutrients. Zones
were then defined based on distributions of only the most statistically significant environmental
characteristics. Interestingly, this analysis resulted in similar regions whether land use variables
were included or not, reflecting the dependence of land use on natural characteristics (e.g.,
agricultural land use on nutrient rich, deep soils).

There does not seem to be any consensus emerging in the use of ecoregions by U.S. states.
Smaller states (ME, NY, NH, VT) have not used any regionalization. Larger states used either
the USGS system (Wisconsin, Robertson et al. 2006), a system similar to the EPA nutrient
regions (Minnesota, Heiskary et al. 2010) or the Level Il ecoregions, which are more detailed
than the EPA nutrient regions (Montana, Suplee et al. 2008). Both the size of the area for which
the guideline is developed as well as data availability and previously established regionalizations
play a role in the final decision for stream classification.

3.2.1.3 Other Regional Systems

Regions based on climate zones have been used for classification of Australian water bodies for
nutrient guideline development; e.g., tropical Australia was distinguished from South-Western,
South-Central (low rainfall) and South-Eastern Australia (ANZECC 2000a, 2000b). These zones
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were then subdivided into upland and lowland areas. Upland and lowland were also
distinguished in European classification schemes, alongside many other variables (Schaumburg
et al. 2004). These regional systems used attributes that are included in the ecoregion systems,
e.g., climate and topography.

3.2.2 Classification Variables

A number of different variables can be used to produce a region-specific stream classification.
The main types of variables used in classification are summarized below.

3.2.2.1 Geographical and Physical Variables

The U.S. EPA (2000) guidance chapter of “stream system classification” discusses a number of
variables or methods that can be used to classify streams, e.g., fluvial geomorphology, Rosgen
method, stream order, and physical factors (hydrology and morphology, flow, geology).

A similar, but much more detailed list of possible variables for stream classification was
prescribed by the European Water Framework Directive (European Union 2000). Some of the
mandatory factors included altitude, geographic position, geology and catchment area. The
optional factors were distance from river source, temperature, precipitation, river width, depth,
slope, flow, solids transport, and substratum.

Wickham et al. (2005) used land cover (which in itself is a reflection of climate, topography and
soils), while Robertson et al. (2001) used climate and geology for their alternative classification
schemes of the U.S.

In Florida, “nutrient watershed regions” were based on geology, soil composition, and hydrology
(U.S. EPA 2010b).

Studies for nutrient criteria development in some U.S. states have either focused on wadeable
streams (Suplee et al. 2008, Herlihy 2010, Wang et al. 2006) or non-wadeable rivers (Weigel
and Robertson 2007) or have compared both (Heiskary et al. 2010).

The common themes among these variables are climate (mainly for its control on precipitation,
hydrology and therefore run-off), geology (determining the nutrient richness of soils and runoff)
and size (expressed as flow, catchment size, width, depth, wadeability, and stream order). All are
useful classification variables that define the natural influences on nutrient status using available
information.
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3.2.2.2 Biological Communities and Metrics

The reference condition approach (Section 3.4) uses regionally specific unaltered biotic
communities to classify streams (U.S. EPA 2000). This approach was used for developing
nutrient criteria in Victoria (Australia), based on well-described benthic invertebrate
communities (Newall and Tiller 2002). This classification is based on the biological response
variable that is targeted with the nutrient guideline and therefore assures that the classification is
reflective of the natural factors that determine the variation in biological communities in the area.

Development of classification schemes using different organism groups for the same country
demonstrated that different biota responded differently to regional and local factors (Schaumburg
et al. 2004). For example, in the classification of reference river types by benthic plants in
Germany, seven river types were distinguished based on macrophyte communities, 14 types
based on benthic diatoms and five types for remaining phytobenthos (e.g., non-diatom benthic
algae). Many of the river types were overlapping, but classification was sensitive to different
factors that affect these organisms groups: bedrock geology was important for diatoms, as they
are very sensitive to variations in pH, while macrophytes were mainly distinguished by stream
velocity. This highlights the importance of a stream classification that is tailored to the biological
variables chosen for guideline development.

3.2.2.3Confounding Factors

The goal of classification is reducing the variability within groups of sites and maximizing the
variability among groups of sites. When there are two or more stream types of different
susceptibility to enrichment effects from nutrients, a classification based on this susceptibility
may be warranted.

A study on stream susceptibility to algal growth used the residuals of the observed nutrient-
chlorophyll a relationship (observed susceptibility) as a measure for the importance of other,
confounding factors (Lin et al. 2007). Other factors were then used to explain variation in the
residuals, resulting in “predicted” susceptibility. If one factor stood out in explaining residuals, it
could be used to classify streams by susceptibility to nutrient enrichment effects.

One such confounding factor is flood frequency, which has been shown to significantly affect
periphyton biomass accrual in New Zealand streams (Biggs et al. 2000b, Snelder et al. 2004) and
was therefore used as a classification factor for nutrient guidelines (Biggs et al. 2000a).

Kistritz and MacDonald (1990) developed ratings of stream sensitivity to eutrophication based
on light, velocity, temperature and grazers for Canadian streams. Using scores for low, medium
and high sensitivity for each of these factors, a classification of stream reaches into low and high
sensitivity was proposed. The guideline development then differed between both stream types,
with benthic biomass being used for low-sensitivity streams and SRP for high-sensitivity streams
(Kistritz and McDonald 1990).
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3.2.3 Classification Methods

Various statistical methods can be used for classification of streams. The choice of classification
technique depends on the type of variable, whether chemical, physical or biological, as
summarized above. Examples of classification methods include clustering techniques, testing
differences amoung groups using randomisation techniques, and discriminant analysis
(REFCOND 2003).

Specifying consecutive ranges (e.g., “classes” such as stream order) for each variable is a
straightforward approach for defining classes when classifying by only one or two variables
where one modifying factor has a strong influence on the stressor-response relationship (U.S.
EPA 2010a). Agglomerative cluster analysis can be used with more than two variables and is
particularly useful with biological community data.

Propensity scores are composite variables that summarize the contributions of several different
covariates (which can be confounding variables) as a single variable and thereby simplify the
analysis when dealing with a number of covariates. Data are then classified into discrete ranges
of this new composite variable (Rosenbaum 2002, in U.S. EPA 2010a). Bayesian Analysis (see
Glossary, Section 6) has also been cited as a possible classification method (Lamon and Qian
2008, in U.S. EPA 2010a).

Other multivariate techniques that are especially useful for classification of biotic community
(abundance) data or multiple community metrics are ordination methods. Indirect ordination
methods (principal component analysis, correspondence analysis, non-metric multidimensional
scaling, principal coordinates analysis and Bray Curtis ordination) are used to group sites by
similar community composition. Direct ordination methods (redundancy analysis, canonical
correspondence analysis) are used to assess which environmental variables are responsible for
biological groupings, which is a way to identify confounding factors. Lavoie et al. (2006), for
example, found two diatom groups dependent on pH, which triggered the development of two
sets of index values: one for acidic and one for neutral and alkaline waters when developing a
reference-based diatom index for Eastern Canada.

3.3 Summary and Assessment of Stream Classification Methods

Table 4 provides a summary of the different methods for stream classification discussed above.
In each case the method is named and an assessment of its strengths, limitations and applicability
provided. The resources required to make the classification are also described, with a
classification of the degree of effort required.
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Table 4. Strengths and Limitations of Stream Classification Methods

Method Strengths | Limitations Applicability Resources

Existing Schemes

Canadian represent natural need to consider | all Canada Low

ecoregions regions based on three levels ecoregions have been
known and standard (ecozones, described and defined for
characteristics, which | ecoprovinces, the entire country. GIS
potentially differ in ecoregions) and technigues using existing
nutrient status. possibly use in data can be used.

combination

U.S. EPA proven useful in some | does not cover southern parts Low-Moderate

nutrient U.S. States, are northern Canada, | of Canadian nutrient regions have not

regions based on ecoregions | some studies Provinces been described and

of known and
standard
characteristics, which
differ in nutrient
status.

found better
systems

defined for the entire
country and would need to
be adapted for areas not
covered. GIS techniques
using existing data can be
used.

Climate zones

represent natural
regions based on
known and standard
characteristics, which
potentially differ in
nutrient status

does not consider
geology, soils
and topography

areas with large
climate
gradients

Low
GIS techniques using
existing data can be used.

Upland- addresses changing requires areas with large | Low

lowland river size and flow combination with | relief GIS techniques using
characteristics another system differences existing data can be used.

(e.g., Alberta)

Receiving watershed approach: | site-specific only, | where nutrient Low

waters effective way to requires a loading is an requires only classification
manage distance where it | issue in of receiving body for a
eutrophication in is reasonable to downstream river. GIS techniques using
lakes and coastal assume that the waters existing data can be used.

waters

nutrients from
upstream reach
the downstream
waters. Not
applicable to a
large number of
rivers.
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Method

Strengths

Limitations

Applicability

Resources

Custom Classification Schemes

Geographical/ | directly and need to relate everywhere Moderate-High

Physical specifically address classification to can be classified using
factors affecting nutrient status existing GIS map layers but
nutrient export from effort will vary with size of
watersheds, including area classified and
climate, geology and availability of data for
soils and therefore classification.
can be "customized"
for a region

Size recognizes may not provide everywhere Low
fundamental a high degree of GIS classification based on
difference in nutrient resolution of watershed size (available
effects on small nutrient across the country) and
versus large rivers differences. nutrient data available for
(benthic vs. planktonic | Limited and tertiary —quaternary
productivity) and the indirect watersheds.
effect of flow explanatory

power
Biological directly addresses classifications where sufficient | High

factors that cause

may differ by

reference sites

requires collection of

natural variation in organism group are available biological and water quality
biological and are not site specific data and classification for
communities; generally uniform most cases.
excludes factors that across the
are irrelevant for country ; requires
ecosystem health good set of
reference sites
Confounding addresses differing importance of where a High

factors

susceptibility to
nutrient enrichment
within classifications
and sites

confounding
factor needs to
be known for
entire region of
interest

confounding
factor is very
important in
determining
biomass

requires collection of
biological and water quality
data and classification for
most cases.
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3.4 Reference Condition Approach

The general principle of the reference condition approach is to first describe the “natural”,
“unaltered” or “reference” conditions” for a certain type of water body within a defined area
such as an ecoregion. An acceptable departure from the reference condition is then defined and
this becomes the guideline. Reference conditions can be defined using nutrient or biotic metrics.
The advantage of this approach is that it takes into account all of the natural characteristics of a
region without necessarily quantifying them, and sets a regionally relevant standard against
which other sites can be assessed. The limitations of this approach are the need for sufficient data
across a wide range of sites and that in regions where there is substantial influence from human
activity there may be insufficient or no reference sites available. In this case reference conditions
have to be inferred, increasing the uncertainty around the guideline value.

The degree of land use activity, in particular agriculture, is often directly related to natural
characteristics, such as soil depth and richness. Both of these affect aquatic nutrient levels, which
can confound the attempt to establish natural nutrient conditions.

A reference condition approach based on a percentage increase in total phosphorus
concentrations from the natural “background” concentration was proposed by Hutchinson et al.
(1991) and the guideline of “Background + 50%” adopted for the management of recreational
lakes on the Precambrian Shield by the Ontario Ministry of the Environment (2010) and as a
“trigger value” for trophic status assessment by Environment Canada (2004). The reference
conditions are defined in these examples by a) use of measured phosphorus concentrations for
unaltered lakes, b) use of lower percentiles of measured phosphorus concentrations for a
population of altered lakes, ¢) modelling techniques to “hindcast” background concentrations or
d) paleolimnological approaches.

The reference condition approach based on ecological condition has been set into European
regulations with the Water Framework Directive (European Union 2000). The U.S. EPA
recommends using percentiles of water quality data found at reference sites to establish nutrient
criteria, but also highlights the value of confirming these values using biological data (U.S. EPA
2000). The Australian and New Zealand Guidelines indicate that for biological indicators, and
for physical and chemical stressors where no biological or ecological effects data are available,
the preferred approach to deriving guideline values is from local reference data (ANZECC
2000a, 2000b).

There are a variety of methods available for use in the reference condition approach, which differ
mainly depending on whether sufficient reference sites are available to adequately characterize
reference conditions and on the preferred stressor and response variables. This section reviews
different methods and variables used in the identification, description, and use of reference
conditions for nutrient criteria development.
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3.4.1 Identify Reference Sites

The definition for reference sites usually involves locations or reaches of running waters that are
unimpaired or minimally impacted by human activities (European Union 2000, CCME WQI
(CCME 2001), Jones et al. 2007). The interpretation of the terms “minimally impacted” or
“unimpaired” varies among authors and has to be carefully considered in order to produce
defensible guidelines that are comparable among jurisdictions (Pardo et al. 2012).

It can be helpful to consult multiple lines of evidence for the identification of reference sites,
such as demonstrated in the identification of “benchmark sites” for Florida (U.S. EPA 2010b). A
clear process in evaluating several lines of evidence independently is important in order to avoid
circularity, i.e. the use of the same variable to both delineate and validate reference conditions
should be avoided (REFCOND 2003). To avoid circularity, pressure criteria may be used
conveniently to screen for sites or values representing potential reference conditions. Once
identified, biological elements should be used to corroborate this ecological high status
(REFCOND 2003).

3.4.1.1 Pressure Gradients

The most common method to identify reference sites is to identify water bodies with minimal
anthropogenic modification (also called “pressures’) in the watershed and the watercourse itself.
For example, studies conducted to implement the European Water Framework directive used
pressure criteria as a proxy measure for assessing risk and thereby to establish potential reference
sites, which were then corroborated by analysing ecological criteria (e.g., Pardo et al. 2012,
REFCOND 2003, Schaumburg et al. 2004).

Pressure criteria for Mediterranean reference streams were defined as the absence of major
pressures, e.g., intact riparian vegetation, no introduced species, no point-source pollution,
minimal non-point source pollution (expressed as a percentage of agricultural land use), and no
modifications to hydrology, morphology or habitat (Sanchez-Montoya et al. 2009).

Similar factors are considered when screening potential reference sites for the purpose of the
Ontario Benthic Biomonitoring Network, namely the absence of: point-source contamination,
regulation of water level (e.g., effects from dams and impoundments), loss of natural riparian
vegetation, aquatic habitat disruption (e.g., dredging, stream channel alteration), deforestation,
development, urban and agricultural land-use in catchment, imperviousness and artificial
drainage in catchment, anthropogenic acidification, and water chemistry (Jones et al. 2007).

In Florida, the Landscape Development Index (LDI) was used as one of multiple lines of
evidence to identify reference sites. The LDI is an index based on the percent cover of different
land use types in a certain area, which for the purpose of nutrient criteria, was defined as a 100 m
band along a stream for 10 km upstream of the site (Florida, b).
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In the development of the Eastern Canada Diatom Index (or IDEC = Indice Diatomées de I’Est
du Canada, Lavoie et al. 2006), the variable “agricultural pollution” (based on GIS analysis) was
used to locate sites along a pressure gradient.

Geographical Information Systems (GIS) are the most commonly used source for information
regarding land use pressures on watercourses. Additional resources can be aerial photographs,
records of hydrological structures and field-based habitat assessments.

3.4.1.2 Professional Judgement and Local Knowledge

The professional judgement of local scientists based on field knowledge can be useful to
determine which sites are minimally impacted. This expertise can help save resources by
identifying areas that potentially contain reference sites or by excluding candidate sites based on
known pressures. The resultant sites can then be targeted for field studies to collect the data
necessary for classification as reference sites and comparison with altered sites. The limit of this
approach is that the classification of a reference site by expert opinion may be difficult to
standardize, reproduce and defend scientifically. It is therefore most useful in combination with
other methods (e.g., Cunha et al. 2011, U.S. EPA 2010b), or by documenting the criteria used by
the expert.

3.4.1.3 Biological Condition

Reference stations can also be defined solely based on biological criteria. The Maryland Benthic
Index of Biotic Integrity (BIBI) (Morgan et al. 2012), for example, was used to identify the least
impacted sites for each ecoregion level for the development of nutrient criteria in the U.S. State
of Maryland. The Ontario Benthic Biomonitoring Network (Jones et al. 2007) is another
example.

3.4.2 Describe Reference Conditions

3.4.2.1 Spatially Based Reference Conditions

Monitoring data from a representative number of reference sites from a stream type or region is
one of the most straightforward methods for establishing reference conditions (REFCOND
2003). Care has to be taken to ensure that the time frame for data collection adequately
represents the natural variability in the area and the seasons of interest (which, for nutrient
criteria, are often the open water season) and that the data allow for determination of a reliable
measure of the mean, median or mode values of the nutrient concentrations and associated
measures of variation (U.S. EPA 2000). Rigorous monitoring program design and protocols are
required to obtain reliable nutrient data, but the review of this subject was outside the scope of
this project.

Spatially-based reference conditions are useful for regional nutrient guidelines, but less useful
for site-specific guidelines. An advantage is that most jurisdictions will already have a data set
that may contain a sufficient number of reference sites, such that reference conditions based on
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existing data can be established. If such data are not available, but a sufficient number of
reference sites can be identified, a water quality monitoring program can be designed to fill the
data gap. While a synoptic survey, i.e. a one-time visit, to a large number of sites can provide a
strong dataset, it will not capture seasonal and inter-annual variation due to varying climate and
flows. Collecting several years of data to capture inter-annual and seasonal variability is
suggested. A minimum of two, but preferably three or more years are required to detect the
influence of a range of climate or flow conditions (U.S. EPA 2000). Given these requirements, it
could be useful to include representative reference sites into long-term monitoring networks.
This would provide the additional opportunity to assess the relative effects of long-term changes
that are unrelated to land use, such as climate change, on stream water quality.

3.4.2.2 Predictive Modeling

If a sufficient number of reference sites are not available for the region of interest, or if a site-
specific guideline for a currently disturbed site is desired, reference conditions can be inferred
through predictive modeling. Methods for inferring reference conditions include the Y-intercept
method, watershed models (e.g., GIS based approaches), and empirical models of background
nutrient yield (e.g., export coefficient models, (Johnes, 1996), (Johnes et al., 1996)).

Y-Intercept Method

Among the predictive methods used to infer reference conditions, the Y-Intercept method has
been cited most often. This method has been based on a simple linear regression analysis for
which the predictor (independent) variable is human land use (e.g., % cropland in the catchment)
and the response (dependent) variable is nutrient concentration in streams (Chambers et al. 2008,
Dodds and Oakes 2004, Morgan et al. 2012). The Y-intercept from the regression model
represents nutrient concentrations when no human land use (i.e., 0% cropland) was present in the
catchment or the natural “reference” condition for that watershed. Although our literature review
did not reveal any application of multiple and non-linear regression methods in this context, it
may be a viable option if strong models can be developed.

The Y-intercept method requires that the nutrient concentrations are strongly related to the land
use variable used in the regression, and that the slope and strength of the relationship does not
change for land use values beyond the range of calibration. While the strength of the relationship
can be explored, the latter of these assumptions cannot be verified and therefore represents a
weakness of this method. The Y-intercept method is, however, simple, and one of the few
available ways to use the reference condition approach in heavily modified landscapes. Given an
appropriate set of monitoring data and GIS capacity, it could be implemented anywhere.

Watershed Models

Watershed models that include an in-river water quality component are the most sophisticated
way to estimate baseline conditions for the purpose of developing site-specific guidelines. First
the model is developed using nutrient loading for different land uses under current land use
scenarios and then calibrated using monitoring data, in order to determine rates and constants

27



that are difficult to measure and can vary on a site-specific basis. Then fictional scenarios with
human land uses in the watershed replaced with natural land uses are run to estimate reference
conditions (Soranno et al. 2008).

Watershed models require a large amount of flow and water quality data to calibrate the model,
high-resolution land use data in GIS format, knowledge of non-point source loadings, and highly
technical modeling expertise to conduct the modeling, and are therefore resource intensive. They
do, however, provide a valid means of estimating reference conditions and have the added
benefit of assisting in the development of nutrient reduction strategies that consider cumulative
effects of different sources. For example, on Prince Edward Island, a watershed model using GIS
and estimated nitrate loads from different land use types to groundwater and consequently,
surface water, was used to determine critical loads for different areas in the watershed that will
ultimately be protective of water quality in drinking water sources and also help reducing loads
to the estuarine receiving waters (Nishimua and Jiang 2011). The CANWET?® Model has also
been developed as a GIS based tool to estimate nutrient fluxes and in stream concentrations for
various watersheds and rivers watersheds in Ontario.

Empirical Loading Models

Empirical models of the background yield of TN and TP from small watersheds as functions of
annual runoff, basin size, atmospheric nitrogen deposition rate, and region-specific factors have
been proposed by Smith et al. (2003). Yields from watersheds were calculated across the 14 U.S.
nutrient ecoregions and these loads were then divided by flow in order calculate stream
concentrations. The resulting 750 percentile TP concentrations from this model were similar on
average to the 25" percentile values of all streams derived by the U.S. EPA, but individual
nutrient regions showed significant differences. The concept of modeling natural nutrient
concentrations in streams based on a few important determinants is promising; particularly if no
reference sites are available for a certain region or stream type. The values presented in Smith et
al. (2003) can be applied to adjacent regions in Canada as alternative measures of reference-
based nutrient guidelines. The same method could also be applied to model background yield for
Canadian watersheds and could assist in setting site-specific or regional guidelines. A large
dataset with appropriate region-specific factors, such as soil depth and geology, and a model with
strong predictive capacities, is required to develop a model that is applicable to other sites.

3.4.2.3 Temporally Based Reference Conditions (Hindcasting)

Conditions prevalent at a site prior to human interference can be called temporally-based
reference conditions. There are two methods to obtain reference conditions from the past; either
the analysis of historical data, paleoreconstructions, or a combination of both approaches
(REFCOND 2003). These conditions are inherently site-specific and therefore only apply to site-
specific guidelines.

3 http://www.grnland.com/index.php?action=display&cat=17
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The disadvantage of historical data is often the limited availability and lower data quality
(different collection and analysis methods, detection limits) when compared to current data. Only
relatively recent historical data would fulfill the need for reliable data to serve the purpose of
guideline development.

Paleolimnology, the reconstruction of past water quality and biological conditions from
sediments, has been found useful and has been widely applied for lakes in Europe (Bennion et al.
2011), as part of the U.S. EMAP (Dixit et al. 1999) and in regional studies in Canada (e.g., Hall
and Smol 1996). Reconstructions of water quality for running waters using the paleolimnological
method, however, are only possible in rare cases where low velocities allow long-term
accumulation of sediments. Examples include flow-through lakes of large river systems (e.g.,
Lake St. Francis, St. Lawrence River, Reavie et al. 1998), lake chains that are connected by a
river (Qu’Appelle Valley, Hall et al. 1999) and freshwater tidal river (Kennebec Estuary,
Merrymeeting Bay, Koster et al. 2007).

Paleolimnological studies can be costly due to the requirement of sediment dating, taxonomic
microfossil analysis and statistical analysis to reconstruct nutrient concentrations. Nevertheless,
they have become more accessible recently through a large geographical coverage of nutrient-
inference models and an increasing number of university graduates carrying this expertise. In
addition, the top-and-bottom approach used in the EMAP program (Dixit et al. 1999) and in
recent NAWQA surveys (Bachmann 2012) provides the option to collect large regional datasets
of pre-settlement conditions from lakes.

3.4.2.4 Biological Communities

Regional studies of biological condition, like spatial description of nutrient concentrations, can
be used to describe reference conditions in a region, including existing biological indices or
multivariate community analyses.

Existing biological indices have been used to describe reference conditions at pre-defined
reference sites based on pressure criteria and other methods. These indices either use algal
indicator taxa (Kelly and Whitton 1995, Great Britain, Schaumburg et al. 2004, Germany, Maine
Department of Environmental Protection 2012), invertebrate community metrics, such as the
stream condition index in Florida (U.S. EPA 2010b), or macrophyte indicator species
(Schaumburg et al. 2004). Indices based on indicator species are usually based on weighted
averages of index class values, i.e., the index class value of each indicator species is weighted by
the abundance of that species.

Descriptive results of rapid periphyton assessment and periphyton taxonomy were used as
additional lines of evidence for describing benchmark sites in Florida (U.S. EPA 2010b).
Ordination techniques (e.g., correspondence analysis) have been used to describe diatom
communities associated with reference conditions (Lavoie et al. 2006, Schaumburg et al. 2004).
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3.4.3 Define Acceptable Departure from Reference Conditions

Once the reference conditions have been well described, an acceptable departure from that
condition has to be defined, which then becomes the guideline. For example, the European
Union (2000) defined “good status” as only a slight deviation from undisturbed conditions,
which in this case was to be defined by each member state. This narrative statement can be
interpreted in various ways, which in itself is a disadvantage of the reference condition approach.
While deviation of nutrient concentrations from reference conditions can be estimated by
statistical methods or predictive modeling using biological response variables, definition and
measurement of ‘acceptable’ ecological change is difficult (ANZECC 2000a, 2000b). Previously
used methods to set guidelines at a certain deviation from reference conditions are reviewed in
the following sections.

3.4.3.1 Nutrient Concentration Percentiles

A commonly used method to set guidelines based on reference conditions is to define the
guideline concentration as an upper percentile (e.g., 75th) of the nutrient concentrations observed
at a collection of reference sites or as a lower percentile (e.g., 25th) of the concentrations
observed at all of the sites within the geographical area of concern. The upper percentile of
reference populations approach is more rigorous as it includes the initial step of identifying
reference sites. This means that there is a higher level of confidence in the applicability of the
criterion than if the lower percentile of all sites is used.

The U.S. EPA recommended the 75th percentile of reference conditions approach for nutrient
guideline development (U.S. EPA 2000), while ANZECC (2000a, 2000b) set guidelines at the
80th percentile. For variables where higher values are protective (e.g., dissolved oxygen), the
25th or 20th percentile is used. The 90th percentiles have been proposed for Maine (Maine
Department of Environmental Protection 2012), because a large number of high-quality waters
led to concern that classifying 25% of the reference sites as above the guideline was not a
realistic approach.

An alternative approach for regions with few or no reference sites is the calculation of the 5th to
25th percentile of the overall site population, depending on the distribution of un-impacted
versus impacted sites (U.S. EPA 2000). The Ontario case study using the ecoregion-approach for
phosphorus guidelines (Environment Canada 2006) also used the 25th percentile of the overall
site population as a measure of background conditions; to account for the large amount of
collected from rivers with human settlement and the scarcity of data from areas that could be
conclusively established as reference areas. Given that it is a purely statistical approach without
any means to verify that the 25™ percentile in fact represents reference conditions when applied
to a certain region, this approach should receive the lowest weight in the multiple lines of
evidence used for guideline development.

The lower percentile approach is dependent on the percentage of impacted sites, which can vary
significantly among regions, such that the 25th percentile can still be too protective. For
example, in New Hampshire, most watercourses currently support designated uses and would
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therefore need a higher percentile for appropriate guideline development (New Hampshire
Department of Environmental Services 2002). The State of New Hampshire has therefore
proposed a reference percentile approach (75th — 90th percentile range) using a modified
definition for reference sites. This resulted in the inclusion of all sites at which dissolved oxygen
conditions were not impaired in the reference population, as opposed to the more restrictive
initial approach, by which reference sites were identified by a specific conductance of < 50
puS/cm.

The advantage of percentile approaches is that percentiles are easy (and therefore inexpensive) to
calculate. A prerequisite is a good data representation of watercources across the region and for
each stream type. When percentiles of all the sites will be used, the most rigorous way of
designing a monitoring program is a probabilistic sampling design, i.e., a random selection of a
subset of sites from the total number (U.S. EPA 2000). Percentile values are not related to any
biological response, so guidelines based on percentiles should therefore be compared with other
approaches, if possible. Another way to assure that percentile value represent biological integrity
is to only use water quality data from sites for which biological data exist as well and reference
conditions can therefore be confirmed (U.S. EPA 2010b).

3.4.3.2 Midpoint Analysis

Midpoint analysis is a combination of the two percentile methods proposed by the U.S. EPA
(Sheeder and Evans 2004). Concentration thresholds for nutrient concentrations were calculated
as the midpoint between the impaired and un-impaired watersheds’ 95 percent confidence
interval for the median (Sheeder and Evans 2004). The main advantage of this technique is that it
takes into account the range of variability for both reference and impacted sites separately, and
thereby allows, for example, for situations where there is a large reference population and a
small impacted population or vice versa. The success of this technique, however, depends on a
rigorous identification of impaired versus un-impaired sites beforehand.

3.4.3.3 Trigger Ranges

The Environment Canada Guidance Framework for the Management of Phosphorus (2004)
suggests using the upper limit of a pre-specified trophic state trigger range (see Section 3.6.2.2 as
the acceptable limit for a deviation from reference conditions, or a 50% increase from the
background concentration, whichever is lower. This framework has provided inexpensive,
straight-forward guidance to managing nutrient concentrations in Canadian waters and also
allowed for eco-regional differences and maintenance of a diversity of trophic status. The trigger
range limits, however, were based on lake trophic state classification and therefore have limited
applicability for running waters (Berryman 2006). While the protection of downstream waters is
a valid consideration to include in guideline development for running waters (see Section 3.9.1),
it becomes less applicable with increasing distance of a river or stream from the ultimate
receiving water due to any in-stream sinks of nutrients. The percent increase in background is a
value that has not been substantiated by biological response data in rivers themselves and
therefore does not serve the purpose of scientifically defensible use protection.
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3.4.3.4 Ordination of Biological Data

Ordinations are multivariate techniques that have the ability to group biological or chemical
samples based on community composition in a multidimensional space. Lavoie et al. (2006) used
a correspondence analysis (CA) for the delineation of reference from impacted communities,
where the position of samples along the first ordination axis represented the degree of
environmental degradation. Limits between degradation classes were initially set based solely on
judgement, but were later refined using predictive approaches (Grenier et al. 2010, Lavoie et al.
2010).

CA has also been used to define and delimit macroinvertebrate communities and associated
metrics from reference sites. The 95" percent confidence intervals were calculated and test sites
placed outside the confidence interval were deemed impaired (Jones et al. 2007). This approach
was not specifically developed for nutrient enrichment, but could be easily adopted for that
purpose, and metrics based on other organism groups (e.g., periphyton) could be analyzed.

Biological reference condition analysis has the advantage that the biological response to nutrient
enrichment is directly measured and regional or local modifying factors that affect the biological
response to nutrients are integrated into the results. In addition, biota integrate conditions over
time and therefore are a better indicator of average conditions than point measurements of
nutrient concentrations. Ordination analysis, however, requires sophisticated and complex
statistical knowledge and, in addition to nutrient data, a large set of representative biological data
from reference and impacted sites, which are usually more costly to obtain than the
corresponding nutrient measurements. In jurisdictions where such data sets have already been
developed or the expertise exists to do so, the application of the biological reference condition
approach can be a valuable addition to numerical nutrient criteria.

3.4.3.5 Ecological Quality Ratio and Biological Indices

One method of converting response-pressure gradients into a continuous variable that can be
standardized across different regions is the Ecological Quality Ratio (EQR), i.e., a ratio of
observed to expected status (REFCOND 2003). This ratio results in a classification scheme with
values ranging from 0 (worst status) to 1 (highest status), based on biological metrics. Class
boundaries (e.g., between high (= reference) and good (= minimally impacted) as well as good
and moderate (impacted) are established using biological metrics (Kelly et al. 2009).

The EQR can be most easily calculated when biological community data have been expressed as
biological indices. Biological indices are usually based on large sets of community data that have
been related to stressor gradients and where the stressor-response relationship is classified and
translated into a numeric system. This approach has been used widely in Europe to describe
reference conditions (see Section 3.4.2.4) and then to determine class boundaries between
reference conditions and minimally impacted conditions as well as moderately impacted
conditions. For example, for the plant-based reference condition approach in Germany (including
macrophytes, diatoms and other phytobenthos) indicator species associated with reference
conditions were identified first and then used to calculate an index that describes the deviance
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from the reference condition based on the abundance of reference indicator species in
comparison to more tolerant indicator species (Schaumburg et al. 2004).

3.5 Predictive Modelling

The use of predictive modeling is the most direct way to develop numeric nutrient criteria that
correspond to the previously formulated desired outcome. Through the process of developing
State-specific nutrient criteria in the U.S., many studies have attempted to quantify stressor-
response relationships and to develop numerical methods to determine ecological thresholds.

Fundamentally, there are two ways of arriving at a guideline through predictive modeling. The
first uses an established desired outcome (a condition of biota that correspond to “desired
outcomes”; see Section 4.2) as a starting point and then predicts the required conditions (e.g.,
nutrient concentrations) to attain that outcome. This approach works best with linear response
relationships, especially if the desired outcome is outside the analyzed data range.

The second approach applies if the desired outcome cannot be defined a priori, or a non-linear
response to stressor variables is expected. In this case, ecological thresholds in biological
response variables are related to nutrient concentrations (change-point analysis).

3.5.1 Identify Relationships

3.5.1.1 Explore Data

The first step to any data analysis is the description and exploration of data. Summary statistics
should be computed along with tests and visualizations of data distributions. Extreme values can
be identified and investigated. Parametric and non-parametric statistical techniques should be
used for data that are normally and non-normally distributed, respectively. If data are log-normal,
they can be log-transformed and parametric methods used.

3.5.1.2 Correlation

The correlations between all stressor and response variables, as well as variables that were
included for their potential to modify relationships (e.g., TSS), should be explored using scatter
plots and correlation coefficients. The results will provide an indication of the strongest
relationships present in the data and the potential shape of the relationships. This information
will help in identifying the appropriate model to quantify the relationship, as described in the
next section.

3.5.2 Examine Relationships

A variety of techniques are available to establish relationships between stressor (nutrients) and
response variables (biota). The choice of methods depends on the previously identified data
distributions and the shape of relationship as indicated by correlation. The goal of this step is to
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find the stressor variables and the model that best predict the response variable, i.e., to maximize
the predictive power and minimize the level of uncertainty.

A general recommendation to maximize the predictive power of any of the discussed models is
to maximize the data range for all measured variables (Nutrient STEPS 2012). The larger the
variation in nutrient concentrations and response variables is, the larger the chance that the
model can explain a large amount of variation in the data, and that the measures of uncertainty
(un-explained variation or error terms) remain relatively small.

A second approach to minimize uncertainty is to consider including site-specific modifying
factors into the model, if the influence of these was not removed through stream classification.
Examples for such cases are discussed in Section 3.5.3.4.

3.5.2.1 Regression

There are a number of different regression techniques that can be used to relate response to
stressor variables. Simple linear regression (one stressor and one response variable) and multiple
linear regression (several stressor variables and one response variable) can be used when data are
normally distributed, and, in the case of multiple regression, when the predictor variables are
independent. When data are not normally distributed, quantile regression, nonparametric
regression (U.S. EPA 2010a, pp. 32-52), or the LOWESS method (or LOESS) can be used to
model the relationships.

Regression techniques have the advantage that they are easy to interpret and evaluate, that they
can include more than one predictor variable and that they can take into account interactions
between variables. The disadvantages are that some of the methods have strict assumptions about
data distributions and the shape of the relationship and are sensitive to outliers (Nutrient STEPS
2012).

All of these techniques have similar requirements for data quantity and quality. Non-parametric
regression methods may lie outside of the expertise of basic statistical training, and therefore
may require a higher level of expertise. The larger the dataset is, the higher the likelihood that
variables show a normal or log-normal distribution, and are therefore suitable for the more
powerful and well-known parametric (linear) regression techniques.

3.5.2.2 Structural Equation Model

Reckhow et al. (2005) proposed a structural equation model, which is a conceptual model of
inter-relationships of a variety of stressor and response variables with individual correlations and
the overall predictive strength of the model quantified. This model was presented as a result of
an academic study and to our knowledge has not been applied in practice to guideline
development.
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3.5.2.3 Ordination

Weigel and Robertson (2007) used redundancy analysis (RDA) to determine the most important
variables affecting macroinvertebrate and fish metrics in Wisconsin streams. Redundancy
analysis is a multivariate technique that assesses the relationships between several explanatory
variables and multiple biological variables (abundance or other metrics) in a set of samples.

When biological community data are used in the development of numeric nutrient guidelines,
ordination is the method of choice to explore relationships between biotic and environmental
variables. This method requires good familiarity with ordination techniques, which is usually
beyond the level of basic statistical training. As the number of samples available for analysis
should ideally be significantly higher than the number of potential stressor variables investigated,
a good-sized, matching biological and physico-chemical dataset is required. If no biological data
exist, the cost of collecting and analyzing biological community data can be high.

3.5.3 Establish Threshold and/or Criteria

Once the relationships identified above are quantified, they can be used to predict a guideline
value that corresponds to a desired outcome of the response variable or that corresponds to an
ecological threshold.

3.5.3.1 Y-intercept Method

The Y-intercept method is a form of linear regression, where the relationship is extrapolated
beyond the available data range (See Section 3.3.2.2). This method was used by Wong and Clark
(1979) to determine the aquatic plant biomass at which the oxygen balance
(respiration/photosynthesis) was zero. Chambers et al. (2008) used the Y-intercept method to
extrapolate the relationship of nutrient concentrations with a pressure gradient (% cropland) to
determine reference conditions in agricultural watersheds, which was used in a multiple lines of
evidence approach to develop nutrient guidelines.

The strength of this approach is that it allows the development of guidelines for areas where little
or no reference data exist. It is not costly, assuming that a good dataset of a pair of representative
stressor-response variables exists (the collection of such data will involve some cost).

The weakness of this approach is that data are extrapolated beyond the range of model
calibration. It includes the assumption that slope and shape of the relationship does not change,
which cannot be substantiated by data and therefore increases uncertainty. It should therefore
only be used where the regression relationship is strong, with little variation, and where it is
supported by a well-accepted conceptual model.

3.5.3.2 Change-Point Analysis

Change-point analysis is a development of regression that identifies points where the slope of the
relationship changes significantly (U.S. EPA 2010a, pp. 53-54). It finds the point along a
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distribution of points where the sum of deviances on either side of the point is lowest compared
to the overall dataset deviance.

Regression trees are the variant of change-point analysis in which only one point is determined
in the relationship between two variables (Weigel and Robertson 2007, Chambers et al. 2009,
Miltner 2010).

Random forests regression is a type of regression tree analysis that does not rely on a priori
assumptions about the relationship between response and predictor variables and allows for
interactions and nonlinearities among variables (Black et al. 2010).

Piece-wise regression models are “broken-stick” models where two lines are joined at unknown
points called breakpoints. These types of models are effective in modeling abrupt breakpoints or
thresholds (Black et al. 2010).

Change-point analyses are among the few statistically rigorous methods to identify thresholds in
stressor-response relationships and have the advantage that they can be used on non-normal data
and non-linear relationships (King and Richardson 2003). They also provide the opportunity to
present confidence intervals around the change point, thereby providing a measure of
uncertainty. The disadvantages are that they require a lot of data, are computationally intensive,
and sensitive to variability in the data (Nutrient STEPS 2012).

3.5.3.3 Whole-River Models

Well-calibrated whole-river models can predict nutrient concentrations required for desired
outcomes, similar to the prediction of reference conditions from watershed models. First the
model needs to be calibrated using measured data from past conditions and then predictions can
be made for various scenarios that can assist with nutrient guideline development. For example,
the WASP model developed for the Bow River (AB) provided simulations that helped formulate
the dissolved phosphorus objective for the modeled reach of the river that was protective of the
desired minimum DO concentrations of 5 mg/L. (Golder Associates 2007, BRBC 2008). Other
water quality models proposed for guideline development are Aquatox and QUAL2K (Chapra et
al. 2005). The QUALZ2K eutrophication module has been fully implemented in the last versions
of WASP, which is the model supported and maintained by the U.S. EPA.

Water quality models, like coupled watershed-river models, require an extensive dataset for
proper model calibration and professional modeling expertise to set up, calibrate and interpret
results. In the initial stages, a water quality model is therefore costly, but once it is well
calibrated for the water body or reach of interest, it can be used not only for modeling stressor-
response relationships, but also the impact of modifying factors and future loading scenarios.
The water quality model does not require the linkage to a watershed component for the purpose
of exploring relationships of water quality variables, and therefore is somewhat less costly than a
watershed model as discussed in section 3.4.2.2.
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The literature search did not reveal any other applications of whole-river models in guideline
development. Site-specific objectives are usually developed within a management framework for
a certain area, which often includes concrete management actions, therefore a larger need for the
specificity that models offer, resulting in a stronger commitment in terms of resources. River
models are used on a regular basis to develop total maximum daily loading (TMDL) limits in the
U.S., which again are site-specific and have direct regulatory impacts. River and watershed
models are potentially useful for the development of site-specific objectives and guidelines, but
are most useful for objectives when a high degree of certainty is desired given their use as
management instruments.

3.5.3.4 Inclusion of Modifying Factors

Conceptual models or exploratory data analysis can be used to assess if there are variables that
can improve the accuracy and precision of stressor-response relationships (U.S. EPA 2010a). For
example, the relationship of TSS with TP is well established, as is the relationship of TP to
Dissolved Organic Carbon (DOC) especially in Precambrian Shield waters. Variables that are
strongly correlated with the stressor or response variable should be evaluated. Where a strong
influence of a modifying factor has been shown in the examined relationships, it can be
appropriate to include that factor in the development of nutrient criteria. There are a number of
ways that this was previously done in guideline development, as detailed below.

Stratification by modifying factor

o A large effect of flow scouring on the development of maximum periphyton biomass in New
Zealand streams was shown in the analyzed stressor-response relationships. Different nutrient
criteria depending on different classes of flood frequency were developed (Biggs 2000a), in
order to minimize the variability within stream types due to flow scouring.

e In small Ohio streams, shading was shown to modify the effect of nutrients on periphyton
growth and improved the fit of the regression models (Miltner 2010). A canopy cover
breakpoint was identified and different outcomes of meeting the protective numerical nutrient
criteria or management objectives based on canopy cover were discussed (Miltner 2010).

Regression model for strongly correlated variables

« A strong seasonal dependence of TP on flow-related TSS concentrations was detected (r* =
0.86 — 0.96) for the North Saskatchewan River when developing reach-specific water quality
objectives. Instead of using baseline percentiles for TP as was done for other variables in that
study, the regression equation between baseline TSS and TP was used to set TP objectives for
the open-water season (NSWA 2010). The rationale behind this approach is that the baseline
TP, which is dependent on TSS, controls for the natural variation in TP caused by flow-related
sediment load, and that any increase beyond these concentrations will be caused by other
sources.
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Exemptions

« The site-specific Total Phosphorus Guideline for the Liard River at Upper Crossing in BC was
set at 0.03 mg/L for turbidity levels up to 6 NTU. The relationship of TP with turbidity was
used to establish the turbidity level at which TP was assumed to be mainly associated with
solids and therefore not available for plant uptake (Tristar Environmental Consulting 2005b).

The exploration and inclusion of modifying factors can and should always be done when
analysing stressor-response relationships. These data are often available already as part of the
monitoring program that supplied the nutrient data set and therefore do not involve extra cost.
There may be some additional cost to collecting supporting data on modifying factors that are
not usually recorded in field surveys, such as flood frequency or canopy cover.

3.6 Use of Existing Guidelines or Literature Values

The use of existing relevant guidelines that have been developed for other jurisdictions may be a
useful and cost effective way to derive guidelines, especially if these are applicable to local or
regional conditions (see section 4.5.3.1). It is important to determine the extent to which values
derived elsewhere are applicable and this may still require steps to classify streams or rivers to
match the conditions specified in the adjacent regions where guidelines were developed.

Literature values relating to stressor-response variable interactions may be incorporated into the
multiple lines of evidence approach to guideline development as well (section 3.6.2).

3.6.1 Existing Guidelines

Nutrient guidelines previously developed for Canadian provinces or bordering U.S. States may
be applicable if the physical attributes of the streams or rivers are similar. A comprehensive
overview of Canadian nutrient guidelines was included in “Literature Review Related to Setting
Obijectives for Lake Winnipeg” (North/South Consultants 2006). Current provincial, regional and
CCME nutrient guidelines for streams and methods used to develop these are summarized in
(Table 5). Stream nutrient guidelines for U.S. States that share a border with Canada are shown
in Table 6. U.S. EPA nutrient criteria for streams and rivers have been developed based on
nutrient regions as well (see Figure 1), and these are shown in Table 7.
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Table 5. Proposed and Adopted Canadian Nutrient Guidelines and Methods Employed.

Region Use TP TN Periphyton Reference Methods
(mgl/L) (mg/L) | (mg Chl-a/m?)
Alberta Aquatic Life 0.05" 1 AENV 1999 unknown
Alberta - 0.002* 0.100* 26 Chambers and Guy Empirical measurements to
Montane 2004 determine limiting nutrients and
Alberta - Lower 0.003* 0.105* 45 multiple regression models to
Foothills explain abundance of Chl a
Alberta - Dry 0.004* 0.074* 12
Mixed Wood
Alberta - Prairies Aquatic Life 0.087 0.94 - Chambers et al. Average of three percentile
2008 approaches”
Alberta - Bow Aquatic Life 0.018 <150 Sosiak 2002 Multiple regression analysis of
River measured nutrients and biomass.
British Aesthetics and Recreation 50 BCMOE 2001 Literature values, experience of
Columbia B.C. Biologists
British Columbia "Undesirable changes" 100 BCMOE 2001
BC-Vancouver Aquatic Life 0.005 Nordin 2009, Literature review, percentile and
Island (Draft) (avg.) BCMOE 2012 background +50% approach,
0.010 Workshop
(max.)
Manitoba "to prevent the nuisance 0.025/ Manitoba Water Listed under narrative guidelines
growth and reproduction of 0.05%** Stewardship 2011 but no methods mentioned with
aguatic rooted, attached respect to development of
and floating plants, fungi, or guidelines
bacteria, or to otherwise
render the water unsuitable
for other beneficial uses”
Manitoba Aquatic Life 0.101 0.41 - Chambers et al. Average of three percentile
(Prairies and 2008 approaches”
Boreal Plain
transition)

39




Region Use TP TN Periphyton Reference Methods
New Brunswick Aquatic Life 0.012 1.05 - Chambers et al. Average of three percentile
2008 approaches”
Ontario 0.03 - - Ontario MOEE One half of the concentration (60
1994 - 50% of ug/L) below which growth of aquatic
limiting value for plants is controlled. Based on
algae/periphyton empirical production data for
medium sized S. Ont rivers.
Headwaters observed below 30
ug/L do not support problem
species.
ON - Mixed Aquatic Life 0.024 1.07 - Chambers et al. Average of three percentile
wood Plains 2008 approaches”
Prince Edward Aquatic Life Site- - Van Den Heuvel Mean of “background”
Island specific 2009 concentrations (assumed to be
mainly groundwater-fed) + 2
Standard Deviations, with outliers
removed that represent high flow
and turbidity
Aquatic Life in Downstream - Site- Bugden et al. 2013 | Based on loadings required to meet
estuary specific oxygen target in estuary.
Prince Edward Aquatic Life 0.024 1.15 - Chambers et al. Average of three percentile
Island 2008 approaches”
Québec Aquatic Life & Recreation 0.03 Ministére du Adoption of Ontario guideline
(for streams) Développement
durable, de
I'Environnement et
des Parcs, 2009
Québec Aquatic Life 0.024 1.28 - Chambers et al. Average of three percentile
(Chaudiére- 2008 approaches”
Appalaches)
CCME Aquatic Life baseline + CCME 2004
(for streams entering lakes) | 50%, Stay
in trigger
range**
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¥ soon to be revised (AESRD; Pers. Comm.)

+ 25th percentile of all data, 80th percentile of reference data, Background +50%

*P as TDP, N as nitrate + nitrite
**trigger ranges (mg/L): ultra-oligotrophic
oligotrophic
mesotrophic
meso-eutrophic
eutrophic
hyper-eutrophic

<0.004
0.004-0.01
0.01-0.02
0.02-0.035
0.035-0.100
>0.100

*** (0,025 where tributaries enter waterbodies - 0.05 in streams elsewhere
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Table 6. Nutrient Guidelines Developed for U.S. States Sharing a Border with Canada.

TN Chl a (water
State/Agency TP (mg/L) (mg/L) column ug/L) Reference Notes
Class AA =0.018 Class AA =3.5/5.0 Maine Draft - comprehensive
Class A =0.018 Class A =3.5/5.0 Department | and complex criteria
Maine Class B =0.030 ClassB=8 Class _ of
Class C=0.033 c=8 Environment
al Protection
2012.
North = 0.055 North = <10 Central Based on multiple lines
Central = 0.1 = <20 South = <40 Heiskary et of evidence and many
Minnesota South = 0.15 al 2010 empirical data. Other
' criteria developed for
DO flux and BODS5.
0.03 0.3 Northern Rockies
0.025 0.35 Canadian Rockies
0.03 0.3 Idaho Batholith
0.03 0.3 Middle Rockies
Montana 0.105 Suplee et al. | Absaroka- Gallatin
0.25 2008 Volcanic Mountains
0.11 Northwest glaciated
1.4 Plains
0.08 056 Upplands / Foothills
0.14 Northwest Great Plains
1.4 and Wyoming Basin
0.065/0.030 Smith and | Current/proposed
New York Tran 2010 | (growing season)
0.01-0.044 Laidlaw 2010 | varies across water
Vermont body cla_lsses and use
(recreation vs.
aesthetics)
0.075 - - Laidlaw 2010 | Wadeable streams
. : 0.1 Non-wadeable streams
Wisconsin
Seasonal average,
0.01 stratified by ecoregion
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Table 7. U.S. EPA Nutrient Criteria for EPA Nutrient Regions (Aggregate Level lll Ecoregions)

Ecoregion # TP TN Chl a Turbidity
(mg/L) (mg/L) (ug/L) NTU

Willamette and Central Valleys 1 0.047 0.31 1.8 4.25
Western Forested Mountains 2 0.01 0.12 1.08 1.3
Xeric West 3 0.022 0.38 1.78 2.34
Great Plains Grass and Shrubland 4 0.023 0.56 2.4 421
South Central Cultivated Great Plains 5 0.067 0.88 3 7.83
Corn Belt and Northern Great Plains 6 0.076 2.18 2.7 6.36
Glaciated Dairy Region 7 0.033 0.54 15 1.7
Glaciated Upper Midwest and Northeast 8 0.01 0.38 0.63 1.3
Southeastern temperate forested Plains and | 9 0.037 0.69 0.93 5.7
Hills
Texas Louisiana Coastal and Mississippi | 10 0.128* 0.76 2.1 17.5
Alluvial Plains
Central and Eastern Forest Uplands 11 0.01 0.31 1.61 2.3
Southern Coastal Plain 12 0.04 0.9 0.4 1.9
Southern Florida Coastal Plain 13
Eastern Coastal Plain 14 0.031 0.71 3.75 3.04

* noted as abnormally high

Note: Nutrient regions that are located at the Canada-U.S. border are listed in section 1.0.14.
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3.6.2 Literature Values

Literature values may be useful to determine stressor-response variable relationships, to define
trophic state or to identify relevant ecological thresholds. They have the advantage of prior
verification and peer review but must be carefully interpreted before application outside of the
area for which they were developed.

3.6.2.1 Ecological Thresholds

Nutrient thresholds are useful because they indicate the concentrations below which positive
control of the environment is achieved. Nutrient controls that do not lower concentrations below
these thresholds will not have a measurable impact on whichever response variable threshold is
being considered. Establishing relationships between nutrients and biological response requires
the collection of empirical data through intensive monitoring such that there is great benefit to
using these data in all jurisdictions where they are relevant. This minimizes cost and increases
the lines of evidence available for setting guidelines. These values have often been derived
through the use of regression models in other jurisdictions and these should be examined or used
as part of a multiple lines of evidence approach to developing nutrient guidelines.

A significant number of studies have investigated biotic responses to a range of nutrient
concentrations in order to estimate such thresholds (Table 8). There is a range of nutrient
concentrations that were identified as thresholds for algae growth and other biological indicators,
likely due to differences in both modifying factors among study regions and sites as well as
community differences of the biota themselves.
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Table 8. Thresholds for Biological Responses to Nutrients and Other Factors (Modified from North/South Consultants 2006)

Parameter Threshold Units Response Reference*
Ambient > 20 molar vs. P limiting to benthic algae USEPA 2000
TN:TP concentration
<10 ratio not indicated | N limiting to benthic algae USEPA 2000
<3.0and < . . 2 Calculated from Dodds et al. 1997 In
TN and TP 0415 (mg/L) Maximum benthic algae <200 mg/m Dodds and Welch 2000
<0.35and < Acceptable (mean < 100 mg//m2 and maximum <
0.030 (mg/L) 150 mg/mz) benthic biomass Dodds et al. 1997
S 86457 and < (mg/L) Mean benthic algae < 50 mg/m?® Dodds et al. 1997
O<O%i5 and < (mg/L) Mean benthic algae < 50 mg/m® Lohman et al. 1992
<0.29 and < Calculated In Dodds and Welch 2000
0.042 (mg/L) Stream phytoplankton chlorophyll a < 8 pg/L from other studies.
0.58 - 1.67 and high quality biological communities (phytoplankton,
0.012 - 0.087 (mg/L) periphyton, macroinvertebrates) Mandel et al. 2011
<833 1and 0.01 mg/L Most observed responses in benthic algal biomass | Stevenson et al. 2006
. : 2 Clark Fork River Tri-State Council, MT,
0.3 and 0.02 mg/L nuisance growth of periphyton at 150 mg/m in USEPA 2000
SRP <0.047 (mg/L) Prevent nuisance algal growth and preserve water | ;. igle 1993 In USEPA 2000
quality suitable for salmonid fish in Irish rivers
<0.01 (mg/L) Uptake by periphyton saturated ?ggéwell 1985, 1989 and Walton et al.
: : Freeman 1986 and Watson 1989 In
0.01-0.03 (mg/L) Maximum biomass of Cladophora Welch et al. 1992
>0.015 mg/L periphyton maximum biomass 100 mg/m? Quinn 1991 in USEPA 2000
TDP < 0.010 (summer (mg/L) Maximum periphyton biomass remained below 100 | Sosiak personal communication in

average)

mg/m? in the Bow River, AB

USEPA 2000
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Parameter Threshold Units Response Reference*
0.0064 mg/L nU|sar21c_e levels _of maximum periphytic Chl a of 150 Sosiak 2002
mg/m” in Bow River
Flow-weighted median concentrations of 85 sites
TP 0.022 (mg/L) across the USA in relatively undeveloped basins Clark et al. 2000
Thresholds in biomass, phosphatase activity,
diversity indices and attributes of taxonomic
0.01-0.02 mg/L composition in well-buffered streams of Mid-Atlantic Stevenson et al. 2008
Highlands
0.02 mg/L Cladophora nuisance growth Chetelat et al. 1999 in USEPA 2000
TINand SRP | >0.61 and 0.060 | (mg/L) De[etenous effects on fish communities in low order | Milther and Rankin 1998 In USEPA
Ohio streams 2000
Significant effects on biotic integrity index for fish Miltner and Rankin 1998 In Dodds and
TIN and TP >1.37and >0.17 | (mg/L) and invertebrates (Headwater streams, Ohio) Welch 2000
DIN and TP zgggg and (mg/L) Changepoint in periphytic Chl a Miltner 2010
. . 2
DIN and SRP | 0.025 and 0.003 | mg/L maximum periphyton Chl a 100 mg/m* and reduced |\, i 1985 in USEPA 2000
invertebrate diversity
. . 2\ -
TDN and TP 0.553 and 0.118 | (mg/L) High macrophytg biomass (200 g/m®) in the Chambers and Prepas 1994
Saskatchewan River, SK
Moderate macrophyte biomass (135 g/mz) in the
0.277 and 0.06 (mg/L) Saskatchewan River, SK Chambers and Prepas 1994
DIN 0.08 (mg/L) Cladophora not growth limited Freeman 1986 In Welch et al. 1992
Flow-weighted median concentrations of 85 sites
™ 0.26 (mg/L) across the USA in relatively undeveloped basins Clark et al. 2000
Grazer o 2 . . . .
densities <3000 individuals/m Proliferation of periphyton in New Zealand streams | Welch et al. 1992
Velocity >0.3 (m/s) Filamentous algae < 100 mg/m2 Biggs et al. 1998a In Biggs 2000a
<0.1 (m/s) Conducive to plant establishment Chambers et al. 1991 In Chambers

and Prepas 1994
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Parameter Threshold Units Response Reference*
Benthic <100 (mg/mz) Areal coverage of filamentous algae less than 20% | Welch et al. 1988
chlorophyll a
> 100 (mg/mz) Filamentous algae tend to dominate Welch et al. 1988
5-26 (mg/m?) Referenc_e. c_ondmons (median) for the Athabasca Chambers and Guy 2004
and Wapiti rivers
> 100 (mg/m?) AB Salmon spawning impaired lgl&;iln 1985 In Chambers and Guy
> 100 (mg/mz) "excessive" biomass Welch et al. 1988
Phytoplankton >13 ug/L reduced f|sh.ta>.<o_nom|c richness in non-wadeable Garman et al. 2007
Chlorophyll a streams in Virginia
Macrophytes 100-500 (g/m?) "tolerable upper limit" of macrophyte biomass Summarized In Chambers et al. 1999
<1-50 (% cover) "tolerable upper limit" of macrophyte biomass Summarized In Chambers et al. 1999
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3.6.2.2 Trophic State

Guidelines based on trophic state may be useful in those jurisdictions where a wide range in
trophic status exists between individual streams or rivers. Trigger values developed by CCME
for different trophic classifications for TP were based on the lake trophic status scale developed
by the OECD in the 1980’s, with some further subdivisions of the mesotrophic classes to
recognize the large diversity of lake trophic status in Canada (Table 5). This lake-based
classification has limited applicability to rivers and streams, however, due to the large
differences in the relationships between nutrients and productivity response between lakes and
rivers.

A trophic state classification for running waters was proposed by Dodds et al. (1998), which was
based on a frequency distribution of stream nutrients and algae chlorophyll from a large number
of streams in Europe, New Zealand and the U.S.A. The recognized limitation of this system is
that it includes waters affected by human activity and therefore does not represent a “natural”
scale of trophic state in running fresh waters. In addition, the data used for this work represent a
large variety of natural settings, including warmer climates, different geological settings,
elevation and vegetation zones than those found in Canada and may therefore not be
representative of streams in Canada. It is, however, so far the most accepted trophic state
classification for rivers and streams, has an accepted threshold of “nuisance” growth (>100
mg/m?) and has been substantiated with data on the frequency of nuisance algae occurrence in
the respective trophic classes (Dodds 2006). Nuisance periphyton growth (>100 mg/m?) was
observed in < 5% of oligotrophic streams, in 5-25 % of mesotrophic streams and in > 25% of
eutrophic streams, based on the TP classification. The TN classification resulted in similar
numbers (Dodds 2006). It is noted that the nuisance growth definition was derived from Welch et
al. (1988), which identified the range of 100-150 mg/m? as nuisance growth. That same
publication is also the source of the other commonly used nuisance value of 150 mg/m?.

Table 9. Suggested Trophic State Classification For Running Waters (Dodds et al. 1998)

Parameter Units Oligotrophic | Mesotrophic Eutrophic
Mean benthic

chlorophyll a (mg/m?) <20 20-70 >70
Maximum benthic

chlorophyll a (mg/m?) <60 60-200 > 200
Sestonic chlorophyll

a (ug/L) <10 10-30 > 30
TN (mg/L) <0.7 0.7-1.5 >15
TP (mg/L) <0.025 0.025-0.075 > 0.075

It may be difficult to assess uncertainty with respect to guidelines that are based on trophic state
since the values considered involve ranges. Environment Canada (2004) recommends that
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baseline plus 50% considerations should be used to augment the proposed trigger ranges, and
that the non-degradation principle should be applied as the preferred approach and not a “pollute-
up-to” approach.

3.7 Summary and Assessment of Methods

There is a large diversity of methods available for and currently used in nutrient guideline
development, as reviewed in the previous sections. There is no ideal method, as all methods have
strengths and limitations that are more or less important in different settings. This reinforces the
need to consider several lines of evidence when developing a nutrient guideline. The choice of
methods also largely depends on the existing data, monitoring programs, experience and
expertise in each jurisdiction, or on the resources available to develop the necessary data set,
which is further discussed in the guidance section 4. Table 10 summarizes the strengths and
limitations of all methods discussed and comments on their applicability in the Canadian context.
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Table 10. Strengths, Limitations and Applicability of Methods for Nutrient Guideline Development

Approach | Method Strengths Limitations Applicability Resources
Reference regionally relevant availability of only for areas Medium to High for data collection
Condition standard based on reference sites, with reference and analysis
Approach "natural conditions", definition of sites
no need to quantify acceptable departure
regional factors or from reference
stressor-response condition
relationships data and analysis
intensive
ID Pressure considers all potential | assumes that all where pressure | Medium to High for data collection
Reference | Gradients stressors for aquatic analyzed pressures and response and analysis
Sites ecosystem, "risk have an impact on data are
approach” aguatic ecosystem available
health
Professional | efficient use of difficult to reproduce everywhere Low
Judgement, existing local and scientifically
Local knowledge defend
Knowledge
Biological directly identifies high natural variability | everywhere, High for collection and analysis of
Condition reference sites as in biota especially where | biological data
"minimally impacted", biological
excludes pressures monitoring
that do not have an program exists
impact
Describe | Spatially use of existing data need to be regional or local | Low if local data available Medium
Reference | based representative: point guidelines to High for data collection and
Condition measurements may analysis depending on effort and

not be representative
of highly variable
nutrient and
productivity patterns
in rivers

spatial scale
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Approach | Method Strengths Limitations Applicability Resources
Y-Intercept one of the few requires strong where land use | Low to Medium as depends on
Method methods available for | relationship of aland | and/or other non-complex analysis of existing
heavily modified use variable with pressure data data
landscapes nutrient are available
concentrations,
prediction beyond
range of calibration
Watershed estimates range of assumes no change site-specific High — requires detailed data input
Models natural conditions at in rates and and a GIS system and expertise to
short time steps (e.g., | constants, requires implement
daily or hourly), good land use,
added benefit of hydrology and water
hypothetical quality data to
development calibrate model,
scenarios assumes good
calibration
Empirical allows predicting requires large dataset | everywhere Medium effort for modeling if data
Loading background nutrient of soil depth and given available are available
conditions for large geology and model data
regions, one of few with strong predictive
methods for heavily capacities
modified watersheds
Hindcasting true pre-impact uncertainties related site-specific High based on need to model or
conditions, includes to inference models use of paleo hindcasting
all local confounding and historical data techniques
factors
Biological Direct indication of type of biological everywhere, Moderate— requires nutrient and
Communities | ecosystem health, indicator varies by especially where | biological data and ability to model
integration of river/stream type biological and interpret
conditions over time, monitoring

which best represents
nutrient enrichment
effects

program exists
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Approach | Method Strengths Limitations Applicability Resources
Set Percentiles simplicity of purely statistical everywhere Low if data are available
Guideline derivation and approach, value of
implementation, does | percentile depends on
not require extent of impacts and
identification of therefore universal
reference sites application of one
Can be done using number is arbitrary
water quality data
alone.
Midpoint allows for any ratio of | requires rigorous everywhere Medium — Data interpretation
impacted versus identification of
reference sites reference sites
Trigger simplicity of based on trophic everywhere Medium — requires use of models
Ranges, implementation Uses | status, not and monitoring data
BG+50% water quality data substantiated by
alone biological response to
nutrient enrichment
Biological Direct indication of requires everywhere, Moderate effort for interpretation if
Communities | ecosystem health, representative especially where | data exist, high effort to obtain
modifying factors reference data set biological data
included, integration monitoring
of conditions over program exist
time
Biological same as biological need to verify everywhere, Low interpretive effort if data exist
Indices communities; existing | applicability of especially where | — need to calculate indices and
indices can be used existing indices to biological compare
region of interest monitoring
program exists
Predictive | Regression easy to interpret and | strict assumptions everywhere Medium, requires sufficient data to
Modeling evaluate, one or more | about data develop a relationship between

predictor variables,
interactions can be
guantified

distributions and
shape of relationship

dependent and independent
variables
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Approach | Method Strengths Limitations Applicability Resources
Y-Intercept develop guidelines for | requires strong everywhere Medium, requires sufficient data to
areas with little relationship, develop a relationship between
reference data extrapolation beyond dependent and independent
calibration range variables
Change- statistically rigorous requires a lot of everywhere High effort required for
point method to identify biological and nutrient interpretation and needs input
ecological thresholds, | data, specialized data
assumptions not strict | expertise
River Models | allows analysis of data intensive, but site-specific High — good models are data and
various loading and less than watershed expertise intensive and are
climate scenarios models generally developed and refined
over time
Literature | Existing regionally relevant some methods dated, | everywhere Low — need to review literature
values Canadian and published need to confirm values for applicability, requires
Guidelines applicability water quality data only
Existing U.S. | developed using need to confirm everywhere, Low — need to review for
Guidelines recent methods and applicability to region | except northern | applicability, requires water quality
published of interest Canada data only
Stressor- includes component applicability difficult to | everywhere Medium — need to review literature
response of ecosystem assess values for applicability, requires
response water quality and response data
Trophic state | familiar system, no consideration of where large Low — simple comparison to
simplicity ecosystem response, | range of trophic | classification, requires water

current trophic state
may be impacted

status exists

quality data only

Ecological
thresholds

includes component
of ecosystem
response

applicability may be
difficult to assess

everywhere

Medium — need to review
literature values for applicability,
requires water quality and
ecological response data
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3.8 Cost Considerations

The costs will vary with the specific circumstances and factors encountered in each region of
interest, so it is not possible to provide an accurate cost estimate to develop a nutrient guideline
for rivers. Such circumstances include, for example, the nature, amount and quality of available
data, the geographic scope of the guideline (site specific, watershed, provincial or territorial), the
resources available to collect data (volunteer, agency, consultant) and the complexity of the
development process. Costs will also be influenced by the timeline and approach to guideline
development, where the manager may set an initial generic guideline with limited resources and
then adapt it over time as the understanding of the water body or bodies increases. The following
discussion is therefore focused on factors that would influence costs for guideline development,
and is intended to complement the information on required resources listed in Table 10. The
discussion is based on the assumption that a manager wishes to develop a nutrient guideline for
rivers in their jurisdiction.

3.8.1 Guideline Availability

» If the jurisdiction has a published guideline then the manager can choose to accept that and
use it generically with no modification and no cost.

» If adjacent jurisdictions in a similar ecoregion have guidelines that can be adapted then this
can be accomplished for low costs.

» Costs increase if the guideline can be adapted to the jurisdiction of interest from a literature
review.

* The highest costs are for areas where there are no relevant guidelines for application or
modification and the manager must develop their own.

3.8.2 Data Availability

Some jurisdictions, such as Alberta, have readily accessible data on water quality and ecological
indicators for specific sites and watersheds over their complete range of ecoregions. Others, such
as Ontario, have long term records of river water quality for populated areas of the Province but
little data for more isolated regions. Long term records or extensive spatial coverage for water
quality and ecological data are scarce for other regions such as Nunavut.

3.8.3 Data Collection

All data acquisition depends on the existence of a coordinating body to assure quality assurance
and to direct and coordinate the data collection program — this is assumed to be the water
manager developing the guideline.

e The costs of data acquisition for guideline development are lowest where a long term record
of adequate spatial coverage exists to inform guideline development. Costs are highest where
no data exist.
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e The costs of data acquisition are lowest where they can be collected by volunteers (e.g.,
Ontario’s Lake Partner Program). The use of watershed stewardship groups provides a cost —
effective means of data collection and costs increase through use of Conservation Authorities,
use of staff for a dedicated one time only program, use of consultants for a dedicated one time
only program to full time staff running an ongoing monitoring program. The costs of the latter
would need to be balanced, however, by the higher cost effectiveness of data updates with full
time staff.

« The costs of data acquisition will increase with the size and remoteness of the jurisdiction, and
the resultant need to collect data using motor vehicles, boats or aircraft.

e The cost of data acquisition will increase with the diversity of natural regions in the
jurisdiction of interest. Where a large diversity in natural regions is present, stream
classification and a larger number of sampling locations are likely required to properly
represent each natural region.

e The costs of data acquisition will increase with the nature of the data required by the
guidelines— guidelines based on water quality data only will be the least expensive but costs
will increase with the addition of biological metrics.

e The collection of seasonal data as opposed to focusing on the period of highest impact will
add substantial cost to the data collection exercise as additional field time is required.

e The incorporation of modifying factors such as TSS or DOC will increase costs slightly
through additional laboratory fees.

3.8.4 Data Analysis

Similar to the data collection, the costs for data analyses will increase with increased numbers of
considered variables, with the inclusion of biotic metrics and the inclusion of stream
classification schemes. In addition, there are several levels of analysis techniques that vary from
basic to highly advanced statistical techniques. Analyses can vary from simple bi-variate
analyses such as linear regression to multivariate approaches using several chemical variables to
community analyses when adding biological community data.

When including biological community analyses, such as ordination, the collected biota samples
(e.q., benthic invertebrates, attached algae) have to be processed by a qualified taxonomist prior
to data analysis. The cost for such services can be high, because cost range from approximately
$100 to $300 per sample and rigorous biological monitoring programs often include replicates.

3.8.5 Geographical Specificity

The level of geographic specificity of the guideline will influence the cost of the guideline
development process. Regionalization and stream classification costs would range from low for
adopting existing classification schemes to medium or high for developing a new stream
classification for nutrient guideline development. The degree of synthesis and interpretation
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increases as the manager moves from generic guidelines for all water bodies to development of
guidelines for different stream types. In addition, more complex and thereby costly analyses can
be conducted to assure that the stream classification correctly accounts for regional differences in
factors that have a major influence on stream nutrient status, including more advanced GIS and
water quality data analyses. These different levels of classification specificity will increase the
usefulness and the cost of the resulting guideline.

3.8.6 Guideline Sophistication

This manual outlines a series of approaches and methods for guideline development. Each
involves varying levels of complexity and the sophistication of the method will require varying
levels of expertise, supporting data and allocation of involvement by technical specialists. Costs
will therefore increase in the order from: adoption from literature review, refinement from a
literature review, guideline development on the basis of percentile statistics, use of the reference
condition approach, modeling of stressor-response relationships, site-specific water quality
models to whole watershed models. The costs will also increase with the number of metrics used,
from guidelines based on one parameter to guidelines that consider biological metrics.

The guideline becomes more relevant when the primary and/or secondary biological response
variables are included in the process. The more is known about the relationships between
nutrients and ecosystem health in the region of interest, the more confident one can be that the
resulting guideline is protective of ecosystem health. While a simple guideline may be relevant
and sufficient for water management purposes, more complete and complex knowledge is
advantageous, because it will provide more numerous lines of evidence, which in turn result in
lower uncertainty around the guideline value.

3.8.7 Cost Considerations Summary

Existing conditions, such as available data and guidelines, will help reduce cost and are a starting
point for guideline development. They may also assist in the decisions about approaches to use
for guideline development. On the other hand, there are several choices that must be made in
guideline development that have a direct influence on the quality of the resulting guideline and
the cost. A balance has to be struck between respecting budget limitations and the desired level
of protection and uncertainty associated with the developed guideline. Again, region-specific
conditions will determine where the priorities will be set, because the need for regionalization
and inclusion of modifying factors, for example, can differ significantly from one jurisdiction to
another. A simplified relationship between geographic specificity, guideline approach, cost and
quality of the guideline is displayed in Figure 3.
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Figure 3. Simplified Relationships between Guideline Sophistication, Geographic Specificity, Cost
and Guideline Quality
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3.9 Additional Considerations
3.9.1 Downstream Receiving Waters

Lakes, reservoirs, or coastal waters downstream of a river or stream are frequently the primary
management target. Nutrient criteria are often adopted to protect sensitive downstream receiving
environments or to remediate degraded receivers. The latter is the case with U.S. EPA TMDL
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limits designed to recover impaired waters. Criteria have been used in many areas to achieve
specific nutrient targets in receivers, e.g., the Baltic Sea (Helsinki Commission 2007),
Chesapeake Bay (U.S. EPA 2010c), and Lake Simcoe (Louis Berger Group and Greenland
International, Inc. 2006).

The protection of downstream waters is written into EPA regulation as follows: “EPA's
regulations provide that "designating uses of a water body and the appropriate criteria for those
uses, the state shall take into consideration the water quality standards of downstream waters
and shall ensure that its water quality standards provide for the attainment and maintenance of
the water quality standards of downstream waters" (U.S. EPA 2012). For the State of Florida,
for example, the implementation of this regulation was described as a two-step process: “The
first step is determining the average annual nutrient load that can be delivered to an estuary
without impairing designated uses. This is the protective load. The second step is determining
nutrient concentrations throughout the network of streams and rivers that discharge into an
estuary that, if achieved, are expected to result in nutrient loading to estuaries that do not exceed
the protective load. These concentrations, called ‘‘downstream protection values’ or DPVs,
depend on the protective load for the receiving estuary and account for nutrient losses within
streams from natural biological processes” (U.S. EPA 2010b). The second step is completed
using watershed models.

Figure 4. Steps for Determining “Downstream Protective Values” (from U.S. EPA 2010d)

Divide by Divide by
Average Fraction
Streamflow Delivered

N l

Nutrient guidelines to protect downstream receivers are derived as loading limits instead of
concentrations for use protection, but the loads can be back calculated to derive concentrations.
Nutrient guidelines used in this way are not specifically designed to protect aquatic life in the
stream or river and can be either more protective (lower) or less protective (higher) than any
other guideline applicable to that watercourse. Given that the more protective value applies,
however, the downstream consideration only comes into effect if it results in a more restrictive
guideline than the guideline to protect in-stream uses.

Total phosphorus guidelines in Manitoba have been differentiated between rivers that flow into a
lake or reservoir (0.025 mg/L) and all other streams (0.05 mg/L) (Manitoba Water Stewardship
2011).
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3.9.2 Seasonality

Many of these guidelines listed in previous sections do not indicate a season in which the
guidelines are expected to be met. Lotic systems often show marked seasonal differences in
nutrient concentrations especially in those cases where suspended solids are linked to discharge.
Considerations with respect to the protection of aquatic life should include seasonal guidelines
where appropriate, or be linked to modifying factors such as TSS which are seasonally
dependent. Less restrictive seasonal guidelines or objectives (for example for the winter season
in comparison with the summer season) can be valid interpretations of a nutrient guideline for
specific water bodies, such as demonstrated in the North Saskatchewan River (NSWA 2010) and
the Bow River (BRBC 2008).

In many cases nutrient guidelines are linked to plant and algal growth or to oxygen
concentrations with the intent of protecting aquatic life during the period of maximum growth or
worst case conditions in the environment. The influence of periphyton or rooted aquatic plants
on dissolved oxygen in rivers, for example, is greatest during maximum summer growth.
Receiving water assessments are frequently calculated for the period of extreme low flow (e.g.,
the 7Q10 or 7Q20 low flow statistic). Therefore nutrient guidelines may only be required during
the open water season, when impacts of nutrient enrichment are strongest. Seasonal variation is
often considered during environmental assessments which compare measured data with
guidelines to help decide whether or not the measured data are exceeding the guideline. There
are, however, no Canadian nutrient guidelines that have been developed to address variations in
seasonal conditions in rivers or streams, while some seasonal site-specific objectives have been
developed (NSWA 2010, BRBC 2008).

In case where guidelines as developed with the purpose of protecting downstream waters,
guidelines should be applicable for the entire year, as the total nutrient load is usually targeted
with such a guideline.

3.9.3 Addressing Uncertainties

There are three levels of error that can contribute to the uncertainty surrounding the derivation
and use of guidelines:

1. A number of sources of error associated with the data that are used to support the
guideline development and that will contribute to uncertainty, including:

. natural, spatial and temporal variability in the data
. sampling error and

. analytical error.

2.  Statistical error associated with the relationships between stressor and response
variables. Some of this error will be associated with the factors mentioned in 1.

59



3. A degree of error involved in the use of a guideline for one region that has been
developed for another region. This uncertainty is difficult to quantify.

These errors contribute collectively to the uncertainty of any derived guideline’s ability to
protect the stream or river for designated uses. Ideally, it will be possible to assign error to the
results from which the guideline was derived. This is possible in the use of mathematical models
or with regression analysis (predictive approaches) but may not be so easy for reference
condition approaches where narrative statements or ranges of ecosystem responses are used. In
the case of literature values it is often difficult to assess error even when accessing the original
literature in which the guidelines were reviewed.

The requirements for the development of guidelines include the need for a method to assess
error. For example, the Water Framework Directive (European Union 2000) requires a
“sufficient level of confidence about the values for the reference conditions™ and ““adequate
confidence and precision in the classification of the quality elements™, but there is no specific
guidance as to what these cautions mean. Some interpretations have been developed (REFCOND
2003).

The U.S. EPA (2010a) provides guidance for evaluating model accuracy and precision when
using predictive modeling approaches (Section 5.1, pages 65 — 69).

The weight of evidence approach uses quantified measures of uncertainty to weigh lines of
evidence based on the uncertainty that is associated with them. In practice that means that
evidence with high uncertainty (or error) receives a low weight and evidence with low
uncertainty (error) receives a high weight in the final decision (or, in this case, the final
guideline). An example of weighing model results by levels of uncertainty was the development
of a eutrophication model for Hamilton Harbor, Ontario. The relative mean standard error was
calculated for two available models. Predictions from the different models were then combined
using the respective standard error estimates as weights in a weighted model average (Ramin et
al. 2012).

All approaches to deriving guidelines should include an estimate of error that is appropriate to
the methods used. When the results of multiple approaches are synthesized and used to develop a
single guideline, a weight of evidence approach should be used to weigh the results based on the
uncertainty associated with them.

4.0 GUIDANCE FOR SETTING NUTRIENT GUIDELINES

Section 3 summarized the methods that have been used to derive nutrient guidelines and the
resources that are required in each case. This section describes a step-by-step process that
includes a closer look at some of the decisions that need to be made with respect to choosing
approaches for guideline development. The general step-by-step procedure is shown
diagrammatically in two decision trees (Figures 5 and 6).
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The first decision tree (Figure 5) provides a process for a situation in which a manager has no
prior information, or wishes to derive a guideline quickly, in the absence of a detailed
understanding or the river or area of concern. Literature values can be used to derive an initial
water quality guideline, in which the manager uses their understanding of the river in a
geographic and ecoregion context to select a candidate nutrient guideline value from the
literature. The guideline value is applied and the manager undertakes a water quality assessment
of the area of concern.

« If the river falls outside the guideline and has not resulted in unacceptable ecological impacts
then the manager can choose to accept the existing guideline or refine the literature values by
additional investigation (Figure 5).

 If the guideline is met but unacceptable ecological changes due to nutrient enrichment are
observed, then the guideline needs to be revised.

« If the guideline is met and ecological condition appears unimpaired, the existing guideline can
be accepted.

o If the data fall outside the guideline, and unacceptable ecological impacts are observed, the
existing guideline can be accepted as well.

As the manager gains understanding of the system and acquires additional information then the
guideline can be refined and the literature value replaced with a more sophisticated approach.
This is illustrated in Figure 6, as a step-by-step decision tree for the complete guideline
development process.

61



Figure 5. Nutrient Guideline Adoption Process — First Application
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Figure 6. Step-by-step Procedure for Nutrient Guideline Development
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4.1 Define Geographic Scale

It is important to first define the geographic scale that will be served by the nutrient guidelines.
This will normally be understood at the point where the need for guidelines is identified. In other
words it will be determined beforehand whether the guidelines will be intended for use on a
province/territory scale or in a watershed or site-specific setting. Geographic scale will determine
both the user and the location in which the guidelines will be applied. “Who requires this
guideline?” is therefore a useful first decision that will necessarily include an evaluation of
geographic scale. This will dictate differences in both derivation and data requirements.

4.2 Define Desired Outcome

The goal of an anticipated guideline needs to be clearly established before any decisions about
the “how to” can be made. A nutrient guideline is a tool in nutrient management that serves as a
reference point against which the state of the watercourses can be measured. Therefore the
desired outcome for the surface waters of the regions of concern needs to be defined before the
approach to guideline development will be chosen. For each stream type, the selection of any
approaches or methods will depend on the desired outcome. CCME (2003) recommends that the
approach to developing guidelines follow the International Joint Commission (IJC) and the
Ontario Ministry of the Environment (OMOE), whereby guidelines “are set at such values as to
protect all forms of aquatic life and all aspects of life cycles.” Other considerations may include:

« non-degradation, e.g., no deviation from current conditions (for example in protected pristine
environments, such as national parks)

« designated use-protection (aesthetics, recreation, aquatic life); the most sensitive use is usually
given priority and

o protection of downstream lakes and estuaries — watershed loading approach vs. river
protection approach. Occasionally written into guidelines (e.g., Manitoba, and previously
Quebec).

The non-degradation principle can either be included in the development of a numeric guideline
for specific sites or can be used in the implementation process. Several jurisdictions, for example
Manitoba, currently allow that any “sites of exceptional value” that are currently meeting, or are
well below, the guideline should not have their water quality degraded further (Manitoba Water
Stewardship 2011). In Ontario, where current conditions exceed the applicable guideline (called
Policy 2 waters), the non-degradation policy takes effect for any discharge applications and
improvement of the conditions is encouraged (OMOE 1994).

The importance of establishing the desired outcome of a guideline cannot be understated. While
algal biomass and nutrient concentration usually have a positive relationship, nuisance growth of
specific algae can occur at low nutrient concentrations, which would require setting a lower
limit, possibly in addition to an upper limit, similar to the pH guideline, which is a range of
value. Proliferation of Didymosphenia geminata have been found to occur under very P-limited
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situations because nuisance accumulations are not a consequence of cell biomass but instead are
a result of extracellular polysaccharide stalk material (Bothwell and Kilroy 2011). Such
accumulations have been found to not occur when P is supplemented (Kilroy and Bothwell 2012)
and indicate the need for a lower nutrient guideline. While this case is likely spatially limited to
the areas where Didymosphenia blooms have occurred, it demonstrates the importance of a well-
defined desired outcome.

4.2.1 Regional Nutrient Guidelines

Regional guidelines may include entire provinces or territories, individual ecoregions, or large
watersheds which are likely the smallest areas that might be considered for a regional guideline.
Smaller provinces, such as Prince Edward Island, may be considered for one regional guideline,
given that it is only one ecoregion. The large provinces and territories in Canada encompass
several ecoregions and therefore should consider subdivision into ecoregions or another
classification that takes climatic and landscape variation into account.

Within Canada there are ecoregion guidelines that have been developed in Alberta (Janna
Casson, Alberta Agriculture and Rural Development, personal communication) and for several
agricultural regions across Canada by the NAESI (National Agricultural Environmental
Standards Initiative, Chambers et al. 2009). There are guidelines developed for smaller, unique,
and isolated areas such as Vancouver Island. Watershed plans have been developed or are being
considered for large and nutrient enriched watersheds such as the Grand River or Lake Simcoe in
Ontario. These smaller geographic scales could be considered as being site-specific since they
are focusing on a single river or receiver.

4.2.2 Site-Specific Nutrient Guidelines

Site-specific guidelines are developed where there is concern that any regional guidelines that
are in place are not adequate or where regional guidelines do not exist. Site-specific guidelines
may apply to smaller streams, rivers, or reaches within a river. The reports presenting the only
site-specific nutrient guidelines developed so far in Canada provide the following rationale:

“Site-specific water quality guidelines are prepared for specific bodies of fresh,
estuarine and coastal marine surface waters of British Columbia and the Yukon as part
of Environment Canada’s mandate to report on water quality. Site-specific guidelines
(SSGs) are prepared to protect all designated water uses. The site-specific water quality
guidelines proposed in this report differ from the traditional water quality objectives in
that they are meant for the purpose of reporting on water quality relative to only one
water use — protection of aquatic life.”” (Tristar Environmental Consulting 2005b)

Essentially, these site-specific guidelines are interpretations of generic guidelines for the
circumstances observed at a specific site in a specific river for the purpose of national reporting,
but had no other management consequences associated with them. This is in contrast to site-
specific objectives developed for several Alberta rivers, which were developed using similar
methods, but are tied to management commitments.
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Golder (2005), in a review of site-specific guideline methodologies, defined a site-specific
guideline as: ““a numerical concentration or narrative statement based on science recommended
to support and maintain the protection of aquatic life based on conditions at a specific site.”
This definition could apply equally well to guidelines for toxicants or nutrients. Examples of
site-specific guidelines for nutrients in Canada include:

o Skeena, Kootenay, Sumas, Liard Rivers, BC (Tristar Environmental Consulting 2005a,b,c,d).
Examples for site-specific objectives developed for nutrients in Canada include:

e North Saskatchewan River (NSWA 2010, MacDonald 2013)Bow River (Bow River Basin
Council (BRBC) 2008).

4.3 Select Guideline Variables

The suitability of any variable will depend on its relevance for the desired outcomes for the
regulated ecosystem. The outcomes themselves may also differ between systems. For example,
some researchers have developed guidelines for periphyton biomass in streams (New Zealand
guideline: Biggs et al. 2000a) whereas others have focused on sestonic biomass (large rivers,
Minnesota: Heiskary et al. 2010). In some cases macroinvertebrate or fish metrics may be more
suitable, especially in naturally enriched systems where further nutrient additions will have less
impact on periphyton. This may also be the case in systems with unsuitable substrate types or too
much turbidity for periphyton to be used as a suitable response variable.

The suitability of different algal indicators for different levels of pressure was demonstrated by
Kelly et al. (2009). Autotrophic metrics were particularly responsive at low levels of nutrient
(organic) pressure while heterotrophic metrics were more responsive at higher pressure levels.
For nutrient guidelines this means that in regions of naturally high nutrient levels, such as in the
prairies, indices based on macroinvertebrates or fish may perform best while in regions with
naturally low nutrient levels algae indicators possibly perform best.

In all cases, it is important to determine whether the guideline should be based entirely on the
stressor variable, e.g., TP and TN, or whether the guideline could be better expressed as a
response variable. When a strong stressor-response relationship is confirmed, stressor variables
are suitable for nutrient guidelines. When modifying factors have a dominating effect on the
aquatic productivity of a stream, a guideline based on periphyton biomass may be more effective
(Kistritz and MacDonald 1990).

The Maine Department of Environmental Protection (2012) offers the possibility to use the
Diatom Total Phosphorus Index (DTPI) and Diatom Total Nitrogen Index (DTNI) as a surrogate
measure (instead of TP). Phosphorus and at least one response variable (percent algal cover,
water column chl “a”, Secchi disk depth, DO, patches of bacteria and fungi, aquatic life) have to
exceed guideline values at a site to lead to an “impaired” classification. This leaves the option
open to develop site-specific TP guidelines where there is no biological effect detected at TP
concentrations which are exceeding the guideline.
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Often the guideline variables that should be used will be determined through the examination of
stressor-response relationships (using the predictive modeling approach; see section 3.4). The
choice of a variable for the guideline would be the nutrient fraction that best explains responses
in the measured biotic communities. If that approach is used, only the response variable(s)
should be selected at the initial variable selection stage and all potential stressor variables related
to nutrient dynamics should be considered in the data collection and analysis to determine the
most suitable one(s) for guideline development.

One example for a stressor-response relationship used to select the most appropriate variable for
site-specific nutrient objectives are the reach-specific phosphorus objectives for the Bow River in
Alberta. The management goal of a healthy ecosystem included the desire to assure oxygen
conditions supporting certain fish populations in specific reaches of the river. The total and
dissolved phosphorus concentrations required to sustain those oxygen conditions were modeled
(BRBC 2008). As a result, TP and TDP objectives were developed for some reaches and TDP
objectives only for others, depending on the observed predictive relationships between nutrients,
algal biomass and oxygen.

A group of European scientists, convened to develop standardized implementation protocols for
the reference condition approach, have defined criteria for indicator selection (REFCOND,
2003). Indicators, in this case, are metrics that describe the biotic response variables, and the
selection of indicators was described as an iterative process, requiring consideration of many
factors, as described below:

« Relevance: An indicator should describe the condition of the biological organism group. It
should be capable of indicating the response of the biota to pressures.

o Responsiveness: Indicators should be sensitive to one or more of the stressors of interest, in
this case, nutrients.

« Range of sensitivity: Indicators should show effects over a range of pressures but reach their
maximum response at a low level of pressure (e.g., a sensitive species may disappear). It may
be necessary to use multiple indicators.

« Ability to estimate reference values: Where there are no sites at reference condition, other
options may be to borrow sites from neighbour regions or states, use historical data, modelling
or expert judgement to estimate reference conditions for some indicators.

« Variability: Indicators whose natural variability is high and poorly understood are likely to be
unsuitable.

o Confidence: Indicators should be selected so that there is good and demonstrable confidence
and precision in classification of ecological status.

¢ Risk of misclassification: If risk is too large, more than one indicator may be used to estimate
the condition of the biota. In such cases, the number of indicators, and the means by which the
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data for these are combined, should be such as to achieve the required degree of confidence in
the estimate for the biotic variable.

Another important factor to consider is feasibility. A guideline variable has to be measurable in a
consistent way and by a wide variety of organizations that conduct water quality monitoring.
While biological indicators are the most direct estimates of ecosystem health, the data collection
and analysis effort is higher than for TP or TN measurements on water samples. Unless there is
the commitment or existing capacity (such as periphyton monitoring in some Alberta rivers or
macroinvertebrate monitoring in Ontario) to implement biological monitoring across the
jurisdiction of interest, phosphorus and nitrogen guidelines are currently the most easily
implemented nutrient guidelines.

Many of the above considerations reinforce the need to explore multiple lines of evidence when
setting guidelines. This will include the use of multiple variables in those cases where this
approach will reduce uncertainty in the end use of the guideline.

When considering the development of guidelines for either nitrogen or phosphorus or both,
it may be useful to look to the neighbouring U.S. states that have recently gone through the
process of developing nutrient guidelines. The U.S. EPA guidance recommends addressing
both nitrogen and phosphorus in guideline development, but some states only developed
phosphorus guidelines, some only nitrogen guidelines, and many have developed guidelines
for both (Figure 7).
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Figure 7. Progress of Nutrient Guideline Development in U.S. States by February 2013.
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Note: This map was obtained from the U.S. EPA website http://www.epa.gov/nandppolicy/progress.html.

4.4  Classify Streams

4.4.1 Is Stream Classification Required?

For the development of regional nutrient guidelines, stream classification may be appropriate in
most cases, but in other cases it might not be required. The larger and more diverse the region of
interest is in terms of natural subregions, the higher the likelihood that classification is useful.
For site-specific guidelines, the region of interest may be too small to justify classification.

The need for stream classification should be determined by the presence of any regional
(geology, soils, climate) or local (site-specific, size, substrate, flood frequency) modifying
factors that vary significantly within the region of interest. The examination of ecoregional,
geological and soil maps, and knowledge of stream sizes and substrate types will help classify
streams. If significant differences are suspected, a stream classification should be attempted.
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4.4.2 Classification Procedure

4.4.2.1 Determine Applicability of Existing Classification Schemes

The existing classification schemes or their modifications can be well suited to stream
classification in the region of interest. The applicability of existing Canadian or U.S. ecoregion
classifications (section 3.2.1) should be explored first as that is the least costly and most straight-
forward classification method. The analysis of available data on nutrient concentrations and biota
for significant differences among regions is one way to assess if existing classification schemes
are appropriate for nutrient guideline development.

There are several circumstances, however, that may warrant the development of a “custom” or
regional stream classification for an area of interest. These include situations where:

1) regional factors other than those accounted for in ecoregions are important for nutrient
dynamics in the area

2) the selected biological response variable shows stronger relationships with local modifying
factors than with regional factors or

3) the number of ecoregions cannot be sufficiently covered with monitoring data.

All these situations can be identified through a preliminary analysis of existing data or may only
become evident from the analysis of data collected for the intent of guideline development.
Experience in U.S. states has shown that it is useful to establish one or more draft stream
classifications at the start of guideline development and to assess which one of the classification
systems is most appropriate during the data analysis. For example, for the development of
Wisconsin nutrient guidelines, both the EPA nutrient regions and the nutrient zones developed
by Robertson et al. (2001) were considered (see section 3.2.1) and carried through the data
analysis. In the end, a modified and simpler version of the nutrient zones was adopted (Figure 8),
as it best explained differences in nutrients and biota among wadeable streams in the State of
Wisconsin (Robertson et al. 2006).
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Figure 8. Process of Regionalization for Nutrient Criteria in Wisconsin (Robertson et al. 2006)
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4.4.2.2 Develop New Classification

If existing classification systems are deemed inappropriate, a new classification system can be
developed based on known or suspected modifying factors and/or classification variables
described in section 3.2.2. Modifying factors acting on regional scales (section 4.4.2.1) are of
interest for classification schemes supporting the development of regional guidelines. Local
modifying factors (section 1.4.2.2) can be used to refine a regional classification scheme, to
classify reaches of one river or stream or for the development of site-specific guidelines. All
modifying factors that are known to vary across the region of interest should be considered for
stream classification, although it may not be practical to use them all in the final classification
scheme. A number of variable combinations that have previously been used to classify streams
can be considered for application (section 3.2.2).

The classification method (section 3.2.3) should be chosen to analyze the data and group streams
into different types on the basis of the selected variables. The development of a new
classification system will require geospatial data, nutrient data and biological data, if available.
The analysis will benefit from GIS expertise and requires staff resources for data analysis.
Developing a new classification scheme is therefore most likely to require more data and
resources than adopting an existing classification scheme.

4.5 Evaluate and Select Approaches

If a “multiple lines of evidence” approach is attempted, as described in this manual, all three
available approaches should be evaluated and the preferred or most applicable options selected.
The availability of data and resources should be evaluated when reviewing the approaches and
methods available. Previously completed studies and monitoring data should be integrated into
the guideline development process where possible to build upon regional experience and wisely
use resources. Previous studies can provide information about stressor-response relationships,
regional differences and sensitive biota that may be useful as a response variable.

Among the three approaches, the predictive modeling approach could be viewed as the most
scientifically rigorous, as it depends the least on professional judgement and the most on
empirical data.

The reference condition approach can be scientifically rigorous when based on well-rounded
knowledge about ecological requirements of biological communities, an understanding of and
presence of reference conditions in the area of interest and solid statistical approaches to detect
significant deviations from reference conditions.

The percentile method used to identify reference conditions and develop guidelines based on
data distributions lacks the linkage to biotic response variables and is therefore associated with a
high degree of uncertainty. It is easy to calculate, however, and not costly if representative
datasets are already available, and therefore has traditionally been included in many nutrient
guideline studies.
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Finally, existing guidelines can be used if they are deemed applicable for the region of interest.
They have the advantage of minimal required effort and cost.

In the following sections, we provide more detailed considerations that should help evaluating
the applicability of approaches and assist in selecting the most appropriate methods within the
three types of approaches for guideline development. The levels of resources associated with
using each particular method are discussed in section 0.

45.1 Reference Condition Approach

4.5.1.1 Applicability

The reference condition approach is applicable if:

1) Reference sites are available for the identified stream types. If there are reference sites
for only part of the stream types, reference conditions for the missing types can be
either inferred (sections 3.4.2.2) or other approaches (predictive modeling, literature
values) can be used to obtain guidelines for stream types without reference sites.

2) There are not enough data or resources to describe and use stressor-response
relationships using the predictive modeling approach.

The reference condition approach has limited applicability if:

1) No reference sites are available for the stream types (reference conditions cannot be
measured and must be inferred).

2) A site-specific guideline is desired (site-specific reference conditions must rely on
historical data, which are often lacking or of limited quality).

4.5.1.2 Involved Steps

Use of the reference condition approach involves the identification of reference sites (Section
3.4.1), the description of reference conditions (section 3.4.2 and the determination of an
acceptable departure from the reference condition, which then becomes the guideline (Section
3.4.3).

4.5.1.3 Evaluation and Selection of Methods

The choice of methods for the reference condition approach depends largely on two conditions:
first, on the number and proportion of reference sites compared to the overall number of water
bodies, and second, if resources are available to conduct a biological reference condition study.
If no reference sites are available, reference conditions have to be modeled or estimated using the
lower percentile approach. If reference sites are available in suitable numbers, upper percentile
methods, midpoint analysis on nutrient data or biological approaches can be used, which provide
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an increasing level of confidence in the guideline values. While biological approaches are the
most costly, previous work can be reutilized where available to limit additional cost.

4.5.2 Predictive Modeling

4.5.2.1 Applicability

There are several situations that lend themselves to the consideration of the predictive modeling
approach:

1) If data exist (academic, government work) that demonstrate or indicate strong stressor-
response relationships. In this case, one can choose to:

a.  use this work to develop guideline without further work
b.  re-analyze existing data using more advanced statistical methods and/or
c.  add new data to refine relationships.
2)  If strong stressor-response relationships are expected based on expert judgement:
a.  anpilot study may be initiated to verify this expectation

b. if a pilot study confirms the relationship or if there is high confidence in the
presence of a relationship, collect a larger data set to support guideline
development.

3) If whole river models are already set up (e.g., Bow River, Golder 2007) or local
modeling capacities exist.

4) If the Reference Condition Approach has been determined as not applicable or not
feasible.

4.5.2.2 Involved Steps

The general steps involved with the predictive modeling approach are the identification of
relationships (section 3.5.1), the examination of relationships (section 3.5.2) and the
establishment of thresholds and/or criteria (section 3.5.3).

4.5.2.3 Evaluation and Selection of Methods

The selection of methods for predictive modeling is mainly dictated by the type of available data.
Generally, if water chemistry and physico-chemical data as well as univariate biological data
(e.g., periphyton biomass) are available, correlation and regression techniques are the most
applicable to develop predictive models of nutrient enrichment. Within these techniques, care has
to be taken to assess the data distributions for all analyzed variables (i.e., normal versus non-
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normal) and the shape of relationships (linear versus non-linear) in order to select the most
appropriate and powerful method for the data analysis.

If multivariate response variables are analyzed, such as biological community data or multiple
biological metrics, multivariate methods, such as ordination, are more appropriate methods to
use. For biological data the suggestion is to explore data distribution and shapes of relationships
first in order to select the most appropriate methods (linear versus unimodal or other response
models).

45.3 Literature Values

Use of literature values, such as existing guidelines, should always be included in guideline
development, because it:

1)  requires little time and resources
2)  adds one piece of evidence and credibility if well researched

3) can make use of the large amount of work done in neighbouring U.S. states and other
jurisdictions.

Literature values are a good starting point for the derivation of guidelines when no other
information is available. The guideline can be set and then studies initiated to determine its
applicability or the need to develop guidelines by more intensive methods. The most important
consideration when using literature values is to assess their applicability to the region or site of
interest.

4.5.3.1 Applicability

The following criteria should be considered, at a minimum to assess the applicability of available
literature values:

1) Regional modifying factors (climate, geology, soils, see section 1.4.2.1)
2)  Local modifying factors (flow and substrate, see section 1.4.2.2)

3) Distance, due to biogeographical considerations if the guideline is based on biotic
communities (check if the applied algal, benthic invertebrate or fish metrics are
applicable to the geographic area of interest).

If all or most of these factors are comparable between the area where the literature value was
derived and the area for which a guideline is being developed, then the literature value is a good
candidate to use in the multiple lines of evidence approach.
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4.6 Collect and Analyze Data

The process of collecting and analyzing data to support guideline development will be different
than the monitoring and analysing that will occur to establish whether or not guidelines are being
met (post guideline development). For example the reference conditions approach and predictive
modelling approach require a rigorous study design that includes a monitoring program tailored
to the needs of the tested hypotheses and planned statistical analyses. The monitoring program
may also have to be adapted to unexpected conditions, such as high variability in the monitored
variables or a new modifying factor that becomes obvious.

There are many references to describe various aspects of study design, sample collection and
data analysis, including recommendations with respect to which statistical methods to use (U.S.
EPA 2010a). Generally:

e if the reference approach is used it will be necessary to evaluate the suitability of reference
location samples and assess how best to develop guidelines relative to these data

e if predictive modelling is used there will be many inputs to these models that will need to be
determined through empirical data collection or through the development of assumptions

¢ the use of literature values or guidelines developed elsewhere will not normally require the
collection or analysis of data.

With any approach where guidelines are being derived through the collection and analysis of
data it will be important to consider seasonality, i.e. whether the designated uses, stressor and
response indicators or the analyzed stressor-response relationships vary among seasons. It may
be necessary to identify those time periods of the year when the guideline is valid. It makes
sense, for example, to limit sampling to the open-water season when guidelines are to be
developed based on relationships between nutrients and benthic algae and macroinvertebrates or,
if percentiles are used, to develop guidelines for different seasons or flow seasons.

The length of record required to develop guidelines depends on the chosen method. When
percentiles are used to describe the current population of sites, one representative average (or
median) value per site is used to calculate that percentile. For this value to be representative of
the site, data from a number of years are needed. At the very minimum, two years of data, but
preferably three or more are recommended (U.S. EPA 2000). If funds are limited, restricting
sampling frequency within each year and/or numbers of constituents analyzed should be
considered to preserve a longer-term data set. In most jurisdictions, existing monitoring datasets
can be used to calculate percentiles of reference streams and rivers or of the entire stream
dataset. The U.S. EPA recommends a minimum total number of 30 streams and a minimum of
three low-impact reference systems per stream type or ecoregion for developing nutrient criteria
based on the percentile approach.

Bi-weekly (every two weeks) to monthly sampling throughout the growing season for multiple
years is required for the study of stressor-response relationships between nutrients and biota and
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to determine peak algal biomass and potential thresholds (U.S. EPA 2000). Two or more years of
data are required to identify inter-annual ranges of climate or flow. The higher the flow
variations are in a river system, the more sampling visits are required (U.S. EPA 2000).

The types of data analyses associated with each approach have been described in previous
sections. The end result will be a set of draft guidelines (Chambers et al. (2009) used the term
“provisional”) that will then need to be evaluated (See section 4.7 below).

4.7  Assess Level of Uncertainty

If the results provide predictive ability and limited uncertainties, they can be used in the next step
to establish the final guidelines. If they are not, the reasons for low predictive ability should be
investigated:

e |f stressor-response relationships vary spatially, the stream classification may have to be
revised.

¢ If the influence of confounding factors is too large, it may be useful to include them in the
guideline formulation (e.g., TSS-TP correlation).

If the method or approach still does not reveal useful results, it may have to be omitted from the
guideline development. If more evidence is required for the weight of evidence approach, an
alternative method or approach should be selected, or additional lines of evidence should be
obtained, which together will reduce uncertainty to an acceptable level.

4.8 Establish Guideline(s)

When all draft guidelines resulting from different approaches and the levels of uncertainties
associated with them have been completed, the final nutrient guideline or guidelines can be
developed. If estimates of uncertainty are available, the draft guidelines should be weighed
according to the level of uncertainty associated with them to determine the final guideline.

Final guidelines should be used with the knowledge that there will always be new findings that
may further endorse, or indicate limited value to, their continued use. The effects of climate
change or the impacts of multiple stressors, for example, may limit the applicability of nutrient
guidelines and knowledge in these areas is rapidly evolving. Regular reassessment of established
nutrient guidelines, and if necessary, revisions to the guidelines are therefore recommended.

5.0 SUMMARY

Eutrophication is one of the major water quality issues in Canadian waters. Existing Canadian
Water Quality Guidelines mainly address toxic effects and not the effects of nutrient enrichment
on aquatic biota. Nutrient guidelines are used in several Canadian jurisdictions, but they often do
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not take into account the large natural variations in nutrients across different natural regions or
modifying factors that affect the translation of nutrient concentrations into biological responses.

This guidance manual provides methods and supporting information to facilitate the
development of nutrient guidelines for streams and rivers across Canada that are scientifically
defensible and that take into account the natural diversity of watercourses.

A comprehensive review of the literature was conducted to assemble information on the existing
approaches and methods that are used in nutrient guideline development in Canada and other
countries. The review consulted the large volume of literature produced through recent efforts to
standardize guideline development in other jurisdictions (U.S., Europe, Australia and New
Zealand) and the supporting scientific literature on nutrient indicators, nutrient-biota
relationships and stream classification systems.

The literature review revealed that there are three general approaches available for guideline
development: the reference condition approach, predictive models, and the adoption of
applicable guidelines from other jurisdictions or literature values. Each of these approaches can
be implemented using a broad range of indicators and methods, the choice of which depends on
the availability of existing data, the access to resources and on the natural characteristics of the
region of interest.

The general process of guideline development consists of a number of consecutive steps and
associated considerations, which are listed and discussed briefly below.

1.  Definition of the area of interest and with that the decision if a regional or site-specific
guideline is required

. regional guidelines may include provinces, territories, ecoregions or large
watersheds

. site-specific guidelines are developed where there is concern that regional
guidelines are not adequate and may apply to smaller streams, rivers, reaches
within a river or a specific site.

2.  Establishment of the desired outcomes, which
. may include the protection of designated uses

. can include non-degradation principles and protection of downstream water
bodies

. must be defined clearly and accommodate specifics of the region.

78



Selection of the guideline variable(s)

for the Canadian context this manual uses the terminology of chemical stressor
and primary and secondary response variables plus the concept of modifying
factors

chemical stressor variables, such as TP and TN, are the most commonly used
variable

it is desirable to confirm the most appropriate stressor variables through a study of
stressor-response relationships, but feasibility in terms of continued monitoring
has to be considered as well

primary response variables, such as periphyton biomass, may be more effective
for protecting the targeted uses and level of ecosystem health, in particular when
stressor-response relationships are poorly understood

developing guidelines for multiple variables may increase flexibility and reduce
uncertainty in guideline application.

Classification of streams or subdivision of the area of interest into regions

stream classification may not be required in small and homogenous areas, while
in large areas with a variety of natural regions, guideline development will benefit
from stream classification

the presence of any regional (geology, soils, climate) or local (size, substrate,
flood frequency) modifying factors that vary across the area of interest indicate
the need for stream classification

if a need for stream classification is confirmed, existing classification schemes,
such as Canadian or U.S. ecozones, ecoregions and ecodistricts or any
combination of these are the simplest way to subdivide the area of interest

if existing classification systems are deemed inappropriate, a new classification
system can be developed based on known landscape and/or stream characteristics.

Evaluation and selection of methods

literature values, such as existing guidelines and threshold values should always
be included in guideline development, because it is cost effective, can be highly
relevant and makes use of existing knowledge

the percentile method as the simplest form of the reference condition approach
provides an simple and cost-effective way to make use of existing data in the area
of interest, but lacks the linkage to biotic response variables and therefore is
associated with a high degree of uncertainty
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the reference condition approach can be scientifically rigorous when a sufficient
number of reference sites is available and well identified, ideally using biological
communities, but can be cost-intensive as it requires a good spatial coverage of
the area of interest and biological data collection and analysis

predictive modelling could be viewed as the most rigorous approach, as it
depends most on empirical data on stressor-response relationships but requires
chemical and biological data and advanced technical expertise.

Collection and analysis of data

for the adoption of literature values, no further data collection and analysis is
required, as it only involves a literature review and assessment of applicability
based on existing information

when using the percentile approach, data from three or more years per site are
required and a minimum total number of 30 stream and at least three reference
sites are recommended per stream type

for the study of stressor-response relationships bi-weekly (every two weeks) to
monthly sampling throughout the growing season for multiple years is
recommended

the reference condition approach requires that the spatial and temporal variability
in the reference sites is well understood and therefore involves a significant
sampling effort, which may be cost-intensive, as reference sites may be located in
remote areas

the monitoring program needs to be tailored to the adopted study approach such
that the resulting data are suitable to the required statistical analyses and may
need to be adapted if the monitored variables show higher variation than expected
or if new modifying factors are identified.

Assess the Level of Uncertainty

predictive ability of the stressor-response relationships or levels of variation in
results provide a measure of uncertainty around the guideline value

spatial variation may be addressed by revising stream classification and influence
of confounding factors can be included in guideline development.

Establishment of guidelines

the use of multiple lines of evidence is suggested, i.e., a number of draft guideline
values resulting from different approaches should be used as input for the
establishment of the final guideline value
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. seasonality should be explicitly addressed in guideline formulation where
appropriate, as nutrient effects usually vary considerably among seasons

. the level of uncertainty associated with each approach should be used in a “weight
of evidence” approach, where possible, i.e., results with low uncertainty should
receive a larger weight in the final guideline than results with high uncertainty.

Region- and jurisdiction-specific considerations play a crucial role in each of these steps. There
is no ideal “one-fits-all” approach to nutrient guideline development, because each region and
jurisdiction has a unique combination of natural features, economic and intellectual resources,
and existing data monitoring programs.

Developing a nutrient guideline is not a one-time, straight-forward undertaking. In some cases
the initial decisions, such as variable choice and stream classification scheme, have to be revised
as a result of method evaluation in terms of feasibility and in response to data analysis results.
Generic initial guidelines may have to be verified for their applicability and refined over time.

Regions faced with limited resources or when a draft guideline is a desired first step, a more
simple procedure may be more appropriate as an alternative to the complete guideline process
outlined above. This procedure consists of the adaptation of a literature value as an interim
guideline and then the iterative refinement of the guideline as more ecological data from the
rivers become available.

Cost of nutrient guideline development depends on a variety of factors. In general, costs increase
with guideline sophistication in terms of methods and the number of variables and seasons
considered, as well as the inclusion of stream classification. Available data and technical
expertise as well as partnerships can reduce cost. The use of literature values and the percentile
approach are cost-effective, but result in a higher level of uncertainty and therefore potentially
lower protection of the aquatic ecosystem.

This guidance manual summarizes a large number and diversity of variables, approaches and
methods applicable to nutrient guideline development and provides guidance on how these tools
can be used in the process of guideline development. The manual can thereby support the further
development of scientifically defensible and regionally and locally relevant nutrient guidelines
across Canada.
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6.0 GLOSSARY

TERM DEFINITION REFERENCE FOUND IN
algal biomass The weight of living algal material in a unit area at a given time Wetzel 1983 N-Steps website
ash-free dry An algal biomass measurement that measures the standing crop of algae to estimate APHA 2000 N-Steps website

weight

net production

Bayesian Analysis

Bayesian Analysis uses the Bayes theorem, which is a formula for revising a priori
probabilities after receiving new information. The method has been used in stream
classification to find combinations of classification variables that best account for
observed variability.

Lamon and Qian
2008;
statistics.com

USEPA 2010

benthos/benthic

The assemblage of organisms associated with the bottom, or the solid-liquid interface
of the aquatic system. Generally applied to organisms in the substrata

Wetzel 1983

N-Steps website

biological integrity

The ability of an aquatic ecosystem to support and maintain a balanced, adaptive
community of organisms having a species composition, diversity, and functional
organization comparable to that of natural habitats within a region.

N-Steps website

N-Steps website

all the groups of organisms living together in the same area, usually interacting or

community depending on each other for existence N-Steps website N-Steps website
Elements of jurisdictional water quality standards, expressed as constituent
criteria concentrations, levels, or narrative statements, representing a qyahty of water that USEPA 1994 USEPA 2000
supports a particular use. When criteria are met, water quality will generally protect the
designated use.
designated uses Uses defined in water quality standards/(.)bjeclnves ' for each water USEPA 1994 USEPA 2000
body or segment whether or not the use is being attained.
An Ecodistrict is a subdivision of an ecoregion which is characterized by a distinctive .
L . . ; . Marshal and Environment
Ecodistrict assemblage of relief, landforms, geology, soil, vegetation, water bodies and fauna.
N ; A Schut 1999 Canada 2006
Canada is divided into 1024 Ecodistricts.
ecological The point at which there is an abrupt change inan ecosystem' quality, property or Groffman et al. Groffman et al.
threshold phenomenon, or where small changes in an environmental driver produce large 2006 2006

responses in the ecosystem.

Ecoprovince

A subdivision of an ecozone is characterized by major assemblages of structural or
surface forms, faunal realms, and vegetation, hydrology, soil, and macro climate.
Canada is divided into 53 ecoprovinces.

Marshal and
Schut 1999

Environment
Canada 2006
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TERM DEFINITION REFERENCE FOUND IN
ecology “Ecology is the scientific study of the processes influencing the distribution and Likens 1992 Likens 1992
abundance of organisms, the interactions among organisms, and the interactions
between organisms and the transformation and flux of energy and matter.”
An ecoregion is a subdivision of an ecoprovince and is characterized by distinctive .
. . . : . : : : ; Marshal and Environment
Ecoregion regional ecological factors, including climate, physiography, vegetation, soil, water, and
O : . Schut 1999 Canada 2006
fauna. Canada is divided into 194 ecoregions.
Ecozones define the ecological mosaic of Canada on a sub-continental scale. They
Ecozone represent an area of the earth’s surface representative of large and very generalized Marshal and Environment
ecological units characterized by interactive and adjusting abiotic and biotic factors. Schut 1999 Canada 2006
Canada is divided into 15 terrestrial ecozones.
eutrophic Abundant in nutrients and having high rates of productivity frequently resulting in Wetzel 1983 N-Steps website

oxygen depletion below the surface layer.

eutrophication

Eutrophication refers to natural or artificial addition of nutrients to bodies of water and
to the effects of the added nutrients.

National Academy
of Science 1969.

USGS website.
http://toxics.usgs.g
ov/definitions/eutro

phication.html

Guideline
(French: Critéres
de qualité de
I'eau)

A numerical concentration or narrative statement recommended to support and
maintain a designated water use. Guidelines are upper limits (and lower limits for some
parameters such as dissolved oxygen and pH) intended to protect water uses from
human-caused changes to water quality. They provide consistent, science-based
benchmarks for protection at national, regional or provincial scale but do not consider
site-specific, local factors and conditions.

AENV 2012,
CCME 1999

NSWA 2010

habitat

a place where the physical and biological elements of ecosystems provide a suitable
environment including the food, cover, and space resources needed for plant and
animal livelihood.

N-Steps website

N-Steps website
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TERM DEFINITION REFERENCE FOUND IN
u.s.
Environmental http://iaspub.epa.go
Protection Agency | v/sor_internet/reqist
hvdrolo The study of the distribution, properties, and effects of water on the earth's surface, in (1997) Terms of ry/termreg/searcha
Y 9y the soil and underlying rocks, and in the atmosphere. Environment: ndretrieve/termsan
Glossary, dacronyms/search.
Abbreviations and do
Acronyms.
. : . . Goldman and :
lentic Relatively still-water environment Horne 1983 N-Steps website
lotic Running-water environment Goldman and N-Steps website

Horne 1983

macroinvertebrate

Small benthic organisms which are retained on sieves with a mesh size >2 mm

Thorp and Covich
1991

N-Steps website

(also known as SAV-Submerged Aquatic Vegetation) Larger aquatic plants, as distinct

Goldman and

macrophyte from the microscopic plants, including aquatic mosses, liverworts, angiosperms, ferns, Horne 1984 N-Steps website
and larger algae as well as vascular plants; no precise taxonomic meaning
mesotrophic Having a nutrient concentration that results in moderate productivity Wetzel 1983 N-Steps website

A calculated term or enumeration representing some aspect of biological assemblage,
function, or other measurable aspect and is a characteristic of the biota that changes in

metric some predictable way with increased human influence. A multimetric approach N-Steps website N-Steps website
involves combinations of metrics to provide an integrative assessment of the status of
aquatic resources.
multivariate - — o . . .
community S_tat|st_|cal methods_ (e.q., ord|_nat|on or d|scr|m|nant analysis) for analyzing physical and N-Steps website N-Steps website
analyses biological community data using multiple variables.
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http://iaspub.epa.gov/sor_internet/registry/termreg/searchandretrieve/termsandacronyms/search.do
http://iaspub.epa.gov/sor_internet/registry/termreg/searchandretrieve/termsandacronyms/search.do
http://iaspub.epa.gov/sor_internet/registry/termreg/searchandretrieve/termsandacronyms/search.do

TERM

DEFINITION

REFERENCE

FOUND IN

u.s.
Environmental
Protection Agency

http://iaspub.epa.go
v/sor_internet/reqist

non-degradation An environmental policy which disallows any lowering of naturally occurring quality (1997) Terms of ry/termreg/searcha
policy regardless of pre-established health standards. Environment: ndretrieve/termsan
Glossary, dacronyms/search.
Abbreviations and do
Acronyms.
obiective A numerical concentration or narrative statement which has been established for AENV 2012, AENV 2012
I specific waters, and which has an action and/or management commitment. CCME 1999
oligotrophic Troph|c.status of a yvaterbody characterized by a sm.a}ll supply of nutrients, low after Wetzel 1983 N-Steps website
production of organic matter, low rates of decomposition.
For planning purposes, "outcomes" are the desired endpoints that should guide the BRBC 2008 - TC BRBC 2008 - TC
outcomes ) . )
development and implementation of the recommendations. report to SC report to SC
parameter see "Variable"
Associated aquatic organisms attached or clinging to stems and leaves of rooted plants
periphyton or other surfaces projecting above the bottom of a water body, rocks (epilithic), USEPA 1994 N-Steps website

sediment (epipelic), sand (episammic), plants (epiphytic) or animals (epizoic)..

point source

Origin of a pollutant discharge from a discrete conveyance typically thought of as an
effluent from the end of a pipe.

N-Steps website

N-Steps website

primary
production

Quantity of new organic matter created by photosynthesis or chemosynthesis, or
stored energy which that material represents. Primary production in rivers and streams
is usually dominated by algal and macrophyte production.

after Wetzel 1983

N-Steps website

propensity score

A composite variable that combines all covariates in a stressor-response relationship
into one. When used in the classification of water bodies, they minimize the effect of
covariates on stressor-response relationships within each class.

U.S. EPA 2010

U.S. EPA 2010
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TERM DEFINITION REFERENCE FOUND IN
Describes the characteristics of water body segments least impaired by human
reference activities. As such, reference conditions can be used to describe attainable biological USEPA 2000 USEPA
condition or habitat conditions for water body segments with common watershed/catchment 2000
characteristics within defined geographical regions.
specific locality on a waterbody which is unimpaired or minimally impaired and is N-Stens
reference site representative of the expected biological integrity of other localities on the same N-Steps website P
. website
waterbody or nearby waterbodies.
L . . . . L . Goldman and N-Steps
riparian Riverside, usually referring to vegetation (riparian vegetation) Horne 1983 website
A stream classification approach that combines several methods of stream
Rosaen classification into one complete, multi-tiered approach. Rosgen’s method has four Rosgen 1994 and USEPA
9 levels of detail: broad morphological (geomorphic) characterization, morphological 1996 2000
description (stream types), stream “state” or condition, and verification.
secondary New organic material created by an organism that uses organic substrates (i.e. uses N-Steps
; ! : Wetzel 1983 h
production material from primary producers). website
. Organic matter suspended in the water column generally comprised of phytoplankton, Thorp and Covich | N-Steps
seston/sestonic . : . !
bacteria and fine detritus. 1991 website
stressor Phys_lcal and biological factors that adversely affect aquatic organisms and ecosystem N-Steps website N-Ste_ps
function. website
target In surface water quality [s.|c] a target is a concentration or narrative statement that AENV 2012 AENV
management aims to achieve or do better than. 2012
taxa A grouping of organisms given a formal taxonomic name such as species, genus, N-Steps website N-Steps
family, etc. website
thresholds ('In water mana.gement) a g'eneral term...there may be various thresholds (e.g., targets, AENV 2012 AENV
limits, triggers); see ecological threshold for an alternative definition. 2012
Total maximum daily loads (TMDLSs) are defined by calculating the assimilative
capacity of a waterbody for a substance (e.g., total phosphorus) and identifying the USEPA
TMDLs sources to determine the maximum load the waterbody is capable of carrying without USEPA 2000 2000
causing detrimental effects.
trigger A trlgggr isa cqnd!tlor.w wh|ch, if exceed.ed, resuI.tS in some action being taken (e.g., AENV 2012 AENV
intensified monitoring; risk assessment; contaminant management). 2012
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TERM DEFINITION REFERENCE FOUND IN
trophic state The production rate of autotrophic or heterotrophic processes in an ecosystem. Dodds 2007 DZ%%d?S
variable a substance in, or condmon qf, Fhe water. Sqmenmes referred to as a parameter. It AENV 2012 AENV
may be physical, chemical, biotic or radiological. 2012
water quality e BRBC
quideline See "guideline CCME 1996 2008
water quality T BRBC
objective See "objective CCME 1996 2008
The area of land that drains water, sediment, and dissolved materials to a common
. ) ; Dunne and N-Steps
watershed outlet at some point along a stream channel. In American usage, watershed is ;
Leopold 1978 website

synonymous with the terms drainage basin and catchment.
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