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Executive Summary 
This report summarizes the results of the first phase of a project to address the need for Water Quality 
Objectives and Alert Levels for the Rainy-Lake of the Woods Watershed. Water Quality Objectives are 
internationally agreed upon standards, whereas Alert Levels are advisory level triggers that can be 
brought to the attention of both governments by the International Joint Commission (IJC).  
 
The work is required for the LW/Ωǎ Rainy-Lake of the Woods Watershed Board (IRLWWB or the board) to 
meet its Directive (IRLWWBDirective) to recommend Water Quality Objectives for boundary waters, to 
establish Alert Levels in the basin, to identify potential problems for boundary waters, and to report on 

these and trends in water quality and Aquatic Ecosystem Health in the basin. The report has been 
prepared for the IRLWWB by a project team contracted by the IJC and the board is now seeking public 
comments on this draft. 

 
At the present time, Water Quality Objectives and Alert Levels exist only for the Rainy River. The need 
for Water Quality Objectives and Alert Levels is assessed here, to allow reporting on exceedances or 
trends in water quality and Aquatic Ecosystem Health for the entire watershed.  
 

Phase I/Phase II 
Phase I of the project will identify recommended parameters associated with Water Quality Objectives 
and Alert Levels. The individual specific guidelines (e.g. concentrations, loads or other narrative 
guidelines) associated with proposed Water Quality Objectives and Alert Levels will be established 
during Phase II.  
 
Specifically, Phase I is tasked with: 
 
i) providing a review on the status of water quality and Aquatic Ecosystem Health criteria relevant 

to priority issues in the basin;  
ii) providing perspectives from stakeholders, experts and indigenous groups on indicators to 

assess water quality and Aquatic Ecosystem Health;   
iii) proposing a prioritized list of options for Objectives and Alert Levels that are specific to 

boundary water hydrogeographies, together with potential metrics or indicators of aquatic 
ecosystem health; 

iv) identifying lessons learned from other basins/boards; and 
v) providing a gap analysis for relevant aspects of the project. 

 
These tasks would focus on priority issues in the watershed and have an overarching requirement to 
protect Aquatic Ecosystem Health.  
 

Priorities 
Five watershed priorities identified through the review of key documents were identified as: 

i) Nutrients 
ii) Contaminants 
iii) Climate change 
iv) Aquatic Invasive Species 
v) Erosion and water levels 

 

http://www.ijc.org/files/tinymce/uploaded/Directive%20to%20ILWRR%20Watershed%20Board%20(3).pdf
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Water Quality Objectives 
²ƛǘƘ ƎƻǾŜǊƴƳŜƴǘΩǎ ŀƎǊŜŜƳŜƴǘΣ ²ater Quality Objectives were established in 1965 for qualitative 

parameters covering sanitary sewage, suspended solids and slime bacteria as well as quantitative 

objectives for coliforms and dissolved oxygen concentrations.  Given the extensive cleanup of the Rainy 

River since the 1960s and the fact that these are no longer issues of concern, this report suggests that 

these existing Water Quality Objectives for the Rainy River be replaced by a set of boundary-segment-

specific phosphorus objectives. It is recommended that there be individual phosphorus guidelines 

established for different boundary water segments to accommodate the fact that concentrations vary 

throughout the watershed. Rationale for a single Water Quality Objective for Nutrients (phosphorus) is 

based on the fact that phosphorus was identified as the first priority and phosphorus is the parameter 

that is most often exceeded in the watershed. 

Alert Levels 
It is proposed that the four remaining priorities will be addressed using Alert Levels.  Contaminants are 

currently managed using a long list of substances where the most stringent guideline that is in place 

with any of the regulatory agencies is identified as the Alert Level for that substance.  It is recommended 

that this long list be replaced by a shorter list of routinely monitored substances.  This will allow more 

expedient board reporting at intervals.  

With regards to Climate Change and Aquatic Invasive Species, this report recommends the use of 

Aquatic Ecosystem Health indicators that can be used to identify significant risks.  These risks would 

represent Alert Levels to the board. 

Erosion can be addressed by several of the substances on the Contaminants short list such as TSS or 

Turbidity, but models may be required to quantify the effects of Erosion. These tools will be developed 

in Phase II. 

Consultation 
The findings of this report are based on feedback from an extensive set of consultations with experts, 

the public and indigenous community members. The consultation sessions included: 

¶ Expert Workshop - March 12, 2019, International Falls, MN;  

¶ Public Workshop - March 12, 2019, International Falls, MN; 

¶ Open Webinar - April 3, 2019 ; 

¶ Two Public Meetings ς July 8, 2019, Kenora, ON; and 

¶ Indigenous Learning Forum ς August 21, 2019, Onigaming First Nation (Ontario). 

Gap analysis 
A gap analysis is provided here to identify: 

i) Any limits to the establishment of specific guidelines for Water Quality Objectives and Alert 
Levels (Phase II). 

ii) Any limits to our ability to assess the efficacy of established guidelines. 
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Recommendations 
The primary recommendations with respect to Water Quality Objectives and Alert Levels together with 
aspects of proposed indicators for Aquatic Ecosystem Health are listed below and the key aspects of 
deriving Water Quality Objectives and Alert Levels are shown in the table at the end of this summary. 
 

1.  That the board recommend to governments that the Water Quality Objectives (WQOs) and 
Alert Levels (ALs) be adopted as described in Section 9 of this report. 

2. That Aquatic Ecosystem Health (AEH) be assessed by one or all of the suggested approaches 
described in Section 3 of this report. Some guidance is required to identify the preferred 
approach to using AEH indicators to identify ALs for AIS, Climate Change, Erosion and other 
associated risks that may not be aligned with the key priorities.  

3. ¢Ƙŀǘ ŀ ǇǊƻŎŜǎǎ ōŜ ƛƴ ǇƭŀŎŜ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ƛƴŘƛƎŜƴƻǳǎ ŎƻƳƳǳƴƛǘƛŜǎΩ ŎƻƴŎŜǊƴǎ 
are addressed. This could be accomplished with the ability to bring forward Alerts associated 
with demonstrated risk. 

4. That communication between rule curve or water level boards be established when water levels 
are shown to be associated with WQOs or ALs. 

5. That the need for and efficacy of established WQOs and ALs be reviewed at a 5-year interval. 
The principles of adaptive management should be used in the course of these reviews. 

6. The board should determine how and why the information associated with WQOs and ALs is to 
be used and determine its capacity to manage and report on findings. 

7. When the board recognizes that a WQO has been exceeded, it will recommend that the 

exceedance be assessed by both governments.   

8. When the board recognizes that an AL has been triggered, it will advise that the AL be assessed 

by both governments.  

9. Concerns with respect to AEH indicators in all consultation sessions should be reviewed in Phase 

II to ensure that they align with the final WQOs and ALs. 

10. Advice from Indigenous elders was to keep the final recommendations simple and brief, to 

incorporate the concept of respect for water in the discussions throughout this project and in its 

outcomes. 

 

 
The following table shows the five priorities with the potential for management using Objectives, Alert Levels 
and risk-based guideline together with desired outcomes. 

Priority WQO or AL Parameter Desired Outcome 

Nutrients Water Quality Objective 
To replace existing Objectives 

Total phosphorus loads 
or concentrations. 
Although some reactive 
or filtered phosphorus 
fractions are sometimes 
monitored there are no 
guidelines for these 
fractions, and they are 
not routinely monitored. 

Reduce nutrient 
status to lower 
productivity, 
improve water 
clarity and improve 
aesthetic water 
quality. 

Contaminants Alert Levels for reduced list of 
routinely monitored 
substances. Alert Levels may 

Alkalinity 
Chlorophyll a 
Chloride 

Maintain water 
quality within most 
stringent guidelines. 
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be different between lake and 
river environments or specific 
to boundary water segments. 
 
The mechanism of adopting 
Alert Levels based on the most 
stringent guideline for any 
regulatory agency would apply 
to all boundary segments 
including those outside the 
Rainy River. 

Conductivity 
Colour, DOC 
Dissolved Oxygen 
Hardness 
NH3, NO2, NO3, TKN 
pH, Sulphate, SVS 
Total Phosphorus  
TSS, Turbidity 
Secchi, Temperature 
Aluminum, Antimony, 
Barium, Beryllium, Boron, 
Cadmium, Chromium, 
Cobalt, Copper, Iron, 
Lead, Manganese, 
Mercury, Molybdenum, 
Nickel, Selenium, Silver, 
Zinc, Thallium, Titanium, 
Zinc 

Reduce 
contaminants in fish 
and benthos. 

Climate Change Alert Level for Demonstrated 
Significant Risk 

Indicator Maintain risk 
awareness 

Aquatic Invasive 
Species 

Alert Level for Demonstrated 
Significant Risk 

Indicator Maintain risk 
awareness. Protect 
biodiversity. Avoid 
food web disruptions 

Erosion Alert Level for Demonstrated 
Significant Risk for non-
numeric aspects such as loss of 
shoreline 

Bank Erosion Hazard 
Index  
TSS, Turbidity, SS 

Develop tools to 
address erosion 
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1. Overview 

1.1 Introduction 
¢ƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ Wƻƛƴǘ /ƻƳƳƛǎǎƛƻƴΩǎ (IJC) Rainy-Lake of the Woods Watershed Board όǘƘŜ άōƻŀǊŘέύ was 
created in January 2013, amalgamating the International Rainy Lake Board of Control and the 
International Rainy River Water Pollution Board.  While its role and geographic scope for water level 
management did not change, its water quality responsibilities expanded to the broader Rainy-Lake of 
the Woods watershed (see Figure 1). To support this, it was given a Directive to recommend Water 
Quality Objectives (WQOs) for boundary waters, to establish Alert Levels (ALs) in the basin to identify 
potential problems for boundary waters, and to report on these and trends of water quality and aquatic 
ecosystem health (AEH) in the watershed.  In August 2017, the board made the decision to focus on this 
primary Directive task and, in 2018, initiated this project to address the need to develop water quality 
and AEH Objectives and ALs, relevant to priority issues in the basin.  While some dated WQOs exist, 
there are no WQOs for the ōƻŀǊŘΩǎ expanded mandate to include the entire Rainy-Lake of the Woods 
watershed. In the absence of relevant WQOs or ALs for the board, monitoring and reporting on 
exceedances or trends in water quality and AEH cannot be assessed in a consistent and systematic 
manner.  This work, then, is needed for the board to meet its Directive. 
 
Figure 1 ς Rainy-Lake of the Woods Watershed 
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1.2 Background 
In 1959, the IJC received a reference from the Canadian and U.S. federal governments for water 
pollution in the Rainy River and Lake of the Woods. In a 1965 report back to governments, the IJC 
recommended WQOs for the Rainy River (IJC, 1965).  With governmentΩs agreement, WQOs were 
established for qualitative Objectives covering sanitary sewage, suspended solids and slime bacteria as 
well as quantitative Objectives for coliforms and dissolved oxygen concentrations (see Table 1).  Since 
that time, there have been efforts to introduce additional parameters for Rainy River WQOs including 
bacteria, pH, TDS, ammonia, DO, polychlorinated biphenyls (PCBs), cadmium, copper, iron, lead, 
manganese, mercury, nickel, zinc, nitrates, pesticides, color, suspended solids, turbidity, odor, 
temperature, arsenic and organic compounds, but no further WQOs have been approved by 
governments since the 1965 list.  It is important to note that these WQOs apply only to the Rainy River.  
 
Table 1 ς Existing Water Quality Objectives for the Rainy River. 

Parameter Threshold Level 

Coliforms (Most probable 
number [MPN]) (ml) 

2400/100 (Max), 1000/100 (Median) 

Dissolved oxygen (DO) The dissolved oxygen should not fall below 5 mg/L at the average 
monthly flow which is exceeded 95 percent of the time in the critical 
month, nor below 3 mg/L at the minimum daily flow that is exceeded 
95 percent of the time in the critical month 

Suspended solids 
 

άΧshould be reduced to a point that they are not conducive to slime 
growths, formation of sludge islands and banks, and do not injure fish 
ƻǊ ǿƛƭŘƭƛŦŜ ƻǊ ǘƘŜƛǊ Ƙŀōƛǘŀǘǎέ 

Nutrients and wood sugars άΧshould be controlled to the extent that they do not promote the 
nuisance growths of Sphaerotilus and other slime bacteria in the 
ǊƛǾŜǊέ 

 

In 1992, a revised board Directive allowed the establishment of ALs for the Rainy River. These are 
advisory level triggers for dealing with water quality issues that are not covered by the International 
WQOs. These could be established for any parameter for which any party (i.e., Ontario, Minnesota, 
Environment and Climate Change Canada, US Environmental Protection Agency) has established 
standards or guidelines. These ALs do not need to be ratified by governments and do not specifically 
require monitoring.  Board Directive 4b does require reporting on ALs.  There is a long list of ALs 
currently in place for the Rainy River and these are based on the most stringent standards that are 
currently in place by any of the parties; the extensive list is shown in Clark and Sellers, 2014.  This 
project examined whether this list requires updating and whether further ALs are required for other 
areas of the watershedΩǎ ōƻǳƴŘŀǊȅ ǿŀǘŜǊǎ outside of the Rainy River. 

 

1.3 Project Approach 
This project is the first phase of a larger effort to identify the relevance of priority issues to specific basin 

hydrogeographies, and will determine how the board should measure, evaluate and report against these 

priorities.  This project is split into two phases and this report provides the results of Phase I, which has 

focused on expert and community consultation around what is meant by AEH, context setting and 

background review.  It sets the foundations for recommending WQOs and ALs relevant to priority issues 

such as water quality, Aquatic Invasive Species (AIS), climate change indicators and adaptation, and 
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surface water contamination in the Rainy-Lake of the Woods watershed.  The focus will be on 

established priorities that include both water quality and aspects of AEH.    

Phase II will focus on the development of appropriate benchmarks, metrics or indicators for WQOs and 

ALs that can be used to report on AEH status and trends; in short, what should be measured, is it being 

measured and what should the number of criteria be.  Upon completion of Phase II, the board will be 

provided with:   

¶ Recommendations for WQOs, as appropriate, for specific boundary waters; 
 

¶ An updated list of priority ALs for specific basin waters/locations that reflect priority issues in 
the basin and are minimally needed to identify potential problems for boundary waters;  

¶ An assessment of monitoring and information adequacy / needs minimally required to support 
evaluation and reporting against the recommended Objectives and ALs; and 

¶ A proposed assessment framework for ongoing evaluation and assessment of AEH in the basin. 

 
It is important to note that some of the activities completed for Phase I progressed organically through 

the consultation process to touch on aspects of Phase II and, conversely, some of the items meant to be 

accomplished in Phase 1 would be better handled in Phase II. It is also important to note, for 

consideration in Phase II, that WQOs and ALs, and related issues such as frequency of data collection, 

analysis and reporting, should take into consideration the purpose and use of WQOs and ALs, as well as 

human and financial resource requirements and availability to effectively manage reporting against 

WQOs and ALs.   

 

Engagement of key communities has been essential throughout Phase I to develop a shared 

understanding of the meanings, expectations and potential metrics for water quality and AEH in the 

basin.  This phase has focused on building this foundation and a context for developing specific WQOs 

and ALs in Phase II, drawing upon the extensive amount of information and research that has been done 

in the past in this basin.  The goals of Phase I are:  

¶ to identify and refine the priority issues specific to the bŀǎƛƴΩǎ ƘȅŘǊƻƎŜƻƎǊŀǇƘƛŜǎΤ  

¶ in consultation with agencies, stakeholders and the board, develop a clear definition of what is 

meant by AEH in the basin;  

¶ inventorying and assessing the status of existing water quality and AEH criteria (provincial, state, 

federal, indigenous, binational) relevant to the identified priorities;  

¶ the status of and lessons learned from other watersheds / boards; 

¶ proposing a prioritized and justified list of options for the development of WQOs and ALs as well 

as potential metrics or indicators for these, to be more fully developed during Phase II; and 

¶ a gap analysis with respect to monitoring and reporting on priority WQOs and ALs. 
 
Each of these goals were reached through a review of primary documentation, conversations with the 
bƻŀǊŘΩǎ !ǉǳŀǘƛŎ 9ŎƻǎȅǎǘŜƳ IŜŀƭǘƘ /ƻƳƳƛǘǘŜŜ and a series of consultation sessions with experts, the 
public and indigenous communities. These consultation sessions included: 
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¶ 9ȄǇŜǊǘΩǎ ²ƻǊƪǎƘƻǇ ƛƴ LƴǘŜǊƴŀǘƛƻƴŀƭ CŀƭƭǎΣ ab ŀǘ ǘƘŜ ²ŀǘŜǊǎƘŜŘ CƻǊǳƳΣ ƻƴ aŀǊŎƘ мнΣ нлмфΤ 

¶ Public Workshop in International Falls, MN at the Watershed Forum, on March 12, 2019; 

¶ Open Webinar on April 3, 2019; 

¶ Two public meetings in Kenora, ON - July 8, 2019; and 

¶ Indigenous Learning Forum in Onigaming First Nation on Aug 21, 2019. 
 

As mentioned above, earlier WQOs (1965) and ALs (1994) have been established jointly by the IJC and 
the Canadian and U.S. federal governments for the Rainy River but these are outdated with respect to 
current priority issues.  It is important to note that international WQOs and board ALs have not been 
established for any other parts of the watershed.  WQOs and ALs should be assessed for the entire 
watershed, to allow reporting on exceedances or trends in water quality and AEH. 
 
This project addresses the need to track AEH both within the context of the priorities but also in a 
broader sense since AEH is an overarching priority. The role of AEH within this process and in the 
watershed in general is threefold. First, the stated goal for all oversight in the watershed is to protect 
AEH. Second, any action in boundary waters, including the establishment of WQOs and ALs, has the 
underlying goal of protecting AEH. Third, AEH indicators and metrics, of which there are many, should 
be selected as appropriate and used to assess progress following the establishment of numerical or 
narrative guidelines in the form of WQOs or ALs. 
 
Figure 2 outlines the approach the project team used to identify/refine the priorities, assign watershed 
segments and progress towards the recommendation of appropriate WQOs and ALs. 
 

Figure 2 ς Approach to identifying priorities, assigning watershed segments and recommending WQOs and ALs. 
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2.0 Document Review 
 

2.1 Identifying Priorities  
 
As a first step, key synthesis documents were reviewed to identify the main priorities associated with 
water quality and AEH for the Rainy-Lake of the Woods watershed.  Information with respect to 
parameters that would be candidates for both WQOs and ALs were recorded together with the 
boundary water segments where they would apply.  The review was initiated using the documents listed 
below with the understanding that more could be added to the list, if appropriate. 
 
Documents were reviewed to summarize any priorities that were identified, together with the segments 
of the boundary waters, where these were indicated.  There was also a scan to identify AEH indicators 
and/or definitions within each document (no definitions of AEH were found).  For AEH indicators, it was 
noted whether these were monitored.  The summary table for this review is shown in Appendix 1. 
 
  

2.2 Documents Reviewed 
1. Clark, Bev J. and Todd J. Sellers (2014). State of the Watershed Report, 2nd Ed. Published by the Lake 
of the Woods Water Sustainability Foundation. 
 
2. International Joint Commission (2015). A Water Quality Plan of Study for the Lake of the Woods 
Watershed. ISBN: E95-2/19-2015E-PDF. 
 
3. International Joint Commission (2017). A Review of International Water Quality Objectives in the 
Souris, Red, Rainy-Lake of the Woods and St. Croix River Watersheds: Historical Perspectives, Recent 
Trends and Future Directions. January 2017 unpublished report. 
 
4. International Joint Commission (2014). Great Lakes Ecosystem Indicator Project Report: A Report of 
the IJC Priority Assessment of Progress towards Restoring the Great Lakes.  
 
5. Minnesota Pollution Control Agency (2018). Preliminary Review Draft - Lake of the Woods Excess 
Nutrients Total Maximum Daily Load. 
 
6a. 9ƴǾƛǊƻƴƳŜƴǘ /ŀƴŀŘŀΩǎ [ŀƪŜ ƻŦ ǘƘŜ ²ƻƻŘǎ {ŎƛŜƴŎŜ LƴƛǘƛŀǘƛǾŜ нллу ǘƻ нлмм report.  
 
6b. 9ƴǾƛǊƻƴƳŜƴǘ /ŀƴŀŘŀΩǎ [ŀƪŜ ƻŦ ǘƘŜ ²ƻƻŘǎ {ŎƛŜƴŎŜ LƴƛǘƛŀǘƛǾŜ 2008 to 2011 ς Summary report. 
 
7. Environment Canada (2015). Results of Environment Canada's water quality monitoring and 
surveillance activities in the LoW watershed 2012-14, WQMS 2015. 
 
8. Canadian Council of Ministers of the Environment (2016). Guidance Manual for Developing Nutrient 
Guidelines for Rivers and Streams PN 1546 ISBN 978-1-77202-022-9 PDF. 
 
9. International Rainy and Namakan Lakes Rule Curves Study Board (2017). Managing Water Levels and 
Flows in the Rainy River Watershed: A Report to the International Joint Commission, Final Report. 
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10. International Lake of the Woods and Rainy River Watershed Task Force (2011). Bi-national 
Management of Lake of the Woods and Rainy River Watershed, Final Report. 
 
11. Manitoba Water Stewardship (2011). Manitoba Water Quality Standards, Objectives and 
Guidelines, Water Science and Management Branch, Nov 2011. 
 
12. International Rainy-Lake of the Woods Watershed Board (2016). First Annual Water Quality Report. 
Submitted to The International Joint Commission April 2016. 
 
13. International Rainy-Lake of the Woods Watershed Board (2017).  Aquatic Ecosystem Health Report, 
2015 and 2016. Submitted to the International Joint Commission October 25, 2017. 
 
14. Minnesota Pollution Control Agency (2016). Lake of the Woods Watershed Monitoring and 
Assessment Report. 
 
15. IJC Directive to the International Rainy-Lake of the Woods Watershed Board, 2013. 
 
16. IJC Sparrow Modelling. 
 
17. International Joint Commission (1965). Pollution of the Rainy River and Lake of the Woods, 1965. 
 
18. Rainy River Alert Levels ς excerpt from IRRWPB report. 
 
19. McDaniel, T. and T. Pascoe (2018).  Presentation: Environment and Climate Change Canada - Lake 
of the Woods Monitoring Update. 
 
20. Valipour et. al. (2018). Webinar - Update on Integrated Modelling.  

 
 
A simple method was used to weigh priorities based on the number of times that each was listed in the 
reviewed documents.  For example, the first priority was listed as nutrients and associated internal 
loads together with algal bloom indicators because it was mentioned in nine of the reviewed 
documents.  It should be noted that there are many circular references in these documents, such that 
the priorities listed in one document may be carried forward to a subsequent document.  We do not see 
this as an issue, simply because if a documentΩǎ review has its priority list carried into a subsequent 
document, then this endorsement is considered more as a juried priority rather than one that is counted 
twice.  
 
The key priorities noted through the documents review are shown in Table 2, together with the number 
of supporting documents and the number associated with their titles, as shown in the previous 
numbered document list.  Review documents include important periodic reviews of water quality and 
AEH indicator data that incorporate the most up to date data into review documents. These include the 
State of the Basin report (Clark and Sellers, 2014) and the IJC Plan of Study (2014).  Also, many more 
detailed reports contain data that address topics such as erosion in more detail than is covered by the 
documents reviewed here. 
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Several additional priorities listed in single documents are not considered here because they would not 
normally be addressed by WQOs or ALs. These may include metrics to be used as indicators of AEH.  
They include: 
 

¶ Petroleum transport (document 2) ς otherwise regulated 

¶ Stakeholder participation (document 10) ς addressed in this project 

¶ Land development (document 10) ς assessed through planning 

¶ Monitoring (document 13) ς an integral component/adequacy may be determined as a gap 
¶ Communication (document 10) ς has been addressed through consultations 

 
 
Table 2 ς Key priorities noted in the documents review with the number of documents where the priority was 
identifiedΦ 5ƻŎǳƳŜƴǘ ІΩǎ ƛƴ ǘƘŜ ǊƛƎƘǘ ŎƻƭǳƳƴ ǊŜŦŜǊ ǘƻ ǘƘŜ list of documents previously shown. 
  

Priority # Documents Document 
1. Nutrients including internal loads 
and algal blooms 

9 1,2,5,6,7,10,12,13,14 

2. Contaminants/mining including  
Agricultural contaminants and 
Contaminants of Emerging Concern 

6 1,2,5,6,7,13 

3. Water Levels / Erosion 5 1,2,9,10,20 

4. Climate Change 5 1,5,9,10,13 

5. Aquatic Invasive Species 5 1,2,9,10,13 

 

 

2.3 Summary of Document Priorities  
 

Nutrients 
Nutrients and their effects on algal blooms have been identified as the key priority in the greatest 
number of reviewed documents (Table 2). The link between phosphorus loads to Lake of the Woods 
from point and diffuse sources, including internal loads, has been the topic of much research in the 
watershed, including the establishment of impaired waters in the south end of the lake with the 
resulting Total Maximum Daily Load (TMDL) study by the Minnesota Pollution Control Agency (MPCA) 
for the Minnesota portion of the lake and Environment and Climate Change Canada (ECCC) efforts to 
complete nutrient models to address algal blooms.  There have been many exceedances noted for total 
phosphorus in the Rainy River and Lake of the Woods by regulatory agencies on both sides of the border 
(Table 3). In addition, nutrients were the most mentioned priority in the review documents. This 
provides rationale for a WQO for total phosphorus. 
 

Contaminants 
The list of potential contaminants to surface and ground water is extensive and grows with each year as 
new compounds or contaminants of emerging concern come to light.  This is reflected by the long list of 
substances that are currently listed for ALs in the Rainy River.  The AL concentrations, in this case, are 
listed as the most stringent of any of the parties that regulate water quality on either side of the border 
waters.  Most of these contaminants are on this list due to agencies that monitor them elsewhere 
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outside the watershed in areas where there are more substances in the environment due to industrial or 
urban activity.  As such, they are best described as potential contaminants. These are rarely monitored 
or analysed in the Rainy ς Lake of the Woods watershed. There are some exceedances noted in Table 3. 

 

Aquatic Invasive Species 
The presence of many species is noted in reports and literature (see Table 3).  Data is most often 

presented as presence/absence but the spread of AIS is often tracked more carefully when there is 

elevated risk due to invasion. 

Erosion 
Soil and water conservation documents contain substantial erosion data (see Reference section, Lake of 

the Woods Sediment & Nutrient Budget Investigation, 2013).  There are aspects of the Contaminants 

ALs discussed above that could address erosion (TSS, Turbidity etc.) and there may be solutions to 

quantifying erosion through modelling.  Tools to identify aspects of erosion will be developed in Phase II. 

Climate Change 
/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ΨŘŀǘŀΩ ǘŜƴŘ ǘƻ ōŜ ƛƴǘŜƎǊŀƭ ǘƻ Ƴŀƴȅ ŘŀǘŀōŀǎŜǎ ŘǳŜ ǘƻ their impact as a stress multiplier. 

There are more straightforward examples such as the extension of the open water season and more 

complex processes showing the role that climate change plays in exacerbating algal blooms (Paterson et 

al. 2017). The IJC has published extensively on the impacts of Climate Change (see Appendix 4, Annex 9 

ς Climate Change). 
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Table 3. Water quality exceedances and Aquatic Invasive Species noted 
 

Concern Exceedance Boundary Segment Document Notes 

P > Alert Levels 
LoW, RR (US & CDN 

tributaries) Rainy Lake 
outlet not monitored 

13, 7, 19 US and CDN data 

Hg Fish consumption LoW, RR, Headwaters 13   

Fe 3% > 300 µg/L RR 19 ECCC 

PCB Fish consumption LoW, RR 13 Ontario caution 

Arsenic 1 exceedance RR 19 2014-17 

Cd 2 exceedances RR 19 2014-17 

Cu 2 exceedances  RR 19 2014-17 

Wastewater none RR     

 
 
 

AIS 
 
 
 
 

Hybrid Cattail     Headwaters 

  
  
  

13 
  
  
  
  

  
  
IMA-TAC AIS* 
Subcommittee/  
Board risk assessment 
proposal currently 
under review 

  
  
  

SW Flea LoW, RR, Headwaters 

Rusty Crayfish LoW, RR, Headwaters 

Papershell Crayfish LoW, RR, Headwaters 

Clearwater Crayfish  

Rainbow Smelt LoW, RR, headwaters 

Zebra Mussel RR 

+ more  

Sediment 
Metals - various 
exceedances of 
Fe2O3, Mn, TKN 

LoW, RR 7, 19 ECCC 

Sulphate OK RR 7   

Chloride OK RR 7   

Climate    13 Must derive metrics  

Fish Mostly good shape LoW, RR, Headwaters 13 
Refer to ON-MN 
Fisheries Atlas 

 
*International Multi-!ƎŜƴŎȅ !ǊǊŀƴƎŜƳŜƴǘ ¢ŜŎƘƴƛŎŀƭ !ŘǾƛǎƻǊȅ /ƻƳƳƛǘǘŜŜΩǎ !ǉǳŀǘƛŎ LƴǾŀǎƛǾŜ {ǇŜŎƛŜǎ 

3.0 Aquatic Ecosystem Health  
Ecosystem health is used to describe the overall condition of an ecosystem. Ecosystem condition can 
vary as a result of fire, flooding, drought, extinctions, invasive species, climate change, mining, 
overexploitation in fishing, farming or logging, chemical spills along with a plethora of known and 
unknown stressors. 
 
The meaning of AEH seems easy to grasp and the concept hŀǎ ōŜŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŜƳōǊŀŎƛƴƎ ΨŎƻƳƳƻƴ 
ǎŜƴǎŜΩ όhΩ.ǊƛŜƴ Ŝǘ ŀƭΦ нлмсύΦ  ¸ŜǘΣ ǘƘŜǊŜ ŀǊŜ ŦŜǿ ŀŎǘǳŀƭ ŘŜŦƛƴƛǘƛƻƴǎΣ ƻǊ ŀ ƧǳǎǘƛŦƛŜŘ ŎƘƻƛŎŜ ƻŦ ƛƴŘƛŎŀǘƻǊǎ 
ǇǳōƭƛǎƘŜŘ όhΩ.ǊƛŜƴ Ŝǘ ŀƭΦ нлмсύΦ  aŀƴȅ ƻŦ ǘƘŜ ǊŜǾƛŜǿǎ ǘƘŀǘ ŘƛǎŎǳǎǎ !9I ǎŜŜƳ ǘƻ ǊŜŀŘ ƳƻǊŜ ƭƛƪŜ 
conversations than a rigorous examination of the topic. A common formal definition utilizes the concept 
of stress ecology by defining health in terms of system organization, resilience and vigor (Rapport et al. 
1998). These definitions, however, are difficult to use because of the complexities involved with 
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ƳŜŀǎǳǊƛƴƎ ŀƴŘ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ǾŀǊƛƻǳǎ ǘŜǊƳǎΦ YŀǊǊ όмфффύ ƴƻǘŜǎ ǘƘŀǘ άƳǳŎƘ ǘƘŀǘ ǿŜ ƘŀǾŜ ŎƻƴŎƭǳŘŜŘ ƻƴ 
the basis of theory ς such as the interactions of system vigour, organization and resilience has not been 
empirically vŜǊƛŦƛŜŘΦέ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ǎǘŀǘƛǎǘƛŎǎ ǿŀǘŎƘŘƻƎǎ ǿƛƭƭ ƛƴǎƛǎǘ ǘƘŀǘ ǘƘŜ ǾŀǊƛƻǳǎ ǎǘŀǘƛǎǘƛŎŀƭ ǇǊƻǘƻŎƻƭǎ 
must be followed to ensure power in the analysis, which further complicates efforts to define AEH 
monitoring outcomes. 
 
The water here is further muddied by more than a few reviews that claim that AEH is not a valid concept 
and, as such, cannot be seriously defended (Suter, 1993).   
 
AEH is seen by some as a tool to communicate science to the public through an easily understandable 
analogy. This may sidestep the requirement for a definition. So, is it possible to go forward to identify 
ŀƴŘ ƳƻƴƛǘƻǊ ŀ ǎŜǘ ƻŦ ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ Ŏŀƴ ŀǎǎŜǎǎ !9I ǿƛǘƘƻǳǘ ǊŜŦŜǊǊƛƴƎ ǘƻ ŀ ŦƻǊƳŀƭ ŘŜŦƛƴƛǘƛƻƴΚ  !ǎ hΩ.ǊƛŜƴ 
Ŝǘ ŀƭΦ Ǉƻƛƴǘ ƻǳǘΣ άThere is no overall agreement on what it means to have a healthy ecosystem, yet it is 
still necessary to have clear definitions of ecosystem health on a study-by-study basisΦέ  
 
Many references, especially older ones, suggest the use of benthos or fish (Munawar et al. 1989) as 
indicators of AEH.  These indicators, especially fish, tend to be monitored in all aquatic systems, 
probably because they are attributed high value from the human perspective.  In these cases, AEH is 
ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŘŜǉǳŀǘŜƭȅ ǎǳǇǇƻǊǘ ƛǘǎ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǘƘŜ ǊŜŀŘŜǊ picks the 
component.   
 
The use of indexes has been popular to try to encompass the health of more than one organism, but 
these indexes can themselves be criticized for failing to identify the reasons for passing or failing grades 
(Suter 1993).  In addition, a good grade might not always be desirable, as in the case where a 
mesotrophic or eutrophic system might seem preferable to an oligotrophic system due to increased 
production or diversity.  It is also difficult to incorporate changes that might be due to irreversible 
changes in the ecosystem.  In other words, in those cases where there can be no return to baseline 
conditions. 
 
In most ecosystems, there are many sets of variables that are being monitored and, in many cases, there 
are long-term records for these.  So how do we know if any of these variables are linked to AEH?  And if 
we imagine that they are, then what do the data say about AEH?  The answer may change as time goes 
by.  For example, someone keeping temperature records a century ago might not imagine that there are 
any implications to AEH hiding in his or her data.  It might be collected to reflect some industrial process.  
Today, it would be foolish to suggest that temperature has no bearing on AEH.  So, it might be enough to 
simply identify the way in which a certain parameter reflects AEH and go ahead to monitor it.  Priorities 
usually come with a set of reasons why they are important because monitoring costs money and there 
needs to be compelling reasons to garner funds for any proposed work.  
 
Lǘ ƛǎ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ƴƻǘŜ ǘƘŀǘ hΩ.ǊƛŜƴ Ŝǘ ŀƭΦ όнлмсύ ǎǳƳƳŀǊƛȊŜ Ƴŀƴȅ ƻŦ ǘƘŜ ŎƻƳƳƻƴ !9I ƛƴŘƛŎŀǘƻǊǎ ŀǎ 
contaminants, climate change, habitat loss, and exotic species.  These align well with the priorities noted 
here for the Rainy-Lake of the Woods watershed.  It is important to note that these are stressors 
associated with AEH.  If stressors are monitored, then the rationale attaching their effects to AEH have 
usually been pre-defined.  In the end, it may not be that important to attach definitions, i.e. if the fish 
are failing, then the AEH is suffering.   
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Definitions of AEH 
 
AEH (formal) ς The ability of the ecosystem to maintain system organization, resilience and vigor. 
 
AEH (informal) ς The ability of the ecosystem to adequately support its components with an emphasis 
on ecosystem integrity. 
 
AEH indicator ς Any (monitored) variable that has been shown to have an effect on AEH. 
 
Wikipedia - A healthy aquatic ecosystem is an aquatic environment that sustains its ecological structure, 
processes, functions, and resilience within its range of natural variability.  (Adequate to take forward to 
Phase II). 
 
 
 

3.1 Applicable Aquatic Ecosystem Health Indicators  
 

There is a long list of AEH indicators that could be useful to assess AEH in the watershed. These are 
listed below.  It is important to note, however, that any indicators that would be useful for periodic 
reporting by the board would need to be embedded in ongoing monitoring programs and ideally 
assessed and summarized at appropriate intervals.  This will be further refined, including program 
locations, in Phase II. 
 
Source Acronyms  
AMRN - Adaptive Management for Rainy and Namakan Lake Levels 
MPCA ς Minnesota Pollution Control Agency 
MECP ς Ministry of Environment, Conservation and Parks 
ECCC ς Environment and Climate Change Canada  
WPLMN - Watershed Pollutant Load Monitoring Network 
MDNR ς Minnesota Department of Natural Resources 
MNRF ς Ministry of Natural Resources and Forestry 
TALU ς Tiered Aquatic Life Uses 
IBI - Invertebrate biotic index 
YOY ς Young of Year 
VNP ς Voyageurs National Park 
LOW ς Lake of the Woods 
FCIN ς Fish community index netting 
USGS ς United States Geological Survey 
 
 

AVIANS 
Indicator: Common Loon 
Metrics: Nest Flooding 
Priorities Addressed: Water levels/Erosion, climate change 
Ongoing? 
Source: AMRN 
Comments: Consider impact of high flood risk rule curve on Rainy. 
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MAMMALS 
Indicator: Muskrat 
Metrics: Over winter survival 
Priorities Addressed: Water levels/Erosion, climate change 
Ongoing? 
Source: AMRN 
Comments: Incorporate traditional knowledge. Ask Voyageurs National Park about imagery analysis. 

Also, note the current funding is only for five years. Extrapolating data to Canadian waters might not 

work as well due to trapping outside VNP. 

FLORA 
Indicator: Wild Rice 
Metrics: Success and density 
Priorities Addressed: Nutrients, contaminants, water levels, climate change 
Ongoing? 
Source: AMRN 
Comments: Rank could change based on follow up conversations with Tribes, First  

Nations, and possibly other experts. 

Indicator: Narrow leaf and Hybrid Cattail encroachment  
Priorities Addressed: Aquatic Invasive Species 
Ongoing? Ongoing monitoring in VNP for five years.  
Source: AMRN 
Comments: Could have imagery analyzed every 3-5 years for extent on all water 
 bodies, including Rainy River.  
 
Indicator: Wet meadows, Shrubby swamps, Emergent plants, Submerged plants 
Priorities Addressed? 
Source: AMRN 
Comments: Could serve as surrogate for Northern Pike spawning habitat and improvement in conditions 
for benthic invertebrates on reservoirs 
 
Indicator: Emergent Plants along Rainy River 
Priorities Addressed? 
Source: AMRN 
Comments: Could have imagery analyzed every 3-5 years for extent on all water bodies, including Rainy 
River. Important habitat for fish and wildlife - prioritize the upper river to maximize ability to detect 
effects of dam operation. 
 
Indicator: Cyanobacteria 
Metrics: taxonomy, biomass, genetics C, N, P, cyanotoxins, remote sensing 
Priorities Addressed: nutrients, climate change 
Ongoing: An outcome for WQOs for P, modelling and satellite sensing may be ongoing   
Source: ECCC 
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INVERTEBRATES 
Indicator: TALU 
Metrics: IBI based health of aquatic macroinvertebrate community 
Priorities Addressed: all 
Ongoing: 10 year cycle 
Source: MPCA 
Comments: Based on Index of Biologic Integrity of Stream and River Biomes 
 

FISHERIES 
Indicator: TALU 
Metrics: IBI based Health of Fisheries Community 
Priorities Addressed: all 
Ongoing: Ongoing, 10 year cycle 
Source: MPCA 
Comments: Based on Index of Biologic Integrity of Stream and River Biomes 
 
Indicator: LOW/Large Lake Fisheries Atlas 
Metrics: Health of Fisheries Community 
Priorities Addressed: all 
Ongoing: Ongoing 6 year cycle 
Source: MDNR 
 
Indicator: Rainy River Fisheries Survey 
Metrics: Health of Fisheries Community 
Ongoing: Ongoing 10 year cycle 
Source: MDNR 
Comments: Fisheries surveys of tributaries to LOW and lower 40 miles of Rainy River (ongoing 10 year 
cycle) start 2020  
 
Indicator: Populations of adult gamefish,  

   Walleye egg survival, 
     Walleye spawning success, 
Priorities Addressed: all 
Source: AMRN 

 

Indicator: Northern Pike Spawning Suitable Habitat ς lakes (improve models of spawning habitat) 
     Northern Pike Larval Suitable Habitat 
         Northern Pike Young of Year Suitable Habitat 
Priorities Addressed: all 
Source: AMRN 

 

Indicator: Whitefish Egg Survival Probability 
         Whitefish Spawning Success 
          Cisco spawning success  
Priorities Addressed: all 
Source: AMRN 
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Indicator: Rainy River Walleye spawning habitat 
     Rainy River Lake Sturgeon Habitat 
Priorities Addressed: all 
Source: AMRN 

 

Indicator: Yellow perch spawning habitat ς lakes 
    YOY northern pike, walleye, and yellow perch  

Priorities Addressed: all 
Source: AMRN 

Comments: Expand FCIN netting to Canadian waters on Rainy Lake and Namakan Reservoir 

 

CLIMATE AND WEATHER 

Indicator: Atmospheric Deposition 
Metrics: annual and seasonal air temperature; annual and seasonal precipitation; wind speed; PAR 
Priorities Addressed: Nutrients and climate change 
Ongoing: yes various 
Source: Trent University, ECCC 
Comments: deposition chemistry and meteorological variables could be separate metrics 
 
Indicator: Water temperature 
Metrics: Open water season average 
Priorities Addressed: may include all 
Ongoing: yes various 
Source: ECCC, MECP, MPCA 

 

WATER CHEMISTRY AND PHYSICAL CONDITIONS 

Indicator: Pollutant Load Monitoring Network  
Metrics: Dissolved Orthophosphate, Total Phosphorus, Total Kjeldahl Nitrogen, Nitrate + Nitrite 
Nitrogen, Total Suspended Solids 
Priorities Addressed: Nutrients, contaminants, climate change 
Ongoing: yes 
Source: MPCA 
Comments: Storm events and once per month calendar-based stream sampling 
 
Indicator: Intensive Watershed Monitoring Concentrations 
Metrics: Dissolved oxygen, Escherichia coli, Nitrate plus Nitrite ς Nitrogen, Orthophosphate  
pH, Total Kjeldahl nitrogen, Total phosphorus, Total suspended solids, Unionized ammonia (NH3) 
Priorities Addressed: Nutrients, contaminants, climate change 
Ongoing: Ongoing, 10-year cycle 
Source: MPCA 
Comments: Lakes, streams and rivers; 8-digit HUCs 
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Indicator: Watershed Monitoring Concentrations 
Metrics: Dissolved oxygen, Escherichia coli, Nitrate plus Nitrite ς Nitrogen Orthophosphate  
pH, Total Kjeldahl nitrogen, Total phosphorus, Total suspended solids, Unionized ammonia (NH3) 
Priorities Addressed: Nutrients, contaminants, climate change 
Source: Trent University (Contract with MPLMN) 
 
Indicator: Intensive Watershed Lake Monitoring 
Metrics: Total Phosphorus, Chl-a, Secchi Transparency, Dissolved oxygen, Escherichia coli  
Nitrate plus Nitrite ς Nitrogen Orthophosphate, pH, Total Kjeldahl nitrogen, Total suspended solids  
Unionized ammonia (NH3) 
Priorities Addressed: Nutrients, contaminants, climate change 
Ongoing: 10-year cycle 
Source: MPCA 
Comments: Selected Lakes within 8-digit HUCs 
 
Indicator: In-Lake Monitoring 
Metrics: Chlorophyll-a, Nutrients (P, N, C), Major ions, Metals, TSS, temp, DO, conductivity  
pH, TDS, Turbidity 
Priorities Addressed: Nutrients, contaminants, climate change 
Ongoing: uncertain to continue beyond 2019 
Source: ECCC, MNRF and MECP 
Comments: Lake of the Woods 
 
Indicator: Rainy River Nutrient Monitoring 
Metrics: Metals 
Priorities Addressed: Nutrients, contaminants, climate change 
Ongoing: yes 
Source: ECCC 
 
Indicator: LOW/Rainy River Tributaries Nutrient Budget 
Metrics: Nutrients 
Priorities Addressed: Nutrients, contaminants, climate change 
Source: Trent University, ECCC 
 

Indicator: MOECP Lake Partner Program 
Metrics: phosphorus, Secchi, occasionally others 
Priorities Addressed: Nutrients 
Ongoing: yes 
Source: MOECP 
Comments: Many locations throughout watershed 
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HABITAT 

Indicator: Minnesota Stream Habitat Assessment 
Metrics: Surrounding Land Use, Riparian Zone Conditions, Instream Zone Conditions 
Channel Morphology, Aquatic Vegetation 
Priorities Addressed: water levels/erosion 
Ongoing: 10-year cycle 
Source: MPCA 
 

HYDROLOGY 
Indicator: Stream Flows 
Metrics: discharge 
Priorities Addressed: Water levels/erosion, climate change 
Ongoing: yes 
Source: MNDR, USGS, WPLMN 
 
 
 

3.2 Using Demonstrated Significant Risk to Identify ALs 
The concept of demonstrated significant risk should be used to define ALs for those priorities where 

there are no defined numerical guidelines.  This applies to AIS, Climate Change and aspects of erosion. 

Any AEH metric which can be shown through well defended research to constitute a significant risk 

would represent an AL.  This would include any AEH indicator or metric being studied in the watershed 

in addition to those associated with priorities. 

There are two approaches to identifying ALs associated with risk.  The first would be to sort through all 

programs where AEH indicators are monitored and examine each for elements of risk (examine 

indicators shown in the previous section.  

For this approach, data analysis could be divided into the following major categories:  

¶ Biology 

¶ Climate and Weather 

¶ Fluvial Morphology 

¶ Habitat 

¶ Hydrology 

¶ Water Chemistry and Physical Conditions 

Categories are further divided into indicators, which are further divided into specific metrics. 

Resource agencies on both sides of the border have ongoing monitoring programs that include many, if 

not most, of the metrics that would be needed for start-up of an AEH program for the boundary waters.  

Many of the metric sites are located within boundary waters, however appropriate metrics need to be 

identified before gaps in the spatial coverage can be determined. Adopting existing metrics for the 

boundary waters AEH will likely improve sustainability of the start-up program.    
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This option would require a robust identification of AEH indicators to help identify risks representing 
ALs.  In this case, any indicator that, through proper and peer reviewed research is shown to indicate a 
harmful effect on AEH, would constitute an AL to the board. Ideally, indicators should be monitored in 
an ongoing program and reported at reasonable intervals that reflect the level of risk. We understand 
that while comprehensive, this approach would be time consuming and likely represent a task that is 
ōŜȅƻƴŘ ǘƘŜ ōƻŀǊŘΩǎ ŀōƛƭity to manage.   
 
The second approach would be to identify only those metrics where there is demonstrated risk and have 
the AEH committee gather these into a parking lot for periodic evaluation.  Each of these individual risks 
would represent an AL to the board.  The process to identify risks could be through resource 
management agency reviews, via presentations each year at the Rainy-Lake of the Woods Watershed 
Forum, or by defensible conclusions drawn by academic institutions, citizen scientists or indigenous 
observers.  The main driver of this process could be through structured sessions or workshops each year 
at the Forum, overseen by the AEHC and the AIS sub committee.  Some mechanism for evaluating risk 
significance would be required if this was not clearly embedded in the research. The concept is shown in 
Figure 3. 
 
Board preferences for the use of indicators should be developed in Phase II. 
 

Figure 3- Concept for identifying Alert Levels associated with significant risks. 
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4.0 Human Health Indicators 
There are several AL and AEH indicators that have implications for human health.  Most contaminants in 

water could potentially affect human health but there are few exceedances in the watershed, and most 

would be a risk, only if present in drinking water.  Proper treatment should eliminate these risks. 

4.1 Drinking Water 
As far as drinking water is concerned, there are cautions against drinking untreated surface water. In this 

case, the responsibility to safeguard drinking water quality relies on the proper operation of the water 

treatment system. Source water protection is addressed in many areas of Ontario but is not currently 

assessed in northwestern Ontario, where this watershed is situated. 

4.2 Fish Contaminants 
There are advisories for consumption of fish for several contaminants and these are specified by 

agencies dedicated to contaminants in fish, e.g. Guide to Eating Ontario Sportfish, 

https://www.ontario.ca/data/guide-eating-ontario-fish-advisory-database 

4.3 Contaminants in Sediments 
There are several noted exceedances for contaminants in sediments, but it is unclear how these affect 

human health.   

4.4 Contaminants in Groundwater 
Contaminants in ground water would be addressed by either Canadian or U.S. regulations depending on 

the location and there is, at this time, no advice with respect to ground water impacts on boundary 

water segments. 

4.5 Algal Toxins 
Algal blooms can produce harmful toxins.  There is no way to ensure, or indicate through analysis, that 

toxins are not present during blooms because they can show up in the water at any time.  Advisories 

against drinking or having human contact with water (when blooms are occurring) are posted by Health 

Units in Ontario.  

In the U.S., USEPA guidance states: 

Based on the latest scientific information, EPA has established recommended water concentrations, at or 

below which protects public health, for the cyanotoxins microcystins (8 micrograms per liter) and 

ŎȅƭƛƴŘǊƻǎǇŜǊƳƻǇǎƛƴ όмр ƳƛŎǊƻƎǊŀƳǎ ǇŜǊ ƭƛǘŜǊύΦ 9t!Ωǎ ǊŜcommendations are protective of all age groups 

and are based on peer-reviewed and published science. 

https://www.epa.gov/newsreleases/epa-issues-recommendations-recreational-water-quality-criteria-

and-swimming-advisories 

There is also extensive guidance for recreational water quality. 

https://www.epa.gov/wqc/recreational-water-quality-criteria-and-methods#rec3 

 

https://www.ontario.ca/data/guide-eating-ontario-fish-advisory-database
https://www.epa.gov/newsreleases/epa-issues-recommendations-recreational-water-quality-criteria-and-swimming-advisories
https://www.epa.gov/newsreleases/epa-issues-recommendations-recreational-water-quality-criteria-and-swimming-advisories
https://www.epa.gov/wqc/recreational-water-quality-criteria-and-methods#rec3
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5.0 Approaches and Lessons Learned from Elsewhere 
Two documents provide details that are relevant with respect to lessons learned from elsewhere.  The 

first involves details within the Great Lakes Water Quality Agreement and the second is from a review of 

approaches used by other IJC boards outside of the Great Lakes. 

5.1 The Great Lakes Water Quality Agreement 
The Great Lakes Water Quality Agreement (GLWQA) is a bi-national agreement that outlines specific 
goals towards restoring and maintaining the chemical, physical and biological integrity of the waters of 
the Great Lakes.  https://www.canada.ca/en/environment-climate-change/services/great-lakes-
protection/2012-water-quality-agreement/appendix.html 
 
The agreement is divided into several Annexes which are general topics covering individual concerns.  It 
is notable that these Annexes line up well with the priorities that have been noted here for the Rainy-
Lake of the Woods watershed (Table 4). 
 
Table 4 - GLWQA Annex topics alignment with Rainy-Lake of the Woods watershed priorities. Alignment areas 
shown by green cells. 

 

GLWQA Annex Rainy-Lake of the Woods watershed priority 

Annex 1 - Areas of Concern 
 

no 

Annex 2 - Lakewide Management 
 

Approach may be relevant for Lake of the Woods 

Annex 3 - Chemicals of Mutual Concern 
 

yes 

Annex 4 - Nutrients yes 

Annex 5 - Discharges from Vessels 
 

no 

Annex 6 - Aquatic Invasive Species 
 

yes 

Annex 7 - Habitat and Species 
 

Approach may be relevant for watershed 

Annex 8 ς Groundwater 
 

yes 

Annex 9 - Climate Change Impacts 
 

yes 

Annex 10 ς Science 
 

Describes approaches 

 
A description of the science aspects of each Annex (where applicable) is outlined in detail in Appendix 4. 
These are shown verbatim directly from GLWQA documents. 
 
A summary of important considerations derived from the GLWQA are shown for Rainy-Lake of the 
Woods watershed priorities in Table 5. 
  

https://www.canada.ca/en/environment-climate-change/services/great-lakes-protection/2012-water-quality-agreement/appendix.html
https://www.canada.ca/en/environment-climate-change/services/great-lakes-protection/2012-water-quality-agreement/appendix.html
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Table 5 - A summary of important recommendations derived from the GLWQA for Rainy-Lake of the Woods 

watershed priorities. 
 

GLWQA Annex Rainy-Lake of the Woods watershed priority 

Annex 4 - Nutrients GLWQA includes both concentration and load guidelines for 
each lake. 

Annex 3 - Chemicals of Mutual 
Concern and groundwater (Annex 8) 

Ambitious protocols but no guidance for establishing 
concentration guidelines. 
Groundwater mostly about identifying impacts. 

Annex 9 - Climate Change Impacts Relies heavily on the use of models. 

Annex 6 - Aquatic Invasive Species Keywords: prevention, barriers, rapid response, control, 
eradication, detection, spread, climate change impact 
risk assessment 

Annex 10 - Science AEH component to science using indicators: 
The Parties shall establish and maintain comprehensive, 
science-based ecosystem indicators to assess the state of the 
Great Lakes, to anticipate emerging threats and to measure 
progress in relation to achievement of the General and Specific 
Objectives of this Agreement 

 

 

5.2 Approaches by other IJC Boards outside of the Great Lakes 
A review of the approaches to using WQOs and ALs by other boards outside of the Great Lakes (Figure 4) 
shows that there is no consistent approach across boards.  This likely reflects the imperatives for each 
area of 
boundary 
water.  The 
WQOs range 
from one to 
more than 40 
and ALs range 
from none to 
extensive lists.  
In one case, 
the AL is 
represented 
by a Water 
Quality Index 
(Table 6). 
 
Figure 4 - Map of the transboundary region showing locations for the Souris River Watershed (1), the Red River 

Watershed (2), the Rainy-Lake of the Woods Watershed (3) and the St. Croix River Watershed (4). 
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Table 6 - Objectives and Alert Levels established by other IJC boards outside of the Great Lakes. 

 

International Souris River Board Objectives More than 40 

Alert Levels none 

International Red River Board Objectives DO, TDS, Chloride, SO4, E. coli 

Alert Levels 29 including pesticides (in leu of more objectives) 

International Rainy-Lake of the 
Woods Watershed Board 

Objectives Coliform, DO, SS, nutrients and wood sugars (Rainy 

River only) 
Alert Levels Extensive list ς see in State of Watershed 2

nd
 Edition 

International St. Croix River 
Watershed Board 

Objectives Dissolved Oxygen 

Alert Levels Water Quality Index (10 WQ parameters) 

 

5.3 Summary of Lessons Learned  
Lessons learned from the review of these documents include: 

¶ The alignment of priorities between the GLWQA and the priorities identified by this project gives 

confidence that we are focusing on the correct set of priorities; 

¶ Approaches used by other boards are extremely variable indicating that there is no set pattern 

to approaching WQOs and ALs; 

¶ Information and guidance within these documents may be revisited for aspects of Phase II; and 

¶ GLWQA (Annex 4) may be a good model for Rainy - Lake of the Woods. 

6.0 Feedback from Consultations 
Much of the focus of Phase I has been on gathering feedback from experts, the public, stakeholders and 

indigenous communities in order to develop an understanding of their perspectives on ecosystem 

objectives and expectations for water quality and AEH, as well as how they could be assessed.  The 

sessions were spread out between March and August 2019, so the material that was presented to the 

groups varied somewhat, as progress was made on the project.  With the Expert Workshop held first, 

much of what was discussed and, in some cases, distilled down to focus on key concepts, was then the 

material presented at the upcoming public and indigenous sessions for feedback.  The consultation 

sessions included: 

Expert Workshop - March 12, 2019, International Falls, MN  

Public Workshop - March 12, 2019, International Falls, MN 

Open Webinar - April 3, 2019 (several individuals requested the recording of this afterwards) 

Two Public Meetings ς July 8, 2019, Kenora, ON 

Indigenous Learning Forum ς August 21, 2019, Onigaming First Nation (Ontario)  

 

6.1 Summary of Expert Workshop Feedback  
At the ExpertΩs Workshop, feedback was requested on the list of priorities, the relevance of the existing 

WQOs and ALs, updates on indicators of AEH and current monitoring programs to support all of these. 

There were 35 participants, representing the key resource agencies who have a mandate for water 
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quality in the basin.  It was held during the week of the annual Watershed Forum in International Falls, 

MN where these experts typically gather to attend this scientific forum.  For those experts unable to 

attend, the team contacted them directly for their input. 

A complete listing of comments from the ExpertΩs Workshop as well as a participants list can be found in 

Appendix 5, with a summary of the discussion presented herein. Expert advice below, which has been 

incorporated into this project, is underlined. 

 

With respect to WQOs, the experts agreed that the project should consider: 

¶ Recommending a review and revision of WQOs and ALs at a minimum every five years. 

¶ Recommending updates and revisions to 1964 Objectives; largely, the group indicated that the 

existing objectives are no longer required.  There was some advice to retain an oxygen objective 

together with advice that it also is no longer necessary. 

¶ Recommending an Erosion and Sedimentation Objective. 

¶ Recommending an objective to determine the effects of climate change, treating climate change 

as a stressor.  Once the effects are determined, the board may consider an objective to mitigate 

those effects. 

¶ Recommending an objective to determine the vulnerability to and effects of AIS in the boundary 

waters. 

With respect to ALs, the experts agreed that the project should consider: 

¶ Recommending that ALs apply to all segments of the boundary waters. 

¶ Drafting a narrative explaining how ALs are used. 

¶ Drafting recommendations for an updated list for ALs along with a subset of priority alerts based 

on availability of data (often-monitored parameters). 

¶ Updating a list to include all the water quality Standards or Objectives for ECCC, EPA, MOECP or 

MPCA and identify the most stringent guideline. 

¶ Adding sulfate to the AL list. 

¶ Including the concept of demonstrated risk. 

With respect to AEH, the experts agreed that the project should consider:  

¶ Assessing AEH as a set of indicators which will act as an AL if any conditions relative to the 

indicators is shown to be deteriorating.  Preferred indicators will be used in ongoing monitoring 

programs. 

¶ Adding an atmospheric deposition indicator, which will use metrics from MET stations in ELA, 

VNP and Ely. 

¶ Recommending land cover and fragmentation remote sensing every ten years. 

¶ Recommending an indicator for disturbance of riparian zones (500 feet / 152 meters) along 

boundary waters. 

¶ Contacting Nature Conservancy (Canada and US) to determine if Conservancy maps may be used 

as an indicator. 
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¶ Recommending a review of summary reports that examine load and concentration data from 

tributaries flowing directly to a boundary water. 

¶ Including water temperature data in the Indicators and Metrics section. 

¶ Basing indicators on summary reports rather than on raw data to make the reporting process 

easier for the board. 

With respect to boundary waters segmentation, the experts agreed that the team should: 

¶ consult with Canadian scientists and the AEHC to determine whether to add additional 

segments for the cold-water watersheds (Clearwater Bay and Whitefish Bay) in the northern 

waters of Lake of the Woods. 

With respect to the Gap Analysis, the experts agreed that the team should: 

¶ Review all boundary waters segments to determine gaps in monitoring sites. 

 

6.2 Public Stakeholder sessions  
Three public/stakeholder sessions were held during Phase I; one in International Falls, MN in March 
2019 and two in Kenora, ON on July 8, 2019, linking to existing events in the basin to help maximize 
attendance and efficiency. An open Webinar was held on April 3, 2019 for those who could not attend 
the March sessions. 
 

6.2.1 March Sessions and Webinar 
The March session was held during the week of the annual Watershed Forum with 18 attending.  The 

March session was open discussion format, following a similar format as the ExpertΩs Workshop. A 

complete listing of comments from the sessions in March together with the teamΩs response to 

questions as well as a participantΩs list for each session can be found in Appendix 5. 

In the March session, the feedback tended to reflect a desire for answers to questions rather than 

providing feedback to specific aspects of the project. As a result, our approach to structuring the 

subsequent sessions was changed to focus on project specific goals. Some questions/comments from 

the March session include: 

¶ Iŀǎ ǘƘŜ ǊƛǾŜǊΩǎ ǘǊŀƴǎǇŀǊŜƴŎȅ ƛƳǇǊƻǾŜŘΚ  

¶ Where are nutrients coming from?  

¶ LǎƴΩǘ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻōƭŜƳ from the logs that were driven down the river? 

¶ Threats and timeframe ς how do these impact priorities? 

¶ We need to know if a specific AIS are a risk prior to infestation, need a risk assessment 

¶ Rainy Lake Property Owners Association (RLPOA) interested in being involved in monitoring 

down the road to monitor indicators ς RLPOA and Lake of the Woods District Stewardship 

Association (LOWDSA) both supportive of a sampling campaign  

¶ Supportive of more segments in headwaters ς need to know if monitoring is done in these 

segments 

¶ Comment made about stagnant water and need for flushing occasionally and that flow is 

important 
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¶ Contaminants ς fish advisory regarding mercury ς is this natural or man made? 

¶ Question around sulphate liberating phosphorus ς is this true? Is sulphate a contaminant or a 

nutrient issue?  

¶ Can impact of a mine way upstream be detected down on Rainy Lake? 

 

The Webinar was attended by 14 people and was primarily focused on answering questions of interest 

from the participants. Questions and answers are listed in Appendix 5. 

 

6.2.2 Summary from July Sessions: 
In July, the afternoon session was held immediately following the summer meeting of the LOWDSA and 

was attended by 25. The evening session the same day accommodated those who could not attend 

earlier - attendance was 6.  

The July afternoon session was more structured, dividing participants into breakout groups to discuss 

what ecosystem health meant to them and to capture what they thought the outcomes should be for 

each of the priorities (all comments are provided below).  Each breakout group was tasked with 

addressing one of the 5 priorities (nutrients, contaminants, climate change, AIS and erosion). In addition, 

they were asked to identify any indicators that they thought were important and whether these were 

monitored. 

In the afternoon session, the four breakout groups presented the results of their conversations at the 
end of the workshop. Below we present the feedback received on the focused questions: 
 
What does Aquatic Ecosystem Health mean to you?   

¶ to be able to swim and play in the water. No blooms. Drinkable. Biodiversity in place with desire 
to go back to pre-human condition. 

¶ a good balance with respect to species, dissolved oxygen and nutrients. 

¶ biodiversity, no eutrophication, no toxins or disease in gamefish, abundance of plants, resilience 
to perturbation 

 
Are there Aquatic Ecosystem Health indicators that are important to you? 

¶ total phosphorus, turbidity, e. coli., Lake Partner Program data, measure toxicity of blooms 

¶ informal monitoring for: wild rice, population changes in birds (pelicans and gulls), algal blooms 
earlier and later in the year, green rock algae earlier in the season, beaver and muskrat, fish and 
frog spawning, leaches 

¶ fish health a good tool. Rusty crayfish and other animal life could be monitored by locals 

¶ hydrocarbons should be monitored 

¶ biomagnification of organics 

¶ P in rainfall 
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What would you like to see as an outcome with respect to invasive species? 

¶ insist that boats and float planes be washed. Tournaments may not be doing their best. More 
education around the dangers of species transfer (to include both residents and visitors) and 
ǿƘȅ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ōŜ ǇǊŜǾŜƴǘŀǘƛǾŜ 

¶ rusty crayfish concern, few native shellfish 
 

What would you like to see as an outcome with respect to contaminants? 

¶ stronger regulation and enforcement should be an outcome 

¶ general concern for contaminants 
 
What would you like to see as an outcome with respect to climate change? 

¶ should be a budget for research. How does it affect Lake of the Woods? Give some thought to 
electric boats. 

¶ need for quantitative measurement of climate metrics, i.e. ice out, ice thickness, precipitation, 
wind speed and direction 

 
What would you like to see as an outcome with respect to erosion? 

¶ concern in the south, Rainy River and the south shore. Human causes ς logging, water levels, 
vegetation profile.  Desired outcomes ς minimal erosion, lower total phosphorus and turbidity 

¶ impacts include flow meandering, reduced navigation, less utility for power, reduced waterfront 
property and harm to cultural sites. Public buy-in required, need to manage vegetation on 
shoreline. 

 
What would you like to see as an outcome with respect to nutrients? 

¶ examine the ways that these are monitored and measured 

 

The evening session in July was attended by a small group, so most of the session included informal 

discussion, focused mainly on the most stringent aspect of the existing ALs. The economic importance of 

clean water was stressed and there was discussion around best management practices to reduce 

phosphorus loads. The question was again raised about the adequacy of current monitoring. 

 

6.2.3 Summary of Feedback from Indigenous Learning Forum  
Prior to the Learning Forum on August 21, 2019, the Project Coordinator attended Grand Council Treaty 
оΩǎ (GCT3) Water Declaration sessions in April, 2019 to learn about this initiative to develop a treaty-
wide declaration of the importance of water and the need for everyone to respect its value in decision 
making.  It was also an opportunity to meet members of the WomenΩs Council.  In Anishinaabe culture, 
women are the keepers of the water and it is important to seek advice from them when working on 
water-related projects.  As follow up to that session, the Project Coordinator met a representative of 
D/¢о ŀƴŘ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ ²ƻƳŜƴΩǎ /ƻǳƴŎƛƭ όJuly 9, 2019) and, subsequently, two elders on August 6, 
2019 to talk about the goals of this project, seek advice on protocols and agenda topics and their insight 
on project outcomes.  Advice from the elders was to keep the final recommendations simple and brief, 
to incorporate the concept of respect for water in the discussions at the Learning Forum and throughout 
this project and in its outcomes.  
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The Learning Forum on Aug 21, 2019 attracted 17 participants from a variety of First Nation 

communities and was held in Ojibways of Onigaming First Nation near Nestor Falls, Ontario. The 

meeting was in the council chambers of the band administrative office that acts as the self government 

responsible for the day to day operations of the Ojibways of Onigaming First Nation. Elder Isobel White 

opened the meeting up in ceremony in order for the dialogue and meeting to commence in a good way. 

An introduction to the IJC and the WQOs and ALs project goals were outlined and GCT3 also presented 

on their Water Declaration, Manito Aki Inakonigaawin (resource law) and the GCT3 watershed planning 

model (see below).   

Conceptual diagram for the Treaty 3 Watershed Model. 

 

The participants were asked to provide feedback on a number of specific questions related to aquatic 

ecosystem health, changes they have seen in the ecosystem and monitoring that is done.  Detailed notes 

and a list of participants are included in Appendix 5.  

The discussion focused on key questions: 

What does ecosystem health mean to you? 

What changes do you look for in the ecosystem that help you understand its health? 

Do you measure or monitor them? How? 
 

Feedback on these as well as suggestions with respect to potential indicators of AEH included: 

¶ cedar die back 

¶ range expansion of many species including magpies  

¶ many concerns about wild rice 

¶ fish spawning, fish deformities/growths in species on LOW (perch, crappy, pike walleye) 



 

32 
 

¶ colour of water has changed (murky, less clear than it used to be) 

¶ cedar trees turning orange on LOW islands 

¶ recent emergence of magpies 

¶ no chokecherries this year 

¶ brown cranes new to area 

¶ fewer cormorants than used to be 

¶ non-native animals impacting water quality 

¶ reduction in waterfowl and changing routes 

Several suggested questions provided by Elders prior to the Forum included: What have we heard so 

far? And where does the feedback go?  These questions were answered by briefly describing what we 

have heard so far in previous public sessions: 

 

¶ Keep it simple 

¶ Is current monitoring adequate? 

¶ More education for AIS 

¶ More research (budget) for climate change (quantitative) 

¶ Public buy-in for aspects of erosion 

¶ Indicators: wild rice, birds, algae, beaver, muskrat, fish, frogs 

¶ Fish health is a good tool 

¶ Possibility for local groups to monitor 

It was reported that feedback would be captured in the final report of Phase I and that key indicators 

would be identified and assessed for their ability to track AEH as part of the demonstrated risk approach 

as part of Phase II.  The team worked with Grand Council Treaty 3 to provide a summary of the Learning 

Forum to all participants. 

 

6.3 Observations from all Sessions 

 
1. The many general concerns that are not within the scope of this project should be brought to 

the attention of the IJC.  These are listed throughout Section 6 and in Appendix 5. 

 

2. More community monitoring and data sharing would be a valued asset to the WQOs & ALs 

project. 

 

3. First Nation involvement in identifying and assessing AEH indicators should be ensured. This 

would be described within the AL demonstrated risk process (Figure 3). This should be an aspect 

of outreach in Phase II. 

 

4. Common questions/concerns heard at all sessions that require further attention: 

¶ How do we know that the things that are being monitored are the things that should be 

monitored? 

¶ What is the response when an AL is identified? 
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5. Concerns with respect to AEH in all consultation sessions should be reviewed in Phase II to see if 

they align with the final management goals with respect to WQOs and ALs. 

 

7.0 Assessing Appropriate Boundary Water Segments 
The most straightforward division of the watershed into boundary water segments would be to consider 
four segments as follows: 
 

1. Lake of the Woods North 
2. Lake of the Woods South 
3. The Rainy River 
4. Rainy Lake Watershed 

 
The use of these four segments is well supported. First, these boundary water segments line up well 
with the MPCAΩǎ Total Maximum Daily Load (TMDL) modelling efforts (Figure 5) and second, they are 
generally aligned with watershed characteristics including soil types and land cover within the 
watershed (Figure 6). Lake of the Woods should be considered with at least two boundary water sub-
segments (north and south) due to water quality differences between the two areas of the lake. Expert 
feedback suggested that there may be a need to further divide Lake of the Woods north and south 
sectors to recognize cold water systems in the northern portion of the lake. This will be accomplished 
with consideration of the phosphorus WQO in Phase II. 
 
Figure 5 ς Watershed showing Rainy Lake, Rainy River and direct watershed areas. From TMDL draft (MPCA). 

 
 
 
 
 
 












































































