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Recommendation: Delisting criteria have been met 

 

DELISTING TARGETS DELISTING CRITERIA STATUS 

FP-1. Restore the Bay of Quinte 
ecosystem to conditions capable of 
supporting a more diverse and 
stable community structure including 
a top-level predator assemblage of 
northern pike, smallmouth bass and 
walleye that existed prior to the 
onset of hypereutrophic conditions in 
the bay. 

FP-1 A. Maintain an average Index of 
Biotic Integrity (IBI) score in the range 
of 60-80 for fish assemblages in the 
littoral zone (Minns et al. 1994).  
 Achieved 

 FP-1 B. Achieve and maintain a 
proportion of piscivore biomass (PPB) 
in the fish community of 20% or 
greater (Hurley et al. 1986; Hoyle et 
al. 2012) in the nearshore (trapnet) 
and 20% or greater in the offshore 
(gillnet surveys) using sampling 
methods documented in Hoyle et al. 
(2012). 

Achieved 

 
Background 

The delisting target for fish populations has evolved over time. At the time of the Bay of Quinte 
designation as an Area of Concern (1987), fish populations were judged to be impaired, because 
although self-reproducing, typical of eutrophic systems and supporting one of the best walleye 
fisheries in North America, there was uncertainty around how management actions relating to 
phosphorus control would affect the sports fishery, along with the overall loss of fish habitat in terms 
of modified shorelines and wetland habitat (Bay of Quinte Remedial Action Plan Coordinating 
Committee 1990). A loss of one or more species would result in loss of biodiversity and possibly a 
loss in angling opportunities. For the decade prior to designation, fish reproduction was impaired 
due to hyper-eutrophication and the influx of invasive species but events that occurred in 1978, 
particularly point-source phosphorus control and a weather-related event that precipitated a large 
die-off of white perch (Hurley et al. 1986), enabled a partial recovery of the fish community. An 
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increase in fish community diversity, including top predators (piscivores) was promoted. At the same 
time, it was recognized that an increase in species diversity might affect walleye abundance, an 
important top predator and the basis of a popular angling fishery. Also, at the time, there were still 
concerns surrounding fluctuating algal blooms (1984-85) and invasive species, both current (i.e. 
alewife, white perch, and Eurasian milfoil) and future (e.g. dreissenid mussels) (OMOE 1990). 
Underpinning this original target was research showing that piscivore ‘top-down’ function in the 
system was critical to maintain balance in the fish community (e.g., Hurley and Christie 1977; Hurley 
et al. 1986; Minns et al. 1994); depreciation occurred if piscivore biomass was less than 20% of total 
fish biomass. Also behind the original target was a growing understanding that it would take an 
ecosystem-based management approach to restore impaired fish populations. 

Piscivore Assemblage:  The original target identifies a top-level predator assemblage that includes 
northern pike, smallmouth bass, and walleye. Although this is not a complete list of apex predators, 
they are all popular species targeted by the local recreational fishery. Recently, largemouth bass, a 
fourth top predator has increased in abundance and become established as another popular sport 
fish species, second only to walleye in targeted angling effort. Two other predators, muskellunge 
and white bass are present but too rare, at this time, to be either significant in the sport fishery or of 
major influence as top predators in the fish community. Finally, bowfin and longnose gar are less 
popular sport fish species but their relatively high abundance make them significant influences on 
nearshore prey fish distribution and abundance.  

Target Evolution and Development of Measures to Evaluate Target  

The target proposed above was the original target from the 1993 Stage 2 RAP Report: “The Bay of 
Quinte Remedial Action Plan Time to Act”. In 2001, the original target was modified slightly and 
interim measures, to evaluate the target, were developed to guide the 2001-2005 Work Plans 
(Johanson and McNevin 2007). The interim measures were general and referred to protecting and 
restoring fish populations and habitat (e.g. “Demonstrate that key fish and wildlife species are 
present in numbers consistent with an unimpaired ecosystem”) but were not quantitative. The next 
evolution of the target developed within the framework of the Bay of Quinte Fish Habitat 
Management Plan (Bay of Quinte FHMP 2007). The target was replaced by three new targets, each 
with its own measure for evaluation (Johanson and McNevin 2007).  

FP-1 Littoral fish community is reflective of unimpaired littoral habitat.  
Criterion: Maintain an adjusted littoral Index of Biotic Integrity (IBI) score of 60 or 
above (good or better), using the approach set out in Minns et al. (1994).  
FP-2 Species at risk 
Criterion: Where appropriate and feasible, support for species at risk recovery plans 
has been provided for those species at risk that reside in the Bay of Quinte 
FP-3 Wetland fish community is reflective of unimpaired coastal wetland habitat.  
Criterion: Using the Durham Region Coastal Monitoring methodology achieve and 
maintain a fish community IBI score of 60 or above (very good or better) at 
representative coastal wetlands in the Bay of Quinte. 

FP-1 was added to utilize a quantitative, peer-reviewed IBI measure that had been developed 
specifically in Great Lakes nearshore habitats (Minns et al. 1994; Brousseau et al. 2011). Minns et 
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al. (1994) calculated two IBIs, one that included all species in the electrofishing catch, and a second 
IBI that excluded offshore species (adjusted IBIadj); FP-1 was based on the former. The Great Lakes 
IBI was measured by boat electrofishing at index transects (n=20, 3 samples per year at each 
transect), which have been surveyed periodically since 1989 in the upper Bay of Quinte (Trenton, 
Belleville and Big Island). This quantitative measure was used to evaluate both ecosystem integrity 
and fish community composition but did not link directly to the Ontario Ministry of Natural Resource’s 
(OMNR) long-term monitoring programs, public resource use, and walleye as a top predator. FP-2 
was added to support Species at Risk (SAR) recovery plans and restoration. However, all agencies 
are dedicated, by regulation, to the recovery of SAR species in the bay and elsewhere to the extent 
possible, and therefore a separate RAP goal for species at risk is not needed. SAR registry fishes 
are addressed under the federal Species at Risk Act that operates under a separate funding 
envelope. Biodiversity of fishes in the Bay of Quinte is a reflection of habitat diversity and population 
status and is measured by species richness metrics in the IBI (FP-1). FP-2 is not considered further 
here.  

FP-3 was added to assess coastal wetland habitat (Canadian Wildlife Service). FP-3 is being 
addressed in a separate coastal wetlands report and is not considered further here.  

Here, a return to the original target (above) was recommended and, in addition to the Criterion FP-
1A, a second quantitative measure was developed and approved for use in the delisting process. 
Criterion FP-1B (see above) incorporates data from the long-term standardized fish community 
sampling programs in both nearshore (trap net) and offshore (gill net) habitats, including trends in 
piscivore biomass. The sampling methods and piscivore biomass calculations are documented in 
Hoyle et al. (2012). Criterion FP-1B was reviewed and adopted by RAP Council. 

Current and potential lake-wide influences, both positive and negative but beyond the control of local 
management actions, have and will continue to affect fish populations in the Bay of Quinte (e.g., 
climate change, invasive species, and water-level regulation). To ensure that the integrity of the Bay 
of Quinte fish community will be maintained, the issue of lake-wide effects on the Bay of Quinte fish 
community will continue to be taken into account. 

Rationale for BUI Status  

Criterion FP-1A: DFO Electrofishing IBI - Long-term trends in littoral fish assemblages in the 

upper Bay of Quinte 

Bay of Quinte electrofishing sites were surveyed in 2015 and an update on the status of the littoral 
fish assemblages is provided. For the beneficial use impairment (BUI) related to degraded fish 
populations (BUI 3.1), an IBI target of 60 to 80 was identified. For this report, field survey data 
collected in 1990, 1999, 2007, 2009, 2011, and 2015 at fixed locations in the upper bay (Trenton, 
Belleville and Big Bay) were compared. In addition, IBI values from the upper Bay of Quinte were 
compared to IBI values from other areas within the Bay of Quinte AOC, reference locations within 
the vicinity of the Bay of Quinte (West Lake and Black River), Hamilton Harbour and non-AOC areas 
in Lake Ontario and Lake Erie.  

In developing the Great Lakes IBI (GLIBI), data from three AOCs were used, ranging in degrees of 
ecosystem health: Hamilton Harbour was the most degraded, Severn Sound the least degraded and 
Bay of Quinte was intermediate (Minns et al. 1994). However, conditions were known to vary within 
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each of the AOCs, and the upper bounds of the IBI were determined by assuming that healthy 
habitat existed within the data set. A recent study found that there were locations in the upper Bay of 
Quinte (Figure 1) at the time (1990) that were representative of healthy fish habitat and populations 
(Brousseau et al. 2011). GLIBI scores generated from the 1990 data suggested that the nearshore 
fish community in some Bay of Quinte locations (e.g. Trenton Harbour) were less degraded than that 
of Hamilton Harbour but more degraded than some areas in Severn Sound (Randall et al. 1993; 
Minns et al. 1994). Since 1990, all upper Bay of Quinte locations (i.e. nearshore habitats) sampled 
through the electrofishing program, have been found to have healthy nearshore fish assemblages 
according to the GLIBI and were comparable to reference areas (e.g. West Lake) outside the AOC 
(Brousseau et al. 2011).  

Methods 

Boat electrofishing surveys were conducted in the upper Bay of Quinte and other areas (Fig. 2) 
following a standardized protocol (Valere 1996; Brousseau et al. 2005). Fish assemblage data were 
collected from 100 m transects at 1.5 m depth at coastal habitats in Trenton, Belleville and Big Bay. 
Habitats ranged from cobble substrate with no aquatic vegetation to densely vegetated areas with 
fine substrates but the majority of sampling locations were moderate or densely vegetated. Data 
used to calculate IBI scores were from surveys conducted three to four times between June and 
August in each year.  

For comparing IBI and IBIadj scores among years, a one-way analysis of variance by year was used 
(ANOVA; SYSTAT 10.2). IBI values were square root (√) transformed data to achieve a normal 
distribution (Minns et al., 1994). For comparing the individual metrics, the non-parametric Kruskal-
Wallis test was used (Smokorowski et al. 1998). Differences were considered significant at p <0.05. 

Results 

Fish Catches: Cumulatively 44 species of fish were captured by boat electrofishing in the upper Bay 
of Quinte; the total number of species caught each year of survey ranged from 28 (1990) to 33 
(2009) (Table 1). The composition of the electrofishing catches included Atlantic salmon (an 
extirpated species but currently part of a reintroduction program), three species under COSEWIC 
review for Species of Special Concern (American eel, river redhorse and grass pickerel) and five 
non-native species (Table 1). In 2011, American eel appeared in the catch for the first time since 
1990 as a result of annual stocking that commenced and was completed in the Bay of Quinte and 
vicinity in 2006 and 2010, respectively. In 2015, American eel were the second most abundant top 
predator captured at electrofishing sites after largemouth bass. Catch per transect of top predators 
were as follows: largemouth bass (2.8), American eel (1.2), walleye (0.7), bowfin (0.3), northern pike 
(0.1), and longnose gar (0.1). Fish abundance also varied among years, with the lowest average 
catch in 2011and 2015 at 50 fish per transect (Table 2). The reason for the lower catches in 
2011and 2015 is unknown but consistent with lower OMNR trap and gill net catches in the post-
dreissenid time stanza.  

IBI scores: In general, both the IBI (F5,249= 5.30, p<0.001) and adjusted IBI (F5,24910.05, p<0.001) 
scores in the upper BoQ have increased significantly over time. Average IBI scores per transect 
were significantly higher in 1999 and 2007 (74), 2009 (77) and 2011 (72) than in 1990 (64). 
However, average IBI scores have declined in the most recent surveys (2011-2015) and the 
average value in 2015 (67) was not significantly different from 1990 (Figure 3, right).  Average IBI 
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scores met the delisting target (>60) in 1990 (Figure 2, left) except for at Big Bay, (Figure 3, right) 
and the average adjusted IBI score in 1990 was low (46.0). The adjusted IBI score was significantly 
higher (F5,249=9.55, P<0.001) in the latter five surveys than in 1990 (Table 2).  

Individual IBI Metrics and Species Composition: Between 1990 and 2015, significant changes in 
native, centrarchid and non-native species richness have had an influence on mean IBI scores. 
Native species richness increased significantly in the upper bay from 6.9 to 9.6 species between 
1990 and 2009, respectively (KW5,240=25.19, P<0.001); the increase in native species richness was 
influenced by a significant increase at Big Bay which almost doubled between 1990 (5.3) and 2009 
(9.8). An overall increase in native species richness was correlated with a significant increase in 
centrarchid species (e.g. pumpkinseed, bluegill and largemouth bass) at all upper bay locations: 
Trenton (KW=16.89, p<0.001), Belleville (KW=12.65, p=0.005) and Big Bay (KW= 15.42, p=0.009) 
in 2009. Between 2009 and 2015, a decline in native species richness (8.9 to 7.0) and centrarchid 
species richness (3.4 to 2.5) were noted. A decline in centrarchid species richness was related to 
marked declines in Rock Bass and Pumpkinseed numbers and biomass. Other notable declines in 
native species abundance and richness  were found for gizzard shad, northern pike, yellow perch, 
and walleye.  

Non-native species richness in the upper Bay of Quinte was highest in  1990 (1.3) and lowest 
in1999 (0.2)  (Table 2; KW5,249=40.78, p<0.001). Average non-native species numbers and biomass 
remain below 10 % in most years (Table 2). Piscivore biomass (%) in the upper bay has increased 
significantly over time (KW5,249=14.05, p=0.015). In 1990, walleye was the key contributor to 
piscivore biomass in the catch, but has since rivalled (2007) and been replaced as top predator in 
the nearshore by largemouth bass in subsequent electrofishing survyes. 

Comparison of IBI scores and other fish community variables at upper Bay of Quinte to reference 

and other locations in Lake Ontario: IBI scores from the upper BoQ fell within the same range or 
exceeded values from sites in the middle BoQ (Figure 1) and reference locations in the vicinity (e.g. 
middle Bay of Quinte, West Lake) (Figure 3; Brousseau et al 2011). Similar results were found for 
the adjusted IBI values. In 1999, IBI scores and other fish community variables were not different 
between the upper Bay of Quinte and reference locations with the exception of significantly higher 
adjusted IBI values and native cyprinid species richness at West Lake. In 2001, 2007 and 2009, IBI 
values and other fish community variables derived from upper Bay of Quinte fish catches were not 
statistically different or were significantly higher for positive fish community variables than at 
reference locations. IBI scores at upper Bay of Quinte and other locations in eastern Lake Ontario 
were higher than IBI scores from Hamilton Harbour and other locations in Lake Ontario (Figure 4). 
Also, littoral fish surveys conducted at Long Point, Lake Erie in the early 1990s, and an area 
considered representative of healthy fish habitat, produced comparable IBI scores to those from the 
upper and middle Bay of Quinte and reference locations (Figure 4).  

Summary of IBI target: As measured by the Great Lakes Index of Biotic Integrity, electrofishing 
surveys conducted between 1990 and 2015 indicated that the littoral fish assemblages in the Bay of 
Quinte were healthy. The IBI integrates the effects of four main factors, non-native fishes, water 
quality, physical habitat supply and the abundance of piscivores. All of these factors had a positive 
effect on the IBI scores in the Bay of Quinte (1999-2015), with some annual variation, since the 
initial surveys in 1990. A two-fold increase in centrarchids was largely responsible for the significant 
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increases found in native species richness brought about by changes is the abundance and extent 
of the submerged aquatic macrophyte community after dreissenid introduction (Leisti et al. 2006). At 
the same time, a significant decline in the non-native species proportion of the catch (1999) had a 
positive influence on the IBI. However, recent data (2007-2015) have shown that non-native species 
are contributing more to the nearshore fish assemblages in the upper Bay of Quinte due to 
increases in common carp, white perch and the addition of the round goby to the nearshore fish 
community. The proportion of the non-native fishes in the catch is still low compared to Hamilton 
Harbour (Brousseau et al. 2011). 

IBI scores calculated from data collected between 1999 and 2015 data have met the delisting range 
(60-80) identified in RAP documents (this one included) for degraded fish populations (BQRAP 
1993; Johanson and McNevin 2007)) and are comparable to reference conditions within the BoQ 
AOC (e.g., middle Bay of Quinte) and reference locations in eastern Lake Ontario (Brousseau et al. 
2011). Despite the AOC designation, coastal habitats in the upper Bay of Quinte supported relatively 
healthy fish habitat and good reference conditions compared to fish habitat at reference locations. 
Coastal areas in Lake Ontario surveyed outside the Bay of Quinte and immediate vicinity, as well as 
the Hamilton Harbour AOC, had dissimilar habitats (e.g. fetch, macrophyte density), and because of 
a deficit in suitable habitat (i.e. habitat impairments) at these areas IBI scores were much lower than 
at the Bay of Quinte. The electrofishing surveys support the delisting of the Beneficial Use 
Impairment for degraded nearshore fish populations in the Bay of Quinte. 

Criterion FP-1B: OMNR PPB Long-term trends in nearshore trap netting and offshore gill 

netting in the upper Bay of Quinte 

Intensive, long-term fish community sampling with multiple gear types in a variety of habitats have 
been conducted on the Bay of Quinte (beginning with gillnetting in the late-1950s but for the 
purposes of this report, 1969 to present). Sampling methods and summarized results are described 
in Hoyle et al. (2012). Over the duration of this sampling, three major ecological time-stanzas are 
recognized to have exerted controlling influence on fish species composition and abundance: pre-
phosphorus control (hyper-eutrophic conditions, prior to 1978); post-phosphorus control (eutrophic 
conditions 1978-1994); and post-dreissenid (1995-present). These time-stanzas correspond to 
unique ecosystem structures associated with biological regime shifts that occurred around the 
pivotal years of 1978 and 1995 (Nicholls 2011; Nicholls et al. 2011). 

The important role of piscivores in controlling fish community trophic structure was recognized early-
on in the Bay of Quinte studies (Hurley and Christie 1977). Later, Hurley et al. (1986) noted that 
severe depreciation occurred when piscivore biomass was less than 20% of the total fish biomass. 
Piscivores also form the basis of high-valued fisheries. These two features make piscivore status an 
important indicator of desirable ecosystem status. Piscivore status is presented here for the upper 
Bay of Quinte, and is summarized and interpreted in context of the major time-stanzas. Results from 
two sampling gear types, that effectively capture a variety of fish species and sizes including large 
piscivores, are presented to cover both nearshore (trap nets) and offshore (gill nets) habitats. 

Analysis 

Total fish biomass for each catch was separated into two categories, piscivores and all other 
species for each catch and summarized for the three time-stanzas. Piscivores are defined here as 
longnose gar, bowfin, northern pike, smallmouth bass, largemouth bass and walleye—the prominent 
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top predators in the upper Bay of Quinte fish community (Table 3). The proportion of total fish 
biomass comprised of piscivores (PPB) was calculated for all catches. Annual mean PPBs were 
presented graphically. A PPB less than 0.2 was considered indicative of a depreciated fish 
community. Mean PPB, using years as replicates, was compared across major time-stanzas 
(Kruskal-Wallis ANOVA by ranks; p=0.05). Piscivore species composition was also examined in 
terms of catch trends (by number). PPB in the upper Bay of Quinte was compared to that in other 
Lake Ontario embayments sampled with nearshore trap nets in 1-5 years from 2006-2011.  

Results 

Fish catches: A total of 38 species, 31 native and 7 non-native, were caught in the two gear types 
over the duration of the three major time-stanzas (Table 3). Total catches (by number) were highest 
in the phosphorus time-stanza reflecting the high abundance of small fish species (e.g., alewife and 
white perch) and very low abundance of large species (e.g., piscivores). Catches were slightly lower 
in the dreissenid time-stanza than the post-phosphorus time-stanza. 

Fish biomass trends: Trends in fish biomass were similar in both nearshore trap nets and offshore 
gill nets. Total fish biomass was highest in the pre- and post-phosphorus time-stanzas (Table 4). 
Piscivore biomass was highest in post-phosphorus time-stanza, lower in dreissenid time-stanza and 
lowest in phosphorus time-stanza (Table 4).  

PPB trends: PPB was below 0.2 in all years prior to 1978 in both nearshore trap nets and offshore 
gill nets (Fig. 5). PPB increased in the nearshore trap nets in 1978, and for six of nine years 
sampled from 1978-1988 was greater than 0.2. When trap netting resumed in 2001, PPB was below 
0.2 in 2001 and 2002 but increased to levels greater than 0.2 in all years from 2003-2011 (no 
sampling in 2006). In offshore gill nets, PPB increased after 1978 reaching a plateau by 1981 that 
was maintained until 1996. After 1996, PPB declined to levels below 0.2 in three of seven years 
sampled from 1997-2003. After 2003, PPB was marginally below 0.2 in one year but otherwise 
appears to be trending upward (Fig. 5).  

PPB was higher in post-phosphorus and dreissenid time-stanzas than in the phosphorus time-
stanza (Fig. 6), although the difference was marginally non-significant between phosphorus and 
dreissenid time-stanzas (p=0.057). 

Piscivore species composition: No piscivore species was abundant during the pre-phosphorus time-
stanza (Fig. 7 and 8). Walleye was dominant over-all in post-phosphorus and dreissenid time-
stanzas, particularly in the offshore. In the nearshore, smallmouth bass were abundant, along with 
walleye, in the post-phosphorus time-stanza while Largemouth Bass were abundant, along with 
walleye, in the dreissenid time-stanza (Fig. 7). 

Comparison of PPB in the upper Bay of Quinte with other Lake Ontario embayment areas: PPB in 
the upper Bay of Quinte was similar to that in other Lake Ontario embayment areas considered to 
have relatively unstressed fish communities (Fig. 9), and higher than those of two other Areas of 
Concern (Hamilton Harbour and Toronto Waterfront). 
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Discussion 

Currently, PPB in the upper Bay of Quinte Fish Community is greater than 20% in both nearshore 
(trapnet) and offshore (gillnet) surveys. This fish community trophic structure indicator demonstrates 
a desirable balance between predator and prey, and achieves criterion FP-1B - the degraded fish 
population restoration target. 

The increase in PPB in the post-phosphorus control time-stanza was due to a dramatic resurgence 
of the walleye population. Walleye had been suppressed for the previous decade due to very poor 
reproductive success in the face of hyper-eutrophic water quality conditions and over-abundant 
white perch—a species that invaded the area in the early 1960s. Point-source nutrient control 
mechanisms were established in the winter of 1977-1978. There was also an over-winter die-off of 
the white perch population during that same winter (Hurley 1986).  

A decline, although statistically non-significant, in PPB in the post-phosphorus and dreissenid time-
stanzas was primarily due to the decline in walleye (Fig. 8). However, on an annual basis, PPB did 
increase after low points in the late-1990s and early 2000s, and may yet approach the high levels 
observed during the post-phosphorus time-period. The decline in PPB below 0.2 in the late-1990s 
was not only due to a decline in walleye but also to rapid increases in non-piscivore species 
including yellow perch, bluegill, pumpkinseed and black crappie. PPB subsequently recovered; 
walleye growth rate increased after 2000 (Bowlby et al. 2010) and largemouth bass increased in 
abundance in the nearshore trap nets and longnose gar increased in gill net catches. From a fish 
community trophic structure point of view, PPB is currently at a desirable level, well above 0.2. 

The increase in largemouth bass abundance, as for other centrarchids, reflects the recovery of 
submerged aquatic vegetation in the nearshore. That northern pike did not increase suggests that 
other factors, for example increasing water temperatures in nearshore areas (Casselman 2002) or 
water level regulation (Levels Reference Study Board 1993), are limiting their abundance. 

Total fish biomass was highest and walleye were most abundant in post-phosphorus time-stanza. 
Walleye are the most sought after species by anglers in the Bay of Quinte and in the Province of 
Ontario. The key response by the walleye population in the dreissenid time-stanza was a downward 
shift in recruitment levels (Hoyle et al. 2008). This shift appears to be due to a change in the stock-
recruitment relationship caused by decreased survival during early life (i.e., egg to 4-months), and 
suggests that the carrying capacity for these early life stages has diminished and therefore, the 
walleye population and angling fishery declined and then stabilized at a lower level.  

Increases in water clarity led to there-establishment of submerged aquatic vegetation habitat which 
resulted in an increase in fish community diversity. The RAP Stage 2 Report recognized that these 
achievements would be associated with potential declines in walleye. Walleye decline has indeed 
been verified by Chu et al. (2004), Hoyle et al. (2008), Bowlby et al. (2010) and Bowlby and Hoyle 
(2011). Whether walleye abundance is less in the presence of dreissenids than it would eventually 
have been (i.e., given on-going water quality remediation) in their absence, or historically, is not 
known. Declines in smallmouth bass were not predicted and appear directly related to species-
specific habitat loss.  
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Summary of Status of FP-1: Degradation of Fish Populations 

Both the results from DFO’s electrofishing program and the OMNR’s gill netting and trap net 
(NSCIN) programs support delisting BUI 3, FP-1 as an impaired beneficial use for fish populations. 
Improvements in water quality due to upgrades in wastewater treatment and the filtering activities of 
invasive dreissenid mussels (mid-1990s) led to an increase in water clarity and subsequently, a 
substantial increase in submerged aquatic vegetation (SAV) in the upper bay (Leisti et al. 2006). An 
increase in macrophytes resulted in an increase in species that use these habitats, in particular, 
several species belonging to the family Centrarchidae (i.e. sunfish and bass). The IBI target has 
been met and piscivore biomass is at or above the target of 0.2. Piscivore biomass was highest in 
the post-phosphorus time period but still remains high in the post-dreissenid time period although 
piscivore composition has changed. Abundance and biomass of fish has decreased in the bay since 
the introduction of dreissenid mussels. This is pattern is most clearly illustrated in the OMNR 
datasets and this result is not unexpected based on the reduction in phosphorous loadings to the 
Bay of Quinte.  

 

Remaining Concerns and Uncertainty  

 Uncertainty around the status of current and future phytoplankton communities relating to 
water quality (e.g. algal blooms and eutrophication) and SAV status (e.g., loss of SAV) 

 Uncertainty around how changes in other components of the aquatic ecosystem will affect 
walleye stocks in future 

 Water levels and critical habitat for key species like northern pike; pike populations have not 
improved over time despite an increase in some components of physical habitat (i.e. 
emergent and submergent aquatic vegetation) indicating that other factors are limiting 
successful recruitment and growth 

 Invasive species, effects of round goby, resurgence of white perch, expansion of chain 
pickerel 

 Species at Risk 
 Climate change 
 Uncertainty about zooplankton diversity, size and availability during early life history of key 

fish species 
 

Future Monitoring or Actions Required  

We recommend that coastal areas of the Bay of Quinte continue to be monitored in future to 
measure the status of the fish populations and to address the above concerns and uncertainty. The 
diversity of fish habitat in the Bay of Quinte supports fish diversity and high productivity; this 
significant area will continue to require enhanced management. Future assessment of the Quinte 
fish populations must continue to consider both region-specific and whole-lake factors that affect the 
ecology of the Bay of Quinte ecosystem.  
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Table 1. Fish species captured by year in the Bay of Quinte, 1990 to 2015. Index of Biotic 

Integrity (IBI) groups are indicated in the footnote. Total numbers of species captured each year 
are provided. . 

Common 
name Scientific name Status1 

IBI 
group2 1990 1999 

 
2007 

 
2009 

 
2011 2015 

Sea Lamprey Petromyzon marinus N N,Y,S,Y   x    
Longnose 
Gar Lepisosteus osseus 

 Y,Y,P,N x  x x x x 

Bowfin Amia calva  Y,Y,P,N x x x x x x 

Alewife 
Alosa 
pseudoharengus 

N N,Y,S,Y x x x x x x 

Gizzard Shad 
Dorosoma 
cepedianum 

 Y,Y,S,Y x x x x x x 

Atlantic 
Salmon Salmo salar 

S Y,N,P,Y     x  

Northern 
Pike Esox lucius 

 Y,Y,P,N x x x x x x 

Grass 
Pickerel 

E.americanus 
vermiculatus 

S Y,Y,P,N  x x x x  

Central 
Mudminnow Umbra limi 

 Y,Y,G,N  x   x  

White Sucker 
Catostomus 
commersonii 

 Y,Y,S,N x x x x x x 

Silver 
Redhorse 

Moxostoma 
anisurum 

 Y,Y,S,N x x x x x x 

Golden 
Redhorse 

Moxostoma 
erythrurum 

 Y,Y,S,N   x  x  

Greater 
Redhorse 

Moxostoma 
valenciennesi 

 Y,Y,S,N      x 

Shorthead 
Redhorse 

Moxostoma 
macrolepidotum 

 Y,Y,S,N x   x   

River 
Redhorse 

Moxostoma 
carinatum 

S Y,Y,S,N  x x x x x 

Common 
Carp Cyprinus carpio 

N N,Y,G,N x x x x x x 

Golden 
Shiner 

Notemigonus 
crysoleucas 

 Y,Y,G,N x x x x x x 

Emerald 
Shiner 

Notropis 
atherinoides 

 Y,Y,S,N x      

Common 
Shiner Luxilus cornutus 

 Y,Y,S,N  x  x   

Blackchin 
Shiner Notropis heterodon 

 Y,Y,S,N   x x x x 

Blacknose 
Shiner Notropis heterolepis 

 Y,Y,S,N    x   

Spottail 
Shiner Notropis hudsonius 

 Y,N,S,N x x x x x x 

Bluntnose 
Minnow Pimephales notatus 

 Y,Y,G,N  x x x x x 

Fathead Pimephales  Y,N,G,N  x  x  x 
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Common 
name Scientific name Status1 

IBI 
group2 1990 1999 

 
2007 

 
2009 

 
2011 2015 

Minnow promelas 
Black 
Bullhead Ameiurus melas 

 Y,Y,G,N   x    

Brown 
Bullhead Ameiurus nebulosus 

 Y,Y,G,N x x x x x x 

American Eel Anguilla rostrata S Y,Y,P,N x    x x 
Banded 
Killifish Fundulus diaphanus 

 Y,Y,S,N  x  x  x 

White Perch Morone americana N N,Y,S,Y x  x x x  
White Bass Morone chrysops  Y,Y,S,Y x x   x  
Rock Bass Ambloplites rupestris  Y,N,S,N x x x x x x 
Pumpkinseed  Lepomis gibbosus  Y,Y,S,N x x x x x x 

Bluegill  
Lepomis 
macrochirus 

 Y,Y,S,N x x x x x x 

Northern 
Sunfish Lepomis peltastes 

 Y,N,S,N      x 

Smallmouth 
Bass 

Micropterus 
dolomieu 

 Y,Y,P,N x x x x x x 

Largemouth 
Bass 

Micropterus 
salmoides 

 Y,Y,P,N x x x x x x 

Black 
Crappie 

Pomoxis 
nigromaculatus 

 Y,Y,S,N x x x   x 

Yellow Perch Perca flavescens  Y,Y,S,N x x x x x x 
Walleye Sander vitreus  Y,Y,P,Y x x x x x x 
Johnny 
Darter Etheostoma nigrum 

 Y,Y,S,N x x    x 

Logperch Percina caprodes  Y,Y,S,Y x x x x x x 
Brook 
Silverside Labidesthes sicculus 

 Y,N,S,N x x x x x x 

Round Goby 
Neogobius 
melanostomus 

N N,Y,G,N   x x x x 

Freshwater 
Drum 

Aplodinotus 
grunniens 

 Y,Y,S,N x x x x x x 

Total 
species:  

  28 29 31 33 32 32 

 

1Status: S- species at risk or under COSEWIC review, N- non-native species 
2Four IBI groups are identified. Codes are: Native? (Yes, No); Turbidity tolerant? (Yes, No); Trophic 
group? (Piscivore, Generalist, or Specialist); Offshore? (Yes, No).  
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Table 2. Average annual biomass, catch in numbers, species richness and IBI metrics in the 
upper Bay of Quinte (Trenton Harbour, Belleville Harbour and Big Bay). 

 
Metric name  Mean Bay of Quinte 

 1990 1999 2007 2009 2011 2015 

 Biomass (kg) 8.9 3.9 5.9 8.1 6.4 7.5 
Numbers 115.2 81.5 74.4 77.4 50.4 49.8 

Species richness 8.2 8.1 9.0 9.6 8.8 7.6 
Native species richness 6.9 7.9 8.3 8.9 8.1 7.0 

Centrarchid species richness 1.8 3.3 4.0 3.4 2.8 2.5 
Turbidity intolerant species 

richness 0.9 1.2 1.0 1.2 1.1 0.7 

Non-native species richness 1.3 0.2 0.7 0.7 0.8 0.6 
Native cyprinid species 

richness 0.6 0.8 0.6 1.2 0.9 0.5 

Percent piscivore biomass 31.0 31.7 35.6 41.3 46.6 49.8 
Percent generalist biomass 20.6 18.3 11.8 17.5 17.5 18.1 
Percent specialist biomass 48.5 50.0 52.6 41.2 36.0 32.1 

Number of native individuals 92.7 80.6 72.4 72.4 47.6 48.2 
Biomass of natives (kg) 6.6 3.5 5.2 6.9 5.4 6.0 

Percent non-native species 
by number 23.1 1.6 4.6 7.4 8.3 7.7 

Percent non-native species 
by biomass 20.2 4.8 4.9 10.2 9.7 12.9 

Percent offshore species by 
number 37.9 5.9 7.9 12.5 15.2 16.4 

Percent offshore species by 
biomass 24.1 5.9 14.3 8.9 10.4 9.7 

       
IBI 63.6 74.4 74.2 76.6 72.3 67.0 

Adjusted IBI* 46.0 70.0 66.2 68.7 63.6 58.9 
       

Sample size  19.0 51.0 55.0 52.0 36.0 42.0 
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Table 3. Fish species abundance (catch by number per sample) by time-stanza in nearshore 
trap nets and offshore gill nets in the upper Bay of Quinte. Origin, thermal regime, and trophic 
class are indicated. Total catch, total number of samples, and numbers of species captured each 
time-stanza are provided. Six piscivore species used to calculate the proportion of piscivore biomass 
in the fish community (PPB) are indicated in bold font. 
 

 
 

Species Scientific Name Origin

Thermal 

regime Trophic class Trapnet Gillnet Trapnet Gillnet Trapnet Gillnet

Sea Lamprey Petromyzon marinus Non-native Cold Parasite 0.000 0.000 0.000 0.003 0.000 0.000

Lake Sturgeon Acipenser fulvescens Native Cool Invertivore 0.000 0.000 0.000 0.000 0.000 0.010

Longnose Gar Lepisosteus osseus Native Warm Piscivore 0.000 0.265 0.000 1.774 0.983 1.977

Bowfin Amia calva Native Warm Piscivore 1.200 1.072 0.623 0.071 0.592 0.000

Alewife Alosa pseudoharengus Non-native Cool Plantivore 546.108 336.523 50.247 73.609 0.000 1.037

Gizzard Shad Dorosoma cepedianum Native Warm Herbivore 0.121 78.988 1.272 36.538 2.747 11.235

Chinook Salmon Oncorhynchus tshawytscha Non-native Cold Piscivore 0.000 0.000 0.000 0.021 0.000 0.000

Lake Trout Salvelinus namaycush Native Cold Piscivore 0.000 0.000 0.000 0.000 0.003 0.000

Lake Whitefish Coregonus clupeaformis Native Cold Invertivore 0.000 0.000 0.000 0.005 0.003 0.000

Cisco (Lake Herring) Coregonus artedi Native Cold Plantivore/Invertivore 0.000 0.000 0.000 0.003 0.000 0.000

Rainbow Smelt Osmerus mordax Non-native Cold Invertivore 0.000 0.052 0.000 0.057 0.000 0.000

Northern Pike Esox lucius Native Cool Piscivore 0.021 0.289 0.365 0.711 0.617 0.216

Mooneye Hiodon tergisus Native Warm Invertivore 0.000 0.000 0.019 0.041 0.003 0.020

Quillback Carpiodes cyprinus Native Cool Invertivore 0.000 0.000 0.000 0.000 0.003 0.000

White Sucker Catostomus commersoni Native Cool Invertivore/Detritivore 1.933 3.144 2.071 6.634 0.908 5.015

Silver Redhorse Moxostoma anisurum Native Cool Invertivore 0.000 0.000 0.016 0.007 0.497 0.010

Shorthead Redhorse Moxostoma macrolepidotum Native Warm Invertivore 0.021 0.000 0.074 0.004 0.194 0.000

Greater Redhorse Moxostoma valenciennesi Native Warm Invertivore 0.000 0.000 0.037 0.003 0.086 0.000

River Redhorse Moxostoma carinatum Native Cool Invertivore 0.000 0.000 0.000 0.000 0.122 0.000

Common Carp Cyprinus carpio Non-native Warm Invertivore/Detritivore 0.092 0.109 0.068 0.060 0.183 0.029

Golden Shiner Notemigonus crysoleucas Native Cool Invertivore/Herbivore 0.042 0.014 0.000 0.006 0.050 0.000

Brown Bullhead Ameiurus nebulosus Native Warm Invertivore 18.075 5.374 20.330 4.574 32.214 3.098

Channel Catfish Ictalurus punctatus Native Warm Invertivore/Piscivore 6.604 0.260 10.056 0.694 1.114 0.130

American Eel Anguilla rostrata Native Cool Invertivore/Piscivore 1.063 0.007 0.852 0.000 0.081 0.000

Burbot Lota lota Native Cold Piscivore 0.000 0.000 0.000 0.026 0.000 0.000

Trout-perch Percopsis omiscomaycus Native Cool Invertivore 0.000 0.012 0.000 0.000 0.000 0.000

White Perch Morone americana Non-native Warm Invertivore 279.742 229.224 100.195 117.562 3.953 79.563

White Bass Morone chrysops Native Warm Invertivore/Piscivore 0.000 0.078 0.142 0.153 0.103 0.042

Rock Bass Ambloplites rupestris Native Warm Invertivore 1.258 0.041 3.496 0.267 2.272 0.137

Pumpkinseed Lepomis gibbosus Native Warm Invertivore 24.404 0.104 19.937 0.364 32.619 4.230

Bluegill Lepomis macrochirus Native Warm Invertivore 0.829 0.000 0.636 0.000 98.544 3.143

Smallmouth Bass Micropterus dolomieu Native Warm Invertivore/Piscivore 1.404 1.311 14.343 2.172 0.772 0.637

Largemouth Bass Micropterus salmoides Native Warm Piscivore 0.021 0.012 0.074 0.000 5.111 0.034

Black Crappie Pomoxis nigromaculatus Native Cool Invertivore 9.817 0.008 2.043 0.098 10.631 0.316

Yellow Perch Perca flavescens Native Cool Invertivore 19.954 36.476 11.059 56.980 3.781 134.264

Walleye Sander vitreum Native Cool Piscivore 0.483 0.685 12.237 22.992 2.317 9.282

Round Goby Neogobius melanostomus Non-native Cool Invertivore 0.000 0.000 0.000 0.000 0.000 0.069

Freshwater Drum Aplodinotus grunniens Native Warm Invertivore 0.021 0.253 0.547 7.781 2.650 10.615

Total catch 913 694 251 333 203 265

Number of samples 59 102 107 376 468 536

Total species 21 23 24 29 29 23

Phosphorus Post-phosphorus Dreissenid

Time-stanza
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Table 4. Mean fish biomass per catch sample by major ecological time-stanza and habitat and 
gear type for the upper Bay of Quinte. Numbers in brackets are standard deviation. The number 
of years sampled within each time-stanza is indicated with each total biomass. 
 

 
  

Time-stanza Habitat and Gear Type Piscivores

Other 

Species Total

Phosphorus Nearshore Trap Net 3.2 (1.4) 68.5 (69.8) 71.7 (69.5, 4)

Offshore Gill Net 3.5 (1.8) 72.9 (40.4) 76.4 (41.8, 6)

Post-Phosphorus Nearshore Trap Net 15.2 (12.1) 43.7 (41.6) 58.9 (49.2, 9)

Offshore Gill Net 24.4 (10.2) 53.4 (25.2) 77.8 (23.6, 16)

Dreissenid Nearshore Trap Net 8.5 (1.8) 30.9 (15.5) 39.4 (15.7, 10)

Offshore Gill Net 10.3 (4.2) 28.3 (8.2) 38.6 (10.5, 17)

Biomass (kg)
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Figure 1. Map highlighting the upper, middle and lower Bay of Quinte, Lake Ontario 

 

  



A p p e n d i x  F    P a g e  | 18 

 
Fish Communities   

  

F
ig

u
re

 2
. 

S
a
m

p
li
n

g
 l
o

c
a

ti
o

n
s
 i

n
 t

h
e
 B

a
y
 o

f 
Q

u
in

te
, 

a
t 

re
fe

re
n

c
e
 s

it
e

s
 i
n

 P
ri

n
c
e
 

E
d

w
a

rd
 C

o
u

n
ty

 a
n

d
 o

th
e
r 

L
a
k

e
 O

n
ta

ri
o

 c
o

a
s
ta

l 
h

a
b

it
a
ts

. 

 



A p p e n d i x  F    P a g e  | 19 

 
Fish Communities   

 

 
Figure 3. Average (±SE) Index of Biotic Integrity scores between 1990 and 2015 for the upper Bay 
of Quinte and reference locations (left) and at individual locations sampled within the upper bay 
(right). The horizontal reference lines indicate the target range of 60 to 80 (good).  
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Figure 4. Comparison of average IBI scores (± SE) at locations in Lake Ontario and Long Point, Lake 
Erie. Sampling locations included two Great Lakes’ Areas of Concern: Bay of Quinte (BoQ: Upper, 
Middle and Lower) and Hamilton, and 9 other non-AOC locations including Prince Edward Bay (PEB). 
The dashed limit lines indicate IBI scores in the good range. From Brousseau et al. (2011). 
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Figure 5. Mean annual proportion of the total upper Bay of Quinte fish community biomass comprised 
of piscivores (PPB) in two habitat and gear types: nearshore trap nets and offshore gill nets. Also 
indicated with a dashed line is the target PPB (0.2) below which is indicative of a depressed fish 
community. 
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Figure 6. Mean annual proportion of the total upper Bay of Quinte fish community biomass comprised 
of piscivores (PPB) in three time-stanzas: phosphorus, post-phosphorus and dreissenid mussel in two 
habitat and gear types: nearshore trap nets and offshore gill nets. Lower case letters indicate 
significance of differences between time-stanzas (Kruskal-Wallis ANOVA by ranks). Time-stanzas 
with the same letter are not significantly different (p>0.05). 
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Figure 7. Piscivore species composition and abundance (number per net) in nearshore trap nets and 
offshore gill nets in three time-stanzas. 
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Figure 8. Walleye abundance (catch per net) in the upper Bay of Quinte, 1969-2011. 
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Figure 9. Mean annual proportion of the total fish community biomass comprised of piscivores (PPB) 
in Lake Ontario embayment areas in nearshore trap nets. Each area was sampled in 1-5 years from 
2006-2011. Also indicated with a dashed line is the target PPB (0.2) below which is indicative of a 
depressed fish community. Open bars represent Areas of Concern (AOC) while shaded bars 
represent relatively unstressed areas. 
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Recommendation: Delisting criterion has been met 

DELISTING TARGETS DELISTING CRITERIA STATUS 

FP-2. Wetland fish community is 
reflective of unimpaired coastal 
wetland habitat. 

FP-2. The fish community IBI at 
representative Bay of Quinte coastal 
wetlands shall not be more than two 
standard deviations below the 2005-
2010 representative site mean that 
has been corrected for varying 
conditions in Lake Ontario outside of 
the AOC from 2005-2010.  

Achieved 

Background   

Great Lakes coastal wetlands provide spawning, nursery, and feeding habitat to a large proportion of 
the fish species found in these waters (Stephenson 1990). It is well known that the Bay of Quinte (BQ) 
recreational and commercial fisheries hold great economic and social value (Environment Canada 
2006). While much concern had been expressed and research done on walleye populations in the 
BQ, until recently less attention had been given to those species, especially warm water species that 
rely heavily on coastal wetland habitats (Bay of Quinte-Remedial Action Plan Restoration Council 
2003).  

Fish were captured by boat electrofishing six points along 44-m transects, which were stratified by 
habitat types (e.g., emergent marsh, submerged aquatic vegetation, open water) within each wetland. 
Fork length and weight measurements were taken on all fish. When large numbers of conspecific fish 
were captured, 10 randomly chosen individuals were weighed and measured; then the remainder was 
counted and batch weighed. Sampling occurred during mid-August to early September. 

Index of Biotic Integrity (IBI) scores were calculated using metrics developed for the Durham Region 
Coastal Wetland Monitoring Project (Environment Canada and Central Lake Ontario Conservation 
Authority 2004): 

 Number of native species [SNAT] 
 Number of centrarchid species [SCEN] 
 Percent piscivorous biomass [PPIS] 
 Number of native individuals [NNAT] 
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 Percent non-indigenous species biomass [PBNI] 
 Biomass of yellow perch [BYPE] 

Site Selection and Surveys: Bay of Quinte Remedial Action Plan Restoration Council (BQ-RAPRC) 
(2007) recognized that sampling and reporting on the status of delisting criteria for BUIs 3 and 14 in 
all Bay of Quinte Area Of Concern coastal wetlands would not be feasible. A subset of 10 
representative sites (coastal wetlands) was selected (Table 1). BQ-RAPRC (2007) indicates that the 
sites were chosen to cover a range of disturbance, size (small sites, <25 ha, were excluded), and 
dominant hydrologic influence (riverine/lacustrine). Environment Canada (2007) suggested that 
Solmesville Marsh was included in this list based on the belief that its size was 28 ha, but as the 
actual size was determined to be only 2.8 ha, Airport Creek Marsh (29 ha) was selected as the 
recommended alternative. Although most representative sites are located in the Upper Bay of Quinte, 
this is indicative of the overall distribution of wetlands within the bay (Figure 1). No surveys were 
completed for BQ representative wetlands in 2006 or 2007. Due to Durham Region Coastal Wetland 
Monitoring Project commitments, only five BQ AOC wetlands per year can be sampled using the 
Central Lake Ontario Conservation Authority’s electrofishing boat.  

Table 1. Bay of Quinte Area of Concern representative coastal wetlands for monitoring  

Wetland Name Number of Subsites per Wetland 

Airport Creek Marsh 1 
Big Island Marsh  2 (East and West) 
Blessington Creek Marsh 1 
Carnachan Bay Marsh 1 
Carrying Place Marsh 1 
Dead Creek Marsh 1 
Hay Bay Marsh  2 (North and South) 
Lower Napanee River Marsh 1 
Lower Sucker Creek Marsh 1 
Sawguin Creek Marsh  3 (Central, Ditched, and North) 

 

Up to 16 additional coastal wetlands are surveyed in Lake Ontario (Figure 1; Appendix 3, Table 4). 
The number of wetlands surveyed varies from a low of 11 in 2005 to a high of 16 in 2009, 2011 and 
2013. The number of transects surveyed per wetland per year varies from four to 12 with the total 
number of transects surveyed in ‘other Lake Ontario’ wetlands ranging from a low of 83 in 2005 to a 
high of 148 in 2011.  
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Figure 1. Names and locations of Bay of Quinte representative sites and other Lake Ontario coastal 
wetlands sampled by EC-CWS and partners. Refer to Appendix 2 for list of sites surveyed for fish.  

Rationale for Delisting Criterion Status  

Determining the threshold below which the 2014 mean Fish Community IBI (of all Bay of Quinte (BQ) 
representative sites) must not fall to be considered not impaired requires multiple steps: 

1. Calculate the mean IBI for each BQ representative site using IBIs from 2005 to 2010. 
Calculate the 2005 to 2010 mean IBI and standard deviation. (Note:  this is in contrast to the 
other coastal wetland criteria since all BQ coastal wetlands are not sampled for the fish 
community each year due to time constraints)  

2. Multiply the standard deviation by 2  
3. Subtract the 2 standard deviations from the 2005-2010 mean  
4. Calculate the mean IBI for each ‘other Lake Ontario’ coastal wetland site using IBIs from 2005 

to 2010. Calculate the 2005 to 2010 mean IBI. 
5. Calculate the 2014 mean from all ‘other Lake Ontario’ coastal wetlands surveyed  
6. Subtract the 2005 to 2010 ‘other Lake Ontario’ mean from the 2014 ‘other Lake Ontario’ mean  
7. Add the results of Step 3 and Step 6  
8. The resulting number is the corrected threshold above which the 2014 mean fish community 

IBI for BQ representative sites must fall to be considered ‘not impaired’. 
Data used for these calculations is found in Appendix 2 (Tables 2 and 3). 

2014 Bay of Quinte Representative Sites Mean IBI = 92.1 

2014 Corrected Threshold IBI = 58.0 
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Since the BQ 2014 IBI mean is greater than the threshold IBI value, the fish community is considered 
to be not impaired. Therefore, the criterion for the fish community to be considered not impaired has 
been met in each year from 2011 to 2014 (Appendix 2, Table 4). 

Future Monitoring or Actions Required  

Monitoring of the fish community should continue, for the near future at least, at some of the Bay of 
Quinte representative sites and numerous other Lake Ontario coastal wetlands, but perhaps not on an 
annual basis. 

 

Glossary: 

Centrarchid A North American family of freshwater fishes (Centrarchidae) including largemouth 
bass, smallmouth bass, pumpkinseed and bluegill 

Piscivorous A fish-eating species 
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Appendix A: Fish IBI Calculation 

Step 1: Standardize the relative abundance and species richness metric scores to values out of 10. 
(Higher scores out of 10 indicate better fish community attribute). 

Metric Code Calculation 
SNAT   If SNAT >4.17, then the metric automatically scores a 10 

If SNAT <=4.17, then multiply the value by 2.39 
 

SCEN If SCEN >1.35, then the metric automatically scores a 10 
If SCEN <=1.35, then multiply the value by 7.36 
 

PPIS 
 

If PPIS >14.33, then the metric automatically scores a 10 
If PPIS <=14.33, then multiply the value by 0.70 
 

NNAT If NNAT >21.7, then the metric automatically scores a 10 
If NNAT <=21.7, then multiply the value by 0.27 
 

PBNI If PBNI >30.6, then the metric automatically scores a 0 
If PBNI <=30.6, then multiply the value by -0.32 and add 10 
 

BYPE If BYPE >57.06, then the metric automatically scores a 10 
If BYPE <57.06, the multiply the value by 0.18 
 

Step 2: Combine the standardized metrics and calculate an IBI out of 100. 

 For each site, add the standardized metrics, divide the sum by 6 and then multiply by 10. 
 For wetlands with multiple sites, a mean of the output values is generated. 
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Appendix B: Fish IBI values for 2005-2014 

Table 2. Fish IBI for Bay of Quinte Representative Sites for 2005-2014. 
Wetland 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Airport Creek Marsh 
     

53.0 
 

99.9   

Big Island Marsh 99.8 
  

90.9 
   

99.9 100.0  

Blessington Creek Marsh 
    

85.5 
  

 85.3  

Carnachan Bay Marsh 
    

75.0 
 

99.3   94.8 

Carrying Place Marsh 
    

80.4 
 

86.0   84.5 

Dead Creek Marsh 
     

85.3 
 

74.7   

Hay Bay Marsh 81.5 
  

83.6 
  

92.6  89.1 94.3 

Lower Napanee River Marsh 
     

94.0 81.4   91.2 

Lower Sucker Creek 
     

77.5 
 

 99.6  

Sawguin Creek Marsh 70.9 
  

55.4 82.8 91.7 100.0 100.0 76.6 95.8 

Mean IBI 84.1 - - 76.6 80.9 80.3 91.9 93.6 90.1 92.1 

# wetlands 3 0 0 3 4 5 5 4 5 5 

Total # transects 32 0 0 39 38 48 49 41 47 48 

Notes: Both Big Island Marsh east and west sites surveyed in 2008. Only Hay Bay South Marsh 

surveyed in 2011. Only one Sawguin Creek Marsh site surveyed in each of the years. 

 

Table 3. Fish IBI for all other Lake Ontario sites for 2005-2014. 
Wetland 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Bowmanville Marsh 49.6 26.5 59.7 42.3 45.6 46.8 29.0 66.7 48.7 39.1 

Carruthers Creek Marsh 
 

32.9 47.4 
 

35.6 
 

56.9  55.6 54.2 

Corbett Creek Marsh 65.9 31.1 40.2 23.4 20.7 40.5 21.9 10.4 24.1 32.1 

Duffins Creek Marsh 37.6 23.2 49.1 45.8 21.3 41.5 56.1 60.1 83.8 59.5 

Frenchman's Bay Marsh 55.8 30.0 48.9 53.8 52.1 46.4 57.7 59.1 71.8 58.5 

Hydro Marsh 47.3 47.5 52.5 44.6 46.7 32.6 71.5 47.2 47.1 50.9 

Lynde Creek Marsh 59.7 47.6 50.0 41.9 38.0 48.1 59.6 63.4 34.3 40.2 

McLaughlin Bay Marsh 57.1 30.5 35.3 23.8 20.7 27.6 47.2 62.5 35.0 41.5 

Oshawa Creek Marsh 
   

54.2 37.2 44.9 40.9 50.0 65.5 32.5 

Oshawa Second Marsh 45.6 40.9 26.5 36.1 44.8 8.3 30.3   4.7 33.2 22.6 

Port Newcastle Marsh 52.0 31.0 55.1 50.4 45.8 45.8 67.1 70.0 76.7 39.7 

Pumphouse Marsh 
 

34.4 
 

23.6 16.4 40.9 35.9  19.0 14.5 

Rouge River Marsh 50.5 48.7 25.0 40.1 37.5 57.2 67.8 76.2 67.1 58.5 

Westside Marsh 30.1 35.2 51.5 62.5 24.9 37.2 30.8 34.9 62.5 58.7 

Whitby Harbour 
  

9.4 29.0 6.3 12.5 32.3 23.0 19.9 19.0 

Wilmot Creek Marsh 
 

35.9 46.8 73.3 29.2 53.1 37.1 40.0 43.4 49.8 

Mean IBI 50.1 35.4 42.7 43.0 32.7 38.9 46.4 47.7 49.2 42.0 

# wetlands 11 14 14 15 16 15 16 14 16 16 

Total # transects 83 120 113 117 135 126 148 117 147 142 

 

Table 4. Mean fish IBIs of Bay of Quinte (BQ), ‘Other Lake Ontario sites’, and corrected threshold values from 
2011-2014. 
Mean IBI 2011 2012 2013 2014 
Bay of Quinte 91.9 93.6 90.1 92.1 
‘Other Lake Ontario sites’ 46.4 47.7 49.2 42.0 
Corrected BQ IBI threshold 62.5 63.8 65.3 58.0 

Criterion met (Y/N) Y Y Y Y 
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Appendix C: Number of Transects Sampled per Year per Wetland 

Table 5. Number of transects sampled per year per wetland. 
 Wetland 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

B
Q

 R
e

p
re

se
n

ta
ti

ve
 S

it
e

s 

Airport Creek Marsh      
8 

 
9   

Big Island Marsh 8 
  

16 
   

11 10  

Blessington Creek Marsh     
11 

  
 10  

Carnachan Bay Marsh     
9 

 
9   10 

Carrying Place Marsh     
8 

 
10   10 

Dead Creek Marsh      
9 

 
10   

Hay Bay Marsh 16 
  

16 
  

10  10 10 

Lower Napanee River Marsh      
9 10   8 

Lower Sucker Creek Marsh      
11 

 
 8  

Sawguin Creek Marsh 8 
  

7 10 11 10 11 9 10 

 Total # of transects 32 
  

39 38 48 49 41 47 48 

O
th

e
r 

La
ke

 O
n

ta
ri

o
 S

it
e

s 

Bowmanville Marsh 6 9 8 9 8 9 9 5 10 8 

Carruthers Creek Marsh  
9 9 

 
7 

 
8  8 6 

Corbett Creek Marsh 5 8 9 9 9 6 9 9 10 8 

Duffins Creek Marsh 5 9 8 8 8 8 11 8 10 8 

Frenchman's Bay Marsh 11 11 9 9 11 10 10 12 10 11 

Hydro Marsh 9 10 7 8 7 8 10 5 8 7 

Lynde Creek Marsh 8 10 8 9 10 9 10 10 11 12 

McLaughlin Bay Marsh 8 9 7 8 9 9 9 11 9 11 

Oshawa Creek Marsh    
8 11 9 7 10 11 10 

Oshawa Second Marsh 7 6 7 6 9 10 10 2 10 8 

Port Newcastle Marsh 9 9 9 8 9 10 8 10 8 8 

Pumphouse Marsh  
4 

 
4 4 4 6  5 6 

Rouge River Marsh 8 9 7 8 10 7 11 8 10 10 

Westside Marsh 7 8 8 8 8 9 11 8 11 10 

Whitby Harbour Marsh   
9 8 9 10 11 11 9 11 

Wilmot Creek Marsh  
9 8 7 6 8 8 8 7 8 

 Total # of transects 83 120 113 117 135 126 148 117 147 142 
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Recommendation: Delisting criterion has been met 

DELISTING TARGETS DELISTING CRITERIA STATUS 

WP-1. Healthy amphibian 
populations in the Bay of Quinte 
coastal wetlands. 

WP-1. The amphibian community IBI 
at representative Bay of Quinte coastal 
wetlands shall not be more than two 
standard deviations below the 2006-
2010 representative site mean that 
has been corrected for varying 
conditions in Lake Ontario outside of 
the AOC from 2006-2010.  

Achieved 

 
Background   

The Bay of Quinte-Remedial Action Plan Restoration Council (BQ-RAPRC) believes an assessment 
of the status of wildlife populations is currently required, although they were not originally deemed to 
be impaired (BQ-RAPRC 2007). In order to assess the range of wildlife habitats available in the BQ 
AOC, several wildlife taxa were selected for assessment. Amphibians, along with wetland birds, were 
selected to provide an indication of coastal wetland condition (BQ-RAPRC 2007). Amphibians, due to 
their extensive use of aquatic habitats and their sensitivity to pollution, are often used as indicator 
species to reflect the level of habitat degradation in a particular area (Crewe and Timmermans 2005). 

Amphibian (frog and toad) populations have been assessed using the Marsh Monitoring Program 
(MMP) protocol (Bird Studies Canada 2008, 2009). However, the utility of these data to report on site-
level wetland amphibian communities requires further research, since MMP amphibian surveys were 
designed to monitor long-term regional population trends (Weeber and Vallianatos 2000). As with 
MMP bird surveys, within-year site and annual variability may be sufficiently great to make reliable 
annual assessments of population size difficult.  

One potential issue with amphibian surveys is the relatively short time-frame during which some of the 
‘explosive’ breeders can be counted (e.g., Wood Frogs). If this period is missed the survey results can 
potentially vary dramatically from one year to the next, even though population sizes and species 
diversity may not actually have changed substantially. A number of years of data will likely be required 
to gain a sufficient understanding of BQ AOC amphibian populations in order to determine whether 
they are impaired or not.  
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The MMP protocol (Bird Studies Canada 2008, 2009) was used to survey amphibian (frog and toad) 
communities within a number of Lake Ontario coastal wetlands. The protocol involves three visits, 
three minutes in length, to each station (a minimum of 500 metres apart) separated by a minimum of 
15 days, when the night-time temperatures are at minimum 5°C, 10°C and 17°C. The surveys can 
begin no earlier than one half-hour after sunset and must be completed by midnight. All calling 
amphibians from within and outside a 100-m radius semi-circle are recorded by species and numbers 
of individuals. Data from 2006 to 2014 were collected by volunteers and, in the absence of volunteers, 
conservation authority, and contract staff. 

Timmermans et al. (2008) developed a method to report on the condition of calling amphibian 
communities in Great Lakes coastal wetlands using an Index of Biotic Integrity (IBI). These IBI metrics 
are used in this document to summarize amphibian community condition at BQ AOC coastal 
wetlands:   

 Mean total species richness across survey stations in a wetland [rTOT] 
 Mean species richness of woodland-associated amphibian species across survey stations in a 

wetland [rWOOD] 
 Probability of detection of woodland-associated amphibian species across survey stations in a 

wetland [pWOOD]. 
Site Selection and Surveys: Bay of Quinte Remedial Action Plan Restoration Council (BQ-RAPRC) 
(2007) recognized that sampling and reporting on the status of delisting criteria for BUIs 3 and 14 in 
all Bay of Quinte Area Of Concern coastal wetlands would not be feasible. A subset of 10 
representative sites (coastal wetlands) was selected (Table 1). BQ-RAPRC (2007) indicates that the 
sites were chosen to cover a range of disturbance, size (small sites, <25 ha, were excluded), and 
dominant hydrologic influence (riverine/lacustrine). Environment Canada (2007) suggested that 
Solmesville Marsh was included in this list based on the belief that its size was 28 ha, but as the 
actual size was determined to be only 2.8 ha, Airport Creek Marsh (29 ha) was selected as the 
recommended alternative. Although most representative sites are located in the Upper Bay of Quinte, 
this is indicative of the overall distribution of wetlands within the bay (Figure 1). The number of Bay of 
Quinte representative sites surveyed varies from a low of two in 2006 to a high of eight in 2008 
(Appendix 2, Table 2). In addition, the number of stations per site also varies per year (Appendix 3, 
Table 4). It should be noted that at present, there is no survey data available for Airport Creek Marsh 
or Lower Sucker Creek Marsh. 

Table 1. Bay of Quinte Area of Concern representative coastal wetlands for monitoring  
Wetland Name 

Airport Creek Marsh 
Big Island Marsh  
Blessington Creek Marsh 
Carnachan Bay Marsh 
Carrying Place Marsh 
Dead Creek Marsh 
Hay Bay Marsh  
Lower Napanee River Marsh 
Lower Sucker Creek Marsh 
Sawguin Creek Marsh  
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Additional coastal wetlands are surveyed in Lake Ontario through the Marsh Monitoring Program 
(Figure 1). The number of other Lake Ontario sites surveyed varies from a low of 10 in 2006 to a high 
of 20 in 2010. The number of stations surveyed per wetland is more consistent throughout the years 
than the Bay of Quinte representative sites.  

Only wetlands with a minimum of two years of data we retained for inclusion in the analysis. Non-
overlapping routes for each wetland were selected. For these routes, within a given year, stations that 
had three visits were retained to be included for IBI calculations. 

 
Figure 1. Names and locations of Bay of Quinte representative sites and other Lake Ontario coastal 
wetlands sampled by EC-CWS and partners. Refer to Appendix 2 for list of sites surveyed for 
amphibians. 

Rationale for Delisting Criterion Status  

Determining the threshold below which the 2014 mean Amphibian Community IBI (of all Bay of Quinte 
representative sites) must not fall to be considered not impaired requires multiple steps: 

1. Calculate the mean IBI for each BQ representative site using IBIs from 2006 to 2010. 
Calculate the 2006 to 2010 mean IBI and standard deviation. (Note: this is in contrast to the 
other coastal wetland criteria since all BQ coastal wetlands are not sampled for the amphibian 
community each year as it relies on volunteer surveys). 

2. Multiply the standard deviation by 2 
3. Subtract the 2 standard deviations from the 2006-2010 mean 
4. Calculate the mean IBI for each ‘other Lake Ontario’ coastal wetland site using IBIs from 2006 

to 2010. Calculate the 2006 to 2010 mean IBI. 
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5. Calculate the 2014 means from all ‘other Lake Ontario’ coastal wetlands surveyed 
6. Subtract the 2006 to 2010 ‘other Lake Ontario’ mean from the 2014 ‘other Lake Ontario’ mean 
7. Add the results of Step 3 and Step 6 
8. The resulting number is the corrected threshold above which the 2014 mean amphibian 

community IBI for BQ representative sites must fall to be considered ‘not impaired’. 
Data used for these calculations is found in Appendix 2 (Tables 2 and 3). 

2014 Bay of Quinte Representative Sites Mean IBI = 72.8 

2014 Corrected Threshold IBI = 49.1 

Since the BQ 2014 IBI mean is greater than the threshold IBI value, the coastal wetland amphibian 
community is considered to be not impaired. Therefore, the criterion for the amphibian community to 
be considered not impaired has been met in each year from 2011 to 2014 (Appendix 2, Table 4). 

Future Monitoring or Actions Required  

Annual monitoring of the amphibian community should continue, for the near future at least, at the 
Bay of Quinte representative sites and numerous other Lake Ontario coastal wetlands. There is still 
an insufficient amount of data from a number of the representative sites. 
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Appendix A: Amphibian IBI Calculation 

Step 1: Standardize the species richness and probability of detection metrics to scores out of 10, 
where 10 indicates the highest integrity of the amphibian community. 

Metric Code Calculation 
rTOT  
 

If rTOT ≥T0.41, then the metric automatically scores a 10 
If rTOT < 0.41, then multiply the percentage by 24.4 
 

rWOOD  
 

If rWOOD ≥W0.5, then the metric automatically scores a 10 
If rWOOD < 0.5, then multiply the percentage by 20 
 

pWOOD  
 

If pWOOD = 1, then the metric automatically scores a 10 
If pWOOD < 1, then multiply the proportion by 10 

  

Step 2: Combine standardized metrics and calculate an IBI out of 100. 

For each site, add the standardized metrics, divide the sum by 3 and then multiply by 10.  
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Appendix B: Amphibian IBI values for 2006-2014 

Table 2. Amphibian IBI for Bay of Quinte representative sites for 2006-2014. 
Wetland 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Big Island Marsh  86.2 83.3 93.3 88.1 95.7 60.4 76.5 86.3 
Blessington Creek Marsh 82.9  85.7  0.0   100.0 50.5 
Carnachan Bay Marsh   100.0    43.8 94.4 94.4 
Carrying Place Marsh   74.4 100.0 100.0 24.4 74.4 16.3 16.3 
Dead Creek Marsh   99.2 100.0 100.0 51.8 69.0 40.2 94.5 
Hay Bay Marsh  78.5 75.9       
Lower Napanee River Marsh   68.0     100.0 100.0 
Sawguin Creek Marsh 90.0 90.0 83.3 72.9 57.8 61.7 73.5 64.0 67.5 

Mean IBI 86.5 84.9 83.7 91.6 69.2 58.4 64.2 70.2 72.8 

# wetlands 2 3 8 4 5 4 5 7 7 

Total # of Stations 6 12 65 20 53 44 32 45 45 

 

Table 3. Amphibian IBI for all other Lake Ontario sites for 2006-2014. 
Wetland 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Bowmanville Marsh 0.0 0.0 2.7 0.0 2.7 0.0 2.7 8.1 8.1 
Carruthers Creek Marsh 

 
8.1 90.9 12.2 12.2 12.2 16.3 8.1 16.3 

Corbett Creek Marsh 12.2 8.1 
 

27.5 27.5 8.1 27.5 5.4 5.4 
Cranberry Marsh 

    
41.5 32.9 77.1 57.7 55.0 

Duffins Creek Marsh 
 

10.8 35.6 19.0 18.6 45.3 10.2 66.1 16.6 
Frenchman's Bay Marsh 

 
5.4 55.2 10.8 10.8 5.4 24.8 13.6 5.4 

Gold Point Marsh 
  

0.0 8.1 0.0 8.1 8.1 0.0 8.1 
Huyck's Bay Marsh 

  
45.3 24.4 58.1 58.1 83.3 74.4 74.4 

Hydro Marsh 
 

0.0 82.9 8.1 8.1 4.1 8.1 0.0 0.0 
Lynde Creek Marsh 14.9 51.4 31.4 16.5 6.5 39.8 24.9 6.5 19.8 
McLaughlin Bay Marsh 0.0 19.4 52.3 49.6 30.2 49.6 69.0 16.3 52.3 
Oshawa Creek Marsh 

 
4.1 

 
8.1 0.0 8.1 8.1 0.0 0.0 

Oshawa Second Marsh 36.9 28.8 38.8 20.6 33.0 9.6 24.7 18.6 18.6 
Port Newcastle Marsh 0.0 16.3 16.3 8.1 37.2 41.3 8.1 8.1 45.3 
Presqu'ile Bay Marsh 

  
100.0 23.7 69.4 

 
   

Pumphouse Marsh 66.3 
 

16.3 8.1 24.4 0.0 16.3 8.1 16.3 
Rouge River Marsh 16.3 5.4 66.3 52.3 35.6 8.1 2.7 8.1 44.2 
Westside Marsh 8.1 12.2 8.1 4.1 8.1 0.0 8.1 8.1 12.2 
Whitby Harbour Wetland 

    
4.1 8.1 29.1 4.1 4.1 

Wilmot Creek Marsh 60.8 8.1 27.6 44.2 24.8 41.5 41.5 5.4 8.1 

Mean IBI 21.5 12.7 41.9 19.2 22.6 20.0 25.8 16.7 21.6 

# wetlands 10 14 16 18 20 19 19 19 19 

Total # of stations 33 46 51 57 64 56 56 56 56 

 

Table 4. Mean amphibian IBIs of Bay of Quinte (BQ), ‘Other Lake Ontario sites’, and corrected threshold values 
from 2011-2014. 
Mean IBI 2011 2012 2013 2014 
Bay of Quinte 58.4 64.2 70.2 72.8 

‘Other Lake Ontario sites’ 20.0 25.8 16.7 21.6 

Corrected BQ IBI threshold 47.5 53.3 44.2 49.1 

Criterion met (Y/N) Y Y Y Y 
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Appendix C: Number of Stations Sampled per Year per Wetlands 

Table 5. Number of stations sampled per year. Note only stations with three visits are included. 
 Wetland 2006 2007 2008 2009 2010 2011 2012 2013 2014 

B
Q

 R
e

p
re

se
n

ta
ti

ve
 

Si
te

s 

Big Island Marsh  5 16 5 7 7 6 11 11 
Blessington Creek Marsh 1  7  2   1 7 
Carnachan Bay Marsh   3    3 3 3 
Carrying Place Marsh   1 1 1 1 1 1 1 
Dead Creek Marsh   5 3 6 11 6 7 7 
Hay Bay Marsh  2 16       
Lower Napanee River Marsh   4     2 4 
Sawguin Creek Marsh 5 5 13 11 37 25 16 20 12 

 Total # of stations 6 12 65 20 53 44 32 45 45 

O
th

e
r 

La
ke

 O
n

ta
ri

o
 S

it
e

s 

Bowmanville Marsh 3 3 3 3 3 3 3 3 3 
Carruthers Creek Marsh  2 2 2 2 2 2 2 2 
Corbett Creek Marsh 4 3  3 3 3 3 3 3 
Cranberry Marsh     3 3 3 3 3 
Duffins Creek Marsh  3 3 3 4 4 4 4 4 
Frenchman's Bay Marsh  3 3 3 3 3 3 3 3 
Gold Point Marsh   1 1 1 1 1 1 1 
Huyck's Bay Marsh   2 1 1 1 1 1 1 
Hydro Marsh  1 1 1 2 2 2 2 2 
Lynde Creek Marsh 5 5 5 5 5 5 5 5 5 
McLaughlin Bay Marsh 1 3 3 3 3 3 3 3 3 
Oshawa Creek Marsh  2  1 1 1 1 1 1 
Oshawa Second Marsh 11 12 10 12 12 12 12 12 12 
Port Newcastle Marsh 2 1 1 2 2 2 2 2 2 
Presqu'ile Bay Marsh   8 8 8     
Pumphouse Marsh 1  1 1 1 1 1 1 1 
Rouge River Marsh 1 3 3 3 3 3 3 3 3 
Westside Marsh 2 2 2 2 2 2 2 2 2 
Whitby Harbour Marsh     2 2 2 2 2 
Wilmot Creek Marsh 3 3 3 3 3 3 3 3 3 

 Total # of stations 33 46 51 57 64 56 56 56 56 
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Recommendation: Delisting criterion has been met 

DELISTING TARGETS DELISTING CRITERIA STATUS 

WP-2. Healthy wetland bird 
populations in the Bay of Quinte 
coastal wetlands. 

WP-2. The breeding bird community 
IBI at representative Bay of Quinte 
coastal wetlands shall not be more 
than two standard deviations below 
the 2006-2010 representative site 
mean that has been corrected for 
varying conditions in Lake Ontario 
outside of the AOC from 2006-2010. 

Achieved 

Background   

When degraded fish and wildlife populations are listed as impaired in Canadian Great Lakes AOCs, 
wetland bird communities are often considered by the RAP as important indicators (e.g., St. Lawrence 
River, Detroit River, St. Clair River, and Hamilton Harbour). The Bay of Quinte-Remedial Action Plan 
Restoration Council (BQ-RAPRC) has recognized the need to determine the condition of wetland 
breeding bird communities. 

Data collected through the Marsh Monitoring Program (MMP) have been used to assess the condition 
of the marsh breeding bird community at a site level. However, the utility of these data to report on 
site-level wetland bird communities requires further research. Administrators of the MMP recognize 
their protocol may not be suitable for site-specific assessments and assert that these data are most 
applicable to monitoring long-term regional trends in marsh breeding bird populations (Weeber and 
Vallianatos 2000). To address this issue, a study was conducted by Environment Canada-Canadian 
Wildlife Service to more accurately assess site-specific breeding marsh bird communities in Lake 
Ontario coastal wetlands on an annual basis (see Meyer et al. 2006). The study augmented the 
existing MMP protocol with: 

 three visits to each survey station instead of two 
 establishment of survey stations in the interior of the marsh as opposed to just the perimetre 
 an effort to survey as many stations as possible within each site (based on surveying 

constraints, logistics, and safety). 
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These recommendations are recognized in the revised Durham Region Coastal Wetland Monitoring 
Project Methodology Handbook (Environment Canada and Central Lake Ontario Conservation 
Authority – EC and CLOCA 2007) and are recommended for assessment of BQ AOC sites. 

The Great Lakes Coastal Wetland Consortium (GLCWC) developed an Index of Biotic Integrity (IBI) 
by combining the methods used by EC and CLOCA (2004) and Crewe and Timmermans (2005). 
Three bird community IBI metrics were developed through the GLCWC study (Grabas et al. 2008): 

 Mean species richness of area-sensitive marsh nesting obligates [sAMNO] 
 Relative abundance (percent) of marsh nesting obligates [pMNO] 
 Relative abundance (percent) of non-aerial foragers [pNAF]. 

Site Selection and Surveys: Bay of Quinte Remedial Action Plan Restoration Council (BQ-RAPRC) 
(2007) recognized that sampling and reporting on the status of delisting criteria for BUIs 3 and 14 in 
all Bay of Quinte Area Of Concern coastal wetlands would not be feasible. A subset of 10 
representative sites (coastal wetlands) was selected (Table 1). BQ-RAPRC (2007) indicates that the 
sites were chosen to cover a range of disturbance, size (small sites, <25 ha, were excluded), and 
dominant hydrologic influence (riverine/lacustrine). Environment Canada (2007) suggested that 
Solmesville Marsh was included in this list based on the belief that its size was 28 ha, but as the 
actual size was determined to be only 2.8 ha, Airport Creek Marsh (29 ha) was selected as the 
recommended alternative. Although most representative sites are located in the Upper Bay of Quinte, 
this is indicative of the overall distribution of wetlands within the bay (Figure 1). The number of 
representative sites surveyed per year varies from a low of one in 2007 to a high of ten in 2012 and 
2013 (Appendix 3, Table 4).  

 

Table 1. Bay of Quinte Area of Concern representative coastal wetlands for monitoring  
Wetland Name Number of Subsites per Wetland 

Airport Creek Marsh 1 
Big Island Marsh  2 (East and West) 
Blessington Creek Marsh 1 
Carnachan Bay Marsh 1 
Carrying Place Marsh 1 
Dead Creek Marsh 1 
Hay Bay Marsh  2 (North and South) 
Lower Napanee River Marsh 1 
Lower Sucker Creek Marsh 1 
Sawguin Creek Marsh  3 (Central, Ditched, and North) 

 

Additional coastal wetlands are surveyed in Lake Ontario through various projects such as the 
Durham Region Coastal Wetland Monitoring Project, the Coastal Habitat Assessment and Monitoring 
Program and the Marsh Monitoring Program (Figure 1). Routes and the number of stations surveyed 
per wetland may change over time (Appendix 3, Table 4). Stations with either two or three visits were 
retained for analysis purposes while overlapping routes were removed. Other Lake Ontario wetlands 
surveyed consistently across years are primarily in the Durham Region. The number of wetlands 
surveyed per year varies from a low of 16 in 2007 and 2008 to a high of 24 in 2012. Only wetlands 
with a minimum of two years of data we retained for inclusion in the analysis. 
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Figure 2. Names and locations of Bay of Quinte representative sites and other Lake Ontario coastal 
wetlands sampled by EC-CWS and partners. Refer to Appendix 2 for list of sites surveyed for birds. 
 

Rationale for Delisting Criterion Status  

Determining the threshold below which the 2014 mean coastal wetland breeding bird IBI (of all Bay of 
Quinte (BQ) representative sites) must not fall to be considered not impaired requires multiple steps: 

 

1. Calculate the mean for each BQ representative site using IBIs from 2006 to 2010. Calculate 
the 2006 to 2010 mean IBI and standard deviation (Note: this is in contrast to the other coastal 
wetland criteria since all BQ coastal wetlands are not sampled for the bird community each 
year).  

2. Multiply the standard deviation by 2 
3. Subtract the 2 standard deviations from the 2006-2010 mean 
4. Calculate the mean IBI for each ‘other Lake Ontario’ coastal wetland site using IBIs from 2006 

to 2010. Calculate the 2006 to 2010 mean IBI.  
5. Calculate the 2014 mean from all ‘other Lake Ontario’ coastal wetlands surveyed 
6. Subtract the 2006 to 2010 ‘other Lake Ontario’ mean from the 2014 ‘other Lake Ontario’ mean 
7. Add the results of Step 3 and Step 6 
8. The resulting number is the corrected threshold above which the 2014 mean coastal wetland 

breeding bird IBI for BQ representative sites must fall to be considered ‘not impaired’. 
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Data used for these calculations are found in Appendix 2 (Tables 2 and 3). 

2014 Bay of Quinte Representative Sites Mean IBI = 62.5 

2014 Corrected Threshold IBI = 30.9 

Since the BQ 2014 IBI mean is greater than the threshold IBI value, the coastal wetland marsh bird 
community is considered to be not impaired. Therefore, the criterion for the marsh bird community to 
be considered not impaired has been met in each year from 2011 to 2014 (Appendix 2, Table 4). 

Future Monitoring or Actions Required  

Annual monitoring of the breeding bird community should continue, for the near future at least, at the 
Bay of Quinte representative sites and numerous other Lake Ontario coastal wetlands. There is still 
an insufficient amount of data from a number of the representative sites. 
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Appendix A: Coastal Wetland Breeding Bird IBI Calculations 

Step 1: Standardize the relative abundance and species richness metric scores to values out of 10. 
(Higher scores out of 10 indicate better breeding bird community attribute). 

 

Metric Code Calculation 
pNAF If aNAF≥76.2%, then the metric automatically scores a 10 

If aNAF<76.2%, then multiply the percentage by 0.13 
 

pMNO If aMNO≥33.5%, then the metric automatically scores a 10 
If aMNO<33.5%, then multiply the percentage by 0.30 
 

sAMNO If rAMNO≥0.57, then the metric automatically scores a 10 
If rAMNO<0.57, then multiply the percentage by 17.5 
 

Step 2: Combine the standardized metrics and calculate an IBI out of 100. 

 For each site, add the standardized metrics, divide the sum by 3 and then multiply by 10. 
 

Note - Members of each guild used in the IBI can be found in Grabas et al. 2008. 
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Appendix B: Coastal Wetland Breeding Bird IBI values for 2006-2014 

Table 2. Coastal Wetland Breeding Bird IBI values for Bay of Quinte representative sites for 2006-
2014. 
Wetland 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Airport Creek Marsh 62.0     40.6 63.5 95.1 66.7 
Big Island Marsh 87.0  34.6  47.9 46.0a 60.5 81.8 78.3 
Blessington Creek Marsh 70.8  38.1  35.2 91.7 64.9 76.1 60.8 
Carnachan Bay Marsh   46.9    65.4 43.6 38.0 
Carrying Place Marsh 40.0  59.9 52.5 28.4 10.8 17.5 17.0 15.5 
Dead Creek Marsh 62.8  50.5 85.9 47.8 39.8 45.5 40.2 46.0 
Hay Bay Marsh 85.2  72.6 85.9 66.7b  68.3 65.7 58.8 
Lower Napanee River Marsh 81.3  58.7    66.7 69.5 100.0 
Lower Sucker Creek Marsh 62.7     36.4 41.4 52.0  
Sawguin Creek Marsh 73.2 28.2c 54.9d 81.3e 40.5 57.0 54.6 61.8 98.1 
Mean IBI 69.4 28.2 52.0 76.4 44.4 46.0 54.8 60.3 62.5 

# wetlands 9 1 8 4 6 7 10 10 9 
aBig Island East not surveyed in 2011 
bHay Bay North not surveyed in 2010 
cSawguin Creek Central and Sawguin Creek Ditched not surveyed in 2007; d and e Sawguin Creek Central not surveyed in 2008 or 2009 
 
Table 3. Coastal Wetland Breeding Bird IBI values for all other Lake Ontario sites for 2006-2014. 
Wetland 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Bayfield Bay Marsh 81.3   82.7   73.8   
Big Sand Bay Marsh 81.3   94.9   82.2   
Bowmanville Marsh 42.7 39.4 37.5 33.7 27.5 36.6 29.8 59.0 56.1 
Button Bay Marsh 48.9   45.6   24.2   
Carruthers Creek Marsh * 3.7 2.2 *  25.1 * 42.0 20.6 
Corbett Creek Marsh 37.6 31.0 41.5 34.6 28.2 30.3 26.0 26.8 26.0 
Cranberry Marsh 73.9   92.3 44.4 64.9 64.0 42.2 47.9 
Duffins Creek Marsh 50.7 25.6 49.8 59.7 16.0 39.9 49.1 54.3 22.0 
Frenchman's Bay Marsh 36.0 34.1 63.3 41.8 16.3 19.4 33.2 33.9 56.6 
Gold Point Marsh  12.7 22.3 17.3 8.9 28.0 28.1 33.9 24.8 
Huyck's Bay Marsh   60.9 33.3 28.4 78.9 31.5 50.0 9.6 
Hydro Marsh 30.8 24.7 23.4 37.6 36.4 44.0 28.4 84.6 46.1 
Jordan Station Marsh    56.5   36.9   
Lynde Creek Marsh 54.2 56.8 51.6 59.9 47.8 59.5 48.3 63.0 62.6 
McLaughlin Bay Marsh 66.2 57.2 58.3 37.6 54.1 44.2 66.0 58.3 57.1 
Oshawa Creek Marsh  26.8  31.7 32.6 34.1 38.9 44.3 36.5 
Oshawa Second Marsh 86.0 62.2 61.0 62.9 54.5  46.4 61.0  
Port Newcastle Marsh 38.1 38.1 34.4 14.1 30.0 38.9 27.3 41.0 27.4 
Presqu'ile Bay Marsh 83.7   91.9   90.4   
Pumphouse Marsh 38.9 33.6 24.1 45.8 25.5 18.1 47.4 40.9 47.9 
Rouge River Marsh 39.8 39.3 65.1 35.7 46.3 37.4 27.2 27.8  
South Bay Marsh 86.6   49.7   78.0   
Westside Marsh 64.5 84.7 66.7 65.6 47.3 49.5 66.7 56.5 66.7 
Whitby Harbour Marsh     32.1 30.3 39.3 34.9 33.8 
Wilmot Creek Marsh 28.8 37.2 46.0 33.3 34.3 39.9 19.6 48.3 47.0 
Mean IBI 56.3 37.9 44.3 50.4 33.9 39.9 45.9 47.5 40.5 

# wetlands 19 16 16 23 18 18 24 19 17 
*Data currently unavailable for Carruthers Creek Marsh 2006, 2009, and 2012 

Table 4. Mean marsh bird IBIs of Bay of Quinte (BQ), ‘Other Lake Ontario sites’, and corrected threshold values from 2011-

2014. 
Mean IBI 2011 2012 2013 2014 
Bay of Quinte 46.0 54.8 60.3 62.5 
‘Other Lake Ontario sites’ 39.9 45.9 47.5 40.5 
Corrected BQ IBI threshold 30.3 36.3 37.9 30.9 

Criterion met (Y/N) Y Y Y Y 
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Appendix C: Number of stations sampled per year per coastal wetland 

 

Table 5. Number of stations sampled per year per wetland. 
 Wetland 2006 2007 2008 2009 2010 2011 2012 2013 2014 

B
Q

 R
e
p

re
s
e
n

ta
ti

v
e
 

S
it

e
s

 

Airport Creek Marsh 3 
    

3 3 3 3 
Big Island Marsh 23 

 
11 

 
16 8a 16 16 16 

Blessington Creek Marsh 14 
 

7 
 

14 7 14 14 14 
Carnachan Bay Marsh 

  
3 

   
3 3 3 

Carrying Place Marsh 1 
 

1 1 1 1 1 1 1 
Dead Creek Marsh 12 

 
6 12 12 12 12 12 12 

Hay Bay Marsh 22 
 

12 16 8b 
 

15 16 16 
Lower Napanee River Marsh 4 

 
4 

   
4 4 4 

Lower Sucker Creek Marsh 4 
    

4 4 4  
Sawguin Creek Marsh 36 5c 15d 12e 36 31 36 36 31 

 Total # of stations 119 5 59 41 87 66 108 109 100 

O
th

e
r 

L
a
k
e

 O
n

ta
ri

o
 S

it
e
s

 

Bayfield Bay Marsh 12 
  

13 
  

13   
Big Sand Bay Marsh 8 

  
8 

  
8   

Bowmanville Marsh 7 6 6 6 6 6 6 6 4 
Button Bay Marsh 2 

  
2 

  
2   

Carruthers Creek Marsh * 1 1 * 
 

1 * 1 1 
Corbett Creek Marsh 4 4 4 4 4 4 4 4 4 
Cranberry Marsh 7 

  
6 7 7 7 6 7 

Duffins Creek Marsh 5 2 2 5 3 4 5 3 4 
Frenchman's Bay Marsh 6 3 3 6 3 3 6 3 3 
Gold Point Marsh 

 
1 1 1 1 1 1 1 1 

Huyck's Bay Marsh 
  

1 1 1 1 1 1 1 
Hydro Marsh 3 2 2 3 2 2 3 2 2 
Jordan Station Marsh 

   
6 

  
6   

Lynde Creek Marsh 9 9 9 9 9 9 9 9 9 
McLaughlin Bay Marsh 2 3 3 3 3 3 3 3 3 
Oshawa Creek Marsh 

 
3 

 
1 2 2 2 2 2 

Oshawa Second Marsh 6 6 6 6 6 
 

6 6  
Port Newcastle Marsh 1 1 1 1 1 1 1 1 1 
Presqu'ile Bay Marsh 24 

  
24 

  
24   

Pumphouse Marsh 2 2 2 2 2 2 2 2 2 
Rouge River Marsh 5 5 5 5 5 5 5 5  
South Bay Marsh 7 

  
8 

  
8   

Westside Marsh 3 3 3 3 3 3 3 3 3 
Whitby Harbour Marsh 

    
3 3 3 3 3 

Wilmot Creek Marsh 3 3 3 3 3 3 3 3 3 
 Total # of stations 116 54 52 126 64 60 131 64 53 

*Data currently unavailable for Carruthers Creek Marsh 2006, 2009, and 2012 
aBig Island East not surveyed in 2011 
bHay Bay North not surveyed in 2010 
cSawguin Creek Central and Sawguin Creek Ditched not surveyed in 2007; d and e Sawguin Creek Central not surveyed in 2008 or 2009 
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Recommendation: Delisting criterion has been met 

DELISTING TARGETS DELISTING CRITERIA STATUS 

WP-3. Shoreline habitat is suitable 
for supporting raptors. 

WP-3. The presence of nesting osprey 
including the successful fledging of 
chicks on, or near, the Bay of Quinte 
shoreline each year.  

Achieved 

Background  

Osprey were historically distributed throughout Ontario, including in the Bay of Quinte area. The first 
acknowledgement of declining osprey populations was in the 1930’s and was attributed to habitat 
loss. During the 1960’s and 1970’s osprey populations noticeably declined due to the presence of 
toxic chemicals in the environment, particularly dichlorodiphenyltrichloroethane (DDT) and 
dichlorodiphenyldichloroethylene (DDE). Population studies for osprey did not begin until the 1960’s, 
when the numbers of osprey were already declining. Since the ban of these toxic substances in the 
‘80s, osprey populations have been increasing. Ospreys are a good indicator species because of their 
higher position in the food web and their sensitivity to toxic chemicals.  

The report A Management Plan to Address Wildlife Related Impairments for the Bay of Quinte Area of 

Concern (WIP) (Johanson, 2007) identified action-based recommendations to support changing the 
designation of this impaired beneficial use. Listed below are the two recommendations to support this: 

(a) The BQRAP should work with its conservation partners to ensure that all osprey nesting 
platforms around the Bay of Quinte are maintained and have predator raccoon guards 
installed. Additional nesting platform sites should be encouraged where appropriate. 

(b) The BQRAP should work with its conservation partners to ensure nesting platforms (in the 
absence of preferred natural nesting sites) have been erected at priority sites identified in the 
Lake Ontario LaMP “Conserving Lake Ontario and Upper St. Lawrence River Bald Eagle 
Habitats” (in press) or at sites identified in the Bay of Quinte using the same methodology (the 
Bay of Quinte was not included in the original analysis). Further, land securement activities 
should be promoted around priority sites for bald eagle restoration directly linking to 
recommendation 4.2. 
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In 2012, the Bay of Quinte Fish and Wildlife Technical Work Group reviewed the recommendations 
and added the following target and criterion.  

Target: Shoreline habitat is suitable for supporting raptors. 

Criterion: The presence of nesting osprey including the successful fledging of chicks 
on, or near, the Bay of Quinte shoreline each year.  

Data that had been collected between 1997 and 2011 indicated that osprey activity in the Bay of 
Quinte continued to be successfully increasing; therefore, it was recommended that the delisting 
criterion had been achieved. It was also recommended that Quinte Conservation develop a long-term 
maintenance, monitoring and research program, seeking expert guidance when applicable and 
working toward the development of quantitative criteria for a healthy osprey population. Quinte 
Conservation agreed to take on the program with having jurisdictional responsibility for the majority of 
the Bay of Quinte Shorelines. 

Monitoring 

From 1997 to 2007, osprey monitoring activities did not follow a consistent monitoring plan and there 
were several gaps within the data. For this period, the actual number of nesting sites and nesting 
success was unknown; however, during consultation with some landowners we were able to 
determine that some activity did take place on the platforms during this period.  

In 2008, all known osprey platforms had metal guards installed to prevent raccoons and other 
predators from gaining access to the nests. Since 2008, the Bay of Quinte region has annually 
installed several platforms. Consistent monitoring of platforms and nesting sites has occurred from 
2008 to present. During the monitoring program, observers recorded information pertaining to osprey 
activity and platform condition.  

In 2009, BQRAP staff geo-referenced all the osprey platforms that they could find around the Bay of 
Quinte. To find the platforms staff used historical maps that were once used to install predator guards 
and spoke to previous staff about where they thought platforms were located. Due to monitoring 
scheduling for that season, observations of osprey could not be completed because of timing and 
migration; however, conditions of platforms, presence of nests and photos were taken. 

Since 2010, BQRAP staff decided to concentrate monitoring efforts strictly in the Bay of Quinte AOC; 
whereas historical efforts were concentrated outside of this boundary. In addition, due to the large 
area, staff encouraged landowners that had platforms on their property to participate with monitoring 
the osprey. Summer staff at Quinte Conservation were given osprey monitoring field sheets in case 
they came across existing platforms and/or nests while they were in the field. BQRAP staff inspected 
the remaining known platforms that were not monitored by volunteers and summer staff throughout 
the nesting season. The data used in this report comes from the Bay of Quinte shoreline using the 
401 as a northern boundary, with the exception of 1997, which may include West Lake in Prince 
Edward County and other areas above the 401. Additional data collected includes fledgling 
information for various nesting sites, provided by landowners. 

In 2011, several new platforms were found. The reason for the newly located platforms is lack of 
documentation from previous monitoring programs; private landowners installing platforms without 
assistance from BQRAP programs; and Hydro-One installing nesting platforms on hydro poles. When 
nesting sites are located on hydro poles, BQRAP staff report these to Hydro-One. The installation 
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dates of found nesting sites are unknown; therefore, the new sites may have been listed as unknown 
in the past.  

As part of a long-term monitoring strategy in 2015, staff initiated monitoring a subsample of the Bay of 
Quinte osprey nests to calculate a percent success of active osprey nests. In previous years staff 
would check all known osprey nesting sites. As the osprey populations continue to increase and more 
nests are discovered, monitoring a subsample will make it more viable to sustain the program and 
maintain quality data while reducing monitoring effort. 

To determine how many nesting sites to monitor in order to obtain results that reflect the population, a 
confidence level of 95 percent was used to determine the subsample size. In 2014, there were a total 
of 72 known nesting sites which includes active, not active and status unknown nests. Using the 95% 
confidence level will produce a confidence interval of plus or minus 8. From this it was determined 
that staff would monitor a subsample of 50 nesting sites of the 72 known nesting sites. The nesting 
sites were chosen at random, using a random generating function in Excel. Each year a new 
subsample will be chosen at random. 

BQRAP staff will continue to document any new nests found and they will be added to the database 
for monitoring. In 2015, only one new nest was found in the Bay of Quinte AOC, in the Shannonville 
area. Quinte Conservation staff and volunteers monitored throughout the season. Letters were 
handed out to landowners that have platforms to encourage monitoring. When landowners provide 
osprey data to staff, it is extremely helpful because they tend to be certain on the number of 
successful fledglings. There were no new volunteers in the 2015 season. 

In 1997, there were 21 known platforms along the Bay of Quinte shoreline and five were active 
(Graph 1). In 2014, there were 72 known nesting sites located around the Bay of Quinte, three of 
these sites had unknown activity, while 55 of these sites were active.  

In 2015, a subsample of 50 out of the 72 known nesting sites were monitored. Of those 50 nests, 37 
of these sites were active, 2 had unknown activity and 11 were not active. Of the subsample of 50 
nesting sites there was a 74% success rate in active nests. Using the confidence level of 95%, we 
can say that of the 72 known nesting sites it is postulated that 53 nesting sites are active, 3 have 
unknown activity and 16 were not active with a confidence interval of plus or minus 8. 
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Graph 1: Osprey Nesting Sites in the Bay of Quinte 

 
Please note: 

 Active: Nest and/or osprey observed; 
 Not Active: Nest and/or osprey not observed or a new platform was installed during nesting season and 

it is not yet active; 
 Status Unknown: Sites that were not monitored, had poor visibility or the nesting site was discovered 

after the osprey migrated and the activity was unknown;   
 Number of Nesting Sites: All platforms and/or nesting areas including those found on other structures 

such as hydro towers, hydro poles, cranes, etc.; 
 2015 numbers are postulated based on a confidence level of 95% of a subsample of 50; 
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Graph 2: Percent Success per Year 

 
Please note:  

 The percentage from 2015 is based on a subsample of the population, all other years are 
based on total population 

Conclusions 

Other organizations that monitor osprey are collecting population data and do not yet have a 
scientifically based measurable for a healthy osprey population, as there are still many unknowns 
about their population trends. Other Canadian Areas of Concern (AOC) that have used osprey as one 
of their delisting criteria include: 

 St. Lawrence Area of Concern, 
 Severn Sound Area of Concern 
Raisin River Conservation Authority monitors the osprey in the St. Lawrence AOC. The St. Lawrence 
AOC’s delisting criterion is “the presence of successfully reproducing osprey in the AOC for a 
minimum of 5 years”. Severn Sound is a delisted AOC. Their delisting criterion was “to maintain and 
increase osprey-nesting sites within Severn Sound”. The rationale for delisting was that The Georgian 
Bay Osprey Society would continue to support the construction of osprey nesting platforms in the 
appropriate locations in Severn Sound.  

Without a scientific study, it has been determined through resources and research that at this time 
there is currently not enough information to create a numerical measurable for a healthy osprey 
population in the Bay of Quinte. Monitoring of the osprey in the Bay of Quinte has just begun to 
develop a good baseline of data because most of the nesting locations were unknown in the past. It is 
evident, however, that the osprey activity is increasing around the Bay of Quinte. 
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Determination of BUI Status 

The WIP report (Johanson, 2007) identified that the de-listing criterion for ‘Shoreline Habitat is 
Suitable for Supporting Raptors had been met based on field observations and discussions with 
naturalists and birders. The data collected since 1997 indicate that osprey activity in the Bay of Quinte 
continues to be successfully increasing. Therefore, it is recommended that this delisting criterion is 
considered to have been achieved.  

Future Monitoring or Actions Required  

This monitoring program will be incorporated into the Quinte Conservation Long Term Monitoring and 
Surveillance Program.  

The information collected from 2011 to 2015 provides good baseline data for the development of a 
long-term osprey-monitoring program. Even though there are many other monitoring programs for 
osprey in North America, there are still many unknowns about their populations. The data collected in 
a long-term monitoring program can be used to help contribute to the large-scale understanding of 
osprey populations; in addition, the information is useful as ospreys are a good indicator species with 
having a strict fish diet and being sensitive to environmental pollutants.   

Over the next few years, Quinte Conservation will continue monitoring a subsample of nesting sites to 
calculate a percent success and will determine if the quality of data is maintained. Furthermore, 
depending on the confidence of monitoring the subsample, the sample size may be reduced again in 
the future.  

Staff will continue to encourage monitoring from volunteers and landowners as they are able to 
provide valuable fledgling information, and are able to observe their nesting sites easily and 
frequently. In addition, Quinte Conservation will provide any interested volunteers with a monitoring 
information sheet and field sheets to complete for submission.  
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