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1.0 INTRODUCTION 

In 2004, Fisheries and Oceans Canada (DFO) conducted boat electrofishing 

surveys in Lake St. Francis (Figure 1) and the St. Lawrence River near Cornwall and 

Maitland (Figures 2 and 3).  The St. Lawrence River sites at Cornwall and Maitland were 

originally sampled in 1986 as part of a Remedial Action Plan (RAP) study.  In partnership 

with the Ontario Ministry of Natural Resources (OMNR), and working under the Canada-

Ontario Agreement, the purpose of the 2004 surveys was to assess the status of species 

at risk (SAR) and aquatic invasive species (AIS), and to compare current fish 

assemblage and biotic integrity data to data collected from the same sites during the 

1986 RAP study.  For the purpose of this document the term ‘AIS’ refers to species that 

are relatively new invaders, such as the round goby (Neogobius melanostomus) 

(common and scientific names according to Nelson et al. 2004; listed in Appendix 1) or 

the tubenose goby (Proterorhinus marmoratus).  Naturalized non-native species that 

have been in the watershed for a relatively long length of time, such as common carp 

(Cyprinus carpio), were only considered AIS for the purpose of calculating an Index of 

Biotic Integrity (IBI).  Sites were sampled twice by DFO in 2004 (in August and 

November) to examine the effect of seasonality on fish assemblage composition and 

biotic integrity. 

2.0 METHODS 

2.1  ELECTROFISHING METHODS 

Electrofishing was performed using a 6.35 m, dual-boom electrofishing boat.  The 

boat was equipped with a built-in 7.5 kW Smith-Root generator, 7.5 GPP control box, 

dual foot pedals and three kick-plates.  Fish sampling data recorded at each site 

included capture method, sampling effort, electrofishing settings and a description of the 

sampling equipment.  Two netters retrieved stunned fishes as they appeared and all 

fishes were transferred from the river into a live well within the boat.  Species were 

identified, counted and released.  Minimum and maximum lengths were recorded for all 

species captured.  Voucher specimens of most species were kept for lab verification at a 

later date.  As in the 1986 OMNR sampling protocol, all St. Lawrence sites were 

sampled for a period of approximately 1000 sec (16.7 min) each. 

Sites at Cornwall and Maitland (Figures 2 and 3) were surveyed twice, once each 

in August and November.  August sampling was performed between 0800-1600 h.  
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Surveys in November were performed between 1600-2100 h to more accurately 

compare sites sampled during 1986 OMNR studies.  

Lake St. Francis was sampled twice in 2004.  Ten sites were sampled in August 

and re-sampled in November.  An additional six sites were sampled once in November 

(Figure 1).  Sampling of Lake St. Francis was performed between 0800-1600 h to avoid 

the influence of diurnal cycling. 

Site descriptions for Cornwall, Maitland and Lake St. Francis are in Appendices 2 

and 3. 

2.2 HABITAT DATA COLLECTION 
Habitat data at the St. Lawrence River and Lake St. Francis sites were described 

by recording the air and water temperature, conductivity, maximum water depth, 

distance from shore, maximum sampling depth, substrate type, percent aquatic 

vegetation and Secchi depth.  Habitat data were recorded upon completion of sampling.  

2.3 ANALYSIS 

2.3.1 Inter-annual Variation in the Fish Assemblage 
To assess changes in the fish assemblages since the 1986 OMNR survey, the 

1986 data were compared to the November 2004 data from Cornwall and Maitland.   

In 1986, the OMNR calculated the Index of Biotic Integrity (IBI), using Hamilton’s 

(1987) adaptation of the index based on Karr (1981) (Appendix 4) to evaluate the overall 

health of the aquatic ecosystem.  The IBI includes metrics such as species richness and 

composition, trophic composition (specialist, generalist, top piscivore), and fish 

abundance and health.  The OMNR used the same trophic guild classification scheme 

as Hamilton in the IBI calculations (Appendix 5).  IBI scores for 2004 sites were 

calculated using the same adaptation as used by the OMNR in 1986 and using the same 

trophic classification.  New species collected in 2004 and not classified by the OMNR in 

1986 were classified according to Coker et al. (2001).   

The IBI calculation used by the OMNR in 1986 included fish health as a 

parameter (i.e. presence of lamprey scars, tumours, rotting fins).  During the 2004 DFO 

studies the presence such fish health indicators were not recorded.  As the absence of 

these data during the calculation of the IBIs might affect final scores, it was decided that 

the OMNR IBI scores would be re-calculated, without the fish health parameter, to make 

it comparable to 2004 data. 



 3

IBI scores for the 1986 and 2004 data were also re-calculated using an updated 

trophic guild classification system (Appendix 5) based on Coker et al. (2001).  The 

scores were re-calculated to determine what effect, if any, the changes would have on 

the IBI.  These re-calculated IBI scores were not used to assess any changes in the 

health of the aquatic ecosystem from 1986 to 2004. 

2.3.2 Seasonal Variation in the Fish Assemblage 
To examine seasonal changes in the fish assemblage, 2004 data from August 

and November were compared for sites at Cornwall, Maitland and Lake St. Francis. 

  IBI scores were calculated for each month using both the OMNR method (using 

the same trophic classification scheme as Hamilton (1987)) and the DFO method (using 

an updated trophic classification system based on Coker et al. (2001)).  

The Margalef’s Diversity Index (MI) (Green 1979) was also calculated to compare 

species diversity across sites for August and November.  

2.3.3 Statistical Analysis  
 

 

3.0 RESULTS 

Summaries of catch data from OMNR sites sampled in 1986 are in Appendices 6 

and 7 and sampling effort and electrofishing settings for 2004 DFO surveys are 

summarized in Appendices 8 and 9. 

3.1 ST. LAWRENCE RIVER 2004 

3.1.1 Cornwall 
 August – A total of eight sites were sampled yielding a total catch of 309 fishes 

and 21 species (Tables 1 and 2).  Yellow perch (Perca flavescens) comprised almost 

half of the total catch (44%).  Other relatively abundant species included white sucker 

(Catostomus commersonii) (13%) and shorthead redhorse (Moxostoma macrolepidotum) 

(11%) (Appendix 10).   

 Electrofishing effort ranged from 11.43 min to 19.47 min and the average effort 

per site was 14.94 min.  The catch-per-unit-effort (CPUE) ranged from 0.71 fish/min (Site 

8) to 4.86 fish/min (Site 4); the overall average CPUE was 2.65 fish/min (Table 3).  

Individual site date regarding effort and CPUE are in Appendix 10. 
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 November – A total catch of 919 fishes and 29 species was captured from eight 

sites (Tables 1 and 2).  Three species made up approximately 66% of the total: yellow 

perch, mimic shiner (Notropis volucellus) and white sucker (Appendix 11).   

 Electrofishing effort ranged from 14.38 min to 19.70 min; the average effort over 

all sites was 17.53 min.  CPUE ranged from 3.56 fish/min (Site 3) to 11.75 fish/min (Site 

8).  The overall average CPUE for all sites was 6.47 fish/min (Table 3).  Individual site 

data regarding effort and CPUE are in Appendix 11.        

3.1.2 Maitland 
August – Four sites were sampled at Maitland in August yielding 137 fishes and 

15 species (Tables 1 and 4).  Yellow perch was the most abundant species, comprising 

approximately 37% of the total catch.  Other relatively abundant species included white 

sucker (9.5%), mimic shiner (9.5%), common carp (9%) and logperch (Percina 

caprodes) (9%) (Appendix 12).  

The average time spent electrofishing at each site was 9.98 min; the minimum 

effort spent was 9.10 min and the maximum effort spent was 11.20 min.  The CPUE 

ranged from 0.95 fish/min (Site 4) to 7.23 fish/min (Site 1); the average CPUE was 3.47 

fish/min (Table 3).  Individual site data regarding effort and CPUE are in Appendix 12. 

 
November – A total of 327 fishes and 23 species were captured from four sites 

by DFO (Tables 1 and 4).  The most abundant species was bluntnose minnow 

(Pimephales notatus) which made up almost 40% of the total catch.  The next most 

abundant species included spottail shiner (Notropis hudsonius) (9.8%), yellow perch 

(9.8%), sand shiner (Notropis stramineus) (8.6%), brown bullhead (Ameiurus nebulosus) 

(7.9%) and white sucker (6.7%) (Appendix 13). 

Electrofishing effort ranged from 7.65 min to 13.30 min; the average time spent 

electrofishing per site was 11.04 min.  CPUE ranged from 4.31 fish/min (Site 4) to 13.23 

fish/min (Site 3); the average CPUE was 6.93 fish/min (Table 3).  Individual site data 

regarding effort and CPUE are in Appendix 13.  

3.2       LAKE ST. FRANCIS 2004 
Ten sites were sampled in Lake St. Francis in August and again in November.  

Six additional sites were also sampled in November. 
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 August – Ten sites sampled in August yielded a total catch of 862 fishes and a 

species richness of 27 (Tables 5 and 6).  Yellow perch was the most abundant species 

captured (31% of the total catch).  Golden shiner (Notemigonus crysoleucas), brown 

bullhead, white sucker, pumpkinseed (Lepomis gibbosus) and blackchin shiner (Notropis 

heterodon) were also relatively abundant (Appendix 14).   

 Electrofishing effort ranged from 11.75 min to 17.78 min; the average time spent 

electrofishing was 15.73 min.  The average CPUE was 5.56 fish/min.  Site 7 had the 

lowest CPUE (1.20 fish/min) and Site 3 had the highest (12.47 fish/min) (Table 7).  

Individual site data regarding effort and CPUE are in Appendix 14. 

 

 November – Sites in November had a combined species richness of 28 and a 

total catch of 377 fishes (Tables 5 and 6).  The most abundant species was yellow perch 

which made up approximately 28% of the total catch.  Other relatively abundant species 

included brook silverside (Labidesthes sicculus) (22%), white sucker (11%) and brown 

bullhead (9.3%) (Appendix 15). 

Electrofishing effort ranged from 9.10 min to 19.00 min and the average time 

spent electrofishing was 13.00 min.  CPUE values ranged from 0.88 fish/min at Site 9 to 

9.33 fish/min at Site 3.  The average CPUE for all sites was 2.87 fish/min (Table 7). 

The additional six sites had a total catch of 186 and a species richness of 20 

(Tables 5 and 6).  The most abundant species were brown bullhead (26%), yellow perch 

(25%) and tessellated darter (Etheostoma olmstedi) (15.6%) (Appendix 16). 

The total time spent electrofishing was 73.00 min and the average time spent per 

site was 12.16 min.  The average CPUE for all sites was 2.52 fish/min.  Site S3 had the 

lowest CPUE (1.11 fish/min) and Site S5 had the highest (3.39 fish/min) (Table 7).  

Individual site data regarding effort and CPUE for all 16 sites are in Appendices 15 and 

16. 

3.3 INDEX OF BIOTIC INTEGRITY (IBI) AND MARGALEF’S DIVERSITY INDEX 
(MDI) 

3.3.1 Inter-annual IBI 
Cornwall 1986 and 2004 – Original OMNR Method 

The following IBI scores for 1986 OMNR data have been re-calculated with 

adjustments to the fish health metric.  Only those fishes considered non-native or AIS 

were included; hybrids and fishes with scars, tumours, lesions etc. were not included. 
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The overall score for Cornwall sites sampled in October 1986 by the OMNR was 

27 (the rating was ‘Fair’) and individual site scores ranged from 15 (‘Very Poor to Poor’) 

at Site 5 to 29 (‘Fair’) at sites 6 and 8.  Sites sampled in November 2004 had an overall 

IBI score of 27 (‘Fair’) and individual site scores ranged from 19 (‘Poor’) at Site 5 to 33 

(‘Good’) at Site 4 (Table 8, Appendices 17 and 18). 

 
Cornwall 1986 and 2004 – Re-calculated  

 Using a new trophic guild classification system based on Coker et al. (2001) in 

the calculation of IBI scores, the overall score for Cornwall sites sampled in 1986 by the 

OMNR was 21 (‘Poor’) and individual site scores ranged from 12 (‘Very Poor’) at Site 5 

to 23 (‘Poor’) at Site 8.  November 2004 sites had an overall IBI score of 25 (‘Fair’) and 

individual site scores ranged from 18 (‘Poor’) at Site 5 to 27 (‘Fair’) at Site 4 (Table 8, 

Appendices 19 and 20). 

 
Maitland 1986 and 2004 – Original OMNR Method  

The following IBI scores for 1986 OMNR data have been re-calculated with 

adjustments to the fish health metric.  Only those fishes considered non-native or AIS 

were included; hybrids and fishes with scars, tumours, lesions etc. were not included. 

Individual site IBI scores for sampling conducted in October 1986 at Maitland 

ranged from 18 (‘Poor’) at Site 1 to 25 (‘Fair’) at Site 2 and the overall IBI score for all 

sites was 25 (‘Fair’).  In 2004 individual site scores from the November survey ranged 

from 19 (‘Poor’) at sites 1 and 2 to 27 (‘Fair’) at Site 4.  The overall IBI score for all sites 

in 2004 was 21 (‘Poor’) (Table 8, Appendices 21 and 22). 

 
Maitland 1986 and 2004 – Re-calculated 

 Using the new trophic classification system, the overall IBI score at 1986 sites 

was 21 (‘Poor’) and individual scores varied from 17 (‘Very Poor to Poor’) at sites 3 and 

4 to 19 (‘Poor’) at sites 1 and 2.  Sites in November 2004 had individual scores ranging 

from 18 (‘Poor’) at Site 1 to 25 (‘Fair’) at Site 3.  The overall IBI score for all sites in 2004 

was 23 (‘Poor’) (Table 8, Appendices 23 and 24). 

3.3.2 Intra-annual IBI 
Cornwall – Original OMNR Method 

Cornwall sites sampled in August 2004 had an overall IBI score of 25 (‘Fair’) and 

individual site scores ranged from 8 (‘Very Poor’) at Site 5 to 31 (‘Good’) at Site 4 (Table 
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8, Appendix 25).  See previous section on inter-annual IBI scores for November 2004 

results.  

 

Cornwall – Re-calculated 

Using the new trophic guild classification, sites sampled in August 2004 had an 

overall IBI score of 22 (‘Poor’) and individual scores ranged from 8 (‘Very Poor’) at Site 5 

to 26 (‘Fair’) at sites 3 and 4 (Table 8, Appendix 26).  See previous section on inter-

annual IBI scores for November 2004 results. 

 
Maitland – Original OMNR Method 

The overall IBI score for all sites sampled in August 2004 at Maitland was 23 

(‘Poor’) and individual site scores ranged from 10 (‘Very Poor’) at sites 3 and 4 to 27 

(‘Fair’) at Site 2 (Table 8, Appendix 27).  See previous section on inter-annual IBI scores 

for November 2004 results. 

 
Maitland – Re-calculated 

The overall IBI score for all August 2004 Maitland sites was 21 (‘Poor’) using the 

new trophic classification.  Scores ranged from 12 (‘Very Poor’) at Site 4 to 23 (‘Poor’) at 

Site 1 (Table 8, Appendix 28).  See previous section on inter-annual IBI scores for 

November results.  

 
Lake St. Francis (excluding supplementary sites) – Original OMNR Method 

 Lake St. Francis sites sampled in August had an overall IBI score of 29 (‘Fair’) 

and individual site scores varied from 11 (‘Very Poor’) at Site 7 to 31 (‘Good’) at Site 1.  

November scores ranged from 15 (‘Very Poor to Poor’) at Site 4 to 27 (‘Fair’) at sites 3 

and 6.  The overall IBI score for all sites was 29 (‘Fair’) (Table 9, Appendices 29 and 30). 

 
Lake St. Francis (excluding supplementary sites) – Re-calculated 

 Using the new trophic classification system, IBI scores in August ranged from 10 

(‘Very Poor’) at Site 7 to 25 (‘Fair’) at Site 1.  The overall IBI score for all sites was 23 

(‘Poor’).  The overall IBI score for sites surveyed in November was 25 (‘Fair’) and 

individual site scores ranged from 15 (‘Very Poor to Poor’) at Site 9 to 27 (‘Fair’) at Site 3 

(Table 9, Appendices 31 and 32).  
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3.3.3 Margalef’s Diversity Index  
The Margalef’s Diversity Index values for 1986 and 2004 are found in tables 10 

and 11. 
 

3.4 SPECIES AT RISK (SAR) AND AQUATIC INVASIVE SPECIES (AIS) 

3.4.1 Species at Risk 
 Two species at risk were detected during the 2004 surveys of the St. Lawrence 

River and Lake St. Francis, they are (their status as designated by the Committee on the 

Status of Endangered Wildlife in Canada (COSEWIC) in parentheses): American eel 

(Anguilla rostrata) (Special Concern) and river redhorse (Moxostoma carinatum) (Special 

Concern).   

 Cornwall – Five American eel were captured from four sites (1, 4, 7 and 8) in 

August and nine were captured from three sites (1, 5 and 8) in November.  Three river 

redhorse were caught at one site (7) in November (Appendices 10 and 11). 

 Maitland – No species at risk were detected at Maitland sites 

 Lake St. Francis – Three American eel were captured from three sites (8, 9 and 

10) in August and two were captured in November at one site (S5) (Appendices 14 and 

16). 

3.4.2 Aquatic Invasive Species  
 Only one AIS, round goby was detected during the 2004 survey.  One specimen 

was caught at Site 1 at Maitland (Appendix 13). 

 

3.5 HABITAT DATA 
A summary of habitat data for 2004 sites at Cornwall, Maitland and Lake St. 

Francis is found in Appendices 33 and 34. 

 
Cornwall – Every site sampled in August 2004 had submergent aquatic macrophytes 

present, with the exception of Site 5, which had no vegetation present.  Water 

temperature ranged from 18-19°C at all eight sites sampled and the Secchi depth was 

>2 m at all sites except for Site 1, which had a Secchi reading of >1.25 m.  Flow rate was 

characterized as slow at four sites, medium at three sites and fast at Site 5.   

 Water temperatures during the November survey ranged from 10.2-10.8°C and 

the Secchi depth was >2 m at all sites.  Every site had submergent aquatic vegetation 

with the exception of Site 5 which had none.  Current was classified as slow or medium 
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at all sites except for Site 5 which was characterized as having a fast current.  Substrate 

composition was not recorded for either sampling period. 

 
Maitland – Water temperature and Secchi depths were 18°C and >2 m, respectively, at 

every site.  Submergent aquatic vegetation was present at sites 1-3 and Site 4 had a 

small amount of emergent vegetation present.  The flow rate was characterized as 

absent at sites 1-3 and as slow at Site 4.   

 Aquatic vegetation was absent from Site 1 during the November survey and 

small amounts of submergent vegetation were present at sites 2, 3 and 4.  Water clarity 

was high with Secchi depths of >2 m at all sites and water temperature ranged from 

11.1-12°C.  All sites were described as having no current.  

 
Lake St. Francis – Aquatic vegetation was abundant at all sites sampled in August, with 

the exception of Site 7 which had none.  Water temperatures ranged from 16-20°C and 

Secchi depths ranged from 0.3 m to >2.5 m.  Sites 1-6 were described as having no 

current, Site 8 had a slow flow and sites 7, 9 and 10 had medium flows. 

 Water temperatures ranged from 3.2-7.8°C at sites sampled in November (not 

including supplementary sites).  Water clarity was high, with Secchi depths of >1.25 m to 

>2 m and aquatic vegetation was fairly abundant at almost every site.  Sites 1-6 had no 

visible current, Site 10 had a slow flow and sites 7-9 had medium flows. 

 Water temperature at supplementary sites sampled in November ranged from 

5.1-7.7°C and Secchi depths were >1.25 m at every site.  Sites S1-S3 had no discernible 

flow and sites S4-S6 were characterized as having slow flows.  Emergent aquatic 

vegetation was present at every site. 

 

4.0 DISCUSSION 

4.1 INTER-ANNUAL SAMPLING 
 Cornwall – In October 1986, the OMNR sampled eight sites near Cornwall and 

caught at total of 979 fishes and observed at least 24 species (individuals from the 

Morone and Moxostoma genera were not identified to species; therefore, the species 

richness total may have been higher).  The same eight sites were re-sampled by DFO in 

November of 2004 and 919 fishes were caught, representing 29 species.  Species 

composition was somewhat similar in 1986 and 2004, with 15 species common to both 

years (Table 2).  However, eight species were unique to 1986 while 14 were unique to 
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2004.  Sampling effort and CPUE were comparable for both sampling periods: 128 

minutes and 7.48 fish/min in 1986 versus 140 minutes and 6.47 fish/min in 2004 

(Appendices 5 and 11).  Despite catching fewer fishes, more species were observed in 

2004 compared to 1986.  This may have been the result of differing identification 

methods.  As mentioned above, in 1986 redhorse species were only identified to the 

genus level (Moxostoma spp.) and were counted as only one species, while in 2004 four 

different redhorse species were identified.   

 The percent coverage of aquatic vegetation (both emergent and submergent) in 

1986 was very similar to most sites in 2004.  Only two sites, 6 and 8, had seemingly 

major changes in percent macrophyte coverage between sampling events, with a 

decrease in coverage of 55% and 35% at sites 6 and 8, respectively, occurring from 

1986 to 2004.  Further examination of the physical habitat at sites in 1986 and 2004 is 

not possible as habitat data for 1986 is not available.  

 

Maitland – Four sites were sampled near Maitland on the St. Lawrence River in 

October 1986 by the OMNR yielding 442 fishes and at least 17 species (redhorse 

suckers were identified only to genus).  The same four sites were re-sampled by DFO in 

November of 2004 and a total of 327 fishes representing 23 species were caught.  

Sampling effort was greater in 1986 (~68 minutes) compared to 2004 (~44 minutes), 

which may be the reason for the higher total catch in 1986 (Appendices 6 and 13).  

However, more species were detected in 2004, despite less time spent electrofishing.  

Again, this could be the result of redhorse species being identified to genus and not to 

species in 1986.  CPUE values were very similar for both periods (6.53 fish/min in 1986 

vs. 6.93 fish/min in 2004).  Twelve species were common to both sampling periods, 

which is less than half of the combined species richness for 1986 and 2004.  Four 

species were unique to 1986 (alewife (Alosa pseudoharengus), American eel, johnny 

darter (Etheostoma nigrum) and pumpkinseed) while 11 species were only caught in 

2004 (banded killifish (Fundulus diaphanus), black bullhead (Ameiurus melas), blackchin 

shiner, brook silverside, logperch, longnose gar (Lepisosteus osseus), mottled sculpin 

(Cottus bairdii), round goby, sand shiner, silver redhorse (Moxostoma anisurum) and 

smallmouth bass (Micropterus dolomieu) (Table 4). 
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4.1.1 Inter-annual variation in IBI scores 
Cornwall 1986 and 2004 – Original OMNR Method 

 The overall IBI score for all sites was the same, 27 (‘Fair’), in 1986 and 2004, but 

the individual site IBI scores showed some variation between years (Table 8).  From 

1986 to 2004, five sites had a decrease in IBI score (sites 1, 3, 6-8); although the 

decrease wasn’t very large at sites 1 and 3 and the IBI rating for these sites remained 

the same (‘Poor’).  Sites 6 and 8 had a larger decrease in IBI, from 29 (‘Fair’) to 21 

(‘Poor’), at both sites, while Site 7 decreased from 25 (‘Fair’) to 23 (‘Poor’) (Table 8, 

Appendices 17 and 18).  IBI scores decreased at the five sites primarily as a result of 

reductions in species richness, as well as the number of specialist species and top 

piscivores, and an increase in the number of generalist species.  Site 7 had a slight drop 

in the percentage of top piscivores from 1986 to 2004 while all other categories 

remained the same; however, this reduction in the number of top piscivores was enough 

to change the IBI rating from ‘Fair’ to ‘Poor’ (Appendices 17 and 18).   

 Three sites saw an increase in their IBI scores from 1986 to 2004 (sites 2, 4 and 

5).  This increase was a result, in part, of a higher number of percid species caught at all 

three sites compared to 1986.  Site 2 also saw an increase in the number of specialist 

species, a decrease in the number of generalist species, and a decrease in the number 

of AIS captured (none were caught at Site 2 in 2004) (Appendices 17 and 18).  Site 4 

had a overall higher species richness in 2004 compared to 1986, as well as a higher 

percentage of top piscivores and a reduction in the number of generalist species and 

AIS.  Aside from an increase in the number of percid species, Site 5 also had more 

species compared to 1986 and all other category scores remained the same at Site 5 

compared to 1986 (Appendices 17 and 18).  Site 5 had the lowest IBI score in 1986 and 

in 2004 which is likely a result of the physical habitat features of the site.  Site 5 had no 

aquatic vegetation in 1986 or 2004 and the flow in both years was described as being 

fast.  These features likely limit the number of species able to inhabit the area in large 

numbers which would negatively affect the IBI.     

 
Cornwall 1986 and 2004 – Re-calculated 

Using an updated trophic guild classification system based on Coker et al. 

(2001), IBI scores and ratings were re-calculated for sites in 1986 and 2004 (Table 8).  

The overall IBI score and rating increased from 21 (‘Poor’) in 1986 to 25 (‘Fair’) in 2004.  
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Individual 2004 site scores also increased at six sites (1, 2, 4-7) from 1986, although IBI 

ratings only increased at three of the six sites (sites 1, 4 and 5).  The IBI score at Site 8 

decreased by just one point as a result of a decline in species richness and in the 

number of specialist species; the rating (‘Poor’) remained the same for the site.  There 

were differences in the individual metric scores at Site 3, for example scores for ‘species 

richness’ and ‘CPUE ratio’ declined from 1986 to 2004, but the score for the metric of ‘% 

aquatic invasive species’ increased; therefore, the overall site score remained the same 

from 1986 to 2004 (Appendices 19 and 20).   

The effects of the new classification system are apparent when looking at the re-

calculated IBI scores for 1986 and 2004.  Many more species were classified as 

generalists or top piscivores than specialists in the new system, which can have a large 

impact on the IBI if these species (generalists or top piscivores) are abundant.  For 

example, yellow perch was abundant in both survey years, and was originally classified 

as a specialist but was re-classified as a top piscivore.  The effect of this can be seen in 

the large decrease in the percentage of specialists and the increase in the percentage of 

top piscivores for both years in the re-calculated IBI.  This can make a difference to the 

outcome of the IBI due to the method in which the metrics are scored.  It is easier to 

achieve a high score for the top piscivores metric as there only needs to be >5% of the 

total catch comprised of top piscivores, whereas with the specialist metric, there needs 

to be >40% of the total catch comprised of specialists.  Therefore, the reduction in 

specialist species results in a lower score for that metric, which will not necessarily be 

balanced by an increase in the top piscivores metric (as it is likely to be already at its 

maximum due to the relatively low numbers of top piscivores required to achieve the 

highest score).     

 
Maitland 1986 and 2004 – Original OMNR Method 

The overall IBI score and rating for all sites combined decreased from 1986 (25 

‘Fair’) to 2004 (21 ‘Poor’) as a result of both a decrease in the number of specialist 

species and top piscivores captured (Table 8, Appendices 21 and 22).  However, three 

out of four sites had an increase in individual site IBI scores from 1986 to 2004.  The IBI 

scores at sites 1 and 3 increased by just one point and the IBI rating for both sites 

remained the same (‘Poor’) from 1986 to 2004.  Site 4 had the largest increase in IBI 

score and rating, from 23 (‘Poor’) in 1986 to 27 (‘Fair’) in 2004.  This increase was a 
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result of a higher number of percid species captured combined with a decrease in the 

number of generalist species and AIS (Appendices 21 and 22).   

 
Maitland 1986 and 2004 – Re-calculated 

Based on the updated trophic classification system the overall re-calculated IBI 

score for all sites increased from 1986 (21) to 2004 (23); however, the overall IBI rating 

remained the same (‘Poor’) (Table 8).  Two sites (sites 3 and 4) had higher individual site 

IBI scores and ratings from 1986 to 2004, while the IBI score at Site 1was lower by one 

point and the IBI score at Site 2 remained the same.  Site 3 had the largest increase in 

IBI score and rating, increasing from 17 (‘Very Poor to Poor’) to 25 (‘Fair’), as a result of 

an increase in the number of percid species captured in 2004, an increase in the ratio of 

the site’s CPUE to the average CPUE of all sites combined, as well as a decrease in the 

number of AIS (none were caught at Site 3 in 2004).  The IBI score and rating increased 

at Site 4 from 17 (‘Very Poor to Poor’) to 23 (‘Poor’) due to an increase in the number of 

percid species captured and a decrease in the number of AIS captured (none were 

caught at the site in 2004) (Appendices 23 and 24). 

   

4.2 SEASONAL VARIATION IN FISH ASSEMBLAGES 
Cornwall – Sites at Cornwall were sampled in August and November to examine 

possible seasonal variation in species composition.  However, sampling was conducted 

during the day in August and at night in November; therefore, it is difficult to distinguish 

seasonal effects from diurnal effects.   

Almost three times as many fishes and eight more species were caught in 

November (919 fishes) compared to August (309) at Cornwall sites (Table 1, Appendices 

10 and 11).  Two species were unique to the August survey (freshwater drum 

(Aplodinotus grunniens) and golden shiner), while ten were unique to the November 

survey, including one SAR (river redhorse) (Table 2).  Yellow perch was the most 

abundant species in both months while white sucker was the second most abundant 

species in August and the third most abundant in November.  Of the species common to 

both months almost all were more abundant in November.  The largest increase was 

observed for the mimic shiner which represented just 1.94% of the total catch in August 

but comprised approximately 27% of the total catch in November (Appendices 10 and 

11).  The higher total catch and species richness observed in November was, in part, 

possibly a result of seasonal movements of some species.  For example, brook 
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silverside may not have been encountered in August as they are typically found offshore 

over deep water in the summer months, and only move into nearshore areas, where 

2004 Cornwall sites were located, closer to the fall (Scott and Crossman 1998).  Mottled 

sculpin were not captured in August but were caught at four of eight sites in November.  

This species is a cold water species with an average preferred temperature of 16.6°C 

(Scott and Crossman 1998, Coker et al. 2001) and it is possible that the lower water 

temperatures at sites in November allowed the mottled sculpin to utilize nearshore 

habitats. 

It is also possible that the increase in the number of fishes and species observed 

in November was a result of the increased effort expended during this time – 

approximately 20 minutes extra were spent electrofishing in November compared to 

August.   

As mentioned above, sampling in August occurred during daylight hours between 

0800 – 1600 h while the November surveys took place during the night between 1600 – 

2100 h, a fact which likely influenced the survey results, as it is widely believed that 

sampling at night is more effective than sampling during the day (Pierce et al. 2001).  It 

has been suggested that fishes in clear water (such as the St. Lawrence) detect and 

avoid electrofishing boats better during the day than at night, reducing the day CPUE 

(Paragamian 1989, McInerny and Cross 1996, 2000).  The average CPUE for the 

August sampling period was 2.65 fish/minute compared to 6.47 fish/minute for sites 

sampled in November; therefore, fishes were probably able to see and avoid the 

electrofishing boat.  In addition to greater daytime avoidance by some species, it is likely 

that diel onshore- offshore movements contributed to the differences in total catch and 

species richness.  Night time onshore movements of black bullhead, walleye (Sander 

vitreus) and white sucker have been reported (Carlander and Cleary 1949), and 

confirmed in other studies, especially regarding walleye (Pierce et al. 2001).  This 

pattern was evident in 2004, with an increase in walleye (1 specimen in August, 10 in 

November) and white sucker (41 in August, 105 in November).  Prey species such as 

emerald shiner (Notropis atherinoides), fallfish (Semotilus corporalis) and ghost shiner 

(Notropis buchanani) were only detected in November, which may also have been a 

result of night time inshore movements.   

       
Maitland – As with Cornwall, sites located near Maitland were sampled in August and 

November to determine what changes, if any, occurred in species composition.  Both 
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total catch, species richness and CPUE were higher in November compared to August 

(Tables 1 and 3, Appendices 12 and 13).  Just three species were unique to August 

while 11 were unique to November, including one AIS (round goby) (Table 4).  No SAR 

were detected during either month.  Similar to Cornwall, yellow perch was the most 

abundant species in August, representing ~37% of the total catch, while mimic shiner 

and white sucker were the next abundant species, with each representing close to 10% 

of the total catch.  In November, the most abundant species was bluntnose minnow 

(~40% of the total catch), followed by spottail shiner (~10%) and yellow perch (~10%) 

(Appendices 12 and 13).  Again, as with sites at Cornwall, brook silverside and mottled 

sculpin were only encountered in November, either a result of seasonal movements or 

daily migration patterns.   

 Sampling effort was comparable between the two months (39.93 min in August 

compared to 44.16 min in November) and was probably not a contributing factor to the 

large difference in total catch and species richness between the two months (Table 3, 

Appendices 12 and 13).  As mentioned previously, there is a good possibility that these 

differences are a result, in large part, of the differences in sampling time (day vs. night).  

Dumont and Dennis (1997) found that night electrofishing was generally more effective 

than day electrofishing and that all significant differences in catch rates favoured night 

electrofishing.   

 One species that was captured in August but not November was the mimic 

shiner.  This result is the opposite of what occurred at Cornwall sites, where many more 

mimic shiner were caught in November compared to August.  It is not clear why this was 

the case; however, 28 sand shiner, a species that is very hard to distinguish from the 

mimic shiner in the field, were caught in November at Maitland sites.  It is possible that 

some errors in field identification occurred and that either the sand shiner caught in 

November were misidentified mimic shiners or that the mimic shiners caught in August 

were really sand shiners.      

 
Lake St. Francis (excluding supplementary sites) – Unlike sites at Cornwall and 

Maitland, sampling at Lake St. Francis sites occurred during day (between 0800 – 1600 

h) in both August and November.  Without the possibly confounding influence of diel 

period, seasonal variation in species composition may become more evident. 

 More than twice as many fishes were caught during the August (862) survey 

compared to November (377), but despite catching far fewer fishes November had a 
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higher species richness by one (27 in August, 28 in November) (Table 5 and 6, 

Appendices 14 and 15).  The higher total catch in August could be attributed to the extra 

time spent electrofishing during this month – approximately 30 minutes more were spent 

sampling sites in August compared to November.   

 Surveys in August captured six species unique to that sampling period: American 

eel, black crappie (Pomoxis nigromaculatus), central mudminnow (Umbra limi), longnose 

gar, rock bass (Ambloplites rupestris) and smallmouth bass.  Seven species were unique 

to November, including: black bullhead, brook stickleback (Culaea inconstans), fallfish, 

mottled sculpin, muskellunge (Esox masquinongy), tadpole madtom (Noturus gyrinus) 

and walleye (Table 6).  However, none of the unique species detected in August or 

November were captured in high numbers, with just one or two individuals caught in 

most cases.  With such low numbers captured, it is difficult to determine a seasonal 

effect.  It is possible that some species are present in low numbers year round.       

4.2.1 Seasonal variation in IBI scores 
Cornwall – Original OMNR Method 

The overall IBI score for all sites increased by two from August (25) to November 

(27), but the IBI rating remained the same (‘Fair’) (Table 8, Appendices 18 and 25); this 

was a result of fewer AIS captured during November.  Five sites (sites 2, 4-7) had higher 

IBI scores in November compared to August and sites 2, 5 and 6 also had a higher IBI 

rating.  The higher IBI scores at these sites in November were generally a result of a 

higher species richness (including more percid species), a higher percentage of 

specialists and top piscivores, combined with a decrease in the number of generalist 

species and AIS.  Sites 1 and 3 each had a lower IBI scores and ratings in November 

compared to August as a result of fewer specialists and top piscivores and more 

generalist species per site (Appendices 18 and 25).    

 

Cornwall – Re-calculated 

The overall IBI score for all sites increased from August (22) to November (25) 

and the IBI rating also increased from ‘Poor’ to ‘Fair’, using the new trophic classification 

system.  Individually, every site except for one (Site 3) had a higher IBI score in 

November compared to August (Table 8, Appendices 20 and 26)).   

The effect of the new trophic guild classification can be seen in the re-calculated 

IBI scores for August and November.  In both cases, the metric score for ‘proportion of 

individuals considered specialists…’ has been reduced (in the case of August this metric 
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received a score of 0 for every site), while the metric score for ‘proportion of individuals 

considered top piscivores’ increased at almost every site.  This again, is due in large part 

to yellow perch (the most abundant species caught in both months) being re-classified 

from a specialist to a top piscivore.   

 
Maitland – Original OMNR Method  

The overall IBI score at sites in Maitland decreased by two points from August to 

November, but the overall IBI rating remained the same (‘Poor’) (Table 8).  Sites 1 and 2 

had lower IBI scores in November and the IBI rating at Site 2 also decreased from ‘Fair’ 

in August to ‘Poor’ in November.  Conversely, Sites 3 and 4 had much higher IBI scores 

in November compared to August – Site 3 increased from 10 (‘Very Poor’) to 22 (‘Poor’), 

while Site 4 increased from 10 to 27 (‘Fair’).  The higher IBI scores and ratings at these 

two sites were a result of both sites having a higher number of percid and specialist 

species, as well fewer AIS in November.  Site 4 also had a higher species richness in 

November, including top piscivores such as largemouth bass and smallmouth bass, 

which were not detected in August (no top piscivores were detected in August) 

(Appendices 22 and 27). 

      
Maitland – Re-calculated 

The re-calculated overall IBI score for all sites increased two points from 21 

(‘Poor’) in August to 23 (‘Poor’) in November – the opposite of the results obtained using 

the original IBI calculation (Table 8).  However, as with the original method, above, sites 

1 and 2 both had lower IBI scores but the same IBI rating, in November, while sites 3 

and 4 had higher IBI scores and ratings in November, compared to August (Appendices 

24 and 28).   

Again, the number of specialist species decreased while the number of top 

piscivores increased when comparing the original IBI scores for each month to the re-

calculated scores. 

  
Lake St. Francis – Original OMNR Method  

The overall IBI score and rating for Lake St. Francis sites remained the same at 

29 (‘Fair’) from August to November (Table 9).  Individually, sites 1-5 all had lower IBI 

scores and ratings (except for Site 3) in November, while sites 6-9 had higher IBI scores 

and ratings (except for Site 6) in November, compared to August.  Site 10 remained the 

same.  The lower scores at the first five sites was primarily a result of lower species 
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counts at each site, including percid species and top piscivores.  The opposite was true 

at sites 6-9, which had an increase in percid species, top piscivores and overall species 

richness (Appendices 29 and 30). 

 
Lake St. Francis – Re-calculated 

The overall IBI score was higher in November (25 ‘Fair’) than August (23 ‘Poor’) 

using the new classification system (Table 9).  There seemed to be no clear pattern 

among individual sites, with 6 sites having higher scores in November compared to 

August, three sites with lower scores and one site that remained the same.  Sites 6 and 

7 saw the largest change in IBI score and rating – Site 6 increased by seven points and 

Site 7 increased by eight.  There were more percid species at Site 6 in November, and 

the percentage of specialists increased from 0 to almost 11%.  Site 7 had an overall 

higher number of species in November, including more percids and more top piscivores.  

Fewer AIS caught at Site 7 as well (Appendices 31 and 32).    

4.3 NOTES ON THE INDEX OF BIOTIC INTEGRITY 
The IBI can be a useful tool to assess ecosystem health, if applied correctly (i.e. 

with relevant metrics that aren’t confounding or redundant (Hughes et al. 1998), and with 

standardized trophic guild classifications).  Drawbacks of indices such as the IBI, are that 

they cannot convey causal relationships (Hughes et al. 1998), and they can be difficult to 

interpret because of either double counting or changes in one variable that mask 

changes in another (EPA 2003).   

Depending on the number of fishes involved, trophic guild classification can have 

a major impact on IBI scores.  The OMNR used an outdated trophic guild classification in 

their IBI calculations.  For the purpose of comparison, the same classification scheme 

was used in this report.  However, IBI scores for 1986 and 2004 data were also re-

calculated using a new trophic guild classification (Appendix 4) based on Coker et al. 

(2001). 

 Although there was no overall significant difference (?) between 1986 and 2004 

IBI scores calculated using the new trophic classification system, the overall scores 

dropped for each year, except for November 2004 Maitland sites, using the new trophic 

classification system.  Overall scores declined at Lake St. Francis sites, using the new 

system, as did individual site IBI scores at almost every site for each year at Cornwall, 

Maitland and Lake St. Francis sites (Tables 8 and 9).  This difference in IBI scores using 

the two different trophic guild classification systems highlights the impact that the trophic 
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guild metric can have when it is used in the IBI; therefore, it is important to use a 

classification system that is standardized and based on the most current information 

available. 

 Regarding metric and index scoring, Hamilton (1987) scored the metrics as 0, 1, 

3 or 5; whereas, Minns et al. (1994) suggested that an index based on a continuous 

scoring system of 0.0-100.0 for the IBI and 0.0-10.0 for the metrics is more preferable.  

This method of scoring reduces the variance when metric values ≤ 1 are scored as 

different categories, and should make IBIs less variable and more easily understood 

(Hughes et al. 1998).   

 The IBI scores at these sites may not give a complete picture of the integrity of 

the aquatic ecosystem because of sampling bias.  Boat electrofishing is most effective at 

depths of ≤2 m.  In deeper water, benthic species may not be properly represented in the 

sample.  Also, IBIs for individual months can be affected by seasonal migrations of 

various species; therefore, it may not be valid to compare IBI scores between months, 

but to compare them for the same season between years.  Gammon and Simon (2000) 

reported that natural variation, hydrological cycles and chronic human induced variation 

should be taken into account when looking at variation in IBI scores through time.  

Gammon and Simon (2000) also suggested that the removal of schooling species 

improved the trend assessment and subtle pattern in IBI scores.        

 Limited time and funds make it hard to effectively sample a river as large as the 

St. Lawrence River, which requires the use of different gear types and a large number of 

sample sites to get a comprehensive picture of the fish assemblages.  In large rivers, 

where obtaining representative samples of the fish community can be difficult, it may be 

useful to use other taxa such as benthic invertebrates that are less mobile than fishes, to 

evaluate the health of the ecosystem.  Ideally, as suggested by Karr (1981), biological 

monitoring programs should be based on an integrative approach the evaluation of more 

than one major taxa. 

 

4.4 SPECIES AT RISK AND AQUATIC INVASIVE SPECIES 
Two species at risk, American eel and river redhorse were detected by DFO in 

2004.  The majority of specimens were caught at Cornwall (14 American eel and three 

river redhorse) while five American eel were caught in Lake St. Francis; no species at 

risk were caught at Maitland sites. 
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American eel capture sites in August (four sites) had slow to medium flows and 

aquatic vegetation was abundant at all sites except for one (Site 8) which had ~ 30% 

aquatic macrophyte coverage (Appendix 33).  Water clarity was high at all capture sites 

(Secchi depths ranged from >1.25 to >2.5 m) and water temperature was ~19°C 

(Appendix 33).  November capture sites had currents ranging from slow to fast and 

Secchi depths of >2 m.  Aquatic vegetation was abundant at Site 1, less so at Site 8 and 

absent from Site 5.  Water temperature at these sites was ~10°C (Appendix 33).  At 

Cornwall, more American eel were caught in November during nighttime sampling 

compared to August which was sampled during daylight hours.  This could be attributed 

to either the extra time spent sampling in November, or daily movement patterns 

exhibited by American eels which spend the majority of time during the day buried in the 

substrate, becoming more active at night (Scott and Crossman 1998).  At Lake St. 

Francis sites, American eel were only captured in August, from three sites (8-10), which 

were located the furthest distance from shore compared to sites 1-7.  Sites 8-10 all had a 

discernible current, ranging from slow to medium and all had abundant aquatic 

vegetation.  Sites 1-6 had no discernible current which might have contributed to the 

absence of eels.  Site 7 had a medium current but there was no aquatic vegetation at the 

site (Appendix 34). 

Three river redhorse were caught at Site 7 in November at Cornwall.  This site 

was very similar to the other sites with regards to physical habitat characteristics and it is 

not clear why the species was not detected from any of the other sites.  Site 7 had a 

medium flow rate, water visibility was >2 m and aquatic vegetation was fairly abundant 

(Appendix 33).  Pulp and paper mill effluent and urbanization in the area of Cornwall 

have resulted in the degradation of water and sediment quality (GLWQB 1982).  This 

may explain the small numbers of river redhorse captured from the area, as this species 

is generally considered to be intolerant of pollution or heavy siltation (Scott and 

Crossman 1998).        
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5.0 RECOMMENDATIONS 
True estimates of species richness and indices, such as the IBI, using boat electrofishing 

techniques are difficult.  The use of different gear types could allow a more accurate 

calculation of the IBI, as well as estimating true species richness and describing fish 

populations (Pugh and Schramm 1998, Colvin 2002, Hughes et al. 2002, Mandrak et al., 

unpubl. data).   
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Table 1. Summary of catch data for St. Lawrence River sites at Cornwall and Maitland 
sampled by DFO in August and November 2004. 
 

 Cornwall Maitland 
Catch Data August November August November

Number of Sites Sampled 8 8 4 4 
Total # of Species Detected 21 29 15 23 
Total # of Fishes Caught 309 919 137 327 
Average Number of Fishes Caught/Site 38.63 114.90 34.25 81.75 
Minimum # of Fishes Caught/Site  12 60 9 33 
Maximum # of Fishes Caught/Site 81 224 66 176 
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Table 2. Summary of species captured at Cornwall sites by the OMNR in 1986 and DFO 
in 2004.  The highlighted squares denote the species presence. 
 

Species DFO 2004 
August 

DFO 2004 
November 

OMNR 
1986 

alewife    
American eel    
banded killifish    
black bullhead    
black crappie    
bluegill    
bluntnose minnow    
brook silverside    
brown bullhead    
brown trout    
common carp    
eastern silvery minnow    
emerald shiner    
fallfish    
freshwater drum    
ghost shiner    
golden shiner    
greater redhorse    
largemouth bass    
logperch    
mimic shiner    
mottled sculpin    
muskellunge    
northern pike    
pumpkinseed    
rainbow smelt    
redhorse spp*   * 
river redhorse    
rock bass    
shorthead redhorse    
silver lamprey    
silver redhorse    
smallmouth bass    
spottail shiner    
temperate bass spp.    
tessellated darter    
walleye    
white sucker    
yellow perch    
Total Species  21 29 24 
Unique Species 1 8 7 
Common Species 22 
Total Species Richness 38 

 * not counted as a unique species.
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Table 3. Summary of 2004 DFO sampling effort for St. Lawrence River sites at Cornwall     
and Maitland. 
 

Cornwall Maitland 
  August November August November 
Average CPUE (catch/minute) 2.65 6.47 3.47 6.93 
Average effort (minutes/site) 14.95 17.54 9.98 11.04 
Total sampling effort (minutes) 119.57 140.28 39.93 44.17 

 
 
Table 4. Summary of species captured at Maitland by the OMNR in 1986 DFO in 2004.  
The highlighted squares denote the species presence. 
 

Species DFO 2004 
August 

DFO 2004 
November 

OMNR 
1986 

alewife    
American eel    
banded killifish    
black bullhead    
blackchin shiner    
bluntnose minnow    
brook silverside    
brown bullhead    
central mudminnow    
common carp    
golden shiner    
johnny darter    
largemouth bass    
logperch    
longnose gar    
mimic shiner    
mottled sculpin    
northern pike    
pumpkinseed    
rainbow smelt    
redhorse spp.*   * 
rock bass    
round goby    
sand shiner    
silver redhorse    
smallmouth bass    
spotfin shiner    
spottail shiner    
tessellated darter    
white sucker    
yellow perch    
Total Species 15 23 17 
Unique Species 3 8 4 
Common Species 15 
Total Species Richness  30 

  * not counted as a unique species.
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Table 5. Summary of catch data for Lake St. Francis sites sampled by DFO in August 
and November, 2004. 
 

 Lake St. Francis 
Catch Data August November Supplementary

Number of Sites Sampled 10 10 6 
Total # of Species Detected 27 28 20 
Total # of Fishes Caught 862 377 186 
Average Number of Fishes Caught/Site 86.2 37.7 31 
Minimum # of Fishes Caught/Site  21 10 14 
Maximum # of Fishes Caught/Site 208 109 45 
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Table 6. Summary of species captured at Lake St. Francis sites during August and 
November 2004 DFO surveys.  Highlighted squares denote the species presence. 
  

Species DFO 2004 
August 

DFO 2004 
November 

DFO 2004 
Supplemental 

alewife    
American eel    
banded killifish    
black bullhead    
black crappie    
blackchin shiner    
bluegill    
bluntnose minnow    
bowfin    
brook silverside    
brook stickleback    
brown bullhead    
central mudminnow    
common carp    
emerald shiner    
fallfish    
golden shiner    
Iowa darter    
largemouth bass    
logperch    
longnose gar    
mimic shiner    
mottled sculpin    
muskellunge    
northern pike    
pumpkinseed    
rock bass    
shorthead redhorse    
silver redhorse    
smallmouth bass    
spottail shiner    
tadpole madtom    
tessellated darter    
walleye    
white sucker    
yellow perch    
Total Species 27 28 20 
Unique Species 4 6 2 
Common Species 24 
Total Species Richness 36 
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Table 7. Summary of sampling effort at 2004 DFO Lake St. Francis sites. 
 

 Lake St. Francis 
 August November Supplementary 
Average CPUE (catch/minute) 5.56 2.87 2.53 
Average effort (minutes/site) 15.73 13.04 12.16 
Total sampling effort (minutes) 157.30 130 72.97 

 

 
Table 8. IBI scores for Cornwall and Maitland sites sampled by OMNR in 1986 and DFO 
in 2004. Scores were calculated using the trophic guild classification used by the OMNR 
in 1986 (Original) and using an updated trophic guild classification based on Coker et al. 
(2001) (New).  
 

Site 1986 OMNR August 2004 November 2004 
 Original New Original New Original New 

Cornwall       
1 23, P 17, VP-P 25, F 18, P 21, P 21, P 
2 21, P 18, P 20, P 20, P 25, F 22, P 
3 23, P 19, P 29, F 26, F 21, P 19, P 
4 21, P 18, P 31, G 26, F 33, G 27, F 
5 15, VP-P 12, VP 8, VP 8, VP 19, P 18, P 
6 29, F 19, P 15, VP-P 14, VP 21, P 21, P 
7 25, F 21, P 19, P 16, VP-P 23, P 22, P 
8 29, F 23, P 21, P 16, VP-P 21, P 22, P 

All Cornwall Sites  27, F 21, P 25, F 22, P 27, F 25, F 
Maitland       

1 18, P 19, P 23, P 23, P 19, P 18, P 
2 25, F 19, P 27, F 22, P 19, P 19, P 
3 21, P 17, VP-P 10, VP 14, VP 22, P 25, F 
4 23, P 17, VP-P 10, VP 12, VP 27, F 23, P 

All Maitland Sites 25, F 21, P 23, P 21, P 21, P 23, P 
       * VP – Very Poor; P – Poor; F – Fair; G – Good  
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Table 9. IBI values for Lake St. Francis sites sampled by DFO in 2004.  Scores were 
calculated using the trophic guild classification used by the OMNR in 1986 (Original) and 
using an updated trophic guild classification based on Coker et al. (2001) (New).  
 
 

Site August November 
 Original New Original New 
1 31, G 25, F 18, P 23, P 
2 27, F 21, P 23, P 21, P 
3 29, F 23, P 27, F 27, F 
4 27, F 23, P 15, VP-P 21, P 
5 27, F 20, P 23, P 23, P 
6 25, F 16, VP-P 27, F 23, P 
7 11, VP 10, VP 21, P 18, P 
8 15, VP-P 18, P 17, VP-P 19, P 
9 15, VP-P 14, VP 17, VP-P 15, VP-P 

10 21, P 21, P 21, P 20, P 
All Sites 29, F 23, P 29, F 25, F 

        * VP – Very Poor; P – Poor; F – Fair; G - Good  
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Table 10. Margalef’s Diversity Index (MDI) values for Maitland and Cornwall sites sampled by OMNR in 1986 and DFO in 2004. 
 

 Maitland Cornwall 
 M1 M2 M3 M4 Mean C1 C2 C3 C4 C5 C6 C7 C8 Mean 

DFO August 4.68 3.74 2.81 1.40 3.16 2.41 1.20 2.41 4.02 1.61 1.61 4.02 1.61 2.36 
DFO 
November 4.37 4.77 3.98 4.77 4.47 3.04 2.36 3.71 5.06 4.05 4.05 4.05 3.71 3.75 

OMNR 1986 4.86 4.97 5.07 4.72 4.91 6.65 5.15 6.34 4.45 3.19 7.40 4.40 5.37 5.37 
 
 

Table 11. Margalef’s Diversity Index (MDI) values for DFO Lake St. Francis sites sampled in August and November, 2004. 
 

 LSF1 LSF2 LSF3 LSF4 LSF5 LSF6 LSF7 LSF8 LSF9 LSF10 Mean
August 3.41 4.43 5.45 3.75 4.09 2.73 1.70 1.70 1.70 2.38 3.13 
November 1.09 1.45 2.18 0.73 1.09 4.36 4.73 2.91 2.18 2.54 2.33 
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Figure 1. Sites sampled in Lake St. Francis by DFO in 2004. 
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Figure 2. Sites sampled by DFO at Cornwall in 2004. 
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Figure 3. Sites sampled by DFO at Maitland in 2004. 
 



 35

Appendix 1. Common and scientific names of species detected by OMNR and DFO in 
the St. Lawrence River and Lake St. Francis in 1986 and 2004 (according to Nelson et 
al. 2004). 
 

Common Name Scientific Name 
alewife Alosa pseudoharengus 
American eel Anguilla rostrata 
banded killifish Fundulus diaphanus 
black bullhead Ameiurus melas 
black crappie Pomoxis nigromaculatus 
blackchin shiner Notropis heterodon 
bluegill Lepomis macrochirus 
bluntnose minnow Pimephales notatus 
bowfin Amia calva 
brook silverside Labidesthes sicculus 
brook stickleback Culaea inconstans 
brown bullhead Ameiurus nebulosus 
brown trout Salmo trutta 
central mudminnow Umbra limi 
common carp Cyprinus carpio 
eastern silvery minnow Hybognathus regius 
emerald shiner Notropis atherinoides 
fallfish Semotilus corporalis 
freshwater drum Aplodinotus grunniens 
ghost shiner Notropis buchanani 
golden shiner Notemigonus crysoleucas 
greater redhorse Moxostoma valenciennesi 
Iowa darter Etheostoma exile 
johnny darter Etheostoma nigrum 
largemouth bass Micropterus salmoides 
logperch Percina caprodes 
longnose gar Lepisosteus osseus 
mimic shiner Notropis volucellus 
mottled sculpin Cottus bairdii 
muskellunge Esox masquinongy 
northern pike Esox lucius 
pumpkinseed Lepomis gibbosus 
rainbow smelt Osmerus mordax 
river redhorse Moxostoma carinatum 
rock bass Ambloplites rupestris 
round goby Neogobius melanostomus 
sand shiner Notropis stramineus 
shorthead redhorse Moxostoma macrolepidotum
silver lamprey Ichthyomyzon unicuspis 
silver redhorse Moxostoma anisurum 
smallmouth bass Micropterus dolomieu 
spotfin shiner Cyprinella spiloptera 
spottail shiner Notropis hudsonius 
tadpole madtom Noturus gyrinus 
tessellated darter Etheostoma olmstedi 
walleye Sander vitreus 
white sucker Catostomus commersonii 
yellow perch Perca flavescens 
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Appendix 2.  Summary of 2004 DFO site descriptions for Cornwall and Maitland sites. 
Cornwall sites were sampled August 24th and November 3-4th, and sites in Maitland were 
sampled August 27th and November 1st. 
 

Site # Start Latitude Start Longitude Narrative Locality Description 
Cornwall 

1 44.9954 -74.7585 South west corner of Cornwall Island 
2 45.0116 -74.7323 Downstream of international bridge, about 750m 
3 45.0252 -74.683 North shore of St. Lawrence, east of Cornwall 
4 45.0314 -74.667 North shore of St. Lawrence, east of Cornwall 
5 45.0102 -74.7484 Upstream of international bridge; north shore 
6 45.0212 -74.6907 Upstream of St. Lawrence College; north shore of river 
7 45.0046 -74.6948 South shore of Cornwall Island 
8 45.0164 -74.6768 North East shore of Cornwall Island 

Maitland 
1 44.6787 -75.5569 Blue Church Bay;  upstream of Prescott, North shore 
2 44.6617 -75.5753 Upstream of Prescott; @ chemical plant; north shore 
3 45.6503 -75.5927 East of the town of Maitland, Clay Bank Bay 
4 45.6356 -75.6103 Upstream of Prescott about 5 km, @ town of Maitland 

 
 
Appendix 3.  Summary of 2004 DFO site descriptions for Lake St. Francis sites. Sites 
were sampled August 25-26th and November 16-17th. 
 

Site # Start Latitude Start Longitude Narrative Locality Description 
1 45.18996 -74.36202 Between mouth of Wood Duck Creek and Gun Creek 
2 45.18324 -74.37327 Between Gun Creek and Sutherland Creek, Bainsville Bay 
3 45.18209 -74.38194 west of Sutherland Creek, Bainsville Bay 
4 45.16142 -74.42151 Bay - east of Nadeus Point, East of Raisin River 
5 45.14620 -74.46656 east of Britannia Pt., east of Raisin River 
6 45.12668 -74.49098 Mouth of Raisin River, east and west shore 
7 45.00791 -74.78545 Downstream of Cornwall generating station, south shore 
8 45.03638 -74.60048 south of Provost Pt., sampled perimeter of Grassy Island 
9 45.04606 -74.58215 east of Danis Pt., ~1km along reed beds 
10 45.05011 -74.57506 east of Danis Pt., within reed beds 
S1 45.11593 -74.49959 Cooper's Marsh, west of Raisin River 
S2 45.11393 -74.50741 Cooper's Marsh, west of Raisin River 
S3 45.10748 -74.51014 Cooper's Marsh, west of Raisin River, near Loon Island 
S4 45.09643 -74.51462 Mouth of Fraser Creek, east of Cornwall 
S5 45.05701 -74.55683 In bay adjacent to Summerstown, along islands of reeds 
S6 45.05503 -74.56251 Adjacent to Summerstown, northeast of Clark Island 
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Appendix 4.  Hamilton's (1987) adaptation of the IBI classification scheme. 
 

Scoring Criteria Section Description 
0 1 3 5 

0 0-25% 26-50% > 50% Number of species collected in each 
sample (as a % of total collected in the 
entire AOC)         

0 1 2 ≥ 3 Number of percid species present in each 
sample area         

0 1 2 ≥ 3 

Species Richness 
and Composition 

Number of naturally-spawned salmonid and 
coregonid species present in each sample 
area         

Subtotal:   

0 < 20% 20-40% > 40% Proportion of individuals considered 
specialist/insectivores/planktivores         

0 > 40% 20-40% < 20% Proportion of individuals considered 
generalists         

0 < 2% 2-5% > 5% 

Trophic 
Composition 

Proportion of individuals considered top 
piscivores         

Subtotal:  

- < 80% 80-120% > 120% Ratio of CPUE in the sample area to mean 
AOC CPUE (as %)         

- > 5% 1-5% 0 
Fish Abundance 

and Health Occurrence of individuals which are 
hybrids, diseased, have lamprey scars or 
are invading species         

Subtotal:   

Total:   
Rating System: < 15 = very poor 
   18-23 = poor 
   25-29 = fair 
   31-34 = good   
   37-40 = excellent 
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Appendix 5. Trophic guild classifications based on the original OMNR method and Coker et al. (2001). New species observed in 
2004 (in bold) which were not originally classified by the OMNR, were classified according to Coker et al. (2001). 
 

Original OMNR Trophic Classification  Trophic Classification Based on Coker et al. (2001) 
Generalists Specialists Top Piscivores  Generalists Specialists Top Piscivores 

bluntnose minnow black crappie American eel  American eel alewife* black crappie 
brown bullhead golden shiner brown trout  black bullhead banded killifish bowfin 
common carp* johnny darter largemouth bass  blackchin shiner brook silverside brown trout* 
fallfish logperch northern pike  bluegill eastern silvery minnow largemouth bass 
greater redhorse Morone sp. walleye  bluntnose minnow sand shiner longnose gar 
rainbow smelt pumpkinseed   brook stickleback silver lamprey muskellunge 
river redhorse rock bass   brown bullhead  Morone spp.* 
shorthead redhorse spottail shiner   central mudminnow  northern pike 
silver redhorse tessellated darter   common carp*  smallmouth bass 
white sucker yellow perch   emerald shiner  walleye 
    fallfish  yellow perch 
    freshwater drum   
    ghost shiner   
    golden shiner   
black bullhead alewife bowfin  greater redhorse   
blackchin shiner banded killifish longnose gar  Iowa darter   
bluegill brook silverside muskellunge  johnny darter   
brook stickleback  eastern silvery minnow smallmouth bass  logperch   
central mudminnow sand shiner   mimic shiner   
emerald shiner silver lamprey   mottled sculpin   
freshwater drum    pumpkinseed   
ghost shiner    rainbow smelt*   
Iowa darter    river redhorse   
mimic shiner    rock bass   
mottled sculpin    round goby*   
round goby*    shorthead redhorse   
spotfin shiner    silver redhorse   
tadpole madtom    spotfin shiner   
    spottail shiner   
    tadpole madtom   
    tessellated darter   
    white sucker   
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Appendix 6. Catch data from OMNR Cornwall sites, October 1986. 
 

   Cornwall Sites – OMNR 1986 
Species % Composition Total 1 2 3 4 5 6 7 8 

alewife 4.39 43 7  18   14 1 3 
American eel 1.63 16 2 2 3   1 5 3 
banded killifish 0.20 2 1     1   
black crappie 1.02 10   1 4  5   
bluntnose minnow 1.12 11 2 2  1  1  5 
brown bullhead 4.29 42 9 10  14  3  6 
brown trout 0.10 1     1    
common carp 2.25 22 2 5 10 2    3 
eastern silvery minnow 0.10 1      1   
fallfish 0.20 2   2      
golden shiner 0.41 4    1    3 
largemouth bass 1.94 19    1  18   
logperch 0.10 1 1        
Morone spp. 0.10 1   1      
northern pike 3.98 39 3 5 4 4  12 3 8 
pumpkinseed 11.54 113 1 18 2 60  15  17 
rainbow smelt 2.65 26   21  1 3 1  
redhorse spp. 11.54 113 1 18 2 60  15  17 
rock bass 6.54 64 7 3 12  4 15 14 9 
spottail shiner 1.53 15 5 2    2 6  
tessellated darter 2.04 20  2   1  3 14 
walleye 0.71 7   2  3 1 1  
white sucker 25.43 249 34 48 23 17 27 19 64 17 
yellow perch 16.14 158 15 22 11 12  19 13 66 

Total Catch 100.00 979 90 137 112 176 37 145 111 171 
Effort (minutes) 16.67 17.57 16.93 16.67 11.88 16.67 15.00 16.67

CPUE (fish/minute) 5.40 7.80 6.61 10.56 3.11 8.70 7.40 10.26
Average CPUE (fish/minute) 7.48 
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Appendix 7. Catch data from OMNR Maitland sites, October 1986. 
 

   Maitland Sites – OMNR 1986 
Species % Composition Total 1 2 3 4 

alewife 5.43 24 4 16 2 2 
American eel 2.49 11  2 2 7 
bluntnose minnow 16.51 73 23  22 28 
brown bullhead 1.13 5 5    
common carp 2.94 13 11 1 1  
golden shiner 0.23 1   1  
johnny darter 0.23 1  1   
largemouth bass 0.23 1    1 
northern pike 2.04 9  3 2 4 
pumpkinseed 4.75 21 1 1 3 16 
rainbow smelt 5.43 24  14 5 5 
redhorse spp. 0.68 3 1 1  1 
rock bass 6.33 28 2 11 1 14 
spottail shiner 0.45 2 2    
tessellated darter 1.36 6 6    
white sucker 17.42 77 25 17 22 13 
yellow perch 32.35 143 34 36 33 40 

Total Catch 100.00 442 114 103 94 131 
Effort (minutes) 16.67 17.20 16.95 16.88 
CPUE (fish/min) 6.84 5.99 5.54 7.76 

Average CPUE (fish/min) 6.53 
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Appendix 8.  Summary of 2004 sampling effort and electrofishing settings for Cornwall and 
Maitland sites.  Sampling at all sites was conducted using a 6.35 m Model SR-20 Smith-Root dual 
boom electrofishing boat with a 7.5 kW generator and a 7.5 GPP control box). 

 

Site Date 
Duration 

(min) 
Amps 

(A) 
Volts 

(V) 
Power 

(%) 
Pulse/sec 

(Hz) 
Cornwall 

1 24/08/04 16.77 6 1000 50 30 
2 24/08/04 12.75 n/a n/a n/a n/a 
3 24/08/04 12.70 6.5 1000 30 30 
4 24/08/04 16.68 6.5 1000 60 30 
5 24/08/04 11.43 6.5 1000 60 30 
6 24/08/04 12.92 6.5 1000 60 30 
7 24/08/04 19.47 7 1000 60 30 
8 24/08/04 16.85 6.5 1000 60 30 
1 03/11/04 18.45 5.5 1000 55 30 
2 03/11/04 14.38 5.5 1000 55 30 
3 03/11/04 16.83 5.5 1000 50 27 
4 03/11/04 18.08 5.5 1000 50 27 
5 04/11/04 14.40 5.5 1000 50 27 
6 04/11/04 19.07 5.5 1000 55 30 
7 03/11/04 19.37 5.5 1000 50 27 
8 03/11/04 19.70 5.5 1000 50 27 

Maitland 
1 27/08/04 9.13 6.5 1000 60 30 
2 27/08/04 11.20 7 1000 60 30 
3 27/08/04 10.10 6.5 1000 60 30 
4 27/08/04 9.50 7 1000 60 30 
1 01/11/04 7.65 5.5 1000 50 30 
2 01/11/04 13.30 5.5 1000 50 30 
3 01/11/04 11.78 5.5 1000 55 30 
4 01/11/04 11.43 5.5 1000 50 30 
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Appendix 9.  Summary of 2004 sampling effort and electrofishing settings for Lake St. Francis 
sites.  Sampling at all sites was conducted using a 6.35 m Model SR-20 Smith-Root dual boom 
electrofishing boat with a 7.5 kW generator and a 7.5 GPP control box). 

 

Site Date 
Duration 

(min) 
Amps 

(A) 
Volts 

(V) 
Power 

(%) 
Pulse/sec 

(Hz) 
Lake St. Francis 

1 25/08/04 11.75 6.5 1000 55 30 
2 25/08/04 16.62 6.5 1000 55 30 
3 25/08/04 16.68 6.5 1000 55 30 
4 25/08/04 17.78 7 1000 60 30 
5 25/08/04 16.13 6.9 1000 60 30 
6 25/08/04 15.22 6.5 1000 50 30 
7 26/08/04 17.52 8 1000 30 60 
8 26/08/04 13.75 7 1000 60 30 
9 26/08/04 16.98 6.5 1000 60 30 
10 26/08/04 14.87 6.5 1000 55 30 
1 16/11/04 9.10 5.5 1000 55 30 
2 16/11/04 12.08 5.5 1000 50 30 
3 16/11/04 11.68 5.5 1000 50 30 
4 16/11/04 11.53 5.5 1000 50 30 
5 16/11/04 11.85 5.5 1000 50 30 
6 16/11/04 15.38 5.5 1000 50 30 
7 17/11/04 19.08 5.5 1000 50 30 
8 17/11/04 16.30 5.5 1000 50 30 
9 17/11/04 11.37 5.5 1000 50 30 
10 17/11/04 12.02 5.5 1000 50 30 
S1 17/11/04 12.32 5.5 1000 50 30 
S2 17/11/04 8.50 5.5 1000 50 30 
S3 17/11/04 12.60 5.5 1000 50 30 
S4 17/11/04 13.42 5.5 1000 50 30 
S5 17/11/04 12.67 5.5 1000 50 30 
S6 17/11/04 13.47 5.5 1000 50 30 
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Appendix 10. Catch data from Cornwall sites, August 2004.  
 

   Cornwall Sites – August 2004 

Species % 
Composition Total 1 2 3 4 5 6 7 8 

American eel 1.62 5 2   1   1 1 
black bullhead 0.97 3 3        
bluntnose minnow 1.94 6    6     
brown bullhead 6.47 20  2 4 6  4  4 
common carp 1.94 6 1    3  2  
freshwater drum 0.97 3 1  1    1  
golden shiner 2.91 9    9     
greater redhorse 0.65 2     2    
largemouth bass 0.32 1      1   
logperch 0.65 2    2     
mimic shiner 1.94 6    2  2 2  
northern pike 0.32 1    1     
pumpkinseed 1.29 4    4     
shorthead redhorse 11.33 35     34  1  
silver redhorse 2.91 9   1  6  2  
smallmouth bass 0.97 3   1    2  
spottail shiner 0.32 1       1  
tessellated darter 4.85 15 5 1 1 6    2 
walleye 0.32 1       1  
white sucker 13.27 41 8 6 1 4 5 3 13 1 
yellow perch 44.01 136 16 20 40 40  2 14 4 

Total Catch 100.00 309 36 29 49 81 50 12 40 12 
Effort (minutes) 16.77 12.75 12.70 16.68 11.43 12.92 19.47 16.85

CPUE (fish/minute) 2.15 2.27 3.86 4.86 4.37 0.93 2.05 0.71 
Average CPUE (fish/minute) 2.65 
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Appendix 11. Catch data from Cornwall sites, November 2004. 
 

   Cornwall Sites – November 2004 

Species % Composition Total 1 2 3 4 5 6 7 8 

American eel 0.98 9 3    3   3 
black bullhead 0.33 3   2    1  
bluegill 0.11 1    1     
bluntnose minnow 1.30 12   1 3  3 1 4 
brook silverside 4.03 37   3 1  33   
brown bullhead 3.59 33 1  6 7   2 17 
common carp 0.43 4     2 2   
emerald shiner 0.33 3      3   
fallfish 0.54 5  5       
ghost shiner 0.11 1    1     
greater redhorse 0.22 2     2    
largemouth bass 1.10 10 2 2  3  2  1 
logperch 0.76 7  1  1 3  2  
mimic shiner 27.09 249 52  2   50  145 
mottled sculpin 0.54 5  2 1  1  1  
muskellunge 0.11 1   1      
northern pike 0.33 3     1 1  1 
pumpkinseed 1.52 14    14     
river redhorse 0.33 3       3  
rock bass 2.39 22 3 3 1  1 3 3 8 
shorthead redhorse 7.51 69 2   3 50  14  
silver lamprey 0.43 4 2   2     
silver redhorse 1.10 10    1 1  7 1 
smallmouth bass 0.33 3     1 1  1 
spottail shiner 1.20 11   1 2  8   
tessellated darter 3.37 31 5 6 3 3 1 3 1 9 
walleye 1.10 10    5   5  
white sucker 11.42 105 11 8 9 10 4 4 46 13 
yellow perch 27.42 252 28 43 30 78 3 35 14 21 

Total Catch 100.00 919 109 70 60 135 73 148 100 224 
Effort (minutes) 18.45 14.38 16.83 18.08 19.37 19.70 14.40 19.07 

CPUE (fish/minute) 5.91 4.87 3.56 7.47 3.77 7.51 6.94 11.75 
Average CPUE (fish/minute) 6.47 
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Appendix 12. Catch data from Maitland sites, August 2004. 
 

   Maitland Sites – August 
2004 

Species % 
Composition Total 1 2 3 4 

banded killifish 0.73 1 1    
bluntnose minnow 7.30 10 5 2 3  
brown bullhead 4.38 6  1 1 4 
central mudminnow 5.84 8   8  
common carp 8.76 12 8 2 1 1 
largemouth bass 0.73 1  1   
logperch 8.76 12 1 11   
mimic shiner 9.49 13 13    
northern pike 0.73 1 1    
smallmouth bass 0.73 1  1   
spotfin shiner 1.46 2 2    
spottail shiner 0.73 1 1    
tessellated darter 3.65 5 1 2 2  
white sucker 9.49 13 1 8 3 1 
yellow perch 37.23 51 32 15 1 3 
Total Catch 100.00 137 66 43 19 9 

Effort (minutes) 9.13 11.20 10.10 9.50
CPUE (fish/min) 7.23 3.84 1.88 0.95

Average CPUE (fish/min) 3.47 
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Appendix 13. Catch data from Maitland sites, November 2004. 
 

   Maitland Sites – 
November 2004 

Species % 
Composition Total 1 2 3 4 

banded killifish 0.31 1   1  
black bullhead 0.61 2 1 1   
blackchin shiner 0.31 1    1 
bluntnose minnow 39.75 130 11 16 99 4 
brook silverside 0.92 3  1 2  
brown bullhead 7.95 26 6 11 6 3 
common carp 1.22 4 1 3   
golden shiner 0.31 1    1 
largemouth bass 0.31 1    1 
logperch 0.92 3   1 2 
longnose gar 0.30 1  1   
mottled sculpin 0.92 3 1 2   
northern pike 0.31 1 1    
rainbow smelt 0.31 1  1   
rock bass 3.67 12 1 5  6 
round goby 0.31 1 1    
sand shiner 8.56 28   26 2 
silver redhorse 0.61 2   2  
smallmouth bass 0.61 2    2 
spottail shiner 9.78 32 12 4 15 1 
tessellated darter 5.50 18 3 9 5 1 
white sucker 6.73 22 6 6 3 7 
yellow perch 9.78 32 7 7 16 2 
Total Catch 100.00 327 51 67 176 33 

Effort (minutes) 11.78 11.43 13.30 7.65 
CPUE (fish/minute) 4.33 5.86 13.23 4.31 

Average CPUE (fish/minute) 6.93 
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 Appendix 14. Catch data from Lake St. Francis sites, August 2004.  
 

   Lake St. Francis Sites – August 2004 
Species %Composition Total 1 2 3 4 5 6 7 8 9 10 

American eel 0.35 3        1 1 1 
banded killifish 1.74 15  1 12       2 
black crappie 0.35 3   3        
blackchin shiner 6.84 59 2 5 51  1      
bluegill 1.16 10 1  4 1 1 3     
bluntnose minnow 0.12 1     1      
brook silverside 0.81 7 1  5 1       
brown bullhead 9.05 78  5 4 1 1 2  20 11 34 
central mudminnow 0.12 1   1        
common carp 3.02 26  19 5    1   1 
emerald shiner 0.12 1  1         
golden shiner 11.14 96 3 18 31 2 29 13     
Iowa darter 0.12 1   1        
largemouth bass 6.26 54 3 6 38 3 1 2    1 
logperch 0.58 5       2 3   
longnose gar 0.23 2   1 1       
mimic shiner 6.26 54 2  1  1   43  7 
northern pike 0.70 6 1 2   1 2     
pumpkinseed 6.96 60 3 5 23 18 7 4     
rock bass 0.81 7  2 1 2 1 1     
shorthead redhorse 0.70 6       6    
silver redhorse 1.16 10       9  1  
smallmouth bass 0.12 1       1    
spottail shiner 0.35 3  1  1     1  
tessellated darter 2.55 22 14 3  3 2      
white sucker 7.19 62 3 7 1 3 1 1 2 15 19 10 
yellow perch 31.21 269 46 44 26 49 30 11  9 7 47 

Total Catch 100.00 862 79 119 208 85 77 39 21 91 40 103 
Effort (minutes) 11.75 16.62 16.68 17.78 16.13 15.22 17.52 13.75 16.98 14.87 

CPUE (fish/minute) 6.72 7.16 12.47 4.78 4.77 2.56 1.20 6.62 2.36 6.93 
Average CPUE (fish/minute) 5.56 
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Appendix 15. Catch data from Lake St. Francis sites, November 2004. 
 

   Lake St. Francis Sites – November 2004 
Species % Composition Total 1 2 3 4 5 6 7 8 9 10 

banded killifish 0.26 1        1   
black bullhead 0.26 1      1     
blackchin shiner 0.26 1        1   
bluegill 1.59 6      6     
bluntnose minnow 2.65 10      7   1 2 
brook silverside 22.01 83 13 10 45 2 7 5   1  
brook stickleback 0.26 1        1   
brown bullhead 9.28 35      3 1 12 3 16 
common carp 2.12 8       7   1 
emerald shiner 0.26 1     1      
fallfish 1.06 4       4    
golden shiner 1.59 6 1 1 3   1     
Iowa darter 0.53 2      2     
largemouth bass 5.57 21  1 14   3   1 2 
logperch 1.06 4       4    
mimic shiner 1.59 6      1  3  2 
mottled sculpin 0.79 3       1 2   
muskellunge 0.26 1       1    
northern pike 1.86 7   1  1 4  1   
pumpkinseed 1.59 6   3   2 1    
shorthead redhorse 0.79 3       2  1  
silver redhorse 0.26 1       1    
spottail shiner 0.26 1       1    
tadpole madtom 0.26 1 1          
tessellated darter 4.24 16    2  11 1   2 
walleye 0.26 1       1    
white sucker 11.14 42  5 1    6 18 2 10 
yellow perch 27.85 105 1 13 42 7 2 2 20 5 1 12 
Total Catch 100.00 377 16 30 109 11 11 48 51 44 10 47 

Effort (minutes) 9.10 12.08 11.68 11.53 11.85 15.38 19.08 16.30 11.37 12.02 
CPUE (fish/min) 1.76 2.48 9.33 0.95 0.93 3.12 2.67 2.70 0.88 3.91 

Average CPUE (fish/min) 2.87 
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Appendix 16. Catch data from Lake St. Francis supplementary sites, November 2004.  
 

   Lake St. Francis – Supplementary Sites, 
November 2004 

Species % Composition Total S1 S2 S3 S4 S5 S6 
alewife 0.54 1   1    
American eel 1.07 2     2  
banded killifish 2.15 4    1 1 2 
blackchin shiner 1.07 2 1   1   
bluegill 0.54 1 1      
bluntnose minnow 0.54 1      1 
bowfin 0.54 1    1   
brook silverside 6.45 12 1  3 5 3  
brook stickleback 0.54 1      1 
brown bullhead 25.81 48 2  1 4 15 26 
common carp 1.61 3      3 
golden shiner 0.54 1   1    
Iowa darter 0.54 1 1      
largemouth bass 0.54 1   1    
mimic shiner 5.91 11  5 1 3 2  
northern pike 0.54 1  1     
smallmouth bass 0.54 1 1      
tessellated darter 15.59 29 2 4 4 14 1 4 
white sucker 9.68 18     13 5 
yellow perch 25.27 47 19 10 2 7 6 3 
Total Catch 100.00 186 28 20 14 36 43 45 

Effort (minutes) 12.32 8.50 12.60 13.42 12.67 13.47 
CPUE (fish/min) 2.27 2.35 1.11 2.68 3.39 3.34 

Average CPUE (fish/min) 2.52 
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Appendix 17. IBI scores for October 1986 Cornwall sites; the IBI was calculated using the same trophic guild classification as the 
OMNR in 1986.  
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 58.33 50.00 58.33 45.83 25.00 70.83 41.67 54.17 

Score 5 5 3 5 3 1 5 3 5 
Number of Percid species present in each 

sample area 4 2 2 2 1 2 2 3 2 

Score 5 3 3 3 1 3 3 5 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 44.13 41.11 34.31 40.18 43.75 13.51 49.66 33.33 65.60 

Score 5 5 3 5 5 1 5 3 5 
Proportion of individuals considered generalists 

(%) 47.50 53.33 60.58 51.79 53.41 75.68 28.28 58.56 28.07 

Score 1 1 1 1 1 1 3 1 3 
Proportion of individuals considered top 

piscivores (%) 8.38 5.56 5.11 8.04 2.84 10.81 22.07 8.11 6.43 

Score 5 5 5 5 3 5 5 5 5 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 102.20 72.18 104.25 88.41 141.16 41.62 116.30 98.92 137.15

Score 3 1 3 3 5 1 3 3 5 
Occurrence of individuals which are invasive 

(%) 2.25 2.22 3.65 8.93 1.14 2.70 0.00 0.00 1.75 

Score 3 3 3 1 3 3 5 5 3 
IBI Score 27 23 21 23 21 15 29 25 29 

IBI Rating Fair Poor Poor Poor Poor 
Very 

Poor to 
Poor 

Fair Fair Fair 
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Appendix 18.  IBI scores for November 2004 Cornwall sites; the IBI was calculated using the same trophic guild classification as the 
OMNR in 1986.  
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 34.48 27.59 41.38 55.17 44.83 44.83 44.83 41.83 

Score 5 3 3 3 5 3 3 3 3 
Number of Percid species present in each 

sample area 4 2 3 2 4 3 2 4 2 

Score 5 3 5 3 5 5 3 5 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 41.13 34.86 75.71 63.33 74.81 10.96 55.41 20.00 16.96 

Score 5 3 5 5 5 1 5 3 1 
Proportion of individuals considered generalists 

(%) 54.95 60.55 21.43 35.00 19.26 82.19 41.89 75.00 80.36 

Score 1 1 3 3 5 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 3.92 4.59 2.86 1.67 5.93 6.85 2.70 5.00 2.68 

Score 3 3 3 1 5 5 3 3 3 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 101.21 91.28 75.19 55.07 115.34 58.24 116.07 107.29 181.51

Score 3 3 1 1 3 1 3 3 5 
Occurrence of individuals which are invasive 

(%) 0.44 0.00 0.00 0.00 0.00 2.74 1.35 0.00 0.00 

Score 5 5 5 5 5 3 3 5 5 
IBI Score 27 21 25 21 33 19 21 23 21 

IBI Rating Fair Poor Fair Poor Good Poor Poor Poor Poor 
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Appendix 19. Re-calculated IBI scores for October 1986 Cornwall sites; the IBI was calculated using a trophic guild classification 
based on Coker et al. (2001). 
  

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 58.33 50.00 58.33 45.83 25.00 70.83 41.67 54.17 

Score 5 5 3 5 3 1 5 3 5 
Number of Percid species present in each 

sample area 4 2 2 2 1 2 2 3 2 

Score 5 3 3 3 1 3 3 5 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 4.70 8.89 0.00 16.07 0.00 0.00 11.03 0.90 1.75 

Score 1 1 0 1 0 0 1 1 1 
Proportion of individuals considered generalists 

(%) 71.30 71.11 80.29 66.96 88.07 89.19 51.03 83.78 54.97 

Score 1 1 1 1 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 24.00 20.00 19.71 16.96 11.93 10.81 37.93 15.32 43.27 

Score 5 5 5 5 5 5 5 5 5 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 102.20 72.18 104.25 88.41 141.16 41.62 116.30 98.92 137.15

Score 3 1 3 3 5 1 3 3 5 
Occurrence of individuals which are invasive 

(%) 9.50 10.00 3.65 44.64 1.14 5.41 11.72 1.80 3.51 

Score 1 1 3 1 3 1 1 3 3 
IBI Score 21 17 18 19 18 12 19 21 23 

IBI Rating Poor 
Very 

Poor to 
Poor 

Poor  Poor Poor Very 
Poor Poor Poor Poor 
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Appendix 20. Re-calculated IBI scores for November 2004 Cornwall sites; the IBI was calculated using a trophic guild classification 
based on Coker et al. (2001). 
  

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 34.48 27.59 41.38 55.17 44.83 44.83 44.83 41.83 

Score 5 3 3 3 5 3 3 3 3 
Number of Percid species present in each 

sample area 4 2 3 2 4 3 2 4 2 

Score 5 3 5 3 5 5 3 5 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 4.46 1.83 0.00 5.00 2.22 0.00 22.30 0.00 0.00 

Score 1 1 0 1 1 0 3 0 0 
Proportion of individuals considered generalists 

(%) 65.18 70.64 35.71 43.33 34.07 93.15 51.35 81.00 89.29 

Score 1 1 3 1 3 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 30.36 27.52 64.29 51.67 63.70 6.85 26.35 19.00 10.71 

Score 5 5 5 5 5 5 5 5 5 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 101.21 91.28 75.19 55.07 115.34 58.24 116.07 107.29 181.51

Score 3 3 1 1 3 1 3 3 5 
Occurrence of individuals which are invasive 

(%) 0.44 0.00 0.00 0.00 0.00 2.74 1.35 0.00 0.00 

Score 5 5 5 5 5 3 3 5 5 
IBI Score 25 21 22 19 27 18 21 22 22 

IBI Rating Fair Poor Poor  Poor Fair Poor  Poor Poor  Poor 
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Appendix 21. IBI scores for October 1986 Maitland sites; the IBI was calculated using the 
same trophic guild classification as the OMNR in 1986. 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 64.71 64.71 64.71 64.71 

Score 5 5 5 5 5 
Number of Percid species present in each 

sample area 3 2 2 1 1 

Score 5 3 3 1 1 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 

Score 0 0 0 0 0 
Proportion of individuals considered specialists / 

insectivores / planktivores (%) 51.13 42.98 63.11 42.55 54.96 

Score 5 5 5 5 5 
Proportion of individuals considered generalists 

(%) 44.12 57.02 32.04 53.19 35.88 

Score 1 1 3 1 3 
Proportion of individuals considered top 

piscivores (%) 4.75 0.00 4.85 4.26 9.16 

Score 3 0 3 3 5 
Ratio of CPUE in the sample area to mean AOC 

CPUE (%) 99.93 104.69 91.66 84.88 118.76 

Score 3 3 3 3 3 

Occurrence of individuals which are invasive (%) 4.75 9.65 1.94 1.06 5.34 

Score 3 1 3 3 1 
IBI Score 25 18 25 21 23 

IBI Rating Fair Poor Fair Poor Poor 
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Appendix 22. IBI scores for November 2004 Maitland sites; the IBI was calculated using the 
same trophic guild classification as the OMNR in 1986. 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 

Number of species at each site (as a % of total 
collected in entire AOC) 100 52.17 56.52 47.83 56.52 

Score 5 5 5 3 5 
Number of Percid species present in each 

sample area 3 2 2 3 3 

Score 5 3 3 5 5 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 

Score 0 0 0 0 0 
Proportion of individuals considered specialists / 

insectivores / planktivores (%) 39.76 45.10 38.81 37.50 45.45 

Score 3 5 3 3 5 
Proportion of individuals considered generalists 

(%) 58.72 52.94 59.70 62.50 45.45 

Score 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 1.53 1.96 1.49 0.00 9.09 

Score 1 1 1 0 5 
Ratio of CPUE in the sample area to mean AOC 

CPUE (%) 106.78 62.42 84.51 190.85 62.21 

Score 3 1 3 5 1 

Occurrence of individuals which are invasive (%) 1.53 3.92 4.48 0.00 0.00 

Score 3 3 3 5 5 
IBI Score 21 19 19 22 27 

IBI Rating Poor Poor Poor Poor Fair 
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Appendix 23. Re-calculated IBI scores for October 1986 Maitland sites; the IBI was 
calculated using a trophic guild classification based on Coker et al. (2001). 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 64.71 64.71 64.71 64.71 

Score 5 5 5 5 5 
Number of Percid species present in each 

sample area 3 2 2 1 1 

Score 5 3 3 1 1 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 

Score 0 0 0 0 0 
Proportion of individuals considered specialists / 

insectivores / planktivores (%) 5.43 3.51 15.53 2.13 1.53 

Score 1 1 1 1 1 
Proportion of individuals considered generalists 

(%) 59.95 66.67 46.60 60.64 64.12 

Score 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 34.62 29.82 37.86 37.23 34.35 

Score 5 5 5 5 5 
Ratio of CPUE in the sample area to mean AOC 

CPUE (%) 99.93 104.69 91.66 84.88 118.76 

Score 3 3 3 3 3 

Occurrence of individuals which are invasive (%) 13.80 13.16 30.10 8.51 5.34 

Score 1 1 1 1 1 
IBI Score 21 19 19 17 17 

IBI Rating Poor Poor Poor 
Very 

Poor to 
Poor 

Very 
Poor to 

Poor 
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Appendix 24. Re-calculated IBI scores for November 2004 Maitland sites; the IBI was 
calculated using a trophic guild classification based on Coker et al. (2001). 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 52.17 56.52 47.83 56.62 

Score 5 5 5 3 5 
Number of Percid species present in each 

sample area 3 2 2 3 3 

Score 5 3 3 5 5 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 

Score 0 0 0 0 0 
Proportion of individuals considered specialists / 

insectivores / planktivores (%) 9.79 0.00 1.49 16.48 6.06 

Score 1 0 1 1 1 
Proportion of individuals considered generalists 

(%) 78.90 84.31 86.57 74.43 78.79 

Score 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 11.31 15.69 11.94 9.09 15.15 

Score 5 5 5 5 5 
Ratio of CPUE in the sample area to mean AOC 

CPUE (%) 106.78 62.42 84.51 190.85 62.21 

Score 3 1 3 5 1 

Occurrence of individuals which are invasive (%) 1.83 3.92 5.97 0.00 0.00 

Score 3 3 1 5 5 
IBI Score 23 18 19 25 23 

IBI Rating Poor Poor Poor Fair Poor 
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Appendix 25.  IBI scores for August 2004 Cornwall sites; the IBI was calculated using the same trophic guild classification as the 
OMNR in 1986. 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 33.33 19.05 33.33 52.38 23.81 23.81 52.38 23.81 

Score 5 3 1 3 5 1 1 5 1 
Number of Percid species present in each 

sample area 4 2 2 2 3 0 1 2 2 

Score 5 3 3 3 5 0 1 3 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 54.05 58.33 72.41 83.67 75.31 0.00 16.67 37.50 50.00 

Score 5 5 5 5 5 0 1 3 5 
Proportion of individuals considered generalists 

(%) 42.39 36.11 27.59 14.29 22.22 100.00 75.00 52.50 41.67 

Score 1 3 3 5 3 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 3.56 5.56 0.00 2.04 2.47 0.00 8.33 10.00 8.33 

Score 3 5 0 3 3 0 5 5 5 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 97.50 81.01 85.81 145.57 183.18 164.99 35.05 77.52 26.87 

Score 3 3 3 5 5 5 1 1 1 
Occurrence of individuals which are invasive 

(%) 1.94 2.78 0.00 0.00 0.00 6.00 0.00 5.00 0.00 

Score 3 3 5 5 5 1 5 1 5 
IBI Score 25 25 20 29 31 8 15 19 21 

IBI Rating Fair Fair  Poor Fair Good Very 
Poor 

Very 
Poor to 

Poor 
Poor Poor 
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Appendix 26. Re-calculated IBI scores for August 2004 Cornwall sites; the IBI was calculated using a trophic guild classification 
based on Coker et al. (2001). 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 33.33 19.05 33.33 52.38 23.81 23.81 52.38 23.81 

Score 5 3 1 3 5 1 1 5 1 
Number of Percid species present in each 

sample area 4 2 2 2 3 0 1 2 2 

Score 5 3 3 3 5 0 1 3 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Score 0 0 0 0 0 0 0 0 0 

Proportion of individuals considered generalists 
(%) 54.05 55.56 31.03 16.33 49.38 100.00 75.00 57.50 66.67 

Score 1 1 3 5 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 45.95 44.44 68.97 83.67 50.62 0.00 25.00 42.50 33.33 

Score 5 5 5 5 5 0 5 5 5 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 97.50 81.01 85.81 145.57 183.18 164.99 35.05 77.52 26.87 

Score 3 3 3 5 5 5 1 1 1 
Occurrence of individuals which are invasive 

(%) 1.94 2.78 0.00 0.00 0.00 6.00 0.00 5.00 0.00 

Score 3 3 5 5 5 1 5 1 5 
IBI Score 22 18 20 26 26 8 14 16 16 

IBI Rating Poor Poor Poor Fair Fair  Very 
Poor 

Very 
Poor 

Very 
Poor to 

Poor 

Very 
Poor to 

Poor 
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Appendix 27. IBI scores for August 2004 Maitland sites; the IBI was calculated using the 
same trophic guild classification as the OMNR in 1986. 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 73.33 60.00 46.67 26.67 

Score 5 5 5 3 3 
Number of Percid species present in each 

sample area 3 3 3 2 1 

Score 5 5 5 3 1 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 

Score 0 0 0 0 0 
Proportion of individuals considered specialists / 

insectivores / planktivores (%) 51.09 54.55 65.12 15.79 33.33 

Score 5 5 5 1 3 
Proportion of individuals considered generalists 

(%) 46.72 43.94 30.23 84.21 66.67 

Score 1 1 3 1 1 
Proportion of individuals considered top 

piscivores (%) 2.19 1.52 4.65 0.00 0.00 

Score 3 1 3 0 0 
Ratio of CPUE in the sample area to mean AOC 

CPUE (%) 98.77 208.04 110.53 54.16 27.27 

Score 3 5 3 1 1 

Occurrence of individuals which are invasive (%) 8.76 12.12 4.65 5.26 11.11 

Score 1 1 3 1 1 
IBI Score 23 23 27 10 10 

IBI Rating Poor Poor Fair Very Poor Very Poor
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Appendix 28. Re-calculated IBI scores for August 2004 Maitland sites; the IBI was calculated 
using a trophic guild classification based on Coker et al. (2001). 
 

 Sites 
Fish Community Assessment Metrics All 1 2 3 4 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 73.33 60.00 46.67 26.67 

Score 5 5 5 3 3 
Number of Percid species present in each 

sample area 3 3 3 2 1 

Score 5 5 5 3 1 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 

Score 0 0 0 0 0 
Proportion of individuals considered specialists / 

insectivores / planktivores (%) 0.73 1.52 0.00 0.00 0.00 

Score 1 1 0 0 0 
Proportion of individuals considered generalists 

(%) 59.85 48.48 60.47 94.74 66.67 

Score 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 39.42 50.00 39.53 5.26 33.33 

Score 5 5 5 5 5 
Ratio of CPUE in the sample area to mean AOC 

CPUE (%) 98.77 208.04 110.53 54.16 27.27 

Score 3 5 3 1 1 

Occurrence of individuals which are invasive (%) 8.76 12.12 4.65 5.26 11.11 

Score 1 1 3 1 1 
IBI Score 21 23 22 14 12 

IBI Rating Poor Poor Poor Very Poor Very Poor
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Appendix 29. IBI scores for August 2004 Lake St. Francis sites; the IBI was calculated using the same trophic guild classification as 
the OMNR in 1986. 
 

 Sites  
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 9 10 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 40.74 51.85 62.96 44.44 48.15 33.33 22.22 22.22 22.22 29.63 

Score 5 3 5 5 3 3 3 1 1 1 3 
Number of Percid species present in each 

sample area 4 2 2 2 2 2 1 1 2 1 1 

Score 5 3 3 3 3 3 1 1 3 1 1 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 56.50 84.81 62.18 48.56 89.41 89.61 74.36 9.52 13.19 20.00 47.57 

Score 5 5 5 5 5 5 5 1 1 3 5 
Proportion of individuals considered generalists 

(%) 35.85 10.13 31.09 32.69 5.88 7.79 15.38 85.71 85.71 77.50 50.48 

Score 3 5 3 3 5 5 5 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 7.66 5.06 6.72 18.75 4.70 2.60 10.26 4.76 1.10 2.50 1.94 

Score 5 5 5 5 3 3 5 3 1 3 1 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 98.62 120.99 128.88 224.36 86.02 85.89 46.12 21.57 119.10 42.38 124.68

Score 3 5 5 5 3 3 1 1 3 1 5 
Occurrence of individuals which are invasive 

(%) 3.02 0.00 15.97 2.40 0.00 0.00 0.00 4.76 0.00 0.00 0.97 

Score 3 5 1 3 5 5 5 3 5 5 5 
IBI Score 29 31 27 29 27 27 25 11 15 15 21 

IBI Rating Fair Good Fair Fair Fair Fair Fair Very 
Poor 

Very 
Poor to 

Poor 

Very 
Poor to 

Poor 
Poor 
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Appendix 30. IBI scores for November 2004 Lake St. Francis sites; the IBI was calculated using the same trophic guild classification 
as the OMNR in 1986. 
 

 Sites  
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 9 10 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 14.29 17.86 25.00 10.71 14.29 46.43 50.00 32.14 25.00 28.57 

Score 5 1 1 1 1 1 3 3 3 1 3 
Number of Percid species present in each 

sample area 5 1 1 1 2 1 3 4 1 1 2 

Score 5 1 1 1 3 1 5 5 1 1 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 58.88 93.75 80.00 85.32 100.00 81.82 43.75 52.94 13.64 20.00 29.79 

Score 5 5 5 5 5 5 5 5 1 3 3 
Proportion of individuals considered generalists 

(%) 33.16 6.25 16.67 0.92 0.00 9.09 41.67 43.14 84.09 70.00 65.96 

Score 3 5 5 5 0 5 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 7.96 0.00 3.33 13.76 0.00 9.09 14.58 3.92 2.27 10.00 4.25 

Score 5 0 3 5 0 5 5 3 3 5 3 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 100.70 61.32 86.41 325.09 33.10 32.40 108.71 93.03 94.08 30.66 136.24

Score 3 1 3 5 1 1 3 3 3 1 5 
Occurrence of individuals which are invasive 

(%) 2.12 0.00 0.00 0.00 0.00 0.00 0.00 13.72 0.00 0.00 2.13 

Score 3 5 5 5 5 5 5 1 5 5 3 
IBI Score 29 18 23 27 15 23 27 21 17 17 21 

IBI Rating Fair Poor Poor Fair 
Very 

Poor to 
Poor 

Poor Fair Poor 
Very 

Poor to 
Poor 

Very 
Poor to 

Poor 
Poor 
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Appendix 31. Re-calculated IBI scores for August 2004 Lake St. Francis sites; the IBI was calculated using a trophic guild 
classification based on Coker et al. (2001). 
 

 Sites  
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 9 10 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 40.74 51.85 62.96 44.44 48.15 33.33 22.22 22.22 22.22 29.63 

Score 5 3 5 5 3 3 3 1 1 1 3 
Number of Percid species present in each 

sample area 4 2 2 2 2 2 1 1 2 1 1 

Score 5 3 3 3 3 3 1 1 3 1 1 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 2.55 1.27 0.84 8.18 1.18 0.00 0.00 0.00 0.00 0.00 1.94 

Score 1 1 1 1 1 0 0 0 0 0 1 
Proportion of individuals considered generalists 

(%) 58.58 35.44 55.46 59.13 36.47 58.44 61.54 95.24 90.11 82.50 51.46 

Score 1 3 1 1 3 1 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 38.86 63.29 43.70 32.69 62.35 41.56 38.46 4.76 9.89 17.50 46.60 

Score 5 5 5 5 5 5 5 3 5 5 5 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 98.62 120.99 128.88 224.36 86.02 85.89 46.12 21.57 119.10 42.38 124.68

Score 3 5 5 5 3 3 1 1 3 1 5 
Occurrence of individuals which are invasive 

(%) 3.02 0.00 15.97 2.40 0.00 0.00 0.00 4.76 0.00 0.00 0.97 

Score 3 5 1 3 5 5 5 3 5 5 5 
IBI Score 23 25 21 23 23 20 16 10 18 14 21 

IBI Rating Poor Fair Poor Poor Poor Poor 
Very 

Poor to 
Poor 

Very 
Poor Poor Very 

Poor Poor 
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Appendix 32. Re-calculated IBI scores for November 2004 Lake St. Francis sites; the IBI was calculated using a trophic guild 
classification based on Coker et al. (2001). 
 

 Sites  
Fish Community Assessment Metrics All 1 2 3 4 5 6 7 8 9 10 

Number of species at each site (as a % of total 
collected in entire AOC) 100.00 14.29 17.86 25.00 10.71 14.29 46.43 50.00 32.14 25.00 28.57 

Score 5 1 1 1 1 1 3 3 3 1 3 
Number of Percid species present in each 

sample area 5 1 1 1 2 1 3 4 1 1 2 

Score 5 1 1 1 3 1 5 5 1 1 3 
Number of naturally-spawned Salmonid and 

Coregonid species present in each sample area 0 0 0 0 0 0 0 0 0 0 0 

Score 0 0 0 0 0 0 0 0 0 0 0 
Proportion of individuals considered specialists 

/ insectivores / planktivores (%) 22.28 81.25 33.33 41.28 18.18 63.64 10.42 0.00 2.27 10.00 0.00 

Score 3 5 3 5 1 5 1 0 1 1 0 
Proportion of individuals considered generalists 

(%) 41.91 12.50 20.00 6.42 18.18 9.09 70.83 56.86 84.09 70.00 70.21 

Score 1 5 3 5 5 5 1 1 1 1 1 
Proportion of individuals considered top 

piscivores (%) 35.81 6.25 46.67 52.29 63.64 27.27 18.75 43.13 13.64 20.00 29.79 

Score 5 5 5 5 5 5 5 5 5 5 5 
Ratio of CPUE in the sample area to mean 

AOC CPUE (%) 100.70 61.32 86.41 325.09 33.10 32.40 108.71 93.03 94.08 30.66 136.24

Score 3 1 3 5 1 1 3 3 3 1 5 
Occurrence of individuals which are invasive 

(%) 2.12 0.00 0.00 0.00 0.00 0.00 0.00 13.72 0.00 0.00 2.13 

Score 3 5 5 5 5 5 5 1 5 5 3 
IBI Score 25 23 21 27 21 23 23 18 19 15 20 

IBI Rating Fair Poor Poor Fair Poor Poor Poor Poor Poor 
Very 

Poor to 
Poor 

Poor 
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Appendix 33. Summary of habitat data from 2004 Cornwall and Maitland sites (E – emergent; F – fast; M – medium; N – none; S – 
slow; Sub – submergent). 
  

Site Date 
Air 

Temp 
(°C) 

Water 
Temp (°C) 

COND 
(µS) 

Stream 
Width (m) 

Max 
Stream 

Depth (m) 

Distance 
From 
Shore 

(m) 

Max 
Sampling 

Depth 
(m) 

Secchi 
Depth 

(m) 
Flow 
Rate 

Aquatic 
Vegetation 
Type1 (%) 

Aquatic 
Vegetation 
Type 2 (%) 

Cornwall 
1 24/08/04 14 19 N/A 1000 12 10 1.25 >1.25 S Sub (60) E (20) 
2 24/08/04 24 19 N/A 400 12 5 2 >2 M Sub (70)  
3 24/08/04 23 19 N/A 800 12 6 2.5 >2.5 S Sub (40)  
4 24/08/04 20 18 N/A 250 8 10 2 >2 M Sub (100)  
5 24/08/04 24 19 N/A 400 14 7 2 >2 F None  
6 24/08/04 23 19 N/A 750 11 6 2 >2 S Sub (60)  
7 24/08/04 18 19 N/A 1400 12 7 2.5 >2.5 M Sub (70)  
8 24/08/04 20 19 N/A 750 12 10 2 >2 S Sub (30)  
1 03/11/04 3.8 10.2 300 1000 15 20 2 >2 S Sub (80)  
2 03/11/04 4.5 10.3 310 400 12 5 2 >2 M Sub (50)  
3 03/11/04 2.1 10.8 310 800 15 10 2 >2 M Milfoil (40)  
4 03/11/04 3.2 10.3 310 250 12 20 2 >2 M Sub (80)  
5 04/11/04 4.5 10.2 300 400 12 10 2 >2 F None  
6 04/11/04 5.4 10.3 300 750 18 7 2 >2 S Sub (30)  
7 03/11/04 3.6 10.2 310 1400 15 10 2 >2 M Sub (60)  
8 03/11/04 3.3 10.2 300 750 N/A N/A 2 >2 S Sub (30)  

Maitland 
1 27/08/04 24 18 N/A 1500 20 N/A 2 >2 N Sub (60)  
2 27/08/04 24 18 N/A 1500 20 5 2 >2 N Sub (20)  
3 27/08/04 24 18 N/A 1500 21 N/A 2 >2 N Sub (70)  
4 27/08/04 19 18 N/A 1500 20 20 2 >2 S E (10)  
1 01/11/04 8.5 11.5 310 1500 15 100 1.25 >2 N None  
2 01/11/04 9 12 310 1500 15 50 2 >2 N Sub (20)  
3 01/11/04 10 11.1 300 1500 15 100 1.25 >2 N Sub (10)  
4 01/11/04 10 11.2 300 1500 15 50 2 >2 N Sub (20)  
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Appendix 34. Summary of habitat data from 2004 Lake St. Francis sites (E – emergent; M – medium; N – none; S – slow; Sub – 
submergent). 
 

Site Date 
Air 

Temp 
(°C) 

Water 
Temp 
(°C) 

Cond. 
(µS) 

Stream 
Width 

(m) 

Max 
Stream 
Depth 

(m) 

Distance 
From Shore 

(m) 

Max 
Sampling 
Depth (m) 

Secchi 
Depth 

(m) 
Flow 
Rate 

Aquatic 
Vegetation 
Type 1 (%) 

Aquatic 
Vegetation 
Type 2 (%) 

Lake St. Francis 
1 25/08/04 15 18 N/A 3800 15 40 1.2 >1.2 N E (70) Sub (20) 
2 25/08/04 17 18 N/A 4000 15 50 1.25 >1.25 N E (60) Sub (20) 
3 25/08/04 22 18 N/A 4000 15 30 1.25 >1.25 N Sub (100)  
4 25/08/04 24 18 N/A 4000 15 50 1.25 >1.25 N E (40) Sub (40) 
5 25/08/04 N/A N/A N/A 4000 15 12 1.5 0.3 N Sub (100)  
6 25/08/04 24 18 N/A 4000 15 5 2 >2 N Sub (100)  
7 26/08/04 25 16 N/A 900 15 5 2.5 >2.5 M None  
8 26/08/04 25 18 N/A 2000 12 500 1.25 >1.25 S E (60) Sub (40) 
9 26/08/04 25 20 N/A 2500 12 500 2.25 >2.25 M E (25) Sub (75) 

10 26/08/04 26 20 N/A 2500 12 250 2 >2 M Sub (60) E (40) 
1 16/11/04 2.8 3.2 330 3800 15 50 1.5 >1.5 N E (50)  
2 16/11/04 4.2 3.4 340 4000 15 150 1.25 >1.25 N E (50)  
3 16/11/04 N/A N/A N/A 4000 15 100 1.25 >1.25 N Sub (100)  
4 16/11/04 N/A N/A N/A 4000 15 150 1.25 >1.25 N Sub (30) E (30) 
5 16/11/04 N/A 5.3 340 4000 15 50 1.25 >1.25 N Sub (40)  
6 16/11/04 N/A 6.6 310 4000 15 N/A N/A N/A N Sub (70)  
7 17/11/04 7.6 7.8 300 900 12 5 2 >2 M Sub (30)  
8 17/11/04 7.6 6.6 300 2000 18 750 2 >2 M Sub (40) E (40) 
9 17/11/04 6.6 7.7 310 2500 18 250 1.75 >1.75 M E (40) Sub (10) 

10 17/11/04 5.7 7.4 310 2500 18 175 1.5 >1.5 S E (40) Sub (40) 
S1 17/11/04 3.7 5.1 330 4000 18 100 1.25 >1.25 N E (50)  
S2 17/11/04 3.8 5.1 330 4000 18 20 1.25 >1.25 N E (40)  
S3 17/11/04 4.1 5.3 320 4000 18 10 1.25 >1.25 N E (40)  
S4 17/11/04 4.8 6 320 3500 18 10 1.75 >11.75 S E (40) Sub (20) 
S5 17/11/04 5.5 7.5 300 3500 18 150 1.5 >1.5 S E (50)  
S6 17/11/04 6.8 7.7 300 3000 18 150 1.25 >1.25 S E (40) Sub (20) 

 


