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1. Introduction and 
Report Purpose
In the Great Lakes Basin, the International Joint Commis-
sion (IJC) has identified 43 Areas of Concern (AOCs) 
under Annex 1 of the Great Lakes Water Quality Agree-
ment (GLWQA) where pollution from past industrial 
production and waste disposal practices has caused 
significant ecological degradation. Up to fourteen bene-
ficial use impairments (BUIs), or indicators of poor water 
quality, are used to evaluate the condition of an AOC.

The Rochester Embayment AOC encompasses the lower 
portion of the Genesee River from the outlet at Lake 
Ontario to the Lower Falls in Rochester, NY, and the 
portion of Lake Ontario contained within a straight line 
drawn from Bogus Point to Nine Mile Point (Figure 1). The 
Rochester Embayment was originally listed as an AOC 
due to the known or suspected presence of multiple 

BUIs, including Bird or Animal Deformities or Reproduc-
tion Problems. According to the IJC, this BUI is generally 
considered impaired “When wildlife survey data confirm 
the presence of deformities (e.g., cross-bill syndrome) or 
other reproductive problems (e.g., egg-shell thinning) in 
sentinel wildlife species” (IJC, 1991). 

Following an evaluation of the data and evidence gath-
ered to address this impairment, the New York State 
Department of Environmental Conservation (NYSDEC) 
and the Monroe County Department of Public Health 
(MCDPH) have determined that the Bird or Animal Defor-
mities or Reproduction Problems BUI can be removed in 
accordance with established AOC program guidance. The 
local Remedial Advisory Committee (RAC) fully supports 
the removal of this BUI (Appendix A). Accordingly, the 
purpose of this BUI removal report is to present the ratio-
nale and supporting data to remove the Bird or Animal 
Deformities or Reproduction Problems BUI from the Roch-
ester Embayment AOC.

Figure 1. Map of the Rochester Embayment Area of Concern



4	 NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION

2. Background 
and Beneficial 
Use Impairment
Per Annex One of the 1987 amendment to the GLWQA, 
all AOCs were mandated to develop a Remedial Action 
Plan, or RAP, in three stages. Under this framework, the 
Stage I RAP identifies specific BUIs and their causes, the 
Stage II RAP outlines the restoration work needed, and 
the Stage III RAP documents completion of these resto-
ration activities and recommends the delisting of the 
AOC. Currently, the RAP for the Rochester Embayment 
AOC consists of the Rochester Embayment Remedial 
Action Plan Stage I (NYSDEC/Monroe County Department 
of Planning and Development, 1993) and the Rochester 
Embayment Remedial Action Plan Stage II (NYSDEC and 
Monroe County Department of Health, 1997). Subsequent 
addenda to the State II RAP have also been completed. 

The Bird or Animal Deformities or Reproduction Problems 
BUI was originally listed as impaired in the Stage I and 
Stage II RAPs for both the Rochester Embayment and the 
lower Genesee River portions of the AOC due to:

	● Polychlorinated biphenyls (PCBs) detected in fish 
tissue samples at concentrations shown to cause 
reproductive failure in captive mink; and,

	● An observed absence of mink from the Rochester 
Embayment AOC.

Mink are piscivorous mammals that occupy a relatively 
high trophic (food web) position within the Rochester 
Embayment AOC. In the late 1980s, a study (Foley et. al, 
1988) found that fish in the lower Genesee River and in 
the portion of Lake Ontario that comprises the Rochester 
Embayment AOC had PCB concentrations in their tissue 
at levels known to cause reproductive failure in mink. 

While there was also some discussion in the Stage I RAP 
of possible bird deformities, reported incidences were 
associated with migratory birds, and there was no way 
to define where exposures occur. As a result, the Bird or 
Animal Deformities or Reproduction Problems BUI was 
determined to be impaired exclusively due to the condi-
tions noted in the bulleted items above.

2.1 BUI Removal Criteria
The ecological indicators selected to assess the Bird 
or Animal Deformities or Reproduction Problems BUI 
resulted from the efforts of the RAC Toxics Oversight 
Committee and Habitat Oversight Committee. The RAC 
established these two committees to develop removal 
criteria for all BUIs identified in the RAP, based on the 
major ecological problems underlying each of the BUIs. 
The removal criteria for the Bird or Animal Deformities or 
Reproduction Problems BUI were originally reported in an 
addendum to the Stage II RAP (MCDPH/NYSDEC, 2002), 
and were based on the following conditions:

	● Contaminants in water samples meeting estab-
lished NYSDEC ambient water quality standards 
for the protection of aquatic life and/or for protec-
tion of wildlife; and,

	● Mink are present and reproducing within the AOC, 
or tissue contaminant levels are below those 
known to be associated with mink reproductive 
failure.

 The BUI removal criteria were revisited in 2008 and, in 
2009, the criterion referencing NYSDEC ambient water 
quality standards was eliminated, in part, based on the 
difficulty detecting contaminant concentrations at the 
extremely low levels at which relevant water quality stan-
dards had been set. Only the second component, pertain-
ing to mink presence/reproduction within the AOC and 
tissue contaminant levels, was maintained. The revised 
criteria, which have since been considered final, are as 
follows:

	● Mink are present and are reproducing, or levels 
of PCBs, dioxins/furans, Mirex, and mercury 
measured in the tissue of resident prey are below 
those known to be associated with mink reproduc-
tive failure.
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2.2 BUI Removal Considerations 
When evaluating whether to proceed with the removal 
of the Bird or Animal Deformities or Reproduction Prob-
lems BUI, which included the review of technical reports, 
presentations, and other supporting documents, the 
following questions were considered:

	● Are the methods and results cited in the material 
technically and scientifically sound?

	● Does the information cited regarding restoration of 
the impaired beneficial use sufficiently address the 
removal criteria?

	● Do the RAC and public concur that the removal 
criteria have been met?

	● In the case where BUI removal criteria have not 
been explicitly or fully met, are any alternative 
removal scenarios applicable in accordance with 
established programs and guidance? 

2.3 Strategy and Rationale 
The USEPA guidance document, Restoring United States 
Great Lakes Areas of Concern: Delisting Principles and 
Guidelines, accepted by the United States Policy Commit-
tee (USPC, 2001), states that removal of a BUI can occur 
under any of these scenarios.

	● A delisting target has been met through remedial 
actions, which confirms that the beneficial use has 
been restored;

	● It can be demonstrated that the BUI is due to natu-
ral rather than human causes;

	● It can be demonstrated that the impairment is not 
limited to the local geographic extent, but rather 
is typical of lakewide, regionwide, or area-wide 
conditions (under this situation, the beneficial use 
may not have been originally needed to be recog-
nized as impaired); or

	● The impairment is caused by sources outside 
the AOC. The impairment is not restored, but 
the impairment classification can be removed or 
changed to “impaired – not due to local sources.” 
Responsibility for addressing “out of AOC” sources 
is given to another party.

As described in Section 3, the removal criteria for the 
Bird or Animal Deformities or Reproduction Problems BUI 
have been met, consistent with the first bulleted scenario 
above – the beneficial use has been restored.

3. BUI Indicator 
Status Resolution
The root problem identified for this BUI was the pres-
ence of chemical contaminants in the environment that 
have the potential to bioaccumulate in the food chain 
and lead to deformities or reproductive problems in wild-
life. The Stage II RAP lists numerous general actions that 
could lead to reduced bioavailability of chemical contam-
inants, including acceleration of PCB removal and pollu-
tion prevention; remediation of landfills and hazardous 
waste sites; remediation of sources within the Genesee 
River gorge; management of stormwater quality; impervi-
ous surface reduction; and, promotion of agricultural best 
management practices (BMPs). Some of the federal, state, 
and local initiatives that have been implemented over 
the past 30+ years to address chemical contaminants in 
the environment are described in Section 4.1. Since no 
specific contaminant source areas or sites were identified 
in the RAP as contributing directly to the Bird or Animal 
Deformities or Reproduction Problems BUI, no manage-
ment actions such as contaminant removal or source 
control, including those described in Section 4.1, were 
implemented with the sole or primary intent to address 
the BUI. However, these efforts have likely resulted in 
reduced exposure of fish and wildlife to contaminants 
in the environment, and therefore are important to note 
within the context of removing this BUI.

Similarly, some of the habitat restoration work within the 
Rochester Embayment AOC is described in Section 4.2. 
While this work supports the restoration of fish and wildlife 
populations within the AOC, including mink, the projects 
were not specifically intended to address the BUI removal 
criteria. Rather, the mink studies discussed below provide 
the necessary supporting data to fully address the BUI 
removal criteria and serve as the basis for BUI removal.      

3.1 SUNY Brockport Mink 
Studies (2003 – 2007)
Researchers at the State University of New York (SUNY) 
Brockport conducted a series of studies investigating 
mink within the Rochester Embayment AOC, focusing 
on the Braddock Bay Wildlife Management Area (WMA) 
in the western portion of the AOC. Inland locations and 
areas along the Lake Ontario shoreline outside the AOC 
boundary were also included, to serve as reference sites. 
This work built upon ongoing mink studies by SUNY 
Brockport researchers and was intended to assess the 
status of both the Degradation of Fish and Wildlife Popu-
lations and Bird or Animal Deformities or Reproduction 
Problems BUIs. The additional studies were made possi-
ble through funding support provided in 2004 from the 
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Great Lakes Protection Fund (GLPF). (Note: while citations 
for each of the individual studies described below are 
provided, the final reports for these studies are included 
in their entirety as appendices to a larger comprehensive 
final report prepared by SUNY Brockport as part of the 
GLPF grant, included as Appendix B to this BUI removal 
report, as referenced later in Section 3.1.)

The first study (Wellman and Haynes, March 2006), 
conducted in 2003 – 2004, involved the use of a propri-
etary “MustelaVision” system to attempt to document the 
actual presence of mink breeding within the AOC. Muste-
laVision was a remote-controlled video capture system 
developed for this project that researchers set up in 
wetland areas and along shorelines at locations where 
mink were likely to be observed. Researchers selected 
sites both within the Rochester Embayment AOC and at 
reference sites outside of the AOC to compare the rela-
tive abundance of mink. During the study period, mink 
families were recorded multiple times at AOC locations 
by the MustelaVision system, in one instance four young 
and one adult mink were recorded. The researchers 
note in their report that mink are normally solitary except 
for mating pairs and mothers with kits and, since some 
of the mink captured on video were clearly young, the 
researchers assumed that these were kits together with 
their mother. The MustelaVision video provided direct 
evidence that mink were not only present, but success-
fully reproducing within the AOC. Additionally, research-
ers determined that there wasn’t a statistically significant 
difference between mink populations within the AOC and 
at non-AOC reference locations along the Lake Ontario 
shoreline, although it was acknowledged that the statis-
tical power the tests used was low due to relatively small 
sample sizes, and additional information was needed to 
fully meet the BUI removal criteria. 

The second study (Wellman and Haynes, June 2006) 
centered on the development of a food web model for 
mink within the Rochester Embayment AOC to estab-
lish levels of mink exposure to bioaccumulative chemi-
cal contaminants (BCCs). This study involved the trapping 
and collection of mink for direct tissue analysis of nitro-
gen and carbon isotope concentrations. The relative 
concentrations of these isotopes in mink tissue samples 
were then used to evaluate the diets of mink both within 
the AOC and at reference locations, in terms of trophic 
levels and terrestrial and aquatic food sources. From this 
information, researchers were able to construct a food 
web/bioaccumulation model for mink in the AOC that 
could be used to predict body burdens of BCCs in mink 
in relation to their diets, based on the concentrations of 
BCCs in ambient water in Lake Ontario or the AOC. This 
model was subsequently tested by comparing modeled/
predicted BCC concentrations in mink tissue against 
measured tissue concentrations. The mink tissue analy-
ses, and model testing are further described in subse-

quent third (Pagano and Haynes, March 2007) and fourth 
(Wellman and Haynes, March 2007) studies, respectively, 
both of which are summarized below. 

The third study (Pagano and Haynes, March 2007) 
involved the BCC analysis of tissue samples collected 
from lakeshore and inland populations of mink both 
within and outside the AOC. The BCCs included (but were 
not limited to) all contaminants specifically included in the 
BUI removal criteria - PCBs, dioxins/furans, Mirex, and 
mercury. From the resulting analytical data, the research-
ers determined there were no significant differences in 
BCC concentrations in tissue from mink captured inside 
and outside the AOC, although mean concentrations 
were almost always higher in those within the AOC. 

While tissue contaminant levels in mink are not a direct 
consideration when assessing attainment of the BUI 
removal criteria, the results of this study are noted here 
because the tissue contaminant data were subsequently 
used as part of testing the food web model developed in 
the second study above. This model testing is described 
further below (fourth study).

The fourth study (Wellman and Haynes, March 2007) 
included a literature review of reports on BCCs in mink 
tissue corresponding with adverse effects on popula-
tions or reproduction, and the occurrence of deformi-
ties.  Through a review of existing literature, researchers 
compiled a list of adverse endpoints (e.g., reproduc-
tive failure, kit mortality, litter size reduction, etc.) and 
linked them to multiple effect levels for various BCCs, 
including PCBs, dioxins/furans, and mercury. No exist-
ing studies were found for Mirex. Some of the effect 
levels considered were the lowest-observed-adverse-ef-
fect-level (LOAEL), the no-observed-adverse-effect-level 
(NOAEL), and the lethal concentration for 100 percent 
of the population (LC100). The LOAEL represents the 
lowest concentration of a chemical for which there are 
observed adverse effects to an exposed group, whereas 
the NOAEL represents the highest dose of a chemical 
for which there are no observed adverse effects. The 
LC100 represents the concentration for a chemical for 
which exposure results in mortality for the entirety of an 
exposed group. This endpoint is often scaled to differ-
ent mortality rates; comparatively, an LC10 value would 
represent a concentration that would result in 10 percent 
mortality of an exposed group. A table of these ecologi-
cal endpoints is included in the study report (Wellman and 
Haynes, 2007). 

This fourth study also included testing the model devel-
oped in the second study discussed above (Wellman 
and Haynes, June 2006), by comparing the modeled/
predicted BCC concentrations in mink tissue based on 
Lake Ontario ambient water concentrations against the 
actual tissue concentrations from mink tissue analyses 
performed in the third study. Comparisons were limited 
to mink captured along the lake shoreline, since these 
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would presumably have a diet of organisms exposed to 
the lake water. It was found that for PCBs and dioxins/
furans, the model worked well, but it was less successful 
in predicting levels of mercury.

A final report was prepared by the SUNY Brockport 
researchers (Haynes, Wellman, and Pagano, August 
2007), tying together all the information from the various 
studies above and assessing the status of both the Degra-
dation of Fish and Wildlife Populations and Bird or Animal 
Deformities or Reproduction Problems BUIs at that time. 
This report is included as Appendix B of this BUI removal 
report and as previously noted, contains the reports from 
the individual studies above as appendices. The conclu-
sions from the final August 2007 report were that the 
series of studies documented the presence of mink popu-
lations and mink reproduction in the AOC, and that analyti-
cal, modeling, and literature review results all suggest that 
mink reproduction is unlikely to be impaired in the AOC.

The final study report also included a recommenda-
tion that additional monitoring of mink be conducted 
to confirm the status of the BUI; this additional work is 
discussed in Section 3.2. 

3.2 Follow-Up SUNY Brockport 
Mink Studies (2013 – 2015)
Several years after the conclusion of the studies 
described above, SUNY Brockport researchers conducted 
a follow-up project to reassess many of the same ecolog-
ical indicators that had previously been studied, includ-
ing the presence of reproducing mink populations within 
the AOC. This was based on the recommendations made 
as part of the previous studies, and to confirm the status 
of multiple BUIs, including Bird or Animal Deformities or 
Reproduction Problems. This follow-up project, made 
possible through funding support from the GLRI, was simi-
larly comprehensive in scope. The study results below 
are discussed in more detail in the final report for the 
project (Haynes and Wellman, December 2015), included 
as Appendix C of this BUI removal report.  

To reassess the status of mink relative to the removal 
criteria for the Bird or Animal Deformities or Reproduc-
tion Problems BUI, researchers placed non-lethal “black 
trakka” traps at 20 locations throughout the AOC where 
mink are likely to be found. These traps were designed 
to capture mink tracks and document direct evidence of 
mink presence within the AOC. Additionally, researchers 
used the U.S. Fish and Wildlife Service’s (USFWS) Habi-
tat Suitability Index (HSI) model for mink (Allen, 1986) to 
estimate habitat suitability at 41 sites within the AOC. The 
USFWS HSI model uses three criteria (percent of surface 
water, percent vegetation cover within 30m of the shore-
line, and percent shoreline cover within 1m of surface 
water) to assign a habitat score to a given site, on a scale 
of 0-1, with a score of 1 representing optimum habitat. 

As a result of the follow-up study, definitive evidence of 
mink was found at 10 of the 20 “black trakka” trap loca-
tions. Additionally, field staff observed one live mink 
swimming across the Genesee River. The USFWS HSI 
model calculated an average value of 0.85 out of 1 at the 
sites within 100m of the shoreline of the Genesee River 
portion of the AOC, suggesting that habitat appears to be 
highly suitable for mink in these areas. Comparatively, a 
professional trapper hired by the researchers rated the 
average habitat suitability for mink at 0.43 throughout 
the study area, due primarily to steep, rocky slopes along 
the lower Genesee River and evidence of human activity 
along the shoreline. 

The SUNY Brockport research team also re-evaluated the 
risk of BCCs that were noted in RAP documents (as previ-
ously described in this report) to be linked to potential 
reproductive failure in mink within the AOC by collecting 
samples of common prey organisms from the Genesee 
River portion of the AOC and analyzing them for chemical 
contaminants. Exposure of mink to BCCs was estimated 
through modeling several possible mink diets, which 
showed that:

	● Using the “highest exposure” mink diet found in 
published literature (92% from aquatic sources) 
and using mean concentrations of BUI contam-
inants found in potential mink prey in the Gene-
see River portion of the AOC, the maximum dietary 
exposure of mink would be 81% of the LOAEL for 
total mercury, 23% of the LOAEL for total PCBs, 
and 69% of the LOAEL for toxic equivalency (TEQ, 
a measure of dioxin and dioxin-like compounds). 
These results represent the “worst case” diet 
scenario. For this study, TEQ included contributions 
from PCBs, dioxins/furans, and polycyclic aromatic 
hydrocarbons (PAHs), the latter of which were not 
identified in the RAP documents as contaminants 
contributing to this BUI. However, the research-
ers included the PAHs because of their poten-
tial adverse effects. The inclusion of PAHs further 
contributes to this being a “worst-case” scenario. 

	● Using the average of six mink diets reported in 
published literature (65% from aquatic sources), 
comparable to what mink would eat in the Gene-
see River portion of the AOC, and using mean 
concentrations of BUI-related contaminants found 
in potential mink prey in the study area, the dietary 
exposure of mink would be 48% of the LOAEL for 
total mercury, 13% of the LOAEL for total PCBs, and 
40% of the LOAEL for total TEQ. This is the “likely” 
diet scenario.

These findings demonstrate that contaminant levels in 
mink prey within the Genesee River portion of the AOC 
are not likely resulting in reproductive problems in mink.
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3.3 Additional Information 
on the Mink Studies
The studies conducted by SUNY-Brockport researchers 
were initiated before the final BUI removal criteria were 
established, and included components that are beyond 
the scope of, and not directly related to, the removal crite-
ria, but are important to acknowledge. As an example, 
the researchers found evidence of jaw lesions on some 
of the captured mink, and these specimens typically had 
the highest tissue contaminant levels. The presence of 
the lesions was consistent with what researchers found in 
the scientific literature regarding adverse impacts of mink 
exposure to chemical contaminants. The report for this 
assessment of jaw lesions (Haynes and Wellman, 2015) is 
provided as Appendix D.

Also, when evaluating the evidence for both the pres-
ence/reproduction of mink (video/field observations) and 
the potential chemical contaminant impacts, the research-
ers attempted to make comparisons between lake shore-
line and inland areas, and between AOC and non-AOC 
locations. While some differences may have been 
observed, at least for some components of the studies, 
overall, they were determined to be inconclusive or not 
statistically significant differences.

Additional information on these additional study compo-
nents can be found in the study reports provided as 
appendices to this BUI report, but as noted, this informa-
tion is not directly related to the BUI removal criteria and, 
therefore, is not discussed further in this report.

4. Additional 
Activities Supporting 
BUI Removal
As mentioned in Section 3, no specific management 
actions addressing contaminant sources were undertaken 
for the sole purpose of addressing the Bird or Animal 
Deformities or Reproduction Problems BUI. However, 
described below are some (but not nearly all) represen-
tative examples of efforts implemented independently of 
the AOC program to mitigate contaminant sources. Some 
of the habitat restoration efforts that were implemented 
to address other BUIs are also briefly described. As with 
the contaminant source efforts, habitat restoration proj-
ects were not a required component of addressing the 
Bird or Animal Deformities or Reproduction Problems 
BUI, but these projects will benefit a multitude of species 
within the AOC, including mink populations.

4.1 Contaminant Source 
Mitigation and Control
4.1.1 Remedial Program Cleanups
Contaminated bottom sediments in the lower Genesee 
River have been a significant driver of ecological degrada-
tion throughout the lower Genesee River and Rochester 
Embayment. For well over a century, the Genesee River 
served as a hub for manufacturing growth and industrial 
development. During the 19th century, companies such as 
Eastman-Kodak and Bausch & Lomb were founded along 
the banks of the Genesee River in the city of Rochester. 

Unfortunately, a consequence of this development was 
the persistent and pervasive discharge of toxic chemicals 
into the Genesee River, either directly via waste streams 
generated from industrial processes, or indirectly through 
improper waste storage and disposal. These practices 
resulted in some areas of heavily contaminated sedi-
ments along the river bottom and some upland areas 
along the shorelines, where they present a significant risk 
for bioaccumulation in native flora and fauna. 

To address contamination at both active and inactive 
industrial and manufacturing facilities, there are numer-
ous remedial programs that are administered, including 
federal and State Superfund programs, and the Resource 
Conservation and Recovery Act (RCRA), as well as New 
York’s Brownfields Cleanup Program (BCP) and Voluntary 
Cleanup Program (VCP). These programs provide a struc-
ture through which the nature and extent of site-specific 
contamination can be investigated and understood, and 
subsequently, an appropriate remediation strategy can be 
designed and ultimately executed.
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Along the lower Genesee River, there are a multitude of 
sites that are enrolled in remedial programs at either the 
state or federal level. NYSDEC keeps records of both 
active and legacy sites online in the Environmental Site 
Remediation Database and the DECinfo Locator. One of 
the largest and most complex remediation sites is the 
former Eastman-Kodak Business Park. The Business Park 
is a massive (1,200-acre) industrial and technology devel-
opment site that was formerly the primary manufacturing 
center of the Eastman-Kodak photography company. The 
site featured several support facilities, including a power 
plant and a wastewater treatment plant. As a result of the 
significant historic manufacturing and industrial develop-
ment at the site, a significant volume of hazardous waste 
was generated and either stored onsite or discharged to 
the Genesee River.   

A RCRA corrective action process was employed by 
the NYSDEC under the Kodak Environmental Response 
Trust (part of a federal bankruptcy settlement) to identify 
a remedy to address impacted sediments in the Gene-
see River. In 2021, approximately 29,000 cubic yards of 
contaminated sediment was dredged from two localized 
areas of the river to support placement of clean fill (sand, 
stone, and soil) designed for ecological habitat enhance-
ment and erosion protection. The cover system was 
designed to stabilize riverbed areas prone to scour and 
erosion, minimizing the potential for sediment transport 
under high flow events. 

4.1.2 Wastewater and 
Stormwater Controls
New York’s State Pollutant Discharge Elimination System 
(SPDES) program is designed to eliminate the pollution 
of New York waters and to maintain the highest quality 
of water possible, consistent with public health, public 
enjoyment of the resource, protection and propagation of 
fish and wildlife, and industrial development in the state. 
The program has been approved by the USEPA for the 
control of surface wastewater and stormwater discharges, 
in accordance with the federal Clean Water Act. The 
SPDES permit process has eliminated or placed strict 
controls on direct industrial wastewater releases, includ-
ing those entering the Genesee River and Lake Ontario. 

4.1.3 Federal Regulation
New sources of PCBs and Mirex, two of the BCCs linked 
to this BUI, have effectively been eliminated through 
federal regulatory bans on production going into effect 
in the late 1970s. Historical releases of these chemi-
cals still have the potential to impact fish and wildlife, as 
their persistence in the environment has allowed resid-
ual levels to exist in some river and lake sediments. 
However, as noted previously, monitoring and modeling 
has demonstrated that current levels of these contami-
nants do not appear to be resulting in mink reproductive 
problems within the AOC (with the caveat that, as previ-
ously noted, Mirex was not fully assessed in past research 
studies relevant to this BUI).

4.2 Habitat Restoration Projects
While the lack of suitable habitat was not identified as a 
contributing cause of this BUI, and no part of the removal 
criteria pertains to habitat, implementation of habitat 
restoration projects within the AOC and adjacent areas 
in recent years are intended to benefit fish and wildlife 
populations, including mink. Some of the recent habitat 
restoration efforts are briefly described below.

4.2.1 Braddock Bay Ecosystem 
Restoration Project
Braddock Bay is an embayment along the Lake Ontario 
shoreline near the western margin of the Rochester 
Embayment AOC that contains one of the largest extents 
of coastal wetland habitat throughout the south shore 
of the lake. Since the late 1800s, progressive erosion of 
the barrier beach at the mouth of the bay has triggered 
significant loss of habitat as the bay has been increas-
ingly exposed to wave energy from the lake. 

The Braddock Bay Ecosystem Restoration Project was 
designed to address the continuing loss of coastal 
wetland habitat throughout the inner bay resulting from 
gradual erosion of the barrier beach, as well as to restore 
degraded and lost habitat throughout the bay itself. The 
project included the restoration of 1,700 feet of the lost 
barrier beach, providing shelter for 180 acres of emergent 
marsh and improving water clarity that will benefit 160 
acres of submerged aquatic vegetation. This project also 
included 11,400 feet of channeling, 6.7 acres of potholing, 
and 9 acres of invasive species treatment in the central 
Braddock Bay marsh and created 2 acres of additional 
coastal marsh habitat. These efforts were intended to 
improve habitat suitability for fish and wildlife species, 
including northern pike, American mink, and black tern 
(USACE, 2014). The project was made possible through a 
partnership between the USACE Buffalo District, USEPA 
GLNPO, NYSDEC, MCDPH, the town of Greece, and 
SUNY Brockport. Restoration efforts at Braddock Bay 

https://www.dec.ny.gov/cfmx/extapps/derexternal/index.cfm?pageid=3
https://www.dec.ny.gov/cfmx/extapps/derexternal/index.cfm?pageid=3
https://gisservices.dec.ny.gov/gis/dil/
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were initiated during the spring of 2016, and in Septem-
ber 2018, the Braddock Bay Ecosystem Restoration Proj-
ect was substantially completed. Researchers at SUNY 
Brockport continue to monitor a suite of ecological indi-
cators to determine the effectiveness of the restoration 
project in re-establishing native fish and wildlife habitat 
within Braddock Bay.

4.2.2 USFWS Habitat Projects
Following the publication of the 2011 Stage II RAP Adden-
dum for the Rochester Embayment AOC, the New York 
Field Office of the USFWS collected and analyzed 
wetland habitat data to assess the condition of habitat 
within the AOC and to identify a suite of candidate habi-
tat restoration projects that would maximize improve-
ments to wetland habitat within and adjacent to the 
AOC. From its analysis, USFWS recommended structural 
habitat enhancements for tributaries to Braddock Bay, 
Long Pond, Buck Pond, and in the lower Genesee River 
(USFWS, December 2014). As a result of these recom-
mendations, USFWS implemented the following habitat 
restoration projects:

	● Braddock Bay at Burger Park - approximately 
65 acres of wetland habitat was restored and/or 
enhanced, and approximately 1,800 linear feet of 
open water channels were restored. 

	● Long Pond - 5.7 acres of pothole habitat was 
constructed at Long Pond, and 14,075 bare root 
and/or live stakes were planted on created habitat 
mounds totaling 6 acres.

	● Buck Pond East – 3.9 acres of pothole habitat was 
constructed at Buck Pond East, with 7,463 bare 
root and/or live stakes planted on the 4 acres of 
created habitat mounds.

	● Salmon Creek Preserve – 5.8 acres of pothole 
habitat were constructed, and 10,068 bare root 
and/or live stakes were planted on the 6 acres of 
created habitat mounds.

Restoration at these sites primarily involved varying the 
vegetation and the elevation of the substrate within 
nearly monotypic cattail marshes by constructing chan-
nels, potholes, and habitat mounds planted with native 
herbaceous plants and mast-bearing shrubs. These tech-
niques are intended to reestablish topographic and vege-
tative complexity within habitats, a feature common to 
relatively unimpacted habitat. 

4.2.3 Ducks Unlimited Habitat Projects
Ducks Unlimited, in partnership with NYSDEC, the town 
of Greece, and the National Oceanic and Atmospheric 
Administration (NOAA), coordinated habitat restoration 
activities at Buck Pond, Buttonwood Creek, and Salmon 
Creek, all of which are within the Braddock Bay WMA. 
These three waterbodies are directly connected to Lake 
Ontario and consist primarily of coastal marsh and sedge 
meadow habitat. They provide critical habitat to many 
species of fish, amphibians, reptiles, mammals, and marsh 
birds. 

Similar to other emergent and coastal marsh habitat 
regions within the Rochester Embayment AOC, Buck 
Pond, Buttonwood Creek, and Salmon Creek all had 
suffered loss of habitat value for native fish and wild-
life species through the dominance of monotypic cattail 
mats. The primary goals of these projects were to restore 
approximately 175 acres of coastal marsh habitat and 
approximately 40 acres of sedge meadow, create approx-
imately 7 acres of fish spawning pools, and reestablish 
hydrologic connectivity between the waterbodies and 
Lake Ontario. Habitat restoration techniques (channeling 
and potholing) paralleled those employed at other coastal 
and emergent marsh habitat restoration sites. 

4.2.4 Kodak Natural Resource 
Damage Settlement Projects
Prior to the Kodak sediment remediation described in 
Section 4.1 above, wetland areas in the remediation foot-
print consisted of a monoculture of cattails that left little 
room for vegetation biodiversity. Vegetation biodiversity 
provides improved habitat for an increased number of 
animal species and a broader range of ecological niches. 
The cattail monoculture was removed during dredging 
and, after placement of clean substrate material, replaced 
with 38 different native plant species including emergent 
wetland, floating aquatic and submerged aquatic vege-
tation. The plantings included 12,000 individual wetland 
plugs of 20 different native species and a seed mix with 
an additional 18 native species. In addition, localized 
areas of adjacent wetlands were lowered to create vary-
ing water depths that were planted with a mix of emer-
gent and submergent habitat types to encourage fish 
and amphibian spawning and reptile breeding. This work 
occurred in the lower section of the Genesee River, in 
the vicinity of the turning basin, within and adjacent to 
Wetland C as depicted on the figure in this fact sheet. 
Additional information on this remediation can be found 
here.

https://www.dec.ny.gov/docs/remediation_hudson_pdf/828177ou5cubegins.pdf
https://www.dec.ny.gov/permits/97804.html
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5. Public Outreach
On July 25, 2022, NYSDEC and MCDPH held a virtual 
public outreach event to present the rationale for remov-
ing the Bird or Animal Deformities or Reproduction Prob-
lems BUI.. The outreach event consisted of a formal 
presentation followed by a question-and-answer session 
where local stakeholders were provided an opportunity 
to ask questions directly to NYSDEC and MCDPH staff 
regarding this BUI removal. Approximately 35 people 
attended the event, including 17 representatives of 
federal, state, and local government agencies, 15 from 
the general public (including members of the AOC RAC), 
and 3 unidentified participants. 

Following the public outreach event, the draft BUI 
removal report was posted on the MCDPH website for a 
30-day period during which the public was encouraged 
to review the report and to provide any comments or 
questions via email to MCDPH. No comments or ques-
tions were formally submitted by the public during this 
30-day period.

6. Conclusions
6.1 Removal Statement
The Bird or Animal Deformities or Reproduction Problems 
BUI was originally listed as Impaired in the Stage I/Stage 
II RAPs due to: the presence of contaminants, particularly 
PCBs, at concentrations shown to cause reproductive fail-
ure in captive mink; and, the observed absence of mink 
in the vicinity of Lake Ontario. The Rochester Embayment 
RAC established specific removal criteria for this BUI:

	● Mink are present and are reproducing, or levels 
of PCBs, dioxins/furans, Mirex, and mercury 
measured in the tissue of resident prey are below 
those known to be associated with mink reproduc-
tive failure.

Through a series of studies conducted from 2003 – 2007 
and from 2013 – 2015, as described above, researchers 
from SUNY-Brockport found direct evidence that mink 
are present and reproducing in the AOC – thus demon-
strating attainment of the first component of the removal 
criteria.

Through analytical testing of contaminant concentrations 
in mink prey within the Genesee River portion of the 
AOC, scientific literature searches, and the use of a food 
web model developed for these studies, the researchers 
determined that dietary LOAELs in mink, which included 
endpoints related to populations, reproduction, and 
deformities, would not be exceeded through either “high-
est-exposure” or “likely” diet scenarios, and therefore, 
contaminant levels in mink prey were not likely to result 
in reproductive failure – meeting the second component 
of the removal criteria. Collectively, the results from the 
studies demonstrate that the removal criteria have been 
met.

Habitat restoration efforts within and adjacent to the 
AOC, along with contaminated site remediation, have 
substantially addressed the root problems of the BUI, 
particularly within the lower Genesee River portion of 
the AOC. Based on all supporting information presented 
in this report, NYSDEC has determined that the Bird or 
Animal Deformities or Reproduction Problems BUI can be 
removed from the list of designated impairments for the 
Rochester Embayment AOC, in accordance with estab-
lished EPA guidance and the GLWQA. The Rochester 
Embayment RAC fully supports the removal of this BUI 
(Appendix A).
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6.2 BUI Removal Steps
Completed Date Step Taken

1. √ 8/1993 BUI first documented as 
“Impaired” in the Stage I RAP.

2. √ 2002
BUI removal criteria 
developed and included in 
Stage II RAP Addendum

3. √ 5/2012 BUI removal criteria revised 
with RAC consensus.

4. √ 12/2018
RAP advisory committee 
agreed to proceed forward 
with BUI removal.

5. √ 6/16/2022

Initial draft BUI removal 
report sent to EPA for review 
by Technical Review Lead 
(TRL).

6. √ 7/25/2022

NYSDEC/MCDPH hold public 
outreach event and begin 
a 30-day period for the 
public to review the draft BUI 
removal report.

7. √ 8/24/2022

The 30-day public review 
period ends. Input from 
the public is reviewed and 
incorporated as appropriate 
into the BUI removal report. 

8. √ 9/2022

NYSDEC submits a final 
report to EPA, with a request 
for concurrence that the BUI 
designation be removed.

6.3 Post-Removal 
Responsibilities
Following removal of the Bird or Animal Deformities or 
Reproduction Problems BUI, the organizations listed 
below will continue their respective missions to continue 
improving water quality and ecological conditions within 
the Rochester Embayment AOC, as applicable and feasi-
ble. The environmental programs relating to this bene-
ficial use include, but are not necessarily limited to, 
adaptive monitoring and management of habitat resto-
ration sites, continued remediation of contaminated sites, 
ecological quality monitoring efforts, and continued coor-
dination of the Rochester Embayment AOC RAP.

i.	 New York State Department of Environmental 
Conservation 

NYSDEC will continue to implement regulatory 
programs to remediate contaminant sources and 
control contaminant releases into the environment. 
NYSDEC will also coordinate monitoring at habitat 
restoration sites throughout the Rochester Embay-
ment AOC, as necessary and feasible.

ii.	 United States Environmental Protection Agency

The USEPA will continue to provide funding for 
RAP/RAC Coordination and technical assistance to 
the extent that resources are available to support 
the removal of remaining BUIs, and ultimately the 
delisting of the AOC.

iii.	 Monroe County Department of Public Health

With EPA/GLRI funding, MCDPH currently provides 
a coordinator for the AOC RAP, facilitation with 
RAC efforts, and technical assistance for AOC 
documentation and project design. With ongoing 
funding support, MCDPH will continue in these 
roles to assist the RAC and USEPA in achieving the 
long-term goal of delisting the Rochester Embay-
ment AOC.

iv.	 Remedial Advisory Committee

The RAC will continue to advance the objectives 
of the RAP by evaluating, supporting, and docu-
menting the restoration of the Rochester Embay-
ment AOC until all BUIs are restored and the AOC 
is delisted.
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RAP Progress in the Rochester Embayment of Lake Ontario:  
Population Monitoring, Trophic Relationships, and Levels of 

Bioaccumulative Chemicals of Concern in Mink, a Sentinel Species 

INTRODUCTION 

In the 1980s the binational (Canada, U.S.) International Joint Commission (IJC) 

began the process of creating and implementing remedial action plans (RAPs) in 43 

contaminated areas of concern (AOCs) throughout the Great Lakes Basin. The IJC 

established 14 “use impairments” that could cause a local area to be “listed” as an AOC, 

including “degradation of fish and wildlife populations” and “bird or animal deformities 

or reproductive problems.” In 1988, Foley et al. reported that fish in Lake Ontario and 

the Genesee River had PCB concentrations within the range shown to cause reproductive 

failure in captive mink. This evidence, coupled with the perceived absence of mink 

within 2 miles of the lake, led to the inclusion of these two use impairments in the RAP 

(1993, 1997). This study (Haynes et al. 2002) was designed to determine if populations 

of mink on the shore of the Rochester Embayment of Lake Ontario (RELO) are 

negatively impacted by bioaccumulative chemicals of concern (BCCs) and, if so, whether 

the BCCs are originating in the Embayment watershed or elsewhere. The AOC includes 

the Embayment, a 35 square mile portion of Lake Ontario south of a line between Bogus 

Point in the town of Parma and Nine Mile Point in the town of Webster (both in Monroe 

County, New York); adjacent wetlands and bays; and the six mile reach of the Genesee 

River, from the Lower Falls to the mouth at Lake Ontario (Figure 1). The RAP also 

includes the sub-watersheds of Salmon Creek (western sub-basin), the Genesee River, 

and Irondequoit Creek (central sub-basin) (Figure 2). 

The questions addressed by this study were:  

1. Are there differences in the relative abundance of lakeshore and inland mink 

populations in and out of the RELO AOC?  

2. Are mink reproducing in and out of the RELO AOC? 

3. Can stable isotope analysis be used to evaluate mink diets, at lakeshore and inland 

areas in and out of the AOC, in terms of trophic levels and terrestrial and aquatic 

food sources? 
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4. Can stable isotopes be used to construct a food web/bioaccumulation model for 

mink in the RELO AOC to predict body burdens of BCCs in mink in relation to 

their diets? 

5. What are the current levels of BCCs in lakeshore and inland populations of mink 

in and out of the RELO AOC? 

6. Which BCCs, and at what levels, are known to cause adverse effects on 

populations or reproduction, or to cause deformities, in mink?  

7. Are concentrations of BCCs in RELO AOC mink high enough to cause adverse 

effects? 

8. How do predicted levels of BCCs in mink tissues (based on concentrations in 

Lake Ontario water) compare with measured tissue residues in lakeshore mink 

specimens? 

9. What is the most reliable and efficient way to monitor the health of RELO AOC 

mink populations in the future? 

The purpose of this final report is to summarize the key findings related to questions 1-8 

above (Appendices 1-4), and to propose a plan for monitoring RAP progress by 

monitoring the health of RELO AOC mink populations in the future. 

The mink as a sentinel species 

The mink is commonly found along water edges and in wetlands wherever there 

is cover such as emergent vegetation, brush or forest. It is a predator and eats anything it 

can catch, including aquatic invertebrates, fish, frogs, birds, and small mammals (Illinois 

Natural History Survey 2001). Its position atop the aquatic food chain makes it highly 

susceptible to toxic pollutants in its environment due to the processes of bioaccumulation 

and biomagnification.  

The sensitivity of mink to BCCs became evident in the 1960s when farmed mink 

exhibited reproductive problems and mortality after feeding on fish taken from the Great 

Lakes. In 1968, mink fed Lake Michigan coho salmon as 15% of their diet suffered 80% 

kit mortality (Aulerich and Ringer 1977). Feeding mink coho salmon from Lake 

Michigan had adverse effects almost identical to those of giving the mink 30 ppm PCBs 

(Aroclor mixture) in their feed (Aulerich et al. 1971). Both the PCBs and the Lake 

Michigan salmon caused reproductive problems such as reduced whelping and kit 
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survival and decreased kit weight. Other adverse effects were increased adult mortality 

and digestive and excretory system problems such as anorexia, bloody stools, gastric 

ulcers, and degeneration of liver and kidney. 

Since mink are an economic resource, there was great interest in research into 

pollutants’ effects on them, and by 1991 many lab studies had shown mink “particularly 

sensitive to toxic chemicals” (Wren 1991). These studies were done on laboratory 

animals that were otherwise healthy, well nourished, and living in a climate-controlled 

environment; wild populations likely are more sensitive due to stresses of hunger, 

weather, disease, or injury. By 1991 the accumulated evidence prompted this 

pronouncement from the editors of the Proceedings of the Expert Consultation Meeting 

on Mink and Otter: “The mink is the free-living mammal most sensitive to toxic 

substances such as PCBs and TCDD, and its diet provides an integrated exposure to 

contaminants in shoreline wetlands” (Addison et al. 1991). BCCs of concern in 

Rochester AOC (defined by G. N. Neuderfer, aquatic toxicologist, NYSDEC, Avon, NY) 

are PCBs, dioxins/furans, aldrin/dieldrin, chlordane, mirex/photomirex, 

DDT/metabolites, and methyl-mercury. Thus, the mink is an appropriate sentinel species 

for the RELO RAP. 

METHODS 

 The methods for each phase of this study are described in Appendices 1 (Are 

There Differences in the Relative Abundance of Lakeshore and Inland Mink In and Out of 

the Rochester Embayment of Lake Ontario Area of Concern; Wellman and Haynes 

2006a), 2 (Age, Size, and Stable Isotope Data of Mink Populations, and a Predictive 

Model of Biaccumulation of Chemicals of Concern in the Rochester Embayment of Lake 

Ontario; Wellman and Haynes 2006b), 3 (Levels of Bioaccumulative Chemicals of 

Concern in Mink In and Out of the Rochester Embayment Area of Concern and On and 

Off the Shoreline of Lake Ontario; Pagano and Haynes 2007), and 4 (Bioaccumulative 

Chemicals of Concern in Mink: Adverse Effects Levels and Results of a Predictive Model 

for the Rochester Embayment of Lake Ontario; Wellman and Haynes 2007). 

It is important to clear up one matter arising from PI Haynes’ confusion and 

subsequent miscommunication with NYS GLPF Administrator. The original proposal 
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(Haynes et al. 2002) stated that “Polychlorinated Biphenyls (99 zones, 132 congeners), 

Mirex/Photomirex, HCB, and DDE” would be analyzed by PI Pagano and that 

“Columbia Analytical Services, Inc. will conduct dioxin/furan (Houston, TX) and 

Methyl-mercury (Kelso, WA) analyses for this project.” Because there are 209 PCB 

congeners, many of which do not elute in the standard total PCB analysis (including the 

dioxin-like, co-planar PCB congeners), and because co-planar PCB analysis is also a 

separate, expensive activity from dioxin-furan analysis, it was never proposed to do 

analyses for co-planar PCBs for this project. Using well-established values from the 

literature (Appendix 4), TEQs from the dioxin-furan analyses were recalculated to 

include estimated contributions from co-planar PCBs. Thus, the predicted toxicity of 

BCCs in mink was fully accounted for in the study. Finally, polybrominated diethyl 

ethers (PDBEs) not proposed for analysis in the original proposal also were quantified in 

mink tissues. 

RESULTS AND DISCUSSION 

Are there differences in the relative abundance of lakeshore and inland mink 

populations in and out of the RELO AOC? (Appendix 1) 

Video-trapping data tentatively suggest that there are no differences in the relative 

abundance of mink populations in and out of the AOC or between lakeshore and inland 

areas. However, the statistical power (probability of avoiding a Type II error) of the 

analyses was low due to high variability within and between sampling sites and small 

sample sizes. A Type II error is the conclusion that there is no significant difference 

between treatments (e.g., lakeshore vs. inland relative population size) when, in fact, a 

difference exists. To be confident about delisting a use impairment requires high 

confidence that the probability of a Type II error is low (e.g., lakeshore vs. inland and 

AOC: in vs. out comparisons). Video-trapping data alone do not provide a high level of 

confidence for delisting the “degradation of fish and wildlife populations” use 

impairment for mink. 

Are mink reproducing in and out of the RELO AOC? (Appendix 1) 

Video observations confirmed that mink are reproducing along the lakeshore in the AOC 

and at other locations studied. Mink less than one year old (based on counting annual age 
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rings in teeth) were physically trapped in all areas, implying reproduction in all areas. 

Although our observations cannot indicate whether reproduction is taking place at levels 

that would be considered “normal,” these data suggest that the “reproductive problems” 

part of the “bird or animal deformities or reproductive problems” use impairment can be 

delisted in the AOC. 

Can stable isotope analysis be used to evaluate mink diets, at lakeshore and inland 

areas in and out of the AOC, in terms of trophic levels (δ15N ratio) and terrestrial 

and aquatic food sources (δ13C ratio)? (Appendix 2) 

Analysis of δ15N showed that mink in the study area feed on prey at an average 

trophic level of 2.5 (slightly higher along the lakeshore and in the AOC than elsewhere, 

with the highest level (2.8) along the lakeshore in the AOC), where trophic level 1 is 

plants, trophic level 2 is herbivores, and trophic level 3 is primary carnivores. The 

percent aquatic diet could not be determined for lack of δ13C values for carbon sources 

(i.e., phytoplankton, submergent and emergent macrophytes) in the AOC wetlands.  

Can stable isotopes be used to construct a food web/bioaccumulation model for 

mink in the RELO AOC to predict body burdens of BCCs in mink in relation to 

their diets? (Appendix 2) 

Using trophic level determinations (δ15N) and estimated values from literature 

ranging from 50% to 90% aquatic diet, a food web bioaccumulation model, modified 

from Sample et al. (1996), was used to predict the exposure of mink in the AOC to BCCs 

based on a BCC’s concentration in the water body (e.g., Lake Ontario) supporting the 

minks’ food web. 

What are the current levels of BCCs in lakeshore and inland populations of mink in 

and out of the RELO AOC? (Appendix 3) 

Highly consistent patterns of BCC concentrations were observed across tissues 

and chemicals. Correlations among concentrations of the seven most notable chemicals 

analyzed were mostly high and significant in adipose and liver tissue. There were no 

significant differences in BCC concentrations in and out of the RELO AOC but BCC 

concentrations in mink captured near the Lake Ontario shore were significantly (P < 

0.05) or suggestively (0.05 < P < 0.1) greater than concentrations in mink captured 

inland. The clear signal in the chemical data are that mink captured near Lake Ontario, 
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and presumably eating organisms exposed to Lake Ontario water and its food web, have 

significantly higher BCC concentrations in their tissues than mink captured inland.  

Which BCCs, and at what levels, are known to cause adverse effects on populations 

or reproduction, or to cause deformities, in mink? (Appendix 4) 

During the literature search for this project, the lowest observed adverse effect 

level (LOAEL) was for dioxin (CDD); 0.053 ppb in the diet of mink was associated with 

reduced kit survival at three weeks (Appendix 4—Appendix A-1). For PCB TEQ (toxic 

equivalents in relation to TCDD), the lowest LOAEL found was 26.9 ppb in liver 

associated with changes in retinol and retinyl ester concentrations in 27-week juvenile 

mink (Appendix 4—Appendix A-2). For mercury, the lowest LOAEL found was 1.06 

ppm in liver associated with smaller litter sizes (Table 1). Because the relationship 

between retinol and retinyl esters and problems with mink populations in terms of 

reproduction and deformities is unknown, more-easily-detected jaw lesions associated 

with 40.2 ppb TEQ/g liver appear to be the most sensitive bioindicator of the toxic effects 

of BCCs on mink (Table 1). 

Table 1. Selected endpoints and effects levels reported for mercury, PCBs, and TEQs in 
mink diets and tissues. (Values in italics were estimated using the average brain:liver 
ratios from Evans et al. 2000, Wobeser et al. 1976, and Wren et al. 1987a, b.) CDD = 
chlorinated dibenzo dioxins, CDF = chlorinated dibenzo furans, HCB = 
hexachlorobenzene. 

 
    

Conc. (ppm or ug/g) 
 

Impairment Endpoint Toxin Effect Level Diet Tissue Reference 
     Brain  

Population Adult mortality Hg LC100 5 ppm 19.9 ppm   Aulerich et al. 1974 
Reproduction Whelping reduced Hg in fish LOAEL 0.5 ppm 23.2 ug/g   Dansereau et al. 1999 
Reproduction Litter size reduced Hg in fish LOAEL 0.22 ppm 1.06 ppm   Halbrook et al. 1997 
Population Hg intoxication MeHg LOAEL 1.1 ppm 8.2 ppm   Wobeser et al. 1976 
Reproduction Litter size reduced MeHg LOAEL 1.0 ug/g 2.0 ug/g   Wren et al. 1987a,b 
     Liver     

PCBs LOAEL 720 pg/g 2190 pg/g 
CDDs LOAEL 60 pg/g 2626 pg/g 
CDFs LOAEL 13 pg/g 335 pg/g 

Reproduction Kit survival 3 & 6 wks 

TEQs LOAEL 22.4 pg/g 208.3 pg/g 

  Heaton et al. 1995,  
  Tillit et al. 1996 

Deformities Jaw lesion in 31-wk 
kits 

PCBs LOAEL 0.96 ug/g 1.698 ug/g 

  TEQs LOAEL 9.2 pg/g 40.2 pg/g 

  Bursian et al. 2006a, b 

PCBs LOAEL 1.1 ug/g 16 ug/g Deformities Jaw lesion in 27-wk 
kits TEQs LOAEL 47 pg/g 75 pg/g 

  Bursian et al. 2006c 
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Reproduction Litter size PCBs LOAEL 1360 ppb 7250 ppb   Halbrook et al. 1999 
P-1 Whelping reduced PCBs LOAEL 0.25 ppm 860 ng/g Reproduction 

F-2 Kit mortality PCBs LOAEL 0.5 ppm 464 ng/g 
  Restum et al. 1998 

     Adipose  
Reproduction Kit mortality HCB LOAEL 1 ppm 95 ppb   Rush et al. 1983 
 

LOAELs have been determined for many organochlorine (OC) pesticides 

(Appendix 4—Appendix A-4) but according to Giesy et al. (1994) studies in the 1970s 

and 1980s determined that OC pesticides did not cause the effects seen in mink that ate 

Great Lakes fish. Because OC pesticide levels have decreased in the environment since 

then, they would be even less significant today, which probably accounts for the lack of 

recent studies regarding them. 

Are concentrations of BCCs in RELO AOC mink high enough to cause adverse 

effects? (Appendix 4) 

An estimate of the total environmental TEQ exposure, based on analysis of only 

dioxins and furans, would range from two to ten times the dioxin/furan TEQ measured in 

mink tissues (Appendix 4). The highest measured TEQ value for AOC lakeshore mink in 

our study was 47.62 pg TEQ/g liver wet weight (Appendix 3), which is slightly higher 

than the lowest LOAEL (40.2 pg TEQ/g liver) at which jaw lesions were seen in 31-week 

kits (Table 1). The lowest measured TEQ value in lakeshore mink (0.22 pg TEQ/g), even 

when multiplied by ten, is still an order of magnitude smaller than the LOAEL, indicating 

no risk (Table 2). However, the average (excluding high and low TEQ values for the 

analyzed mink) of 7.8 pg TEQ/g for lakeshore mink (Table 2), if multiplied by five, 

approaches the LOAEL for jaw lesions. This indicates that some lakeshore mink are at 

risk of developing jaw lesions known to lead to jaw deformities, osteolysis, and tooth loss 

(Render et al. 2001).  

The highest measured TEQ for inland mink was 4.16 pg TEQ/g (Appendix 3). 

When multiplied by ten, the result is approximately equal to the 40.2 pg TEQ/g LOAEL 

for jaw lesions, indicating that the most exposed of the inland mink may be at low risk 

for developing jaw lesions. However, the lowest (0.00 pg TEQ/g) and average (0.25 pg 

TEQ/g) TEQ values for inland mink (excluding high and low TEQ values for the 

analyzed mink), even when multiplied by ten, indicate that the majority of inland mink 

are not at risk (Table 2). 
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Table 2. TEQ values (pg/g) for dioxins and furans from Lakeshore and Inland mink 
livers, showing high, low and average (excluding high and low) values for each category. 

 
Location Value TEQ TEQ*2 TEQ*10 

Lakeshore Low 0.22 0.44 2.2 
 Average (8) 7.75 15.50 77.5 
 High 47.62 95.24 476.2 

Inland Low 0.00 0.00 0.00 
 Average (8) 0.25 0.50 2.50 
 High 4.16 8.32 41.6 

 

Total mercury concentrations in the brains of AOC mink averaged 0.281 ppm 

along the lakeshore and 0.158 ppm inland (Appendix 3—Table 7), levels 3-6 times lower 

than lowest LOAEL of 1.06 ppm reported to cause a reduction in litter size of mink. 

Therefore, it is unlikely that mercury is having an adverse effect on mink in the AOC. 

How do predicted levels of BCCs in mink tissues (based on concentrations in Lake 

Ontario water) compare with measured tissue residues in lakeshore mink 

specimens? (Appendix 4) 

The bioaccumulation model (Sample et al. 1996) worked well for dioxin/furan 

TEQs and for PCBs. In both cases, the predicted low and high values bounded measured 

values, except for the low estimate for PCBs which was very close to the lowest 

measured value in a lakeshore mink (Table 3). This was expected, as the AOC is neither 

the most polluted nor the cleanest portion of Lake Ontario (Luckey and Litton 2005; J. 

Vincent, pers. comm.).  

The model did not predict tissue levels of mercury well; the measured values were 

up to three orders of magnitude higher than predicted values. The reason for this 

discrepancy is not known. One possibility is the fact that the model is based on the 

octanol-water partition coefficient, a concept which applies only to lipophilic 

compounds, which mercury is not. However, Sample et al. (1996) apparently intended 

the model to be used with mercury, as they provided BAF factors for it (as well as several 

other heavy metals). Another possibility is that the model predicts mercury 

concentrations in tissue based only on aquatic exposures; mink in our study might have 

had exposure to mercury through terrestrial sources unaccounted for by the model. 
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Further investigation and development of the model will be required if it is deemed 

necessary to predict mercury levels in mink of the Rochester Embayment. 

Table 3. Predicted versus measured values for tissue residues of dioxin/furans (TEQs), 
methylmercury, and PCBs, based on water concentrations in Lake Ontario as reported by 
J. Vincent (2006, Environment Canada, pers. comm..) and Luckey and Litton (2005). 

 
  Tissue Level 
 Water Conc.  Predicted Measured 

Value  pg/kg BCC ng/g ng/g 
Low 0.00006 TEQs (liver) 0.0000552 0.00022 
High 0.0024  0.0621 0.0213 
Low 0.0 MeHg (brain) 0.0 90 
High 18.0  4.70 1,550 
Low 26.0 PCBs (liver) 19.2 13.6 
High 915.0  160,000 5,870 

 

What is the most reliable and efficient way to monitor the health of RELO AOC 

mink populations in the future? 

Mink jaw lesions have the lowest reported LOAEL in relation to mink 

reproduction and deformities (Appendix 4), and these lesions are a simple, inexpensive 

(~$40/sample) bioindicator of exposure to BCCs, particularly dioxins and furans. Jaws 

from 12 specimens collected in this study were sent for histological preparation (Kerrie 

Beckett, Woodlot Alternatives, Topsham, ME) and analysis (Steven Bursian, Dept. of 

Animal Science, Michigan State University) including the animals with the highest, 

typical and lowest BCC levels at the inland and lakeshore study areas in and out of the 

AOC. The only mink with jaw lesions (multiple squamous epithelial cysts or cell 

proliferations at multiple zones along the entire dental arcade, including bone lysis and 

cell atypia consistent with malignancy; Beckett et al. 2005, Bursian et al. 2006) was 

captured along the lakeshore in the AOC. It also had the highest total PCB concentration 

(by a factor of 2.46) and adipose TEQ (by a factor of 8.85) and the third highest liver 

TEQ (by a factor of 0.45) of the animals analyzed (Appendix 5). Therefore, it is still 

possible for a mink in the AOC to accumulate body burdens of BCCs that produce jaw 

lesions, the most sensitive indicator of exposure currently known. However, there is no 

evidence in the literature or from our observations of juvenile mink that current levels of 
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exposure along the lakeshore or inland, in or out of the AOC, are adversely affecting 

mink populations. 

CONCLUSION 

This study documented the presence of mink populations, and mink reproduction, 

in the RELO AOC. Except for a single lakeshore mink with the highest BCC 

concentrations in its tissues, analytical, modeling and literature review results all suggest 

that mink reproduction is unlikely to be impaired in the AOC. Therefore, it is unlikely 

that BCC sources in the AOC are now contributing to the “degradation of fish and 

wildlife populations” and “bird or animal deformities or reproductive problems” use 

impairments identified in the RAP (1993, 1997). The results make clear that exposure to 

the Lake Ontario food web is associated with the highest levels of BCCs in mink in the 

AOC and elsewhere along the lakeshore.  

The bioaccumulation model used in this study should be used to predict 

concentrations of dioxins/furans and PCBs in mink as new data on the concentrations of 

these chemicals in Lake Ontario or Braddock Bay water become available. We 

recommend that the USEPA or NYDEC sample the waters of Braddock Bay and lower 

Salmon Creek, the capture location of mink #17 with the highest concentrations of BCCs, 

during their future monitoring of Lake Ontario. Once the model predicts concentrations 

below the LOAEL for jaw lesions, further biological monitoring should be done by 

contracting with trappers to capture mink and sending their teeth for aging and their jaws 

for analysis of lesions. If age 1 mink, and older mink with no lesions, are found, 

confidence that mink exposed to the Lake Ontario food web are no longer at risk for 

population, reproductive or deformity problems will be high and delisting should 

proceed.  
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Figure 1. Rochester Embayment of Lake Ontario Area of Concern (RELO AOC). 
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Figure 2. Sub-basins considered in the Rochester Embayment of Lake Ontario Remedial 
Action Plan (RELO RAP). 
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OVERVIEW 
 
This report is the first of four from project C302399, “RAP Progress in the Rochester 
Embayment of Lake Ontario: Population Monitoring, Trophic Relationships, and Levels 
of Bioaccumulative Chemicals of Concern in Mink, a Sentinel Species,” funded by the 
New York Great Lakes Protection Fund in 2004. The project addresses use impairments 
related to water quality identified in the Remedial Action Plan for the Rochester Embay-
ment of Lake Ontario (RELO RAP). This report deals with the development and use of 
video trapping systems that established the presence and reproduction of mink (Mustela 
vison) in and out of the RELO RAP Area of Concern (AOC). Three more reports will be 
written in 2006: (1) trophic positions (stable isotope analysis) and ages of mink 
(Wellman and Haynes, in preparation), (2) levels of bioaccumulative chemicals of 
concern (BCCs) in mink tissues (Pagano and Haynes, in preparation), and (3) a literature 
review of the effects BCCs on mink (Wellman, in preparation). Because the mink is the 
most sensitive species to BCCs known, the results of this study will determine if the fish 
and wildlife reproduction impairment for the RELO AOC can be recommended for 
delisting. 
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INTRODUCTION  

In the 1980s the binational (Canada, U.S.) International Joint Commission (IJC) 
began the process of creating and implementing remedial action plans (RAPs) in 43 
contaminated areas of concern (AOCs) throughout the Great Lakes Basin. The IJC 
established 14 “use impairments” that could cause a local area to be “listed” as an AOC, 
including “degradation of fish and wildlife populations” and “bird or animal deformities 
or reproductive problems.” In the Rochester AOC, both uses were defined as impaired 
because “very few” mink were then being trapped or observed within 2 miles of the lake 
(RAP 1993, 1997). This study was part of a project (Haynes et al. 2002) to determine 
whether lakeshore populations of mink along the Rochester Embayment of Lake Ontario 
(RELO) are negatively impacted by bioaccumulative chemicals of concern (BCCs) and, 
if so, whether the BCCs are originating in the embayment watershed or elsewhere. 

The RELO AOC includes the Embayment, a 35 square mile portion of Lake 
Ontario south of a line between Bogus Point in the town of Parma and Nine Mile Point in 
the town of Webster (both in Monroe County, New York); adjacent wetlands and bays; 
and the six mile reach of the Genesee River from the Lower Falls to the mouth at Lake 
Ontario. The RAP also includes the subwatersheds of Salmon Creek, the Genesee River 
and Irondequoit Creek (RAP 1993, 1997; Figure 1). 

The question addressed by this portion of the study was: Are there differences in 
the relative abundance of lakeshore and inland mink populations in and out of the RELO 
AOC? Our approach was to record the passage of mink using four “MustelaVision” 
videotrap systems in each of four regions designated as Lakeshore/AOC, Inland/AOC, 
Lakeshore/Out of AOC, and Inland/Out of AOC (Figure 1). Previous studies (cf. Gerrell 
1970, Birks and Linn 1982, Eagle and Whitman 1987, Yamaguchi and MacDonald 2003) 
support our assumption that the number of mink passages recorded is related to relative 
population abundance (see Discussion). We tested the null hypothesis that there were no 
differences in passage rates among regions. We also went beyond the scope of our 
contract to look at the effect of several physical environmental variables on mink passage 
rates, and report on some observed mink behaviors. 

 

METHODS AND MATERIALS 

Locations of Study Sites 

To maximize the chances of recording mink passages, we placed the Mustela-
Vision systems in locations where mink were most likely to be found. Mink are semi-
aquatic animals, found in wetlands and along water edges, especially with cover such as 
emergent vegetation, brush or forest (Linscombe et al. 1982, Allen 1986, Eagle and 
Whitman 1987, Dunstone 1993, Yamaguchi et al. 2003, Illinois Natural History Survey 
2005, USDA Forest Service 2005).  

Based on this information, the region chosen as Lakeshore/AOC was the 
Braddock Bay State Wildlife Management Area (BBWMA), a wetlands complex broadly 
connected to the RELO, separated only by narrow barrier beaches. The Inland/AOC 
region was around the Bergen Swamp, a smaller wetlands complex on Black Creek 
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(BLKCK), within the RELO watershed. The Inland/Out of AOC region was the Iroquois 
National Wildlife Refuge (INWR) and two connected state WMAs, a huge managed 
wetlands complex known to harbor abundant mink. Finally, the Lakeshore/Out of AOC 
region was along the Lake Ontario State Parkway (LOSPW) west of the RELO 
watershed, where creeks and small wetlands drain directly into Lake Ontario (Figure 1). 

With the help of experienced trappers, we chose sites in each region most likely 
to be frequented by mink; in many cases we were guided by mink tracks or previous 
trappers’ success. Each camera was placed near a water edge, either in a wetland or along 
a stream. Mink run along the edge of the water whenever possible (Burgess 1978, cited 
by Allen 1986; Eagle and Whitman 1987; Dunstone 1993; Yamaguchi et al. 2003; 
Yamaguchi and Macdonald 2003). Therefore, trappers usually set their traps at the 
corners of culverts and bridges where the minks’ paths are funneled into these openings 
(Jamison 1983, Krause 1984, Geary 1985, National Trappers’ Association 2005), and we 
looked for such tunnels when placing MustelaVision systems. Mink often use paths or 
“runways” through tall grass, cattails, and brush (Schladweiler and Storm 1969, 
Dunstone 1993, Racey and Euler 2003), and, according to trappers, ledges just under the 
water’s surface along the bank, which also informed our choices of sites. 

Because we were still searching for a suitable Lakeshore/Out of AOC region, no 
MustelaVision systems were placed in the LOSPW region in 2003. Systems were placed 
at 14 sites in the other three regions from June through October 2003. We considered the 
2003 season our “exploratory season” during which we tried to find the best sites (i.e., 
most likely to observe mink passages) in each region, so either during 2003 or before the 
2004 season, two systems in each of the original three regions were moved to potentially 
better locations. Thus, eight sites found in 2003, along with two new sites each in 
BBWMA and BLKCK and four new sites in the LOSP West region, were monitored 
from May to October 2004 (Table 1). 

MustelaVision System 

System Requirements 
The MustelaVision system (Appendix A) was designed and built for this project 

by Jeffrey Wellman, an electrical engineer. We required a system usable in remote 
locations, powered by DC batteries, weatherproof, portable, lockable and affordable. To 
save battery power, videotape, and time for tabulating data, the system had to be 
triggered by the animal, rather than recording continuously. It also had to work day and 
night, because mink are considered predominantly nocturnal (cf. Birks and Linn 1982, 
Allen 1986, Eagle and Whitman 1987), and to operate quietly and invisibly to avoid 
disturbing the wary animals (Jamison 1983, Krause 1984, Barker 1991, Dunstone 1993).  

System Components 
The MustelaVision system (Appendix A-1a, b) consisted of an electronic camera 

head (Appendix A-1a, c) designed for security applications (Model PIC-I, SpyCameras 
ForLess.com), a 12-volt, 2-head videocassette recorder (Jensen KVC1500), a 12-volt DC 
deep-discharge battery, and a custom-built circuit board (Appendix A-1d) to protect the 
batteries from over-discharge which would shorten their useful lives. The camera head 
was attached to the VCR by a 50-foot cable, and it communicated with the VCR with an 
IR LED (infrared light emitting diode) that emulated the VCR’s remote control unit. 


