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PREFACE 
 
This report and its conclusions were prepared using information available to the BARC 
Monitoring Committee during the time period of September 2003 – March 2004. While 
we strive to be as complete as possible we recognize that some monitoring programs, 
projects or activities may have been missed. Any omitted monitoring programs should 
be brought to the attention of the Bay Area Restoration Council (BARC) using the 
contact information contained on the inside front cover of the report.  
 
The primary focus of this report was to evaluate past and present monitoring programs 
associated with each fish and wildlife delisting objective, in order to determine if there 
will be enough information available to delist Hamilton Harbour. Less focus was placed 
on the current status and trends of each delisting objective. Information of that nature 
can be obtained by consulting the Remedial Action Plan for Hamilton Harbour: Stage 2 
Update 2002 or by contacting the Hamilton Harbour RAP Office directly.  
 
This report is meant to be read in conjunction with the Hamilton Harbour Remedial 
Action Plan (RAP) Monitoring Catalogue as prepared by the Hamilton Harbour RAP Office, 
as it supplies the metadata (such as sampling protocols, parameters, frequency of 
monitoring, etc.) to support the evaluations and conclusions made in this report. 
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ABOUT THE BAY AREA RESTORATION COUNCIL 
 
The Bay Area Restoration Council (BARC) is at the centre of efforts to restore and 
protect the environmental health of Hamilton Harbour and its watershed. As a 
community non-profit group, one of BARC’s roles is a watchdog function, through 
monitoring and assessing the Hamilton Harbour Remedial Action Plan (RAP). 
 
Involving the community in Harbour issues requires public participation and membership 
support. The Bay Area Restoration Council promotes the RAP through school programs, 
guided Harbour tours, public meetings, resource materials and newsletter up-dates, as 
well as providing guidance to governments and coordinating popular community planting 
events. Together with its partners and members, the Bay Area Restoration Council is 
bringing back the bay! 
 
For more information visit BARC’s website, at www.hamiltonharbour.ca 
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EXECUTIVE SUMMARY 
 
The Toward Safe Harbours: Progress Toward Delisting - Fish and Wildlife is the second in 
a four part series dedicated to determining what evidence Hamilton Harbour 
stakeholders will need in order to be delisted as an Area of Concern.  
 
Introduction  
 
In 1987 Hamilton Harbour was declared an “Area of Concern” on the Great Lakes. Beach 
closings, degraded fish and wildlife populations, excess algae and contaminated 
sediment were some of the reasons this area was identified along with 42 other locations 
on the Great Lakes as requiring a special clean-up effort. This classification was based 
on Annex 2 of a joint Canada-U.S. treaty called the Great Lakes Water Quality 
Agreement (1987). It identified 14 Beneficial Use Impairments (BUI) that are considered 
indicators of degraded ecosystem health. The Hamilton Harbour Remedial Action Plan’s 
associated delisting objectives describe the environmental conditions that are deemed 
necessary to declare the Harbour restored. 
 
This year, fish and wildlife delisting objectives (i)–(v) and (xiv) were examined and 
analyzed by a group of volunteers and technical assistants who comprised the 
Monitoring Committee of the Bay Area Restoration Council, using information collected 
primarily by in-person interviews with representatives from various agencies performing 
research and monitoring in the Hamilton Harbour. It summarizes monitoring information 
available and makes key recommendations based on the information obtained.  
 
Conclusions  
 

The evaluation performed by the Bay Area Restoration Council has concluded that, if 
current activities continue, monitoring programs will be able to provide enough evidence 
to prove that fish and wildlife in Hamilton Harbour have been restored. It is important 
that existing monitoring programs continue in order to provide sufficient data for 
delisting Hamilton Harbour as an Area of Concern.  
 
Three questions guided the Toward Safe Harbours report of 2004. They are listed below 
with a summary conclusion: 
 

1. Will we be able to satisfy the decision-makers that monitoring programs 
in Hamilton Harbour will be able to prove targets stated in the delisting 
objectives? 

 Overall, yes. 
 

2. Are there any gaps in the monitoring? 
Yes, some. Fish tumour and deformity studies are incomplete and need to be 
conducted. There are virtually no studies linked to wildlife consumption, including 
potential restrictions and tainting of flavour. Other minor gaps are the result of 
unclear wording or unnecessary targets in the delisting objectives.   

 

3. Are there any obstacles to prevent monitoring from occurring in the 
future? 
Yes. There are some persistent threats to proving delisting targets will be met, 
including: 

• Insecure funding for long-term monitoring;  
• Budget priorities; and,  
• Key people leaving or retiring. 
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Recommendations 
 
Formal recommendations by BARC can be summarized into three categories and viewed 
in detail in the full report (Table 13, p. 44): 
 

1) The importance of continuing current monitoring activities 
Five BARC recommendations recognize that each delisting objective relies on only 
one or two specific monitoring programs to fulfill information requirements. 
Therefore, in order to prove targets have been obtained in the future, it is 
essential that these monitoring programs continue.  

 

2) Clarification of some delisting objectives 
Four BARC recommendations make suggestions on how delisting objectives can 
be clarified to ensure that they are accurately followed and not misinterpreted. 
Deciding on the process to make the changes is the responsibility of the RAP 
stakeholders, but in the interim these suggestions are presented for 
consideration.  

 

3) Further monitoring opportunities 
Two recommendations suggest further consideration to determine whether the 
consumption of wildlife is a use that is impaired in Hamilton Harbour (including 
tainting of flavour), as minimal information is known. Monitoring related to the 
presence or absence of fish tumours is incomplete, thus recommendations 
suggest that studies be conducted as soon as possible.  

 
 

In Summary 
 
According to BARC’s Toward Safe Harbours 2002 Report Card, fish and wildlife 
restoration activities have resulted in the greatest improvements to-date (vs. water 
quality and sediment remediation targets). This is due to the effectiveness of the Fish 
and Wildlife Habitat Project Steering Committee and the financial support and leadership 
of the Great Lakes Sustainability Fund (GLSF), as well as the numerous collaborative 
efforts of many stakeholders, including community volunteers. 
 
As a result, there is a comprehensive base of information available to fulfill monitoring 
requirements as listed in the delisting objectives. Report recommendations suggest 
further monitoring opportunities, as well as some modifications to some delisting 
objectives, but overall emphasize the importance of maintaining current monitoring 
programs. As well as providing data to prove whether or not targets have been 
achieved, monitoring programs provide adaptive feedback for current projects and 
quantify the extensive restoration progress that has occurred to-date.  
 
If current programs continue, complemented by efforts in other areas such as improved 
water quality and sediment remediation, the Bay Area Restoration Council is optimistic 
that fish and wildlife restoration targets for Hamilton Harbour will be achieved. 
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1. INTRODUCTION  
 
To formally monitor and assess the progress made to-date on the Hamilton Harbour 
Remedial Action Plan (RAP), the Bay Area Restoration Council (BARC) has produced the 
Toward Safe Harbours report annually since 1994. This report is produced by a group of 
volunteers and technical assistants who form the BARC Monitoring Committee. The 
reports are aimed at the scientists and decision-makers of Hamilton Harbour, as well as 
the general public.  
 
In 2002, the Toward Safe Harbours Report Card detailed an important conclusion: 
Hamilton Harbour was halfway to restoration targets (BARC 2002). As a result, the focus 
of subsequent reports was shifted from evaluating past remedial actions to determining 
what future actions are necessary for the Harbour to be delisted. 
 
To be formally delisted, the Hamilton Harbour RAP must present proof in the form of a 
Stage 3 Report that the Harbour has reached its restoration targets. The criteria for RAP 
Stage 3 Report submissions to the provincial and federal governments are evaluated 
based on the relevant portions of the Great Lakes Water Quality Agreement (GLWQA), 
including Annex 2, section 4(a)(vii-viii), which requires: 
 

(vii)  a process for evaluating remedial measure implementation and 
effectiveness; and, 

(viii)  a description of surveillance and monitoring processes to track the 
effectiveness of remedial measures and the eventual confirmation 
of the restoration of uses.  

(IJC 1987) 
 
Thus, the subject of the Toward Safe Harbours report will be guided by the primary 
question:  

• What evidence will the Hamilton Harbour stakeholders need to 
present in order to be delisted as an Area of Concern and fulfill 
requirements as outlined in the GLWQA? 

 
Other related questions include: 

• Will we be able to satisfy the decision-makers that researchers in 
Hamilton Harbour have been looking at the correct indicators? 

• Are there any gaps in the monitoring? 
• Are there any obstacles to prevent monitoring from occurring in 

the future? 
 
In 2004, the focus of the Toward Safe Harbours report is on fish and wildlife delisting 
objectives. 
 

1.1 Hamilton Harbour 
 
Hamilton Harbour (also known as Burlington Bay) is one of the largest and busiest 
commercial ports in the Great Lakes. It is also the largest naturally protected harbour on 
Western Lake Ontario and is separated from the Lake by a sandbar, with the Burlington 
Ship Canal as the only point of access. Some 46 percent of the Harbour’s 45 kilometre 
shoreline is composed of industrial uses, 10 percent is residential, and the remaining 44 
percent is private, institutional, or public open space. The open water of the Harbour is 
approximately 2,150 hectares, and its 49,400 hectare watershed is fed by the 
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Grindstone, Spencer, and Red Hill Creeks. The cities of Hamilton and parts of Burlington 
(totalling nearly 650,000 people) are located within the Harbour’s watershed. 
 
By the 1960s, Hamilton’s natural assets, like many industrial and urban centres, were 
severely polluted. Currently, major Harbour concerns include: point and non-point 
source pollution, contaminated sediments, combined sewer overflows, loss of shoreline 
access, discharges from four wastewater treatment plants, and degradation of fish and 
wildlife habitat. These conditions greatly affect the environmental health of the 
watershed, and must be addressed to achieve the long-term goal of restoring and 
protecting the Hamilton Harbour ecosystem. 
 

1.2 The International Joint Commission 
 
The International Joint Commission (IJC) was created in 1912 from the Boundary Waters 
Treaty (1909) in order to prevent and resolve water disputes along the Canadian-U.S. 
border. An IJC report in 1970 noted pollution problems in Lake Ontario, Lake Erie and 
the St. Lawrence River; this eventually resulted in the signing by the governments of 
Canada and the United States of the Canada-U.S. 1978 Great Lakes Water Quality 
Agreement (GLWQA), amended by protocol in 1987. A major goal of this Agreement was 
to “…restore and maintain the chemical, physical and biological integrity of the waters of 
the Great Lakes Basin Ecosystem” (IJC 1987: p.4). 
 

1.3 Areas of Concern 
 
A 1987 amendment to the GLWQA designated 42 geographic areas on the Great Lakes 
that were particularly degraded as “Areas of Concern” under Annex 2. Of these sites, 17 
were in Canada, including 5 sites that were shared between both Canada and the United 
States. The U.S. added one more in 1991, for a total of 43 Areas of Concern on the 
Great Lakes.  
 
The GLWQA defines an Area of Concern (AOC) as “…a geographic area that fails to meet 
the General or Specific Objectives of the Agreement where such failure has caused or is 
likely to cause impairment of beneficial use or of the area’s ability to support aquatic 
life” (IJC 1987: p.24). 
 
Designating an Area of Concern is the responsibility of both the Government of Canada 
and the Government of the United States (the “Parties”). The Parties “in cooperation 
with State and Provincial Governments and the Commission [IJC] shall designate Areas 
of Concern” (IJC 1987: p.35). The term "cooperate" is interpreted to mean that the 
Parties are responsible for listing (and delisting) an Area and will seek confirmation from 
the IJC, who is asked to perform a review of the evidence and a comment on the 
recommendation to list (or delist).  
 
An Area of Concern will be considered for delisting “…when monitoring indicates that 
identified beneficial uses have been restored” (IJC 1987: p.26). 
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1.4 Beneficial Use Impairments 
 
Each Area of Concern has at least one of fourteen Beneficial Use Impairments (BUI), as 
identified by the Parties and defined in the GLWQA (1987). A BUI is “…a change in the 
physical, chemical or biological integrity of the Great Lakes system sufficient to cause 
any of the following: 
 

i) restrictions on fish and wildlife consumption*; 
ii) tainting of fish and wildlife flavour*; 
iii) degradation of fish and wildlife populations*; 
iv) fish tumours or other deformities*; 
v) bird or animal deformities or reproduction problems*; 
vi) degradation of benthos; 
vii) restrictions on dredging activities; 
viii) eutrophication or undesirable algae; 
ix) restrictions on drinking water consumption, or taste or odour problems; 
x) beach closings; 
xi) degradation of aesthetics; 
xii) added costs to agriculture or industry; 
xiii) degradation of phytoplankton and zooplankton populations; and 
xiv) loss of fish and wildlife habitat*.”  

(IJC 1987: p.24) 
* Beneficial use impairments covered in the Toward Safe Harbours 2004 report 
 

1.5 Hamilton Harbour Remedial Action Plan 
 
To remediate and protect the environmental health of each Area of Concern, Annex 2 of 
the GLWQA calls for the creation and implementation of Remedial Action Plans for each 
of the identified locations. All Remedial Action Plans are divided into three stages:  

 

Stage 1:  Environmental conditions and problem definition  
Stage 2:  Remedial actions and regulatory measures are selected  
Stage 3:  Evaluation of monitoring indicates that identified beneficial uses have 

been restored 
 
The Hamilton Harbour Remedial Action Plan (RAP) Stage 1 was first published in 1989 
with a second edition in 1992. The RAP Stage 2 Report was published in 1992 and its 50 
recommendations identified pollution sources to the Harbour, suggested remediation 
measures and responsibilities, and recommended actions to prevent future pollution. 
The Hamilton Harbour RAP was developed by over forty stakeholder groups (including 
industry and government), is implemented by the Bay Area Implementation Team 
(BAIT) and is monitored and assessed by the Bay Area Restoration Council (BARC). The 
RAP Stage 2 Update 2002 was prepared to complement the Stage 2 of 1992, while 
incorporating the changes and improvements to the Harbour over the previous ten 
years. The RAP Stage 2 Update 2002 has 57 recommendations and 159 targets, with 
timelines and responsible agencies added. The anticipated publication date of the Stage 
3 report will be after 2015, following the completion of remedial actions.  
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1.6 Monitoring and Research 
 
The importance of using information obtained through monitoring activities is outlined 
by the International Joint Commission in its guidelines for the preparation of RAP Stage 
3 Report documents. An Area of Concern will be considered for delisting “when 
monitoring indicates that identified beneficial uses have been restored” (IJC 1987: 
p.26). Thus, because a majority of information used in this report focuses on data 
gathered from monitoring activities, a definition and explanation of the use of the term 
is important, especially in contrast with the term “research”. The Hamilton Harbour RAP 
Monitoring Catalogue (2004) offers a pertinent discussion on research versus 
monitoring, as reprinted below: 
 

“Frequently [research and monitoring] activities are lumped together as 
they are closely related; however, there is a difference between the two 
activities. Research is a short term, intensive effort that examines a 
defined question to make a conclusion. Monitoring is a long-term process 
that requires data collected in a consistent manner over an extended 
period of time, in order to determine trends. Continuing research and 
development is needed to parallel the routine monitoring.” 

(RAP Monitoring Catalogue 2004: p. 3) 
 
The monitoring and documenting of fish and wildlife populations in Hamilton Harbour is 
undertaken by a number of local agencies, many of who were contacted for this report. 
These agencies include, but are not limited to: 
 

• Fisheries and Oceans Canada (DFO); 
• Environment Canada - Canadian Wildlife Service (EC-CWS); 
• Ontario Ministry of the Environment (OMOE);  
• Royal Botanical Gardens (RBG); and, 
• McMaster University. 
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2. METHODOLOGY 
 
Through the Toward Safe Harbours reports of 2004 to 2006, the Bay Area Restoration 
Council will look at the fourteen beneficial use impairments (BUIs) and the Hamilton 
Harbour RAP’s associated delisting objectives, to determine if there are or will be gaps in 
information. As outlined in the 2003 Toward Safe Harbours report, the next three 
reports are divided into themes: 
 

2004 report:  Fish and wildlife, progress towards delisting objectives (i)–(v), 
(xiv) 

2005 report:  Water quality, progress towards delisting objectives (viii)–(xii) 
2006 report:  Toxic substances and sediment remediation, progress towards 

delisting objectives (vi), (vii), (xiii) 
 

For a complete list of the beneficial use impairments and the associated delisting 
objectives, refer to Appendix B. 
 
Each delisting objective was examined to determine what type of evidence is needed in 
order to be delisted as an Area of Concern. Information was collected primarily by in-
person interviews with representatives from various agencies performing research and 
monitoring activities in the Hamilton Harbour. The BARC Monitoring Committee, aided by 
staff from BARC and the Hamilton Harbour RAP Office, prepared and conducted the 
interviews. Each representative was asked a standard set of questions (originally 
published in the 2003 edition of the Toward Safe Harbours report), along with questions 
that were specific to their work (Table 1). 

Table 1:  Format for interview questions 

 
1. What data (and how much) do we need for delisting? 
2. How do we know when we have met the objective?  
3. What monitoring is being done? 
4. What is the current status of meeting the delisting objective? 
5. How fast are we getting there? 
6. What are the trends? 
7. Are we going to meet the target? 
8. When will we meet the target? 
9. What are the successes? 
10. What are the obstacles to success in meeting the delisting objective? 
11. What additional monitoring is required? 
12. What else needs to be looked at, or other general comments?  
13. Are there any reasons why current research will not continue in the future 

(funding, priorities, etc.)? 
 
The thirteen questions were then followed by questions that were specific to the 
projects of each interviewee.  
 

 
The list of individuals and agencies chosen to be interviewed was determined from two 
main sources: (1) the RAP Monitoring Catalogue and (2) suggestions from interviewees. 
The RAP Monitoring Catalogue (2004) was developed by the Hamilton Harbour RAP 
Office to compile metadata (such as site location, parameters, monitoring frequency, 
etc.) on monitoring activities occurring throughout Hamilton Harbour. A sample of the 
information collected in the Catalogue is provided in Appendix C. A copy of the full 
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report can be obtained by contacting the Hamilton Harbour RAP Office. Additionally, 
during some interviews the interviewees suggested other individuals or groups that 
might be suitable interview candidates, in addition to those already identified. These 
additional interviewees were contacted as well, for a total of seven interviews. 
 
Information gained from the interviews and other published sources was compiled and 
analyzed to produce conclusions and recommendations (Chapters 3-6). The 2005 and 
2006 reports will address the remaining beneficial use impairments and delisting 
objectives in a format similar to this report.  
 

 
6 



Toward Safe Harbours - 2004  Chapter 3: Fish and Wildlife BUIs 

3. EVALUATION of FISH and WILDLIFE BENEFICIAL USE 
IMPAIRMENTS 
 
 
As identified in the RAP Stage 2 Update 2002, fish and wildlife 
populations in Hamilton Harbour are stressed or impaired for 
the following reasons:  
 

• Domination of fish and wildlife populations by pollution-
tolerant non-indigenous species;  

• Cancers, malformations and dysfunctions; 
• Low species richness among fish and wildlife; 
• “Impaired” status of abundance and diversity of marsh 

birds; 
• Elevated rates of genetic mutation in herring gulls; and,  
• Presence of fish consumption advisories because of 

high contaminant levels in fish flesh.   

The Hamilton Harbour 
and its watershed are 
areas rich with 
biodiversity, including 
many different species 
of fish and wildlife. The 
most recent inventory 
of local species 
identified: 
 

• Over 50 species of 
fish 

• Over 30 species of 
herpetofauna (reptiles 
and amphibians) 

• 176 species of 
probable or confirmed 
breeding birds in the 
area  

(ed. Dwyer 2003)

(RAP Stage 2 Update 2002: p.18) 
 
Overall, however, both the fish and wildlife communities have 
shown significant improvement since the 1980’s due to the 
tremendous efforts by fish and wildlife stakeholders including 
those members of the Fish and Wildlife Steering Committee, 
and the financial assistance of the Great Lakes Sustainability 
Fund (GLSF).  
 
In the western end of Hamilton Harbour around Bayfront Park, 
a healthy warm-water fish community is within targeted 
range. Common carp biomass decreased significantly in 2002, 
largely as a result of the continuing operation of the Cootes 
Paradise Fishway, in operation since 1997. The Fishway has 
also worked to greatly improve water quality, promote the 
return of native fish, and help the regeneration of marsh 
vegetation in Cootes Paradise by preventing carp from 
entering the marsh. The number and diversity of waterbirds 
using Cootes and the surrounding area as part of their migrati
dramatically in recent years. Some populations of colonial nesti
side of the Harbour are so successful that management strategies
an effort to reduce population numbers. 
 
The focus of this Toward Safe Harbours report is on fish and wild
associated with Beneficial Use Impairments (i)–(v) and (xiv). A s
is contained in the following six sections: 
 
3.1:   Beneficial Use Impairment (i) – restrictions on fish and wil
3.2:   Beneficial Use Impairment (ii) - tainting of fish and wildlife
3.3:   Beneficial Use Impairment (iii) - degradation of fish and w
3.4:   Beneficial Use Impairment (iv) - fish tumours or other defo
3.5:  Beneficial Use Impairment (v) - bird or animal deformities

problems 
3.6:   Beneficial Use Impairment (xiv) - loss of fish and wildlife h
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3.1 BENEFICIAL USE IMPAIRMENT (i) – RESTRICTIONS ON FISH 
AND WILDLIFE CONSUMPTION 
 
Hamilton Harbour Delisting Objective for BUI (i) – Restrictions on fish and 
wildlife consumption 
 
That there be no restrictions on consumption of fish and wildlife from the Harbour 
attributable to local sources. 
 
 
3.1.1 Background and Current Status 
 

An important indicator of the health of a 
body of water is the ability to consume its 
resident fish and wildlife safely. The ability to 
eat species such as carp, pike or catfish act 
as a simple conceptual link between human 
health and the local ecosystem.  
 
In many areas, including Hamilton Harbour, 
toxic substances are the primary cause of 
restrictions on the consumption of fish and 
wildlife. In the Harbour, the RAP Stage 1 
Report (1992) identified that restrictions on 
fish consumption were caused by elevated 
levels of mercury, PCBs (Polychlorinated 
biphenyls), Mirex, and the presence of DDT 
(Dichloro diphenyl trichloroethane) and DDE 

(Dichloro diphenyl dichloroethylene) at low levels. Sources of the problem included 
Harbour sediments, wastewater treatment plants, atmospheric deposition, and inflow 
from Lake Ontario. PCBs were also listed in the RAP Stage 1 Report as causing 
restrictions on the consumption of birds. No other wildlife species were mentioned. 

Man holding carp caught at the Harbour – Photo 
by J. O’Connor 

 
In the 2003-2004 Guide to Ontario Sport Fish, 11 of the 17 fish species tested in 
Hamilton Harbour had some level of consumption restrictions (OMOE 2003). In Lake 
Ontario (including Hamilton Harbour), PCBs are the contaminants most associated with 
sportfish consumption advisories (Whittle pers. comm. 2003).  
 
3.1.2 Restoration of Beneficial Use Impairment 
 
Guidelines published by the IJC suggest that this beneficial use impairment is restored 
when: 
 

“…contaminant levels in fish and wildlife populations do not exceed current 
standards, objectives or guidelines, and no public health advisories are in 
effect for human consumption of fish or wildlife. Contaminant levels in fish 
and wildlife must not be due to contaminant input from the watershed.” 

(IJC 1991) 
 
This beneficial use is impaired when local sources of contamination cause consumption 
advisories for fish and wildlife. Proving that this beneficial use impairment is restored 
based on this criterion requires placing emphasis on established consumption guidelines 

 
9 



Toward Safe Harbours - 2004  Chapter 3: Fish and Wildlife BUIs 

(in Canada, the guidelines are set by Health Canada) and the presence or absence of 
local sources of contamination. There are various ways to accomplish this. One way is by 
considering only restrictions placed on edible resident species. Another method is to 
assume that if the trends in restrictions in the Harbour are at the same level as in the 
west end of Lake Ontario then there is likely no significant contaminant sources 
attributable to the Harbour. However, the converse may also be true that the Harbour is 
a source of contaminants. It may also be possible to conclude from decreasing trends in 
contaminant levels found in Harbour fish over time that the Harbour is becoming less 
polluted. Careful selection of species is required in all cases because many fish and 
migratory birds spend their time in locations other than Hamilton Harbour, which may 
affect contaminant levels and/or impacts of remedial measures.   
 
3.1.3 Current Monitoring Programs 
 
Hamilton Harbour Beneficial Use Impairment (i) and related monitoring programs can be 
divided into two components: (a) restrictions on fish consumption and (b) restrictions on 
wildlife consumption: 

a) Monitoring related to restrictions on fish consumption  

Based on information gathered from written responses and in-person interviews with 
representatives from the Ontario Ministry of the Environment (Alan Hayton) and 
Fisheries and Oceans Canada (Mike Whittle), two monitoring programs provide the 
majority of applicable data related to restrictions on fish consumption: 
 
The Ontario Ministry of the Environment (OMOE) Sport Fish Contaminant Monitoring 
Program collects sport and game fish at more than 1,700 locations in Ontario and 
analyzes them for several chemical substances. Results are used to give size-specific 
consumption guidelines for each species of fish tested from each location. Laboratory 
analysis is carried out on the lean, dorsal, skinless, boneless muscle tissue of sampled 
fish, and consumption recommendations are given based on guidelines set by Health 
Canada. In addition, the program measures young-of-the-year (YOY) spottail shiner and 
emerald shiner for various contaminants. Young-of-the-year fish can be used to more 
precisely pinpoint the location of the source of contamination because they are generally 
less mobile than older fish and are assumed to reflect current conditions because of their 
young age. Both programs have been ongoing for more than 25 years. Trends can be 
prepared, including data for Hamilton Harbour and/or Hamilton Harbour compared with 
other locations in Western Lake Ontario. 
 
The Fisheries and Oceans Canada (DFO) Hamilton Harbour Contaminant Trend 
Monitoring Study, initiated in 2001, measures trends in contaminant levels of the whole 
fish for selected resident indicator species (channel catfish, freshwater drum and 
common carp) and the supporting prey fish (e.g. alewife, round goby, emerald shiner) 
and invertebrate forage base (e.g. zebra mussels and plankton). The study compares 
fish sampled in Hamilton Harbour to those in Lake Ontario; and it also measures benthic 
and plankton community trends to identify if Harbour sediments are a continuing source 
of contamination. It also compares results to those of the OMOE Sport Fish Contaminant 
Monitoring Program. Trends can be prepared and the program remains ongoing 
contingent on funding approval for 2004. 
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As a supplement to consumption advisory information, a one-time Health Canada report 
titled Down by the Bay described consumption patterns of fish by interviewing 565 
fishermen in and near Hamilton Harbour (Scott 2000). The study was developed to 
provide information about who eats fish, how much and of what species, and how the 
fish are cleaned and cooked. This study concluded that 20% of the people surveyed ate 
the fish they caught in Hamilton Harbour.  

b) Monitoring related to restrictions on wildlife consumption  

Relatively little information was available related to restrictions on wildlife consumption, 
and was limited to the following study: 
 
To determine possible consumption restrictions for waterfowl in Canada, a study of 
contaminant levels in these birds was conducted by Braune et al. (1999) of the Canadian 
Wildlife Service. Breast muscle of sampled waterfowl from various sites, including 
Hamilton Harbour, was analyzed for: moisture and lipid content, organochlorines, PCBs, 
total mercury (Hg), cadmium (Cd), lead (Pb), arsenic (As), and selenium (Se). Future 
plans are to “…conduct periodic surveys of levels of priority contaminants in waterfowl 
species that are hunted and consumed” (Braune et al. 1999). No other consumption-
related studies of wildlife in Hamilton Harbour were identified.  
 
Applicable information about monitoring programs related to this beneficial use 
impairment is summarized in Table 2. More information about these programs, including 
metadata (such as site location, parameters, etc.) can be obtained by consulting the RAP 
Monitoring Catalogue (2004) or using contact information of the project leads, as listed 
in Appendix E. 

Table 2:  Summary of programs related to Beneficial Use Impairment (i) 

  Monitoring Program Agency Contact Frequency 
Sport Fish Contaminant Monitoring Program 
• Lean, dorsal, skinless, boneless muscled 

tissue analysis  
• Contaminants, including mercury, PCBs, 

mirex, DDT and dioxins 

OMOE A. Hayton Biennially 

Contaminant Trend Monitoring 
• Whole fish and fillet analysis 
• Organochlorine pesticide assessment 
• Total mercury and other metals of concern 

(Pb, Cd, Cu, Ni, As, Se, Zn) 
• Ultra trace contaminants 

DFO M. Whittle 
2001 – 
2004 

F
IS

H
  

Down By the Bay: a profile of fishing and fish 
consumption in the Hamilton Harbour Area  

Health 
Canada 

F. Scott 
One time - 

2000 

W
IL

D
L
IF

E
  Chemical residues in waterfowl and gamebirds 

harvested in Canada 1987-1995 
• Chemical analysis of breast muscle 
• Organochlorines, PCBs,  
• Total mercury and other metals of concern 

(Pb, Cd, As, Se) 

EC-CWS B. Braune 
One time - 
1987-1995 
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3.1.4 Gaps in Information and Monitoring 
 
The BARC Monitoring Committee has identified the following gaps in information and 
monitoring related to the restrictions on the consumption of fish and wildlife: 

a) Restrictions on fish consumption  

Monitoring of sport fish contamination is conducted on a regular basis and is extensive. 
There are no gaps in information or monitoring for restrictions on the consumption of 
fish.  

b) Restrictions on wildlife consumption  

There is minimal information related to restrictions on wildlife consumption. Currently 
there are no monitoring programs nor do any consumption guidelines exist for wild 
ducks, game birds or other wildlife (e.g. snapping turtles or bullfrogs) (Braune et al. 
1999).  
 
The absence of wildlife consumption standards was cited in the RAP Stage 1 Report 
(1992) as an information deficiency, and this gap remains today. The EC-CWS Survey of 
Contaminants in Waterfowl makes some precautionary consumption advisory 
recommendations for waterfowl and other game birds, however the study has been 
performed only once. Studies relating contaminants and consumption in wildlife other 
than waterfowl and game birds have not been undertaken. 
 
Although it has never been formally documented, there have been no known reports of 
any consumption of wildlife from the immediate Harbour area (Hall pers. comm. 2003; 
Fernie pers. comm. 2004; Quinn pers. comm. 2004; Weseloh pers. comm. 2004). If this 
is the case, the lack of consumption restrictions and guidelines may not be directly 
applicable to the area. However, some wildlife species, especially some birds, are 
migratory and may spend time in the Harbour but get consumed in other areas. Thus, 
they may still pose a human health concern.  
 
Based on this information, this issue requires further consideration as it has not been 
addressed by the Hamilton Harbour RAP to-date. If it is decided that restrictions on 
wildlife consumption are not applicable to the Harbour, then this delisting objective 
should be removed or made note that it does not apply. If it is decided that restrictions 
on wildlife consumption are an applicable impairment, then consumption guidelines 
should be established (in the interim they could be based on other jurisdictions e.g. New 
York State) and regular monitoring will need to begin.  
 
3.1.5 Summary and Recommendations 
 
Overall, there is extensive monitoring in place related to fish consumption. However, 
there is minimal information available related to the consumption of wildlife. The 
following sections provide a summary of the information and monitoring available (Table 
3) and recommendations. 

a) Summary - Restrictions on fish consumption  

The following information and monitoring is sufficient and present for:  
• Consumption restrictions (historical and current), including trends 
• Comparisons with other areas 
• Fish consumption patterns 
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The following information and monitoring gaps exist:  
• None 

b) Summary – Restrictions on wildlife consumption  

The following information and monitoring is sufficient and present:  
• None 
 
The following information and monitoring gaps exist:  
• Local consumption patterns  
• The monitoring for the presence of contaminants with reference to consumable 

portions of wildlife 
• Consumption guidelines 
 

Table 3:  Summary of information available for Beneficial Use Impairment (i) 

Component of Beneficial Use 
Impairment (i) 

Is there enough 
data to prepare 

trends? 

Based on current 
activities, will 

there be enough 
data for delisting? 

a) Restrictions on fish consumption 
attributable to local sources 

Yes Yes 

b) Restrictions on wildlife consumption 
attributable to local sources 

No. Further 
consideration is 

required 

No. Further 
consideration is 

required 

Recommendations – Restrictions on fish and wildlife consumption 

BUI (i)-1  That both the OMOE’s Sport Fish Contaminant Monitoring Program and the 
DFO’s Hamilton Harbour Contaminant Trend Monitoring Study Program are 
important sources of monitoring information to fulfill the fish consumption 
component of Beneficial Use Impairment (i) and should be continued. 

BUI (i)-2 That further consideration is required to determine if the wildlife portion of 
delisting objective (i) be removed or acted upon with appropriate 
monitoring programs initiated.  
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3.2 BENEFICIAL USE IMPAIRMENT (ii) – TAINTING OF FISH AND 
WILDLIFE FLAVOUR 
 
Hamilton Harbour Delisting Objective for BUI (ii) – Tainting of fish and wildlife 
flavour 
 
When survey results confirm no tainting of fish or wildlife flavour. 
 
 
3.2.1 Background and Current Status 
 
The flavour of fish and wildlife can be a rudimentary 
indicator of the health of the organism, and can also 
contribute to the perception of the health of Hamilton 
Harbour. 
 
At the present time, any determination of abnormal 
flavour relies on complaints from people who actually 
consume the fish and/or wildlife. However, no reports 
have been received that document any tainted fish or 
wildlife flavour (Hamilton Harbour RAP Stage 1 1992: 
p.181; Cairns pers. comm. 2003).  
 
3.2.2 Current Monitoring Programs 
 
As noted during an interview with Victor Cairns of the 
DFO, at the time of publication no official surveys of fish 
or wildlife flavour had been performed and no tests were planned (Cairns pers. comm. 
2003). However, the Freshwater Institute of the DFO can perform such a test on fish if 
requested (Cairns pers. comm. 2003; Hall pers. comm. 2003). A protocol for conducting 
a wildlife flavour survey does not currently exist. 

Man eating a meal of fish – 
Photo courtesy of 

www.foxriverwatch.com 

 
3.2.3 Summary and Recommendations 
 
Although the tainting of fish or wildlife flavour is not known to be a beneficial use that is 
impaired in Hamilton Harbour, this issue requires further consideration as it has not 
been addressed by the Hamilton Harbour RAP to-date. Specifically, a survey to test the 
flavour of selected species of fish may be appropriate because of the expanding sport 
fishery and interest in consuming fish from the Harbour. Testing for abnormal wildlife 
flavour may be of lower priority, as there is no known consumption of wildlife species. 
Testing for tainted wildlife flavour may be best resolved after determining whether 
wildlife consumption is a beneficial use that is impaired in Hamilton Harbour (i.e. BUI 
(i)). 

Recommendations – Tainting of fish and wildlife flavour 

BUI (ii)-1 That fish from Hamilton Harbour be tested for tainting of flavour. 

BUI (ii)-2 That further consideration is required to determine if tainting of wildlife 
flavour is a use that is impaired in the Hamilton Harbour and whether this 
portion of the delisting objective should be removed or acted upon with 
appropriate monitoring programs initiated.
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3.3 BENEFICIAL USE IMPAIRMENT  (iii) – DEGRADED FISH AND 
WILDLIFE POPULATIONS 
 
Hamilton Harbour Delisting Objective for BUI (iii) – Degraded fish and wildlife 
populations 
 
1.  That the fish community has the following structure: 
a. Shift from a fish community indicative of eutrophic environments, such as white 

perch, alewife, bullheads, and carp to a self sustaining community more 
representative of a mesotrophic environment, containing pike, bass, yellow perch, 
and sunfish. 

b. Attain a littoral fish biomass of 200 - 250 kg/ha. 
c. Increase the species richness from 4 species to 6-7 species per transect. 
d. Increase the native species biomass from 37% to 80-90% of the total biomass. 
e. Reduce the spatial variability in fish biomass within the Harbour. 
f. Proposed nearshore fish community of Hamilton Harbour: 

Category       Littoral Biomass (kg/ha) 
Piscivores (pike, bass)       40 - 60 
Specialists (Insectivores like pumpkinseeds and yellow perch)  70 - 100 
Generalists (Omnivores like carp and brown bullheads)   30 – 90 
 
The percent of fisheries biomass allocated to the three trophic groups was 
based on the effects of improved water quality in the Bay of Quinte and  
Severn Sound. The littoral fish biomass of 200-250 Kg/ha was based on 
electrofishing data collected from Hamilton Harbour, Bay of Quinte and 
Severn Sound in 1990. 

g.  Attain an Index of Biotic Integrity (IBI) of 55-60 for Hamilton Harbour 
 
2.  Colonial waterbirds:  

The overall objective is to have a self sustaining mixed community of colonial 
waterbirds generally with an increase of the rarer species and a reduction in the 
number of ring-billed gulls which currently nest in the Harbour. These figures are 
subject to revision once these general levels have been reached. Management of 
colonial waterbirds is experimental and achieving specific populations of particular 
species is highly speculative.  
 
    Suggested Interim Target                                        Number of Pairs  
    Ring-billed gulls (Larus delawarensis)  5,000  
    Common terns (Sterna hirundo)  > 600  
    Herring gulls (Larus argentatus)  350  
    Caspian terns (Sterna caspia) > 200  
    Double-crested cormorants (Phalacrocorax auritus)    200  
    Black-crowned night herons (Nycticorax nycticorax)   200  

 
3. Other wildlife including waterfowl:  

No target will be suggested for other species of birds or animals, but a target for 
habitat has been suggested which will enhance wildlife populations generally. In 
addition, management of some species may be necessary as a result of habitat 
enhancement.  

 
That fish and wildlife bioassays confirm no significant toxicity from water column or 

sediment contaminants. 
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3.3.1 Background and Current Status 
 
Fish and wildlife populations are affected by all components of the efforts to remediate 
Hamilton Harbour, and their overall health is an important indicator of the health of the 
Harbour ecosystem.  
 
As identified in the RAP Stage 1 Report, degraded fish and wildlife populations were 
caused by the loss of spawning, nursery and adult habitats; low dissolved oxygen (DO); 
ammonia toxicity; degraded benthos; low aquatic plant diversity and low aquatic plant 
abundance. Sources of the problem included such things as dense algal blooms from 
excess nutrients; contaminated sediments; shoreline filling; and introduction of exotic 
species (1992). As a result, the local fish community was dominated by pollution-
tolerant species such as 
carp, white perch, brown 
bullhead and gizzard shad 
that thrive in conditions of 
low dissolved oxygen and 
high concentrations of 
suspended solids. 
Populations of colonial 
nesting birds were below 
targets in some cases (e.g. 
black-crowned night herons) 
and exceeded targets in 
others (e.g. ring-billed gulls) 
(Hamilton Harbour RAP 
1989). 
 
Fish and wildlife targets 
specific to Hamilton Harbour 
are focused primarily on community structure and population abundance of targeted 
species, and were defined as part of the preparation of the RAP Stage 2 Report of 1992. 
The targets resulted from a series of expert workshops held in 1990 at which habitat 
restoration potential was examined and a restoration plan defined for habitat areas. 
Specific fish community targets were the result of ongoing research in other parts of the 
lower Great Lakes (i.e. Severn Sound and the Bay of Quinte). Specific targets for 
colonial nesting birds were identified because it was recognized that existing populations 
of colonial nesting birds would be lost due to port development if they were not 
specifically relocated to clean, sustainable habitat. While other wildlife species were not 
specifically provided targets, it was intended that a range of species would be enhanced 
as a result of habitat improvements listed under delisting objective (xiv). The objectives 
were modified slightly in 2002 as a result of more recent science, most notably the 
addition of the Index of Biotic Integrity (IBI). Fisheries targets and colonial nesting bird 
targets are specific to the Harbour and tied to long-term, ongoing monitoring by the DFO 
and EC-CWS.  

Caspian terns nesting in the Harbour – Photo by Spirit of Nature 

 
Ongoing monitoring has shown that in 2002, species richness and IBI targets for the 
Harbour were met around the areas of Bayfront Park and the Desjardin Canal, but were 
lower than the targets in other areas of the Harbour. Fish community composition 
measurements (% piscivores and specialists) were below targets. Overall, the adjusted 
IBI has increased from 15 in 1988 to 28.8 in 2002 but still remains below the target 
range of 55-60 (Brousseau and Randall 2003). Populations of colonial nesting birds, such 
as double-crested cormorants and ring-billed gulls, are still at levels higher than 
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targeted. Population targets for common terns, Caspian terns, herring gulls and black-
crowned night herons are at, or are slightly below, desired levels (Pekarik 2003). For a 
complete summary of current conditions related to fish and wildlife populations, see the 
Fish and Wildlife Habitat Restoration Project (FWHRP) Progress Report of 2003 (ed. Axon 
2003).  
 
3.3.2 Restoration of Beneficial Use Impairment 
 
According to the IJC’s criteria for listing and delisting, Beneficial Use Impairment (iii) is 
considered restored when: 
 

“…environmental conditions support healthy, self-sustaining communities 
of desired fish and wildlife at predetermined levels of abundance that 
would be expected from the amount and quality of suitable physical, 
chemical and biological habitat present. An effort must be made to ensure 
that fish and wildlife objectives for Areas of Concern are consistent with 
Great Lakes ecosystem objectives and Great Lakes Fishery Commission 
fish community goals. Further, in the absence of community structure 
data, this use will be considered restored when fish and wildlife bioassays 
confirm no significant toxicity from water column or sediment 
contaminants.” 

(IJC 1991) 
 
Note that neither the IJC guidelines nor the Hamilton Harbour delisting objectives list 
targets or measurements for amphibian or reptile populations. Difficulties in measuring 
these organisms (Fernie pers. comm. 2004) suggests that an increase in habitat area 
may be sufficient to cover species diversity, rather than trying to define each type of 
species (Hall pers. comm. 2004). 
 
3.3.3 Current Monitoring Programs 
 
Hamilton Harbour Beneficial Use Impairment (iii) can be divided into two components: 
(a) degraded fish populations and (b) degraded wildlife populations. Similarly, the 
monitoring programs can also be divided into two parts, as described in the following 
sections: 

a) Monitoring related to degraded fish populations 

Based on information gathered from in-person interviews with Christine Brousseau and 
Robert Randall of the DFO, and Tÿs Theÿsmeÿer of the RBG, there are two main 
monitoring programs related to degraded fish populations: 
 
To assess degraded fish populations in Hamilton Harbour, the most applicable 
monitoring program is titled Hamilton Harbour Fish Community AOC Monitoring – Fish 
Survey as led by the Great Lakes Laboratory for Fisheries and Aquatic Sciences 
(GLLFAS) division of the DFO. This is a monitoring program that measures fish 
community structure and physical habitat attributes to determine the status of the 
impaired fish community and habitat restoration initiatives. It is measured quantitatively 
using an Index of Biotic Integrity (IBI), which is composed of twelve metrics that affect 
the IBI score either negatively or positively (Table 4). A complete explanation of the IBI 
can be found in Minns et al. (1994). Fish community trends can be prepared, as well as 
comparisons with other Areas of Concern, including Severn Sound and the Bay of 
Quinte.  
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Table 4:  Index of Biotic Integrity (IBI) metrics 

IBI METRIC 
IBI 

RESPONSE 

Native species richness 
Centrarchid species richness 
Intolerant species richness 
Non-indigenous species richness 
Native cyprinid species richness 
Percent piscivore biomass 
Percent generalist biomass 
Percent specialist biomass 
Number of native individuals 
Biomass of natives 
Percent non-indigenous species by number 
Percent non-indigenous species by biomass 

+ 
+ 
+ 
- 
+ 
+ 
- 
+ 
+ 
+ 
- 
- 

Source: Minns et al. 1994 
 
Cootes Paradise Marsh acts as a nursery for many species of fish residing in Hamilton 
Harbour. In the area separating the Harbour from the Marsh is the Cootes Paradise 
Fishway. The Fishway acts as a barrier to prevent common carp (an invasive species) 
from damaging fragile marshlands. At this fishway, researchers are able to capture and 
measure select species of fish for such things as species type, weight, age and overall 
health of the fish (Theÿsmeÿer pers. comm. 2004). Monitoring of this type has been 
ongoing since the Fishway’s opening in 1997 and complements other monitoring 
programs occurring in the Harbour. 
 
It should be noted that extensive fish community monitoring also occurs in the 
tributaries of Cootes Paradise Marsh, as led predominantly by the RBG. However, targets 
in the delisting objective apply only to the fish community of Hamilton Harbour and thus 
monitoring programs in Cootes Paradise, Long Pond, Grindstone Creek and Chedoke 
Creek are not included in Table 5. 

b) Monitoring related to degraded wildlife populations 

As detailed in an interview with D.V. (Chip) Weseloh of the EC-CWS, part of the status 
assessment of wildlife populations is done through a monitoring program titled Hamilton 
Harbour Colonial Waterbird Counts. This documents colony location and nesting 
populations of colonial nesting birds such as herring and ring-billed gulls, double-crested 
cormorants, common and Caspian terns and black-crowned night herons. Ground counts 
of apparently occupied nests are performed in the spring at different colony locations. 
This monitoring has been performed since 1976 (Weseloh pers. comm. 2004). 
 
Applicable information about monitoring programs related to this beneficial use 
impairment is summarized in Table 5. More information about these programs, including 
metadata (such as site location, parameters, etc.) can be obtained by consulting the RAP 
Monitoring Catalogue (2004) or using contact information of the project leads, listed in 
Appendix E. 
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Table 5:  Summary of programs related to Beneficial Use Impairment (iii)  

 Monitoring Program Agency Contact Frequency 
Hamilton Harbour Fish Community AOC 
Monitoring  
• Fish: length, weight, quantity, biomass, 

species richness 
• Physical habitat: water temperature, 

conductivity, secchi depth, DO, 
substrate size, macrophyte density, 
weather 

DFO 
C. Brousseau 

R. Randall 
Triennially 
since 1988 

F
IS

H
 

Cootes Paradise Fishway 
• Water data: water level, temp, flow 

direction, speed, DO 
• Individual captured fish data: date, 

species, length, weight, age, selective 
PIT tagging 

RBG T. Theÿsmeÿer 

Daily since 
1997 from 
early March 
to October 

W
IL

D
L
IF

E
 Hamilton Harbour Colonial Waterbirds 

Count   
• Quantity and reproductive success of 

colonial nesting waterbirds (herring and 
ring-billed gulls, double-crested 
cormorants, common and Caspian terns 
and black-crowned night herons) 

EC-CWS 
D.V. (Chip) 

Weseloh 
Periodically 
since 1976 

 
3.3.4 Gaps in Information and Monitoring  
 
Extensive monitoring of fish populations and populations of colonial nesting birds is 
occurring in Hamilton Harbour. There are some gaps in information, however most are 
easily remedied by clarifying the delisting objectives.  
 
One area of clarification applies to the first sentence of this delisting objective, which 
states, “That the fish community has the following structure:” It is unclear if the targets 
are for the fish community of Hamilton Harbour or Cootes Paradise Marsh, or both. In 
addition, wording used in this objective implies that the stated targets completely 
describe the fish community structure. It would be more accurate to state that they are 
indicators of the fish community structure. Therefore, to clarify the meaning of this 
delisting objective, it is suggested that the target be reworded to say, “That these 
indicators of the Hamilton Harbour fish community have the following structure:” 
 
Clarification related to colonial nesting waterbirds is also required. Because these 
populations are dynamic it is impossible to make specific target recommendations; 
targets were, and continue to be, listed as “interim”. While this does not pose difficulties 
at the present time, closer to the time of delisting these “interim” targets will need to be 
evaluated and finalized. Final target levels may be more appropriately suggested once 
all RAP actions in the FWHRP are completed. 
 
One final suggested clarification is related to the requirement for fish and wildlife 
bioassays, which is stated in the delisting objective as the following: “That fish and 
wildlife bioassays confirm no significant toxicity from water column or sediment 
contaminants.” Bioassays determine the concentration of a given material (e.g. 
pollutant) necessary to affect living cells under stated conditions. Currently, there are no 
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regular bioassays performed on fish or wildlife. Several interviewees suggested that 
bioassays could be a valuable monitoring tool: rationale included detecting differences in 
a control population (Weseloh pers. comm. 2004), and providing a sensitive, early 
indicator of improvements or declines in Hamilton Harbour recovery that is less 
expensive than population studies (Cairns pers. comm. 2003). However, based on IJC 
listing and delisting guidelines, bioassays are suggested “…in the absence of community 
structure data” (IJC 1991). This review of monitoring programs has found that there is 
adequate community structure data monitoring, and thus bioassays may not need to be 
performed. Therefore, further consideration is suggested to determine if this 
requirement should be removed from the delisting objectives or acted upon with 
appropriate monitoring programs initiated.  
 
3.3.5 Summary and Recommendations 
 
Overall, information and monitoring available related to the quality of fish and wildlife 
populations is extensive and relatively complete, although some delisting objectives 
require clarification. The following sections provide a summary of the information and 
monitoring available and BARC’s recommendations. 

a) Summary - Fish populations 

The following information and monitoring is sufficient and present for: 
• iii-1a – fish community structure 
• iii-1b – littoral fish biomass 
• iii-1c – species richness 
• iii-1d – native species biomass 
• iii-1e – spatial variability  
• iii-1f – nearshore fish community structure 
• iii-1g – IBI 
 
The following information needs to be clarified:  
• iii-1 – identification of location of targets 
• Fish bioassay requirements  

b) Summary - Wildlife populations 

The following information and monitoring is sufficient and present for:  
• iii-2 – colonial waterbird population targets 
 
The following information and monitoring needs to be clarified for:  
• Schedule of review of “interim” targets for colonial waterbirds 
• Wildlife bioassays requirements  
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Table 6:  Summary of information available for Beneficial Use Impairment (iii) 

 
Component of 
Beneficial Use 

Impairment (iii) 
Target 

Is there enough 
data to prepare 

trends? 

Based on 
current 

activities, will 
there be 

enough data 
for delisting? 

a. Fish community Mesotrophic Yes Yes 

b. Littoral fish biomass 
200 – 250 
kg/ha 

Yes Yes 

c. Species richness 
6-7 
species/transect 

Yes Yes 

d. Native species 
biomass 

80-90% total 
biomass 

Yes Yes 

e. Spatial variability Reduced Yes Yes 
f.  Piscivores 40-60 kg/ha Yes Yes 
    Specialists 70-100 kg/ha Yes Yes 
    Generalists 30-90 kg/ha Yes Yes 
g. IBI 55-60 Yes Yes 

F
IS

H
 

Fish bioassays 
No significant 
toxicity 

No – but may not 
be applicable 

No – but may 
not be applicable 

Ring-billed gulls 5,000 Yes Yes 
Common terns >600 Yes Yes 
Herring gulls 350 Yes Yes 
Caspian terns > 200 Yes Yes 
Double-crested 
cormorants 

200 Yes Yes 

Black-crowned night 
herons 

200 Yes Yes W
IL

D
L
IF

E
 

Wildlife bioassays 
No significant 
toxicity 

No – but may not 
be applicable 

No – but may 
not be applicable 

Recommendations – Fish and wildlife populations 

BUI (iii)-1 That extensive and important monitoring programs related to fish and 
wildlife populations led by the DFO, EC-CWS and RBG be continued.  

BUI (iii)-2 That delisting objective (iii) be clarified in the following ways:  

• Add the words “indicators” and “Hamilton Harbour” so that the first 
part of the delisting objective reads, “That these indicators of the 
Hamilton Harbour fish community have the following structure:” 

• Targets for colonial waterbirds now listed as “interim” should be 
reviewed and finalized within a scheduled time period closer to the 
time of delisting. 

• Further consideration is required to determine whether the delisting 
objective requirement for fish and wildlife bioassays should be 
removed or acted upon with appropriate monitoring programs 
initiated. 
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3.4 BENEFICIAL USE IMPAIRMENT (iv) – FISH TUMOURS OR 
OTHER DEFORMITIES 
 
Hamilton Harbour Delisting Objective for BUI (iv) - Fish tumours or other 
deformities 
 
When incidence rates of fish tumours or other deformities do not exceed rates at 
unimpacted control sites that are locally relevant and when survey data confirm the 
absence of neoplastic or preneoplastic liver tumours in bullheads or suckers. 
 

 
3.4.1 Background and Current Status 

 
Fish tumours and deformities can be a 
stark visual representation of 
contamination levels in fish. Their 
presence or absence has an affect on fish 
consumption, and can contribute to the 
overall perception of the health of the 
Harbour. 
 
In 1992 the RAP Stage 1 Report 
suggested PAHs (polynuclear aromatic 
hydrocarbons) and other chemicals as 
possible causes of fish tumours and other 
deformities. There was speculation that 
viruses may be responsible for epidermal 
papillomas. Tumour induction studies 
confirmed that lip and body papillomas 
could appear and regress spontaneously 
on white suckers living in clean water, 
suggesting a non-chemical cause or 
origin. The occurrence of liver tumours in 
white suckers was also widespread in 

Lake Ontario. Studies revealed that the liver tumours in white suckers were associated 
with parasites and liver disease. 

RBG scientist examines a fish at the Cootes Paradise 
Fishway – Photo by K. O’Connor 

 
3.4.2 Restoration of Beneficial Use Impairment 
 
Guidelines published by the IJC suggest that this beneficial use impairment is restored 
when: 
 

“…the incidence rates of fish tumours or other deformities do not exceed 
rates at unimpacted control sites and when survey data confirm the 
absence of neoplastic or preneoplastic liver tumours in bullheads or 
suckers.”  

(IJC 1991)  
 
Based on this criteria set by the IJC, proving that this beneficial use impairment is 
restored requires comparing tumour and deformity rates with control sites and 
specifically documenting the absence of liver tumours in bullheads or suckers. The IJC 
also suggests that data should be consistent with expert opinion on tumours and 
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acknowledge background incidence rates (IJC 1991). Targets chosen for the Hamilton 
Harbour delisting objectives closely resemble those suggested by the IJC.  
 
3.4.3 Current monitoring activities 
 
Information in this section was gathered from interviews with Victor Cairns of the DFO 
and Tÿs Theÿsmeÿer of the RBG:  
 
The DFO is the project lead on studies of tumours and other deformities in white suckers 
from Hamilton Harbour and eight other locations on Lake Ontario. The first fish tumour 
survey in Hamilton Harbour was conducted in the early 1970s. The study reported a high 
incidence of lip and body papillomas in the white sucker (Casostomus commersoni). 
Scientists speculated that papillomas (and other skin lesions such as hyperplasia) were 
caused by toxic chemicals. The DFO repeated the sucker tumour survey in the 1980s 
and most recently in 1992 in Hamilton Harbour and at several sites in Lake Ontario for 
comparison. The later surveys also included an analysis of liver tumours (liver cell and 
bile duct tumours). The results were inconclusive. Papillomas and liver tumours occurred 
at all sites tested in Lake Ontario and there was no apparent geographic trend in the 
data (Cairns pers. comm. 2004)  
 
A small number of brown bullheads (Ictalurus nebulosus) from Hamilton Harbour were 
analyzed for anomalies and liver tumours in 1994 but the sample size was too small 
(140 fish) to establish a baseline for tumour prevalence (Cairns pers. comm. 2004). 
 
The RBG also coordinates incidental monitoring of fish collected at the Cootes Paradise 
Fishway each year (March to October). Using visual inspection, fish are checked for 
external scars, surface tumours and/or deformities. Qualitative data is kept on a 
subsample of species, including bullheads and suckers, but it has not been classified by 
the type of deformity or tumour observed (Theÿsmeÿer pers. comm. 2004). 
 
Applicable information about monitoring programs related to this beneficial use 
impairment is summarized in Table 7. More information about these programs, including 
metadata (such as site location, parameters, etc.) can be obtained using the contact 
information of the project leads, listed in Appendix E. 

Table 7:  Summary of programs related to Beneficial Use Impairment (iv) 

 Monitoring Program Agency Contact Frequency 
The Occurrence of Epidermal and Liver 
Tumours in White Suckers  
• Tumour frequency, lip and body 

papillomas 

DFO 
MOE 

V. Cairns 
I. Smith 

1979-80, 
1985-87, 

1992 

Cootes Paradise Fishway 
• Number of fish, species.  
• Length, weight, rates of scars, 

surface tumours and/or deformities 
of a subsample of large fish 

RBG T. Theÿsmeÿer 
Annually since 

1997 from March 
to October 
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3.4.4 Gaps in Information and Monitoring  
 
While most of the existing tumour data in Hamilton Harbour is for white suckers, brown 
bullheads are now thought to be the more appropriate sentinel species for this beneficial 
use impairment for the following reasons (Cairns pers. comm. 2004): 
 

a) Residency 
• Studies from other locations imply that the brown bullhead appears to be 

resident in harbours and the nearshore, whereas the white sucker does not 
remain in Hamilton Harbour year round.  

b) Tumour induction studies 
• Brown bullheads have been exposed to carcinogens in clinical trials and have 

subsequently developed skin and liver tumours. The dose response 
relationship strengthens the argument that brown bullheads develop tumours 
when exposed to environmental carcinogens. There are no similar trials with 
white suckers and no data to suggest that chemical exposure can cause 
tumours in this species.  

c) Occurrence of 'tumours' or 'diseases' that can be confused with liver 
tumours or skin tumours 
• There is no evidence of background liver disease in brown bullhead. However, 

liver tumours in white suckers are associated with parasites and liver disease 
of unknown origin, and lip and body papillomas occur spontaneously in 
suckers living in clean water. 

d) Availability of background data 
• The brown bullhead is a popular sentinel species in most of the Great Lakes 

and there is data available from many RAP and control sites in Canada and 
the U.S. 

e) Lifespan  
• Brown bullheads have a moderate lifespan and fish 4-5 years of age have 

been used in tumour surveys. In contrast, suckers are more long-lived and 
tumours are not usually found on fish less than 7 years of age. 

 
Currently, there are no systematic tumour surveys of brown bullheads in Hamilton 
Harbour. These surveys should be conducted in Hamilton Harbour and compared with 
other RAP sites (such as Toronto Harbour and the Bay of Quinte) and reference sites 
from Lake Ontario (such as Jordan Harbour in western Lake Ontario and West Lake and 
East Lake in eastern Lake Ontario) (Cairns pers. comm. 2003). 
 
Currently, monitoring for deformities is performed by the RBG at the Cootes Paradise 
Fishway, but data is not collected on the type of deformity or tumour observed. 
Combining the RBG’s monitoring program with a systematic tumour survey conducted by 
the DFO could enhance overall tumour and deformity data collection. According to 
Cairns, the RBG sampling program at the Cootes Paradise Fishway provides an 
opportunity to conduct the brown bullhead fish tumour survey on selected ages and 
sexes of fish, with the ability to link tumour frequency with other indicators of population 
health such as behaviour, spawning condition, size and movement patterns (pers. 
comm. 2004). 
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3.4.5 Summary and Recommendations 
 
Overall, monitoring and information available related to the fish tumours and other 
deformities is incomplete in Hamilton Harbour. There are several years of data 
describing the incidence of liver tumours and epidermal papillomas in white suckers, 
however the white sucker is a poor sentinel species for tumour monitoring. The brown 
bullhead has emerged as the sentinel species of choice but there is insufficient data to 
establish baseline incidence rates in Hamilton Harbour. The following sections provide a 
summary of the monitoring and information available (Table 8) and recommendations. 

Summary – Fish tumours or other deformities 

The following information and monitoring is sufficient and present for: 
• Rates of external fish deformities  
 
The following information and monitoring gaps exist for:  
• Rates of fish tumours  
• Rates of neoplastic or preneoplastic liver tumours 
 

Table 8:  Summary of information available for Beneficial Use Impairment (iv) 

Component of 
Beneficial Use 
Impairment 

Target 
Is there enough data 

to prepare trends? 

Based on current 
activities, will 

there be enough 
data for delisting? 

Incidence rates of 
tumours  

Rates do not 
exceed rates 

at unimpacted 
control sites 

No No 

Incidence rates of 
deformities 

Rates do not 
exceed rates 

at unimpacted 
control sites 

Somewhat Somewhat 

Neoplastic or 
preneoplastic liver 
tumours in bullheads 
or suckers 

Absence No No 

Recommendations – Fish tumours or other deformities 

BUI (iv)-1 That monitoring by the RBG at the Cootes Paradise Fishway of deformities 
in Hamilton Harbour fish provides an important opportunity to collect 
monitoring information and should be continued. 

BUI (iv)-2 That the DFO fish tumour study be conducted as soon as possible using 
the brown bullhead as the sentinel species, and repeated again at 
appropriate intervals.  
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3.5 BENEFICIAL USE IMPAIRMENT (v) – BIRD OR ANIMAL 
DEFORMITIES OR REPRODUCTIVE PROBLEMS 
 
Hamilton Harbour Delisting Objective for BUI (v) - Bird or animal deformities or 
reproductive problems 
 
When the incidence rates of deformities or reproductive problems in sentinel wildlife 
species do not exceed background levels in control populations. 
 
3.5.1 Background and Current Status 
 
As is the case with tumours in fish, the effects of a degraded ecosystem can cause 
deformities or reproductive problems in birds and other wildlife. Originally, the RAP 
Stage 1 Report listed bird or animal 
deformities and reproductive problems as 
arising from the presence of organochlorines 
such as DDT and its metabolites and metals. 
Sources of the problems included historical 
deposits of contaminants in sediment and 
contaminants in Lake Ontario (Hamilton 
Harbour RAP 1992). 
 
While not specifically identified for Hamilton 
Harbour, two major species have been 
extensively studied and have emerged as the 
sentinel (indicator) species appropriate for 
measuring wildlife deformities or reproductive 
problems: snapping turtles and herring gulls.  Snapping turtle – Photo by J. Bogart, 

University of Guelph   
The snapping turtle (Chelydra serpentina) is an 
omnivorous, long-lived reptile that has a very 
limited home range throughout the year, making it 
an especially effective indicator of local 
contamination. It inhabits wetlands near or on most 
of the shorelines of the Great Lakes (except the 
north shore of Lake Superior) and may live over 30 
years (Fox 2001).  
 
The herring gull (Larus argentatus) is an 
opportunistic-feeding colonial nesting bird that 
inhabits the Great Lakes year-round. As a top 
predator whose diet consists of fish and other 
organisms in the Great Lakes food chain, 
contaminants are concentrated and biomagnified, 
making them easier to detect. In addition, because 
the herring gull is a species common to all of the 
Great Lakes, comparisons can be made among 
populations.  

Herring gull – Photo by G. Barrett, 
CWS 
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3.5.2 Restoration of Beneficial Use Impairment 
 
According to guidelines published by the IJC, this beneficial use impairment is restored 
when: 
 

“…the incidence rates of deformities (e.g. cross-bill syndrome) or 
reproductive problems (e.g. egg-shell thinning) in sentinel wildlife species 
do not exceed background levels in inland control populations.” 

 (IJC 1991) 
 
To prove that this beneficial use impairment is restored based on IJC criterion requires 
placing emphasis on the reproductive rates or deformities of the defined sentinel species 
in Hamilton Harbour (snapping turtles and herring gulls) with reference to a suitable 
comparison population. In this case the comparison population for herring gulls is Kent 
Island, New Brunswick; for snapping turtles it is Tiny Marsh near Midland, Ontario 
(adults and eggs) and Algonquin Provincial Park (eggs only). 
  
3.5.3 Current monitoring activities 
 
To collect current information of the monitoring programs available related to bird or 
animal deformities or reproductive problems, interviews were conducted with D.V. 
(Chip) Weseloh and Kim Fernie of Environment Canada’s Canadian Wildlife Service (EC-
CWS), as well as James Quinn of McMaster University. The following describes the 
monitoring programs that are applicable to this delisting objective. 
 
The EC-CWS is the primary agency responsible for monitoring associated with Beneficial 
Use Impairment (v). One monitoring program, The Great Lakes Herring Gull Egg 
Contaminants: Annual Monitoring, collects herring gull eggs from Hamilton Harbour and 
other areas around the Great Lakes in order to monitor spatial and temporal trends in 
contaminants and their effects on the birds. Annual monitoring of herring gull eggs has 
occurred throughout the Great Lakes since 1974, and in Hamilton Harbour since 1981 
(Weseloh pers. comm.. 2004). The program is one of the longest running wildlife 
contaminant studies in the world and as a result extensive trend data is available 
(Ryckman et al. 1997).  
 
The EC-CWS also has an extensive, long-term program that monitors nesting 
populations of colonial waterbirds (herring and ring-billed gulls, double-crested 
cormorants, common and Caspian terns, black-crowned night herons), titled Hamilton 
Harbour Colonial Waterbird Counts. Similar information is also collected from other 
locations on the Great Lakes, providing numerous suitable comparison populations. 
 
Another applicable monitoring program performed by the EC-CWS is Assessing the 
Health of Snapping Turtles in Selected AOCs of the Great Lakes (Ontario Region). 
Ongoing periodically since 1984, this study monitors the spatial and temporal trends in 
contaminants and assesses the health of juvenile and adult snapping turtles in Hamilton 
Harbour and other AOCs. Subsamples of collected eggs are used for contaminant 
analysis; the rest are incubated and assessed for deformities, survivorship and growth 
rates.  
 
It should be noted that there are emerging areas of study that are not discussed here 
because, although complementary, they do not apply directly to targets in the delisting 
objectives. One example of such a program measures the proximity of herring gull 
nesting sites to steel mills (such as those on Hamilton Harbour) and calculates the 
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probability of induced germline mutations (Quinn pers. comm. 2004). More information 
about this program and other related programs, including metadata (such as site 
location, parameters, etc.) can be obtained by consulting the RAP Monitoring Catalogue 
(2004). Applicable information about monitoring programs related to this beneficial use 
impairment is summarized in Table 9.  

Table 9:  Summary of programs related to Beneficial Use Impairment (v) 

 Monitoring Program Agency Contact Frequency 
Great Lakes Herring Gull Egg 
Contaminants 
• Spatial and temporal trends of 

contaminants, including PCBs, 
dioxins/furans, mercury 

EC-CWS 
D.V. 

(Chip) 
Weseloh 

Periodically 1981-
1989 

Annually since 
1991 

Hamilton Harbour Colonial Waterbirds 
Count   
• Quantity and reproductive success of 

breeding populations 

EC-CWS 
D.V. 

(Chip) 
Weseloh 

Periodically 1976-
1990 

Annually since 
1997 

Assessing the Health of Snapping Turtles 
in Selected AOCs of the Great Lakes 
• Spatial and temporal trends in 

contaminants, health assessment, 
deformities, survivorship 

EC-CWS K. Fernie 
Periodically 1984 - 

2002 

 
3.5.4 Gaps in Information and Monitoring 
 
Unlike reproductive rates, the rate of deformities of colonial nesting birds is not well 
documented. Only double-crested cormorant deformity rates are measured and not 
every year (Weseloh pers. comm. 2004). Three of the interviewees noted that 
measuring deformity levels in a mobile population (i.e. birds) is very difficult (Weseloh 
pers. comm. 2004; Fernie pers. comm. 2004; Quinn pers. comm. 2004). Various 
reasons were given. Firstly, incidence rates of deformities in Hamilton Harbour birds are 
very low and to detect them the sample size needs to be very large. As illustrative of 
this point, J. Quinn of McMaster University pointed out that he has only seen two birds 
with obvious physical deformities in twelve years of study of birds in the area (pers. 
comm. 2004). Secondly, measuring incidence rates in mobile species such as birds 
presents a unique monitoring problem due to difficulties in tracking and catching the 
subjects. Finally, severe deformities might never appear in a population, because they 
can cause the early death of an animal. For example, a bird with a crossed bill may not 
survive to emerge from its incubating egg, because it cannot peck its way out. Mortality 
from embryonic and/or juvenile deformities can contribute to low reproductive success, 
which thus could be used as an indirect indication of some types of deformities (Fernie 
pers. comm. 2004). Monitoring of hatchling success combined with the examination of 
the eggs that fail to hatch (to look for deformities) may be an appropriate monitoring 
activity to fulfill portions of this objective.  
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3.5.5 Summary and Recommendations 
 
Overall, information and monitoring available is extensive and complete related to 
colonial nesting bird reproductive rates and snapping turtle reproductive rates and 
deformities. The following sections provide a summary of the information and monitoring 
available (Table 10) and recommendations. 

Summary – Bird or animal deformities or reproductive problems 

The following information and monitoring is sufficient and present for:  
• Long-term data for contaminant levels in herring gulls in Hamilton Harbour along 

with comparable data from other locations on the Great Lakes 
• Intermittent data for reproductive rates of colonial nesting birds in Hamilton Harbour 

with comparable data from other locations on the Great Lakes 
• Long-term data for contaminant levels and hatchling deformities in snapping turtles 

in Hamilton Harbour along with comparable data from other locations on the Great 
Lakes 

 
The following information and monitoring gaps exist for:  
• Studies of the rates of deformities in mobile species such as birds (other than 

double-crested cormorants)  
 

Table 10:  Summary of information available for Beneficial Use Impairment (v) 

Component of 
Beneficial Use 
Impairment 

Target 

Is there 
enough data 
to prepare 

trends? 

Based on current 
activities, will 

there be enough 
data for 

delisting? 

Incidence of deformities 
or incidence of 
reproductive problems 

Does not exceed 
background levels 

in control 
populations 

Yes Yes 

Recommendations – Bird or animal deformities or reproductive problems 

BUI (v)-1 That monitoring rates of deformities in mobile species such as birds may 
require inference of rates using indirect measures (e.g. reproductive 
rates). 

BUI (v)-2 That herring gulls and snapping turtles continue to be used as the sentinel 
species for Beneficial Use Impairment (v). 

BUI (v)-3 That programs by the EC-CWS that monitor herring gull egg 
contaminants, colonial nesting bird reproductive rates, and deformity and 
reproductive rates for snapping turtles at various sites on the Great Lakes 
be continued, as they are important to determine trends in Hamilton 
Harbour.
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3.6 BENEFICIAL USE IMPAIRMENT (xiv) – LOSS OF FISH AND 
WILDLIFE HABITAT 
 
Hamilton Harbour Delisting Objective for BUI (xiv) - Loss of fish and wildlife 
habitat 
 
1. Provide 500 ha of emergent and submergent aquatic plants in Hamilton Harbour, 

Cootes Paradise, Grindstone Creek delta, and Grindstone Creek Marshes in 
accordance with the Fish and Wildlife Habitat Restoration Project (360 ha FWHRP 
sites + 140 ha littoral zone) 

2. Provide 15 km of littoral shore 
3. Provide 300 ha of wildlife habitat 
4. Provide 3 ha of colonial nesting bird habitat 
 
3.6.1 Background and Current Status 
 
The number and diversity of waterbirds and wildlife in a body of 
water is limited by the amount of marsh habitat available 
(Hamilton Harbour RAP 1989). Thus, habitat destruction and a 
decrease in habitat quality have associated negative impacts on 
fish and wildlife populations. Specific symptoms of habitat 
destruction include: vulnerability to nuisance or invasive 
species, a decrease in diversity of species, a decrease in 
population numbers, and a vulnerability to predators. Restoring 
fish and wildlife habitat of local species is important to fish, 
aquatic birds and aquatic wildlife, who depend on shallow and 
marshy zones for food and for spawning and/or nesting habitat 
in nursery areas (Hamilton Harbour RAP 1992). 
 
As identified in the RAP Stage 1 Report, turbidity, low dissolved 
oxygen (DO), loss of submerged and marsh vegetation, and 
shoreline development were contributing causes to habitat 
impairment. In addition, as habitats deteriorate, populations of 
undesirable species increase in numbers, and further contribute 
to habitat damage, competition and predation (Hamilton 

Harbour RAP 
1989). Historical sources of 
deterioration include high lake levels; 
infilling from urban development; heavy 
algal blooms caused by excess 
nutrients from wastewater treatment 
plants and combined sewer overflows; 
and resuspension of bottom sediments 
(Hamilton Harbour RAP 1992). The 
most dramatic loss of fish and wildlife 
habitat in the Harbour is the irreversible 
loss of 65% of the habitat area along 
the south shoreline from the 
restructuring and infilling of 25% of the 
surface area of the Harbour. 

The littoral zone is
generally referred 
to as underwater 
habitat less than 
2m in depth along 
the shore of a body 
of water, with light 
penetration to the 
bottom and usually 
populated with 
emergent 
subaquatic plants.  
 
The littoral shore 
is referred to as the 
linear distance 
covered by the 
littoral zone (e.g. 
15 km). 

 Volunteers helping to replant the shoreline of Cootes 
Paradise Marsh – Photo by BARC 

 
33 



Toward Safe Harbours - 2004  Chapter 3: Fish and Wildlife BUI (xiv) 

Because of this irreversible loss of habitat, restoration efforts are focused to Cootes 
Paradise Marsh, creek estuaries and the East, North and Western shores of Hamilton 
Harbour. Although habitat area can never be brought back to its historical proportions, 
targets in the delisting objective were chosen to indicate desirable habitat conditions 
that could be realistically seen in a restored Hamilton Harbour and Cootes Paradise 
Marsh. The habitat targets for the Harbour were developed at expert workshops in 1990 
and refer specifically to the sites included within the Fish and Wildlife Habitat Restoration 
Project. A target of 500 hectares of emergent and submergent plants is identified, with 
the exact ratio of plant types left unspecified because species composition is highly 
dependent the water level regime and will vary over time. Delisting objectives also 
include a target of 300 ha of wildlife habitat, which is the cumulative total of “non-fish” 
habitat identified in the Fish and Wildlife Habitat Restoration Project.  
 
Many improvements have been made to fish and wildlife habitat conditions since the 
inception of the Hamilton Harbour RAP. For example, wildlife islands constructed in 1995 
attract over 800 nesting pairs of common terns and Caspian terns. The construction of 
the Fishway and the resulting exclusion of carp from Cootes Paradise Marsh have seen a 
gradual increase of both emergent and submergent plants in the marsh since 1997. 
Citizen involvement in habitat restoration has been remarkable: at the end of 2003, 
2683 people had contributed over 8000 hours to the re-planting of the shoreline along 
the Harbour. 
 
3.6.2 Restoration of Beneficial Use Impairment 
 
IJC guidelines suggest that this beneficial use impairment is restored when: 
 

“…the amount and quality of physical, chemical, and biological habitat 
required to meet fish and wildlife management goals have been achieved 
and protected.” 

(IJC 1991) 
 

To prove that this beneficial use impairment is restored based on IJC criterion requires 
placing emphasis on goals established through the Hamilton Harbour’s management 
plan: the Fish & Wildlife Restoration Project (FWHRP). 
 
3.6.3 Current monitoring activities 
 
To collect current information about applicable monitoring programs, interviews were 
conducted with Christine Brousseau of the DFO and Tÿs Theÿsmeÿer of the RBG. 
Supplementary information was gathered from John Hall, former FWHRP manager and 
Carl Rothfels, Natural Lands Steward (Interim) at the RBG. The following describes those 
monitoring programs that are applicable to this delisting objective. 
 
The group responsible for overseeing and coordinating the majority of fish and wildlife 
habitat restoration is the Fish & Wildlife Habitat Restoration Project Steering Committee, 
which developed the Fish & Wildlife Habitat Restoration Project (FWHRP). The FWHRP is 
designed to perform a coordinating role for habitat rehabilitation projects at nine sites in 
Hamilton Harbour. Since 1991, the FWHRP has been a “multi-year, multi-site and multi-
partner endeavour”. It has three major components: project site development, project 
liaison and coordination with other RAP initiatives, and public and media information. As 
a result of this organizational initiative, “the profile of the project has been heightened 
and along with it a commitment to RAP initiatives in the Harbour and watershed” 
(FWHRP 2003: p. 2).  
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Some of the major projects that fall within the FWHRP is led by the RBG, who have 
significant monitoring programs measuring both plant cover and plant community 
structure in the Cootes Paradise Marsh and the Grindstone Creek Estuary. Percent cover 
of both emergent and submergent plants are measured, with more detailed information 
available for submergent plants, including species type.  
 
Another example of a project that falls within the FWHRP is led by the DFO as part of its 
Hamilton Harbour Fish Community AOC Monitoring. Every three to four years a 
macrophyte (i.e. large water plant) survey identifies macrophyte density, species, 
dominant species, and plant height using 100-metre transects in the Hamilton Harbour. 
 
The target of three of hectares of colonial nesting bird habitat, in the form of wildlife 
islands, was achieved in 1996 and is now maintained and monitored by the FWHRP and 
the EC-CWS. 
 
Applicable information about monitoring programs related to this beneficial use 
impairment is summarized in Table 11. More information about these programs, 
including metadata (such as site location, parameters, etc.) can be obtained by 
consulting the RAP Monitoring Catalogue (2004) or using contact information of the 
project leads, as listed in Appendix E. 
 

Table 11:  Summary of programs related to Beneficial Use Impairment (xiv) 

Monitoring Program Agency Contact Frequency 

Fish & Wildlife Habitat Restoration Project 
• Site development, coordination, public 

education  
FWHRP B. Axon 

Ongoing 
since 1991 

Cootes Paradise Submergent Survey 
• Percent cover by submergent macrophyte 

species 
RBG C. Rothfels 

Twice 
annually 

since 1996 

Cootes Paradise Emergent Survey 
• Emergent macrophyte area 

RBG C. Rothfels 
Annually 

since 1996 

Grindstone Creek Submergent Survey 
• Percent cover by submergent macrophyte 

species 
RBG C. Rothfels 

Twice 
annually 

since 1996 

Grindstone Creek Emergent Survey 
• Emergent macrophyte area 

RBG C. Rothfels 
Annually 

since 1996 

Hamilton Harbour Fish Community AOC 
Monitoring – Macrophyte survey 
• Macrophyte density and species 

identification, dominant species, plant height, 
weather, water temperature, secchi depth 

DFO C. Brousseau 
Triennially 
since 1988 
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3.6.4 Gaps in Information and Monitoring  
 
Based on stated delisting objectives, current monitoring programs are sufficient to fulfill 
information required for this beneficial use impairment and thus no gaps in monitoring 
are noted. 
 
While stated targets appear to be obtainable based on various interviews, there is a 
minor uncertainty in the delisting objective. In the current wording, it appears as though 
three of the four targets do not specify the location where habitat remediation is to take 
place (i.e. objectives 2-4). Objective 1 lists four major areas in the Harbour watershed 
to which it applies (Hamilton Harbour, Cootes Paradise, Grindstone Creek delta, and 
Grindstone Creek Marshes), but it is unclear whether this applies to subsequent habitat 
objectives (xiv-2, xiv-3 and xiv-4). Adding the word “including” to objective 1 and 
eliminating the numbers could address this uncertainty. 
 
3.6.5 Summary and Recommendations 
 
Overall, information and monitoring available related to the restoration of fish and 
wildlife habitat is extensive and ongoing. There are some minor areas of clarification 
required for the delisting objectives. The following sections provide a summary of the 
information and monitoring available (Table 12) and recommendations. 

Summary – Fish and wildlife habitat objectives 

The following information and monitoring is sufficient and present for:  
• xiv-1 – emergent and submergent aquatic plant area 
• xiv-2 – littoral shoreline  
• xiv-3 – habitat area 
• xiv-4 – colonial nesting bird habitat area 
 
The following information and monitoring gaps exist:  
• None. Rewording of the objectives may add clarity. 
 

Table 12:  Summary of information available for Beneficial Use Impairment (xiv) 

Component of 
Beneficial Use 
Impairment 

Target 

Is there 
enough data 
to prepare 

trends? 

Based on current 
activities, will 

there be enough 
data for delisting? 

Emergent and 
submergent plants 

500 ha (360 ha 
FWHRP sites + 140 

ha littoral zone) 
Yes Yes 

Littoral shoreline 15 km Yes Yes 

Wildlife habitat 300 ha Yes Yes 

Colonial nesting bird 
habitat 

3 ha Yes Yes 
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Recommendations – Fish and wildlife habitat objectives 

BUI (xiv)-1 That the delisting objective applicable to BUI (xiv) be clarified so that the 
delisting objective reads: 

Provide 500 ha of emergent and submergent aquatic plants in Hamilton 
Harbour, Cootes Paradise, Grindstone Creek delta, and Grindstone Creek 
Marshes in accordance with the Fish and Wildlife Habitat Restoration 
Project (360 ha FWHRP sites + 140 ha littoral zone), including: 
• Provide 15 km of littoral shore 
• Provide 300 ha of wildlife habitat 
• Provide 3 ha of colonial nesting bird habitat 

BUI (xiv)-2 That the Fish & Wildlife Habitat Restoration Project (FWHRP) continue its 
important work of coordinating major habitat projects, providing summary 
documentation and coordinating funding. 
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4. GENERAL COMMENTS ON DELISTING OBJECTIVES 
 
Some issues related to the delisting objectives arose in the preparation of this report, 
which may require resolution in the near future. Generally, however, these issues do not 
appear to present a serious problem to delisting. 
 
The dynamic nature of living organisms like fish and wildlife make it essential that 
restoration targets are general enough to accommodate unanticipated events and 
variables, but specific enough to provide endpoints for delisting and act as a guide for 
remedial actions. A balance should be struck within each of the targets that incorporate 
enough flexibility to allow for unpredictable events, but be specific enough that they are 
easy to interpret and build monitoring programs around. All targets should be reviewed 
periodically to take into account the most recent information. 
 
A report published in 2004 by Scott Mackay of Environment Canada for the St. Lawrence 
(Cornwall) RAP pointed out that delisting objectives should be as clear and well defined 
as possible to enable the correct selection of monitoring programs to assess their 
progress. Further to this: 
 

“Choices about endpoints will ultimately affect choices about monitoring 
programs…Endpoints are often chosen as part of problem definition and 
listing of beneficial use impairments, so it is important to consider the 
long-term consequences of such choices.” 

(Mackay 2004: p.18) 
 
With these concepts in mind, it becomes clear that ambiguities or inconsistencies in the 
current delisting objectives could pose future problems, including the fundamental 
problem of determining whether the delisting objective has been obtained and by what 
measure. In addition, “gaps in information on what needs to be done make it difficult for 
governments to predict and secure adequate resources to restore beneficial uses” (IJC 
Special Report 2003: p. 6). 
 
Part of the success of the Hamilton Harbour RAP process is the continued evolution of 
the Remedial Action Plan. While working through the delisting objectives in the 
preparation of this report, some inconsistencies and questions were noted regarding 
stated targets. In most cases the suggestions about clarifications to the delisting 
objectives were specific to particular beneficial use impairments, and thus a discussion 
and recommendations were made within each particular section (e.g. section 3.6.4). The 
following comments apply to most of the beneficial use impairments and a discussion is 
contained in the following paragraphs.  

a) Absence of timeframes in the delisting objectives 

A suggestion applicable to each delisting objective is that targets be met over a certain 
number of monitoring periods. This has been specifically commented on by researchers 
for beneficial use impairments (i) and (iii), but this suggestion is applicable to the other 
delisting objectives. For example, similar draft delisting objectives suggested for the 
Detroit River Area of Concern BUI (i) recommend that, “…contaminant levels in fish and 
wildlife shall remain below current most stringent trigger concentrations for a minimum 
of 5 years” (CEA 2001).  

 
39 



Toward Safe Harbours - 2004  Chapter 4: General Comments on the Delisting Obj. 

b) Uncertainties about which beneficial use impairments apply to the 
Hamilton Harbour 

It is generally understood that Hamilton Harbour has a significant number of beneficial 
use impairments. An exception to this is BUI (ix) (restrictions on drinking water 
consumption or taste and odour problems), which is accepted that it does not apply 
because drinking water is obtained from Lake Ontario. However, it has not been 
established if two other BUIs apply, particularly: BUI (ii) – tainting of fish and wildlife 
flavour; and BUI (xii) – added cost to agriculture or industry. This may cause confusion 
when trying to determine what (if any) monitoring programs are required for these 
BUIs, and could cause difficulties in the future when it comes time to delist if this 
information is not present.  

c) The identification and labelling of “control” and “sentinel” populations 

The term “control populations” is used prominently in the beneficial use impairments and 
associated delisting objectives applicable to Hamilton Harbour (e.g. BUIs (iv) and (v)). 
Although not specific just to Hamilton (the IJC also uses this term extensively), it is 
questionable whether control populations are possible in living organisms. The term 
“control” suggests that most of the variables between populations are kept the same, 
which would be almost impossible to accomplish with independent living organisms. It is 
suggested that the more accurate term of “comparison” or “reference” populations be 
used. 
 
In addition, the “control” population in question was often not obviously identified, and 
in some cases it was unclear which document and/or agency was responsible for naming 
control populations in BUIs such as (iv) and (v). This issue also applies to the naming of 
“sentinel” species, such as in BUI (v). To partially address this, Hamilton Harbour RAP 
Stage 2 Update 2002 recommendation RM-2 states:  
 

“That indicator species for both fish and wildlife populations, which are 
indicative of conditions within the Harbour, be identified to monitor 
temporal (and spatial) trends in contaminant levels, indicate the efficacy 
of remedial activities and provide data related to the development of fish 
consumption guidelines.” 

(Hamilton Harbour RAP Stage 2 Update 2002) 
 

d) Over-simplification of the term “fish and wildlife” 

Combining the term “wildlife” with “fish” in the popular phrase “fish and wildlife” tended 
to obscure or reduce emphasis on the wildlife component. This problem was illustrated in 
Beneficial Use Impairment (i) – restrictions on fish and wildlife consumption. The 
delisting objective suggests that there be no restrictions on either fish or wildlife 
consumption yet there are very few, if any, wildlife consumption monitoring programs. 
Caution should be taken when employing this phrase to avoid minimizing the importance 
of either fish or wildlife in the delisting objectives.  
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5. TRENDS AND EMERGING ISSUES 
 
In the preparation of this report, important trends and emerging issues were observed. 
The following presents a summary of these observations. 

a) Reinforcing the importance of monitoring programs to the restoration 
and delisting of Hamilton Harbour  

Monitoring is vital to proving whether or not Hamilton Harbour is restored. Repeat 
observation and analysis of data taken over time allows for the tracking of real changes 
(above baseline). It can also detect impacts from remedial actions that occur slowly, 
over the long-term, as well as provide information for management decisions. In 
addition, monitoring “…ensures that remedial measures are resulting in the intended 
ecosystem recovery…it can reveal the response of ecosystems to remedial actions that 
have been designed to restore beneficial uses” (IJC Special Report 2003: p.17). Most 
importantly, an Area of Concern will be considered for delisting “when monitoring 
indicates that identified beneficial uses have been restored” (IJC 1987: p.26). 
 
However, a balance of both monitoring and research is required. Among other things, 
research provides an understanding of new concerns (e.g. biomarkers). Research 
projects can also produce information that is useful for monitoring, but these projects 
are not substitutes for methodical, long-term monitoring programs. Thus it is important 
that existing monitoring programs continue so that recommendations based on trend 
information can be formed. 

b) Insecure funding for long-term trend monitoring programs 

Changes in governments, changes in government priorities, emphasis on research, 
economic factors, difficulties committing to long-term projects and other unanticipated 
variables all affect the availability of funding for long-term monitoring programs. One 
interviewee suggested that better use and assessment of long-term data sets would 
benefit the argument for continuation of monitoring programs. This may partially explain 
the success of existing long-term monitoring programs like the EC-CWS’ annual 
monitoring of herring gull egg contaminants. Modelling new and existing monitoring 
programs after examples such as this may justify long-term funding requirements. 

c) Loss of corporate memory due to upcoming retirements 

Numerous important stakeholders in the Hamilton Harbour RAP process are close to 
retirement and thus may not be present for the preparation of the RAP Stage 3 Report 
which will delist Hamilton Harbour. This presents a problem for two reasons. Firstly, 
historical information that is currently not well documented but exists within the 
accumulated knowledge of key people will be lost. Secondly, important monitoring 
programs may be in jeopardy once the key person leaves or retires. 
 
Knowledge that key people have accumulated over a career of research and monitoring 
in the field is currently available but not well documented in published form. While this 
makes it difficult to access the information at the present time, it will be even more 
difficult to obtain this information once these people leave or retire. However, there are 
now numerous attempts to gather and condense pertinent monitoring information into a 
more accessible format. The Hamilton Harbour RAP Monitoring Catalogue is a good 
example of assembling information into a single document, as it is an attempt to provide 
an updated list of all the monitoring activities occurring in the Hamilton Harbour. This 
Toward Safe Harbours report is also an attempt to gather disjointed yet common 
information into one document. 
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In addition to the loss of unpublished knowledge, key people leaving or retiring is an 
important issue because some monitoring and research programs appear to be tied to 
specific individuals and may be put at risk. This could be remedied by institutionalizing 
monitoring programs as part of the long-term strategy of each agency (similar to the 
MOE sport fish monitoring or the EC-CWS herring gull egg contaminant monitoring). 
Especially important in this case is the mentoring of other individuals within the agency 
to carry on the monitoring and research. 

d) Positive progress due to collaborative efforts of many stakeholders 

There are many progressive things occurring in the Hamilton Harbour basin. For 
example, there are three annual workshops coordinated by the Hamilton Harbour RAP 
Office that bring together scientists to present their current fieldwork activities. It is also 
fortunate that Hamilton Harbour is in close proximity to some major research agencies, 
such as Fisheries and Oceans Canada (DFO); some branches of Environment Canada 
(EC) including the Canadian Wildlife Service (CWS) and the National Water Research 
Institute (NWRI); McMaster University; and the Royal Botanical Gardens (RBG), all of 
whom have developed and implemented numerous research and monitoring programs 
within the Harbour. The specific focus on monitoring programs that directly relate to 
Hamilton Harbour fish and wildlife delisting objectives did not enable a full evaluation of 
every existing project, however this does not diminish their importance to the overall 
restoration effort. Stakeholder efforts and progress are commendable and indicative of a 
strong commitment towards restoring the fish and wildlife of Hamilton Harbour. 
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6. CONCLUSIONS and RECOMMENDATIONS 
 
The evaluation performed by the Bay Area Restoration Council has concluded that, if 
current activities continue, monitoring programs will be able to provide enough evidence 
to prove that fish and wildlife in Hamilton Harbour have been restored. It is important to 
stress that existing monitoring programs continue in order to provide sufficient data for 
delisting Hamilton Harbour as an Area of Concern.  
 
The following are the conclusions of this report: 

• The restoration of fish and wildlife habitat is proceeding well, due to collaborative 
efforts of many stakeholders. 

• Monitoring data is reasonably complete and comprehensive in most areas of fish 
restoration and wildlife restoration (e.g. sportfish monitoring and colonial nesting 
bird counts).  

• There is generally more emphasis and monitoring activity for fish than for 
wildlife, apart from colonial nesting birds and snapping turtles.  

• There is some clarification required with aspects of several delisting objectives, 
but this will not likely present a serious impediment to delisting.  

• It is important that current monitoring programs continue, and that monitoring 
remain a major part of overall restoration efforts. 

 
Three questions guided the preparation of the Toward Safe Harbours report of 2004. 
They are listed below with a summary conclusion: 
 

1. Will we be able to satisfy the decision-makers that monitoring programs 
in Hamilton Harbour will be able to prove targets stated in the delisting 
objectives? 

 Overall, yes. 
 

2. Are there any gaps in the monitoring? 
Yes, some. Fish tumour and deformity studies are incomplete and need to be 
conducted. There are virtually no studies linked to wildlife consumption, including 
potential restrictions and tainting of flavour. Other minor gaps are the result of 
unclear wording or unnecessary targets in the delisting objectives.   

 

3. Are there any obstacles to prevent monitoring from occurring in the 
future? 
Yes. There are some persistent threats to proving delisting targets will be met, 
including: 

• Insecure funding for long-term monitoring;  
• Budget priorities; and,  
• Key people leaving or retiring. 

 
According to BARC’s Toward Safe Harbours 2002 Report Card, fish and wildlife 
restoration activities have resulted in the greatest improvements to-date (vs. water 
quality and sediment remediation targets). This is due to the effectiveness of the Fish 
and Wildlife Habitat Project Steering Committee and the financial support and leadership 
of the Great Lakes Sustainability Fund (GLSF), as well as the numerous collaborative 
efforts of many stakeholders, including community volunteers. If current restoration and 
associated monitoring activities continue, the Bay Area Restoration Council is optimistic 
that fish and wildlife targets for Hamilton Harbour will be achieved. Table 13 is a 
compilation of the recommendations from the previous chapters. 
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Table 13:  List of Recommendations  

BUI RECOMMENDATIONS 

(i) - Restriction 
on fish and 
wildlife 
consumption 

BUI (i)-1  That both the OMOE’s Sport Fish Contaminant 
Monitoring Program and the DFO’s Hamilton Harbour 
Contaminant Trend Monitoring Study Program are 
important sources of monitoring information to fulfill 
the fish consumption component of Beneficial Use 
Impairment (i) and should be continued. 

BUI (i)-2 That further study is needed to determine if the 
wildlife portion of delisting objective (i) be removed 
or acted upon with appropriate monitoring programs 
initiated.  

 

(ii) – Tainting 
of fish and 
wildlife flavour 

BUI (ii)-1 That fish from Hamilton Harbour be tested for tainting 
of flavour. 

BUI (ii)-2 That further study is needed to determine if tainting 
of wildlife flavour is a use that is impaired in the 
Hamilton Harbour and whether this portion of the 
delisting objective should be removed or acted upon 
with appropriate monitoring programs initiated.  

 

(iii) – Degraded 
fish and wildlife 
populations 

BUI (iii)-1 That extensive and important monitoring programs 
related to fish and wildlife populations led by the 
DFO, EC-CWS and RBG be continued.  

 
BUI (iii)-2 That delisting objective (iii) be clarified in the 

following ways:  
 

• Add the words “indicators” and “Hamilton 
Harbour” so that the first part of the delisting 
objective reads, “That these indicators of the 
Hamilton Harbour fish community have the 
following structure:” 

• Targets for colonial waterbirds now listed as 
“interim” should be reviewed and finalized within 
a scheduled time period closer to the time of 
delisting. 

• Further consideration is required to determine 
whether the delisting objective requirement for 
fish and wildlife bioassays should be removed or 
acted upon with appropriate monitoring programs 
initiated. 
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Table 13:  List of Recommendations (continued) 

BUI RECOMMENDATIONS 

(iv) – Fish 
tumours or 
other 
deformities 

BUI (iv)-1 That monitoring by the RBG at the Cootes Paradise 
Fishway of deformities in Hamilton Harbour fish 
provides an important opportunity to collect 
monitoring information and should be continued. 

BUI (iv)-2 That the DFO fish tumour study be conducted as 
soon as possible using the brown bullhead as the 
sentinel species, and repeated again at appropriate 
intervals. 

(v) – Bird or 
animal 
deformities or 
other 
reproductive 
problems 

BUI (v)-1 That monitoring rates of deformities in mobile 
species such as birds may require inference of rates 
using indirect measures (e.g. reproductive rates). 

BUI (v)-2 That herring gulls and snapping turtles continue to 
be used as the sentinel species for Beneficial Use 
Impairment (v). 

BUI (v)-3 That programs by the EC-CWS that monitor herring 
gull egg contaminants, colonial nesting bird 
reproductive rates and deformity and reproductive 
rates for snapping turtles at various sites on the 
Great Lakes be continued, as they are important to 
determine trends in Hamilton Harbour. 

 

(xiv) – Loss of 
fish and wildlife 
habitat 

BUI (xiv)-1 That the delisting objective applicable to BUI (xiv) 
be clarified so that the delisting objective reads: 

Provide 500 ha of emergent and submergent aquatic 
plants in Hamilton Harbour, Cootes Paradise, 
Grindstone Creek delta, and Grindstone Creek 
Marshes in accordance with the Fish and Wildlife 
Habitat Restoration Project (360 ha FWHRP sites + 
140 ha littoral zone), including: 
• Provide 15 km of littoral shore 
• Provide 300 ha of wildlife habitat 
• Provide 3 ha of colonial nesting bird habitat 

BUI (xiv)-2 That the Fish & Wildlife Habitat Restoration Project 
(FWHRP) continue its important work of coordinating 
major habitat projects, providing summary 
documentation and coordinating funding. 
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Appendix B - Hamilton Harbour Delisting Objectives 
 

NO. BENEFICIAL USE IMPAIRMENTS AND 
HAMILTON HARBOUR DELISTING OBJECTIVES 

 
(i) 

 
Restriction on fish and wildlife consumption. 
 
That there be no restrictions on consumption of fish and wildlife from the Harbour attributable to 
local sources. 
 

 
(ii) 

 
Tainting of fish and wildlife flavour. 
 
When survey results confirm no tainting of fish or wildlife flavour. 
 

 
(iii) 

 
Degraded fish and wildlife populations. 
 
1. That the fish community has the following structure: 
 

a. Shift from a fish community indicative of eutrophic environments, such as white 
perch, alewife, bullheads, and carp to a self sustaining community more 
representative of a mesotrophic environment, containing pike, bass, yellow perch, 
and sunfish. 

 
b. Attain a littoral fish biomass of 200 - 250 kg/ha. 

 
c. Increase the species richness from 4 species to 6-7 species per transect. 

 
d. Increase the native species biomass from 37% to 80-90% of the total biomass. 

 
e. Reduce the spatial variability in fish biomass within the Harbour. 

 
f. Proposed nearshore fish community of Hamilton Harbour: 

 
Category                                                                        Littoral Biomass (kg/ha) 
Piscivores (pike, bass)                                                            40 - 60 
Specialists (Insectivores like pumpkinseeds and yellow perch) 70 - 100 
Generalists (Omnivores like carp and brown bullheads)  30 - 90 

  
The percent of fisheries biomass allocated to the three trophic groups was based on 
the effects of improved water quality in the Bay of Quinte and Severn Sound.  The 
littoral fish biomass of 200-250 kg/ha was based on electrofishing data collected 
from Hamilton Harbour, Bay of Quinte and Severn Sound in 1990. 

 
g. Attain an Index of Biotic Integrity (IBI) of 55-60 for Hamilton Harbour 
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NO. BENEFICIAL USE IMPAIRMENTS AND 
HAMILTON HARBOUR DELISTING OBJECTIVES 

 
(iii) 

cont’d. 

 
2. Colonial waterbirds: 
 

The overall objective is to have a self sustaining mixed community of colonial 
waterbirds generally with an increase of the rarer species and a reduction in the number 
of ring-billed gulls which currently nest in the Harbour.  These figures are subject to 
revision once these general levels have been reached.  Management of colonial 
waterbirds is experimental and achieving specific populations of particular species is 
highly speculative. 

 
 Suggested Interim Targets                                       Number of Pairs 
 Ring-billed gulls (Larus delawarensis)                  5,000 
 Common terns (Sterna hirundo)                                > 600 
 Herring gulls (Larus argentatus)                                   350 
 Caspian terns (Sterna caspia)                                > 200 
 Double-crested cormorants  (Phalacrocorax auritus)      200 
 Black-crowned night herons  (Nycticorax nycticorax)      200 
 
3. Other wildlife including waterfowl: 
 

No target will be suggested for other species of birds or animals, but a target for habitat 
has been suggested which will enhance wildlife populations generally.  In addition, 
management of some species may be necessary as a result of habitat enhancement. 

 
That fish and wildlife bioassays confirm no significant toxicity from water column or sediment 
contaminants. 

 
(iv) 

 
Fish tumours or other deformities. 
 

When incidence rates of fish tumours or other deformities do not exceed rates at unimpacted 
control sites that are locally relevant and when survey data confirm the absence of neoplastic or 
preneoplastic liver tumours in bullheads or suckers. 
 

 
(v) 

 
Bird or animal deformities or reproductive problems. 
 

When the incidence rates of deformities or reproductive problems in sentinel wildlife species do 
not exceed background levels in control populations. 
 

 
(vi) 

 
Degradation of benthos. 
 

Using the BEAST (BEnthic Assessment of SedimenT) Methodology: 
 
1. Littoral Zone (depth < upper limit of maximum extent of anoxic conditions) 

• Benthic community structure (BCS) not different from that of appropriate reference sites 
in the Great Lakes (i.e., Hamilton Harbour sites determined as “equivalent to reference 
conditions” by BEAST methodology) and BCS not correlated to sediment contaminant 
levels among sites. 

• Absence of acute or chronic sediment toxicity attributable to contaminants in sediments. 
 
2. Profundal Zone (depth > upper limit of maximum extent of anoxic conditions) 

• BCS not correlated to sediment contaminant levels among sites. 
• Absence of acute or chronic sediment toxicity attributable to contaminants in sediments. 
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(vii) 

 
Restrictions on dredging activities. 
 
When contaminants in sediments do not exceed biological and chemical standards, criteria, or 
guidelines such that there are no restrictions on disposal activities associated with navigational 
dredging. 
 

 
(viii) 

 
Eutrophication or undesirable algae. 
 
That there are no persistent adverse water quality conditions for each of the components 
attributable to cultural eutrophication.  The following net loading targets provide the specific 
objectives. 
 
Eutrophication goals and anticipated conditions in Hamilton Harbour, Cootes Paradise, and the 
Grindstone Creek area: 
 
TABLE 1:  Net Loading Targets (Kg/d)  
 

 Phosphorous Ammonia Suspended Solids 
 Initial Final Initial Final Initial Final 
Woodward WWTP 140 60 2270 530 3750 900 
Skyway WWTP 30 12 470 115 500 200 
King WWTP (Dundas) 5  22  28  
Main WWTP (Waterdown) 1  5  5  
CSOs 70 5 160 20 1400 200 
Streams * 90 65     
Industry (combined)   400 270   
Stelco     4000 1500 
Dofasco     3500 1500 

 
*  Stream loadings are extremely variable from year-to-year.  The percentage of reduction is 
based on the estimated effect of best management practice. 
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(viii) 

cont’d. 

 
TABLE 2:  Environmental Conditions 

 Hamilton Harbour Cootes 
Paradise 

Grindstone 
Creek Area Beaches 

 Initial 
Goals 

Final 
Goals 

Initial 
Goals 

Initial 
Goals 

Initial 
Goals 

Phosphorus 
concentration (ug/L) 34 17 60 - 70 60 - 70  

Un-ionized Ammonia 
conc. (mg/L) < 0.02 < 0.02 < 0.02 < 0.02  

Chlorophyll a conc. 
(ug/L) 15-20 5-10 20 20  

Secchi Disk Trans. (m) 2 3 1.5 1 1.2 

Min. DO con. (ppm) > 1 > 4 > 5 > 5  

Submergent/emergent 
aquatic plant area (ha) 105 170 240 50  

Suspended solids (ppm)   25 25  

Bacteria (E. coli 
organisms/100 ml 
water) 

    < 100 
 

 
(viii) 

cont’d. 

 
TABLE 3:  Criteria for Determining Compliance with RAP Goals 

GOAL COMPLIANCE FORMULA 
Compliance with environmental conditions 
with respect to Phosphorus, Secchi depth 
and chlorophyll a 

13 out of 13 samples analysed weekly* at 
the centre station from June to August are 
at or better than the targeted level. 

Compliance with environmental conditions 
with respect to unionized ammonia 

Weekly samples from March to June at the 
centre station are not to exceed 0.02. 

Compliance with environmental conditions 
with respect to dissolved oxygen 

Weekly samples at 1 metre from bottom at 
centre station, from July to September are 
at or better than the targeted level. 

Compliance with environmental conditions 
with respect to E. coli 

Daily samples meet target on every day 
that is 48 hours after a rain event. 

 
 *  Although weekly sampling is recommended at only one location, there will be periodic 

sampling of a large number of locations harbour-wide to confirm representativeness of the 
centre station. 

 
(ix) 

 
Restrictions on drinking water consumption or taste and odour problems. 
 
That Hamilton Harbour water outflow to Lake Ontario not give rise to water quality restrictions 
on the water intakes for Hamilton and Halton. 
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(x) 

 
Beach closings.  (Water contact sports.) 
 
1. That Hamilton Harbour effluent to Lake Ontario not give rise to conditions which would 

cause restrictions on open Lake water contact sports. 
2. That water quality conditions in the west-end and in the north-half of the Harbour, be such 

as to permit opening of beaches and which would cause no significant restriction on water 
contact sports. 

 
 

(xi) 
 
Degradation of aesthetics. 
 
When the waters are free of any substance which produces a persistent objectionable deposit, 
unnatural colour or turbidity, or unnatural odour (e.g. oil slick, surface scum, algae). 
 

 
(xii) 

 
Added cost to agriculture or industry. 
 
 
When there are no significant additional costs required to treat water prior to use for industrial 
purposes (i.e. intended for commercial or industrial applications and non-contact food processing).  
Cost associated with zebra mussels or other invasive organisms are excepted.  An added cost 
related to withdrawal of water from the Harbour to agriculture is not appropriate as this is not a use 
directly applicable to Hamilton Harbour. 
 

 
(xiii) 

 
Degradation of phytoplankton and zooplankton populations. 
 
When phytoplankton and zooplankton community structure does not significantly diverge from 
unimpacted control sites of comparable physical and chemical characteristics.  Further in the 
absence of community structure data, this use will be considered restored when phytoplankton and 
zooplankton bioassays confirm no significant toxicity in ambient waters. 
 
 

 
(xiv) 

 
Loss of fish and wildlife habitat. 
 
1. Provide 500 ha of emergent and submergent aquatic plants in Hamilton Harbour, Cootes 

Paradise, Grindstone Creek delta, and Grindstone Creek marshes in accordance with the Fish 
and Wildlife Habitat Restoration Project (360 ha FWHRP sites + 140 ha littoral zone). 

2. Provide 15 km of littoral shore. 
3. Provide 300 ha of wildlife habitat. 
4. Provide 3 ha of colonial nesting bird habitat. 
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Appendix C - Sample RAP Monitoring Catalogue Form 
 

 

OFFICIAL TITLE OF MONITORING PROGRAM 
 
NAME OF ORGANIZATION  
 
DESCRIPTION ( WHAT IS BEING MONITORED) 
 

SAMPLING PROTOCOL (E.G.  NUMBER OF SAMPLES, DEPTH OF SAMPLE, etc.) 
 

 SAMPLING PARAMETERS (LIST) 
 

RATIONALE (LIST NUMBER(S) IF APPLICABLE) 
 RAP Recommendation  

 
 Delisting Objective  

 
 Regulatory Requirement   

 
 Other - Identify/Describe   

FREQUENCY OF MONITORING (IDENTIFY SEASON/TIME OF YEAR/TIME OF DAY/NO. OF TIMES) 
 
NEXT MONITORING PERIOD (IDENTIFY YEAR) 
 
LOCATION(S) OF SITES - PLEASE USE GEOGRAPHIC X/Y LOCATIONS IF AVAILABLE 

 Map Attached  
LIST YEAR(S) FOR WHICH DATA WAS COLLECTED 
 

DATA AVAILABLE TO THE PUBLIC THROUGH CONTACT PERSON 
 YES  NO  IF NO PLEASE EXPLAIN:   

TREND ANALYSIS PREPARED 
 YES  NO 

BRIEFLY DESCRIBE RESULTS AND DISCUSSION 
 
PUBLICATIONS PREPARED 

 YES  NO 
COPY TO RAP OFFICE 

 YES  NO 

PUBLICATIONS 
 

FUTURE MONITORING – IDENTIFY ANY KNOWN PROGRAMS THAT ARE IN THE DEVELOPMENT STAGE OR SHOULD 
BE CONSIDERED TO ANSWER EMERGING ISSUES 
 
 
DATA CONTACT PERSON 
NAME 
 

POSITION 
 

DEPARTMENT/DIVISION 
 

AGENCY 
 

EMAIL 
 

TELEPHONE 
 

FAX 
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Appendix D - Acronyms and Glossary 
 
Acronyms 
 
AOC Area of Concern 
BAIT Bay Area Implementation Team 
BARC Bay Area Restoration Council 
BUI Beneficial Use Impairment 
CEA Citizens’ Environmental Alliance 
CWS Canadian Wildlife Service 

Dichloro diphenyl dichloroethylene 
Dichloro diphenyl trichloroethane 

DDE 
DDT 
DFO Fisheries and Oceans Canada 
DO Dissolved oxygen 
EC Environment Canada 
FWHRP Fish and Wildlife Habitat Restoration Project 
GLLFAS Great Lakes Laboratory for Fisheries and Aquatic Sciences 
GLSF Great Lakes Sustainability Fund 
GLWQA Great Lakes Water Quality Agreement 
HC Health Canada 
IBI Index of Biotic Integrity 
IJC International Joint Commission 
NWRI National Water Research Institute (Environment Canada) 
OMOE Ontario Ministry of the Environment 
PAHs Polynuclear aromatic hydrocarbons 
PCBs Polychlorinated biphenyls 
RAP Remedial Action Plan 
RBG Royal Botanical Gardens 
YOY Young-of-year [fish] 
  

 
Glossary 

 
Area of Concern “…a geographic area that fails to meet the General or Specific 

Objectives of the Agreement where such failure has caused or 
is likely to cause impairment of beneficial use or of the area’s 
ability to support aquatic life” (IJC 1987: p.24). 
 

Beneficial Use 
Impairment 

A change in the physical, chemical or biological integrity of a 
Great Lakes system sufficient to impair any one of thirteen 
beneficial uses as defined in Annex 2 of the GLWQA (1987). 
 

Bioassay A determination of concentration (dose) of a given material 
(often suspected pollutant) necessary to affect living cells 
under stated conditions. 
 

Delisting objectives Describe the environmental conditions that are deemed 
necessary to delist each Area of Concern, and are focused on 
conditions that can be corrected through local action. 
 

Germline Cells from which gametes (i.e. sperm and ova) are derived. 
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Littoral shore The linear distance covered by the littoral zone (e.g. 15 km). 
 

 
Littoral zone Underwater habitat less than 2m in depth along the shore of a 

body of water, with light penetration to the bottom and usually 
populated with emergent subaquatic plants. 
 

Macrophyte 
 

Usually refers to macroscopic plants (i.e. larger than algae) 
that live in a body of water. 
 

Metadata Definitional data that provides information about or 
documentation of other data e.g. sampling procedures, 
frequency of collection, location, time of day, etc. 
 

Monitoring Usually a long-term process that requires data collected in a 
consistent manner over an extended period of time, in order to 
determine trends. 
 

Parties The Government of Canada and the Government of the United 
States of America. 
 

Polychlorinated 
biphenyls (PCBs) 

A class of persistent organic chemicals largely banned in 1980 
that can cause reproductive failure and is a suspected 
carcinogen (cancer-causing). 
 

Polynuclear aromatic 
hydrocarbons (PAHs) 

A class of chemicals composed of at least two fused benzene 
rings, many of which are potential or suspected carcinogens 
(cancer-causing).. 
 

Remedial Action Plan A work plan for performing remedial action on a site of 
environmental contamination (e.g. Hamilton Harbour). 
 

Research Usually a short term, intensive effort that examines a defined 
question to make a conclusion. 
 

Sentinel species Species that can provide information on ecological changes due 
to their sensitive reactions to them. 
 

Wildlife Colonial nesting birds and marsh-dependent species including 
birds, herpetofauna (reptiles and amphibians) and mammals. 
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Appendix E - Interview Schedule and Contact Information 
 
Interview schedule 
 

INTERVIEW
DATE 

PERSON AFFILIATION CONTACT 

Oct. 16, 2003 Mike Whittle DFO-GLLFAS, 
Program Leader, 
Ecotoxicology,  

905-336-4565 
whittlem@dfo-mpo.gc.ca 

Nov. 4, 2003 Christine Brousseau  
Robert Randall 

DFO-GLLFAS, 
Freshwater 
Research 
Biologist 

905-336-6287 
brousseauc@dfo-mpo.gc.ca 
905-336-4496 
randallr@dfo-mpo.gc.ca 

Nov. 17, 2003 Victor Cairns DFO-GLLFAS, 
Division Manager 

905-336-4862 
cairnsv@dfo-mpo.gc.ca 

Jan. 28, 2004 Tÿs Theÿsmeÿer RBG, Aquatic 
Ecologist 

905-527-1158 ext. 251 
ttheysmeyer@rbg.ca 

Feb. 3, 2004 Kim Fernie  
D.V. (Chip) 
Weseloh 

CWS, Wildlife 
Toxicologists 

416-739-5846 
chip.weseloh@ec.gc.ca 
905-336-4843 
kim.fernie@ec.gc.ca 

Mar. 3, 2004 James Quinn McMaster 
University, 
Professor 

905-525-9140 ext. 23194 
quinn@mcmaster.ca 

 
 
RAP Contact Information 
 
Hamilton Harbour Remedial Action Plan Office 
P.O. Box 5050 
867 Lakeshore Road 
Burlington, Ontario, Canada 
L7R 4A6 
Tel:  (905) 336-6279 
Fax: (905) 336-4906 
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