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FOlRWAR.D 

The loss and degradation of habitat is a major waterfowl management problem in North America today. Fonnerly 
secure habitats in the vast boreal fores! of eastern Canada are now affected by large-sc ale land-use practices. 
including hydropower and recreational developments. certain forestry practices. industrial effluent pollution and 
atmospheric contamination. The emission and deposition of acidic substances (primarily sulphur dioxide SOz 
and nitrous oxides NOx' and commonly referred to as "acid rain") and subsequent environmental effects have 
received considerable attention over the past two decades. Much of eastem Canada is highly sensitive to acid rain 
since its thin. coarsely-textured soil and granitic bedrock (characteristic of Canadian Shield) has little inherent 
ability to neutraIize acidic pollutants. As a result. acid rain may contribute to declining growth rates and increased 
mortality in trees. High levels of acidic deposition can result in the acidification of lakes. rivers and streams. 
Along with elevated levels of metals leached :from surrounding soils. high acidity can seriously impair the ability 
of water bodies to support aquatic life, resulting in a decline in species diversity and undesirable impacts on 
water-dependent wildlife, such as waterfowl. 

Research and monitoring into various aspects of the acid rain problem has been carried out under the auspices 
of the Long Range Transport of Air Pollutants (LR T AP) Program, an interdepartmental initiative of the federal 
government involving Agriculture Canada, FlSheries and Oceans Canada. Natural Resources Canada. Health and 
Welfare Canada and Environment Canada. As a result of combined federal and provincial efforts. Canada has 
made significant progress towards reducing the environmental threat of acid rain. A Canadian Acid Rain Control 
Program was formalized in 1985 by establishing federal-provincial agreements to reduce aggregate SOz emissions 
of the seven eastemmost provinces to 2.3 million tonnes per year by 1994 (a target which has been achieved). 
Because more than 50% of the acid rain that falls in eastem Canada cornes :from the United States, Canada also 
signed an agreement with the U. S. in 1991 to reduce SOz and NOx emissions, and to establish a pennanent 
nationallimit on SOz of 3.2 million tonnes by the year 2000. In 1995. Canada began to develop a national 
strategy on acidifying emissions that aims to protect acid-sensitive ecosystems. human health and air visibility 
beyond the year 2000. 

As pàrt of Environment Canada's efforts to study the acid rain problem. the Canadian Wildlife Service (CWS) 
initiated a research program in 1980 to assess the impacts of acidic deposition on wildlife and wildlife habitats 
in eastem Canada. Objectives of the first phase of the CWS LRT AP program were to detennine which species 
and habitats were most at risk :from acidification, and to establish cause-and-effect relationships between 
acidification and biological changes. chiefly in bird communities. Theresults ofthis phase of the program are 
contained in two volumes of the CWS Occasional Paper Series (Numbers 62 and 67); Mc Nicol el al. (1987a) 
describe work on waterfowl and their food chains in smalilakes in northem Ontario, while DesGranges (1989) 
summarizes results of surveys of :freshwater bird communities in Québec, as weil as phyto-ecological studies of 
their associated habitats. in relation to acidification. Research in Québec also focused on relationships between 
acid cain, forest dieback (especially sugar maple stands) and the associated effects on forest bird communities 
(Darveau el al. 1992). CWS studies were also conducted in the Lepreau area in southwestem New Brunswick, 
where the relationships between wetland acidity, fish presence, invertebrate biomass and habitat use by young 
waterfowl broods were exarnined (parker et al. 1989. 1992). CWS and the Long Point Bird Observatory 
implemented the Canadian Lakes Loon Survey in the 1980s. This volunteer-based survey gathers data on the 
breeding success of Common Loons (Gavia ÎI1lIner) nesting across Canada. including many lakes in acid-stressed 
regions of eastem Canada. CWS has also played a major role in interdisciplinary studies of calibrated basins, 
especiaIly in Atlantic Canada. where Kerekes et al. (1994) have studied nutrlent release in and limnological 
characteristics of acidified waters in Kejimkujik National Park, particularly as it pertains to the ecology of fish­
eating birds. Scheuhannner (1991) described the results of research at the National Wildlife Research Centre on 
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the fate of heavy metals in waterfowl food chains, as weIl as laboratory studies of the effects of dietary heavy 
metals on the reproductive output of birds under controlled conditions. 

Together, these efforts provided the basis fOlI' the development and implementation of the CWS LRTAP 
lBiomonitoring Program in 1987. This national program is comprised of research and monitoring activities 
conducted by the National WIldIife Research Centre and by Regional Offices in Ontario and Atlantic Canada. 
Instrumental to program delivery are partnerships with various federal and provincial reSOUTce agencies, non­
govemment organizations, universities and consultants. Objectives of the program are: to track biotic changes 
expected to occur in sensitive aquatic ecosystems as acidifying emissions are reduced, and to evaluate the 
adequacy of emission control programs to meel environmental objectives to protect aquatic biota important 
to wildIife. 

In Ontario, the threat of acidification of aquatic ecosystems east and north of the Great Lakes prompted the 
CWS to implement a long tenn Biomonitoring Program to assess the effects of acid rain on waterfowl and their 
habitats and to evaluate biotic responses to emission control programs. Based on the premise that ecosystem 
health and recovery must be assessed using biotic as weIl as abiotic indicators, data on waterfowl (and 
common loon) distribution and production, water chemistry, landscape features and relationships of birds to 
their food (primarily fish and aquatic macroinvertebrates) have been gathered at three study sites in Ontario 
(Algoma, Muskoka, Sudbury) since 1987. This unique dataset spans several years and currently contains 
infonnation on over 600 water bodies, including large oligotrophic lakes, small headwater lakes, wetlands and 
chico swamps. 

This report contains information pertaining to the CWS LRTAP Biomonitoring Program and is Part 2 of a 
series of Canadian Wildlife Service Technical Reports which describe various aspects of the program as 
follows: 

Part 1: A Strategy to Monitor the Biological Recovery of Aquatic Ecosystems in Eastern Canada from the 
Effects of Acid Rain 

Part 2: Food Chain Monitoring in Ontario Lakes: Taxonomic Codes and Collections 
Part 3: Site Locations, Physical, Chemical and Biological Characteristics 
Part 4: Procedures Manual 

For more information on the Canadian Wildlife Service LRTAP Biomonitoring Program or to obtain copies 
of this or any of the reports in this series, please contact: 

Donald K. McNicol 
LRTAP Biologist 
Environrnental Conservation Branch 
Canadian WildIife Service 
Ontario Region 
49 Camelot Drive 
Nepean, Ontario. Canada 
KIAOH3 

Ph: (613) 952 2409 
FAX: (613) 952 9027 
e·mail: MCNICOLD@AESOTT.AM.DOE.CA 
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ABSfRACT 

As part of the Canadian Wildlife Service (CWS) Long Range Transport of Air Pollutants (LRTAP) 
Biomonitoring Program,littoral zones of 62 smalilakesand wetlands in the Algoma, Muskoka and Sudbury 
regions of Ontario are sampled on a regular basis for various prey of resident waterfowl. These prey include 
macroinvertebrates, fish and amphibians, many of which are acid-sensitive and absent from lakes degraded 
by acid precipitation. This Food Chain Monitoring Program (FCMP) will detect changes in the composition 
and abundance of major prey as damaged aquatic ecosystems recover from the effects of acid precipitation 
as a result of emission abatement programs. This report contains information on the locations, methods and 
timing ofthese collections. More importantly, this report sWDDlarizes the invertebrate, fish and amphibian 
taxa collected between 1987 and 1994, along with the locations of the collections, the taxonomie keys used 
for identifications and the minimum pHs at which the specimens have been caught. This information is 
intended as a reference for other researchers working o~ these same taxa or types of lakes, but we caution that 
the effectiveness of our sampling procedures varies among taxa, and thus minimum pHs of collection may not 
represent the true thresholds for sorne species. 

RÉSUMÉ 

Dans le cadre du Programme de biosurveillance du transport a distance des polluants atmosphériques 
(T ADPA),le Serviee canadien de la faune (région de l'Ontario (RO» échantillonne régulièrement les zones 
littorales de 62 petits lacs et marais dans les régions ontariennes d'A1goma, de Muskoka et de Sudbury, afm 
de répertorier les diverses proies de la sauvagine résidente. Ces espèces-proies sont notamment les 
macroinvertébrés aquatiques, les poissons et les amphibiens, dont bon nombre sont sensibles aux acides et 
donc absents des lacs touchés par les précipitations acides. Les responsables du Programme de surveillance 
de la chaîne alimentaire (PSCA) relèveront les changements dans la composition et l'abondance des principales 
proies au fur et à mesure que les programmes de réduction des émissions acides permettront aux écosystèmes 
aquatiques de se restaurer. Le rapport informe sur les endroits, les méthodes et les moments de 
l'échantillonnage. De plus. il résume les taxons d'invertébrés. de poissons et d'amphibiens recueillis entre 
1988 et 1994, les endroits de ces collectes, les clés taxinomiques utilisées pour l'identification et le pH 
minimal de l'eau où les spécimens ont été récoltés. Il s'adresse aux chercheurs qui étudient les mêmes taxons 
ou types de lacs, mais nous tenons à les prévenir que l'efficacité des procédures d'échantillonnage varie selon 
les taxons et que le' pH minimal peut donc s'avérer inexact pour certaines espèces. 
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1.0 lINTIRODlUC1rXON 

Acid precipitation has been associated with changes to aquatic ecosystems in acid-sensitive areas of eastem 
North America and Europe (Haines 1981, Dillon etai. 1984, Schindler 1988). As a result, the reproductive 
success of water dependent birds has been affected mainly through habitat loss and altered density and quality 
of prey (Onnerod and Tyler 1987, Blancher and McNicol1988, McAuiey and Longcore 1988). In eastem 
Canada. much of the breeding habitat for several species of waterfowl and the Common Loon (Ga via immer) 
is threatened by acid precipitation (McNicol et al. 1987a). 

Ecological and ecotoxicological processes at work in lower trophic levels affect aquatic birds (reviewed in 
Longcore et al. 1993). Sorne trace metals (notably aluminum and mercury) are mobilized in highly acidic 
waters and may accumulate in certain fish and invertebrate prey, causing impaired reproduction in waterfowl 
and loons (Scheuhammer 1991). Other toxicological efIects include a reduction in the concentration of usable 
forms of calcium (Ca) which become less abundant in acidic lakes. This results in invertebrate prey with low 
Ca concentrations which could lead to Ca stress in avian predators (Blancher and McNicol 1991), as reported 

,in terrestrial systems (Graveland et al. 1994). 

Ecologically, species that are not acid-tolerant (e.g. sorne water striders like Metrobates hesperius, mayflies, 
h~eches and gastropods; Bendell 1988, Bendell and McNicol1991) are lost and acid-tolerant species bec orne 
dominant (e.g. the dragonfly Leucorrhinia glacialis, the hemipterans Notonecta and Sigara; McNicol and 
Wayland 1992, Bendell and McNicoI1995a). In lakes with and without fish, there is a decrease in overall 
invertebrate species diversity and prey quality as lakes become more acidified (Bendell and McNicol 1987a, 
Mallory et al. 1994, McNicol et al. 1995b). In fishless lakes, invertebrate abundance may remain constant or 
even increase as pH declines. However, in lakes containing fish, acid-tolerant fish species (e.g. yellow perch 
Perca flavescens) persist and become effective, dominant predators on invertebrates. Such conditions lead 
to reduced invertebrate abundance and poor brood-rearing habitat for sorne insectivorous waterfowl species 
(McNicol and Wayland 1992). The ultimate effeet of decreasing pH on avian predators varies with the . 
severity of acidification and with the foraging habits of the species, but has c1early led to reproductive effects 
for sorne waterbirds, arising from shifts in habitat selection and diet (Longcore et al. 1993). 

The Canadian WildIife Service (CWS) Long Range Transport of Air Pollutants (LRTAP) Biomonitoring 
Program aims to document the rate, nature and scope of biological recovery in aquatic ecosystems of eastem 
Canada from acidification following implementation of acid rain controls in Canada and the United States 
(described in McNicol et al. 1995d). Tomeet this objective, broad scale surveys are conducted by the CWS 
to monitor waterfowl, loons and their habitats in selected regions sensitive to or affected by acid rain. In 
Ontario, waterfowl and their prey are monitored in three acid-sensitive areas (Algoma, Muskoka, Sudbury) 
affected by acid precipitation. Monitoring involves the use of acid-sensitive invertebrates and birds as 
biological indicators that respond to changes in the aquatic food web (especially within the critical pH range 
of 5 - 6) across all surface waters at risk in these study areas, which include wetlands, small and large lakes. 
The CWS (Ontario Region) LRTAP Biomonitoring Program is cOlIlprised of several components which 
involve an extensive series of surveys. sampling procedures and data collections described in Part 4 of this 
series (McNicol et al. 1996b). 
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ll..1 lFood Clhlailll MOlllitorilllg IProgrnnllll1 (IFCMllP) 

The Food Chain Monitoring Program (FCMP), a component of the CWS (Ontario Region) LRT AP 
Biomonitoring Program, is designed to detect changes in the composition and abundance of major waterfowl 
and loon prey, based on the outcome of dietary studies (Mc Nicol et al. 1987b. Bendell and McNicol 1995b). 
Examining biological recovery at lower trophic ,levels (fish, amphibians, invertebrates) provides the basis for 
interpreting patterns of waterfowl and loon distribution and productivity, and whether certain organisms lag 
behind other species in recovery (i.e. taxa-specific rates ofrecovery). Baseline characterization (physical, 
chemical and fish status) was undertaken for ail study lakes (roughly 640) in the three areas. Fish community 
composition was an important variable both because fish are preferred prey for piscivorous waterbirds, such 
as loons, Common Mergansers Mergus merganser and Hooded Mergansers Lophodytes cucullatus, and 
because fish compete with other species, including American Black Ducks Anas rubripes, Mallards A. 
platyrhynchos, Wood Ducks Aix sponsa, Common Goldeneye Bucephala clangula and Ring-necked Ducks 
Aythya collaris, for common aquatic invertebrate prey. Complete characterization of invertebrate communities 
is impractical for the number of lakes surveyed, but invertebrate composition and abundance can to some 
extent be predicted from the structure of fish communities (McNicol and Wayland 1992, Mallory et al. 1994, 
McNicol et al. 1995b), since fewer invertebrates are found where fish predators are prevalent. However, 
detailed monitoring of macroinvertebrates, amphibians and fish is conducted on a rotating basis for 62 lakes 
(20 each in Algoma and Muskoka, 22 in Sudbury) chosen to represent the range of pH ~d fish status in sQlall 
lakes (<10 ha) that are typical breeding habitat for waterfowl species of these regions. Collections are targeled 
for specific components of the aquatic invertebrate community that comprise principal waterfowl foods or are 
acid-sensitive indicator species (e.g. leeches, water striders). 

Here we emphasize aspects of invertebrate taxonomy and minimum pH associations not reported elsewhere. 
Major invertebrate taxonomie groups encountered were: Hirudinea, Arachnoidea, Crustacea. Decapoda, 
Ephemeroptera. Odonata, Hemiptera, Coleoptera, Trichoptera, Diptera and Mollusca. Over 230 taxa have been 
identified in the biomonitoring program to date (1988-1994), most of which are listed in this report. However, 
some incidental species, such as terrestrial insects, or groups that are caught but not kept (e.g. chironomid 
larvae), are not listed. A list of all taxonomie keys used for invertebrate identification is provided. A complete 
description of study areas and food chain lakes is found in McNicol et al. (1996a), sampling procedures are 
discussed in McNicol et al. (1996b), while details on data handling and management are provided 'in McNicol 
and Brisebois (1995). ' 

2.0 STlUDY AlRlEAS 

The CWS (Ontario Region) LRT AP Biomonitoring Program focuses on three areas in Ontario east and north 
of the Great Lakes that are characterized by highly acid-sensitive lakes and wetlands (Fig. 1). A wide range 
of historical and current acidification is exhibited in these areas. These sites also vary substantially in their 
expected responses to emission reductions, and are ideaI for monitoring recovery in response to a reduction 
in acidic deposition (Mc Nicol et al. 1995a,c). 

2.1 Algoma 

The Aigoma study area is located near the eastem shore of Lake Superior within the Canadian Shield (area 
centre at 47° 01' N latitude, 83° 55' W longitude). The region is underlain with granitic bedrock covered with 
glacial till. Forest cover is predominantly mixed hardwoods of the Great Lakes - St. Lawrence Zone. Most 
sites receive a wet sulphate (S04) deposition load of> 20 kglha/yr with some local deposition being much 
higherdue to high annual precipitation (Shaw etai. 1992). Nine 5 x 5 km study plots containing roughly 240 
lakes have been established (Fig. 1). HistoricaI chemicaI data are available for 26 lakes (Neary et al. 1990), 
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of which 13 also have biological data (Kelso and Jeffries 1988). Twenty of these lakes, with a minimum of 
2 per plot, are used in the FCMP. The Thrkey Lakes Watershed calibrated basin is contained within Plot 2 and 
includes four DFO Biomonitoring Program lakes (Shaw et al. 1995). A total of 36lakes studied by CWS since 
1980 in the Ranger Lake area are contained within Plots 7 and 9. Results of work examining food chain 
relationships in smalilakes and wetlands in the Ranger Lake area are summarized in several publications, 
including Bendell and McNicol (1987a. b, 1995b), Blancher and McNicol (1986, 1991), Mallory et al. (1994), 
and McNicol et al. (1987a,b). 

2.2 Munsllmllan 

The Muskoka study area is situated in central Ontario (areacentre at 45° 30' N,79° 06' W) and includes 
portions of Algonquin Park (plots 4, 6 and 7), the Lesley Frost Centre (plot 2), and the Haliburton Forest and 
Wild life Reserve (plot 5). It also lies within the Canadian Shield and bas a granitic bedrock Wlderlay with 
shallow glacial till and a mixed hardwood forest coyer of the Great Lakes - St. Lawrence Zone. The area is 
considered highly sensitive to acid deposition and receives the highest SO 4 loading of all three areas, currently 
averaging >30 kg/ha/yr. Seven 5 x 5 km plots containing roughly 240 lakes are enclosed in the study area. 
The FCMP uses 20 lakes, with a minimum of 2 per plot Three Ontario Ministry of Environment and Energy 
lakes (part of the DFO Biomonitoring Program) are included in these plots (Shaw et al. 1992), while roughly 
60 lakes have historical chemical data (Neary et al. 1990). 

2.3 Sudbury 

The Sudbury study area (area centre 46° 54' N, 80" 41' W) bas a heterogenous mixture of surface deposits that 
have produced lakes with a broad range of pHs surroWlding Sudbury (principally northeast and southwest 
of the city; see McNicol et al. 1995a). Sulphate deposition from long range sources is less than received in 
Muskoka, but deposition from local smelters is considered to he the highest in the province (Neary et al. 
1990), and has affected lake chemistries over a broad area (illustrated in Fig. 1). However, emission con trois 
have been put in place which have effectively reduced S02 emissions. 

Research and monitoring of recovery from the effects of acidification continues in the Sudbury area today 
(Keller et al. 1992, Gunn 1995). CWS has been active in the Sudbury area since 1983, results from which are 
SUDUDarized in McNicol et al. 1987a, 1995a. The Wanapitei study area (part of the Sudbury study are a) lies 
50 km northeast of Sudbury, covers approximately 460 km2

, and contains roughly 378 small lakes and 
wetIands (Fig. 1). Given the historical database and the heterogenous nature of lake chemistries in a sm ail 
area. the study site is treated as one plot containing roughly 160 lakes. Most of these lakes have recent annual 
water chemistry, fish and waterfowl data, and nearly halfhave been equipped with duck boxes (McNicol et 
al. 1996c). Ofthese, 221akes are part of the FCMP. 

2A Cltnaracternstics of lFCMP lLakes 

A complete description of the location and physical, chemical and biological characteristics of all 
biomonitoring study lakes is contained in McNicol et al. (1996a). Information on the Wanapitei study site 
can also he found in McNicol et al. (l987a, 1995a) and McNicol and Mallory (1994). Characteristics of 
FCMP lakes in the three study areas (mean chemistry, fish commWlity and locations) are summarized in 
Tables 1a-c. Chemical values presented here are 4-year means (fall sampling) based on the most recent four 
years of data collected for each site between 1988-1995. Because certain fish species are more effective 
competitors for invertebrate prey or are more preferred prey themselves (McNicol and Wayland 1992), *e 
dominant fish species and/or assemblage (Fish Type) in each lake is presented. 



Food Chaill Monitorillg ;11 Olltono Lok.es - T QX()fI()mic Codes and Collectioll!l 5 

Table la. Location (given as Universal Transverse Mercator (UTM) coordinates) and characteristics 
of 20 AIgomaFCMP lakes. Chemical values are four year means (1988,1992, 1994, 1995). 
Fish are scored as present (P) or absent (A); for Fish Type, dominant fish groups are scored 
as Cyp (cyprinid), Bst (brook stickleback), or WS (white sucker). 

Plot Wetld UTM UTM UTM Area Depth pH AIk DOC Fish Fish 
Zone East North (ha) (m) (.ueqJL) (mgIL) Type 

1 17 16 6998 52364 2.4 6.0 4.90 -11.0 5.6 A 

23 16 7002 52397 3.2 3.0 5.20 -0.3 6.5 A 

2 7 16 6943 52137 8.2 2.3 6.98 212.6 4.8 A 

2 16 16 6980 52155 7.5 8.5 6.30 32.7 3) A 

3 12 16 7188 52155 3.2 1.3 5.21 0.4 6.1 A 

3 33 16 7216 52163 6.5 2.5 6.05 26.3 5.2 P Cyp 

4 12 16 7211 52046 2.2 5.3 5.22 -4.6 5.5 A 

4 29 16 7239 52028 6.1 1.7 5.15 -3.6 4.1 A 

5 19 16 7151 51942 4.7 3.8 6.16 26.2 6.2 P Cyp 

5 24 16 7168 51971 5.4 2.4 5.26 3.7 10.2 A 

6 5 16 7175 51721 2.9 5.7 6.03 15.3 5.1 A 

6 23 16 7209 51734 4.2 1.4 5.68 15.9 8.5 P BSt 

7 2 17 2838 51895 4.1 7.0 5.90 25.7 12.5 A 

7 9 17 2859 51898 7.7 2.4 5.48 17.0 15.9 P Cyp 

7 20 17 2899 51897 3.4 3.0 7.02 213.7 6.8 P Cyp 

8 4 17 2858 52050 5.8 5.2 6.02 30.0 11.7 P Cyp 

8 18 17 2883 52043 9.9 3.6 6.14 24.4 8.7 P WS 

9 3 17 2984 52114 7.6 1.3 6.05 30.7 10.0 P WS 

9 11 17 3003 52096 5.0 1.4 5.75 15.6 8.6 P WS 

9 ' 16 ,17 3013 52109 4.8 3.3 6.56 70.5 7.7 P WS 



Food Chain Monitoring in Ontario LaJœs • Taxonomie Codes and Collections 6 

Table lb. Location (given as Universal Transverse Mercator (()TM) coordinates) and characteristics 
of Muskoka20 FCMPlakes. Olemical values are fouryear me ans (1990, 1991, 1993, 1995). 
Fish are scored as present (P) or absent (A); for Fish Type, dominant fish groups are scored 
as Cyp (cyprinid), Bst (brook stickleback), yP (yellow perch), and Pum (pumpkinseed). 

Plot Wetld UTM UTM UTM Area Depth pH Alk DOC Fish Fish 
Zone East North (ha) (m) (ueq!L) (mg/L) Type 

1 23 17 6596 50068 5.8 4.6 6.46 52.7 3.2 P YP 

1 32 17 6628 50068 3.7 3.0 5.67 16.5 4.4 P Cyp 

2 2 17 6732 50035 5.0 9.1 5.22 -1.0 6.0 P Cyp 

2 18 17 6716 50067 5.7 5.5 5.81 9.8 3.1 P Cyp 

2 27 17 6760 50076 72 7.6 5.80 9.0 4.0 P Purn 

3 2 17 6660 50250 3.0 7.3 5.79 18.6 7.2 P Cyp 

3 12 17 6680 50264 3.7 4.3 ·5.33 8.1 11.0 A 

3 35 17 6692 50298 4.4 1.7 5.40 15.9 5.9 A 

4 15 17 6633 50363 8.0 4.0 5.33 1.8 3.1 P BSt 

4 22 17 6666 50371 4.6 5.8 5.42 1.1 2.8 A 

4 35 17 6670 50393 5.3 6.4 6.16 31.9 3.4 A 

5 8 17 6888 50178 5.0 1.5 5.02 -9.7 4.3 A 

5 16 17 6905 50184 7.2 9.1 5.38 -1.3 5.0 A 

6 8 17 6751 50435 7.6 10.7 5.92 15.1-'" 3.6 P yp 

6 13 17 6703 50438 10.9 18.6 5.70 8.4 3.1 P Cyp 

6 33 17 6682 50480 2.4 4.3 5.66 9.0 4.5 A 

7 3 17 6627 50473 3.3 6.7 6.06 21.0 3.4 A 

7 5 17 6602 50472 9.8 5.8 5.44 10.1 4.6 A 

7 11 17 6602 50484 9.4 10.7 5.69 7.4 5.1 A 

7 16 17 6576 50508 4.9 7.9 6.60 101.6 4.7 P YP 
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Table le. LOcation (given as Universal Transverse Mercator (UTM) coordinates) and characteristics 
of 22 Sudbury FCMPlakes. Olemical values are four year means (1991, 1993, 1994; 1995). 
Fish are scored as present (P) or absent (A); for Fish Type, dominant fish groups are scored 
as Cyp (cyprinid), WS (white sucker), or yP (yellow perch). 

Lake UTM UTM UTM Area Depth pH Alk DOC Fish Fish 
Zone East North (ha) (m) ~) (mg/L) Type 

16 17 5133 51922 4.4 7.3 6.43 66.4 6.7 P Cyp 

197 17 5166 51880 5.0 11.6 5.76 11.4 8.2 P WS 

199 17 5165 51896 2.0 5.8 6.47 76.4 7.2 A 

316 17 5176 51945 1.6 1.0 5.57 15.5 9.4 A 

240 17 5111 51948 7.8 15.5 5.04 -9.1 2.1 P yP 

242 17 5111 51942 1.1 5.2 6.05 53.7 7.9 A 

248 17 5105 51952 4.8 2.7 4.56 -26.2 3.0 A 

256 17 5078 51963 7.1 2.4 6.20 33.3 3.6 P yP 

259 17 5098 51970 2.8 43 4.84 -12.5 2.5 A 

402 17 5285 51975 6.5 8.2 4.43 -37.5 0.9 A 

404 17 5274 51979 6.0 5.8 5.21 -1.4 1.9 P yP 

408 17 5292 51986 6.0 2.1 4.28 -53.2 3.5 A 

410 17 5296 52007 8.6 5.5 5.56 4.7 2.6 P yP 

479 17 5376 51967 8.6 1.2 5.50 13.3 9.7 P Cyp 

530 17 5277 52032 2.0 11.6 5.41 4.4 4.8 A 

589 17 5226 52048 3.9 2.1 5.25 1.1 6.2 A 

593 17 5215 52059 3.5 9.8 5.24 -0.9 3.4 A 

902 17 5089 51855 1.8 9.1 5.72 14.2 4.8 P Cyp 

905 17 5104 51892 2.1 3.7 6.62 123.8 4.4 P yP 

920 17 5138 51897 3.4 3.4 6.80 175.4 6.4 A 

922 17 5102 51990 5.5 8.2 5.36 -0.5 2.0 A 

958 17 5313 51950 10.8 5.5 6.04 24.5 4.6 P yP 
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3.aD JF1[Slf!I A'NllJ) AMlPlHIlIJmRAN SAMlPII.JNG lPROClED1lJRES . 

Fish and amphibians are sampled regularly in all food chain lakes, with other study lakes sampled al longer 
intervals. The primary focus of fish collections is on the small, minnow-type species that are prey for 
piscivorous waterfowl and loons, as weil as the medium-sized fish (e.g. yellow perch) that compete with 
insectivorous waterfowl for invertebrate prey. Because many fish feed on invertebrates, fishless lakes tend 
to have high abundance of certain invertebrates. For lakes with fish, invertebrate abundance is also high where 
fish with small mouth gapes (e.g. northem redbelly dace, Phoxinus eos) are predominant, because these 
species do not eat larger invertebrates. In contrast, few invertebrates are typically found where fish have larger 
mouth gapes (e.g. yellow perch). To date, more than 10,000 fish have been captured from 638 lakes, 
representing 25 species (16 in Muskoka, 15 in Algoma, 22 in Sudbury). Small, non-game species 
predominate, including Cyprinidae (13 spp.), yellow perch and white sucker (Catostomus commersoni). 

Baseline fishsampling was conducted during the summermooths (June to August) in 1988, 1989 and 1990 
for most lakes (sorne Sudbury lakes were not completed until 1994). Subsequent fish sampling is undertaken 
during the month of June as part of the FCMP. Sampling is conducted by helicopter for Algoma and 
Muskoka, but by ground at Sudbury. Standard, commercial minnow traps (Gee type with wire mesh) are used. 
Six traps are placed in the nearshore area of each lake to sample major habitat types associated with inlets, 
outlets, marshy bays and peninsulas. Each trap is baited with a standard amount (1/4 cup) of Purina Puppy 
Chow (9% fat content), and 2 small slices ofwieners. Traps are retrieved after a minimum 24 br period (or 
before 48 hrs when weather prevents traps being pieked-up). AlI specimens are immediately euthanized in 
MS-222 in accordance with CCAC guidelines. 

Once samples are retumed to the base camp, fish specimens are separated from non-fish material (leeches, 
crayfish, tadpoles, newts and assorted macroinvertebrates) and each is preserved. Fish and amphibian tadpoles 
are preserved by first fixing for three days in buffered 10% formalin, followed by one day in clean water and 
finally are stored in 70% EtOa Invertebrates are immediately stored in 70% EtOH. Ali fish, amphibian and 
invertebrate specimens are identified to species (where possible), sorted and counted by qualified taxonomists. 

4.0 RNVlElR TERlRA 1rlE SAMIPUNG IPROClED1lJRES 

The invertebrate component of the FCMP is designed to detect changes in the occurrence, composition and 
abundance of major waterfowl foods. The FCMP program described below differs considerably from the 
biomonitoring program undertaken by DFO (Shaw et al. 1992, 1995). The DFO National Biomonitoring 
Program (among other things) characterizes the relative abundance and community structure of benthic 
invertebrates (notably Dipterans, including Chironomids) in the littoral and mid-profundal zones of selected 
study sites (usually larger lakes (> 10 ha) and rivers). In the FCMP, aquatic invertebrates are sampled at 
randomly selected sites within the near-shore area of each study lake (Fig. 2; see also McNicol et al. 1996a 
for more information on sampling locations). Specific components of the aquatic invertebrate community that 
comprise principal waterfowl foods (Bendell and McNiéo11995b) or are acid-sensitiveindicator species (e.g. 
leeches and water striders) are sampled. To date, more than 25,000 macroinvertebrates representing 159 taxa 
(genera or species) have been collected from the 62 core lakes (113 spp. in Muskoka 1991, 114 in Aigoma 
1992, 102 in Sudbury 1994). Major taxonomie groups recorded were: Coleoptera (34 spp.), Odonata (27), 
Hemiptera (25), Trichoptera (23), Hirudinea (12), Gastropoda (12) and Ephemeroptera (9). The combined 
resuIts of macroinvertebrate and fish sampling conducted in Ontario food chain lakes have been used to 
predict macroinvertebrate responses at critical points along the pH gradient (McNieol et al. 1995b). In all 
regions, the number of acid-sensitive taxa per lak:e is related to pH, and should increase as lakes recover from 
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Map depicting a FCMP lake in Algoma and showing locations of invertebrate, fish and water 
sampling sites from 1992. 
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acidification. However, to predict macroinvertebrateresponses to recovery, one must consider the concurrent 
effects of fish, as they are a dominant factor structuring these communities. 

Five collection techniques are used in the FCMP (funnel traps (F), minnow traps (M), hoops (H), sweep nets 
(S) and benthic net drags (B» and are designed to sample most macroinvertebrates found in littoral zones of 
northern forested lakes. These sampling techniques were developed from cause-and-effect research conducted 
through the 1980s (see Bendell 1986, 1988, Bendell and Mc Nicol 1987a,b, 1991, 1993, 1995a, McNicol and 
Wayland 1992). Target organisms and protocols for each method are summarized in Table 2. Invertebrates 
collected by ail but the benthic net drags are immediately stored in 70% EtOH in numbered whirlpac bags for 
later identification. Benthic samples are kept cool in water and ail macroinvertebrates in the samples are 
sorted within 24 hrs. These invertebrates are also preserved in 70% EtOH and placed in numbered whirlpac 
bags. The sampling protocol is described in Part 4 (Mc Nicol et al. 1996b), and summarized below. 

41.11 lFllBlllllllleli 'f1r21lD 

The funnel trap is designed to collect leeches (lBendell and McNicol 1991), a key indicator species. Certain 
species are acid-sensitive and appear to disperse weil, and thus should invade lakes that are experiencing 
chemical recovery (Mc Nicol et al. 1995b). While a majorcomponent of the core program in ail three study 
areas, much of the work on leeches has focused on Sudbury lakes where chemical change is expected to be 
most dramatic and biological recovery should occur most rapidly (McNicol and Mallory 1994). Funnel traps 
were used to sample leeches on 40 lakes in the Wanapitei area in 1987, 1992 and 1994. Five 1.5 L glass 
masonjars baited with 50 g ofbeef liver are set horizontally on the surface of the sediments in water < 0.5 m 
deep. After 24 hrs, the contents of each trap are removed, preserved and stored as outlined above. 

4I.l Mnllllllllow 'frnllD 

Standard wire minnow traps are used to collect a variety of fish, amphibians and macroinvertebrates (section 
3.0). Six traps baited with Puppy Chow and weiners are set in near-shore areas of each lake for 24 hrs. Ali 
materials collected in these traps are collapsed into one sample per lake and stored in bottles. 

Table 2. Sampling methods, intensity and target organisms of the FCMP conducted in Ontario lakes, 

Collection Method 

Sweep Hoop Benthic Funnel Minnow 

Target group Hemiptera Trichoptera Anisoptera, Hirudinea Nekton / Fish / 
Ephemeroptera, Amphibians 

Gastropoda 

Location Open Water Shoreline On Bottom On Bottom Near Shore 
< 5m to shore < 0.5m deep < lm deep < lm deep < lm deep 

Samples / lake 10 10 10 5 6 

Collection 10 Dipnet Visual Search Sediment Drag Bottle Trap Wif(~ Trap 
approach Passes 0.3 1m2 0.14m2 24hr . 24hr 
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4.3 lHIoop 

The hoop, a circular piece of coated wire, is used primarily for sampling larval trichopterans; however, other 
invertebrates are also collected. It has a defined area measuring 0.32 m2 and is tossed either from shore or 

. froÎn a boat in water < 0.5 m deep. Allinvertebrates are handpicked from the substrate and vegetation within 
the hoop with the aid of an Underwater Viewing Device (UVD): The UVD is a plastic pail which has had its 
original bottom removed and replaced by a piece of clear plastic secured with screws and sealed water-tight. 
By pushing the bottom of the pail into the water and viewing through it, glare from waves and sunlight is 
minimized so the bottom substrate can be scanned effectively. Ten randomly selected sites are sampled per 
lake. Ten minutes are allotted pee hoop site; inevitably all trichopterans are collected in a shorter time period 
(normally five minutes or less). 

4.4 Sweep Net 

The sweep net collects nektonic invertebrates found in the water colurnn at depths ranging from 0.33 to 1.0 
m. A D-frame dip net with a 0.85 mm mesh and a capture area of 625 cm2 is swept in 10 consecutive arcs over 
the bow of a forward moving boat. Bach sweep describes an arc from the water surface to as near the substrate 
as possible and back to the surface. Ten samples are collected per lake. 

4.5 Bentbic Net Drag 

The benthic net drag samples benthic macroinvertebrates using a 0.85 mm mesh D-frame dip net (as in 4.4). 
From the side of a boat or canoe, the net is dragged 0.5 m over the substrate, collecting the top 1-2 cm of 
substrate, in water < 1.0 m deep for a total sample area of 0.14 m2

• A collapsible, wooden, L-shaped frame 
is used as a guide to aid sampling. Care is taken to avoid sections where woody debris or underwater hazards 
wouId hamper sampling. The collected material is then sieved through a 1 mm2 mesh for later sorting. Ten 
samples are collected per lake. 

5.@ SAMlPLKNG SClHIlED1IJLlE 

The scheduIe of biomonitoring activities conductedin the three study areas between 1987-95 (including 
baseline characterization, water sampling and food chain monitoring) is summarized in Table 3. The FCMP 
is undertaken on core lakes during the middle two weeks of June (roughly June 6 - 26), as this is an 
appropriate time for sampling most groups, and also matches the period of peak hatch for most local waterfowl 
(Sinden 1995). Sampling sites within lakes are selected using a random number table and identified on 
individual scale maps of each lake (see Fig. 2 for an example). Locations of all sampling sites used to date 
are presented in Part 3 of this series (McNicol et al. 1996a). 

6,@ TAXONOMKC KDlENTIJIi1CATlIONS 

Specimens are routinely identified to the lowest possible taxonomic level, typically genus and usually species. 
The FCMP uses a standard set of taxonomic keys (section 8.0) for identifications, and has maintained a 
reference collection to compare specimens with original identifications. The FCMP has also made use of a 
talented set of taxonomists. In particular, Dr. Francis Cook of the Canadian Museum of Nature and Erling 
Holm of the Royal Ontario Museum have becn very helpful in handling identifications of amphibians and fish, 
respectively. Barry Bendell has been the chief invertebrate. taxonomist and coordinator of invertebrate 
identifications to date. Individuals that have performed identifications and the year that they contributed are 
noted in Table 4. 
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Table 3. 

Year 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

Schedule of biomonitoring activities in the three study areas in Ontario (A=A1goma, 
M=Muskoka, S=Sudbury), including baseline characterization and water sampling (alilakes), 
FCMP (core lakes) and indicator species (Sudbury only). 

Biomonitoring Activity 

Baseline Characterization FCMP Water Sampling Indicator Species 

S S S 

A AI,S A 

A,S AI,S 

A,M A S,M 

M M S,M 

A S,A S 

S S,M 

S S S,A S 

S,A,M 

1 Sampling conducted in the Ranger Lake a.rea only 

Table 4. Persons that identified aquatic invertebrates, fish and amphibians in each collection year 
according to method. Oashes indicate where the collection method was not undertaken. 

Collection Method 

Year Sweep Hoop Benthic Funnel Minnow 

1987 JC JC BB 

1988 JC JC BB 

1989 JC JC BB 

1990 VS VS VS BB BB 

1991 MW MW BB BB BB,EH,ES 

1992 BB BB BB BB BB,EH,ES 

1993 EH 

1994 BB BB NH BB BBzEH,FC 

BB - Bany BendeU; PC - Francis Cook; JC - Janeue Connadt; EH - Erling Hohn; NH - Nancy House; VS - Valerie Schell; MW - Marle. Wayland; 
ES- Enid Stiles 



Food Choin Monitoring in OntarW IAUs - T axonomi.c Codes and Collections 13 

Verified sample identifications are added to the CWS LRT AP Biomonitoring Database and Reporting System 
(a relational database developed using ORACLE) using a species-specific taxonomie code system (see 
McNicol and Brisebois 1995). This procedure facilitates pooling of data at higher taxonomie levels when 
required .. Each samplefmdividual is assigned an archive number and stored in specimen cabinets at the CWS 
(Ontario Region) office in Nepean, ON for reference and retrieval. Access to archived specimens by interested 
individuals is encouraged and can be arranged by contacting the senior author. 

7.0 lINVElRTEBlRA TE, lFlISlHl ANJI) AMJPmBIAN COlLlLECTIONS 

Between 1990 and 1994,over 150 invertebrate, nine amphibian and 24 fish species (excluding hybrids) were 
coUected in FCMP studies: If data from preliminary testing of FCMP protocols in the Ranger Lake and 
Wanapitei areas in 1987-1989 are included (Table 3), the number of invertebrate taxa increases to over 200. 
Many other invertebrate taxa were collected in baseline characterization of other study lakes (e.g. large 
nektonic hemipterans). A taxonomically-ordered list of invertebrates is presented in Table 5, while Table 6 
(invertebrates), Table 7 (fish) and Table 8 (amphibians) include study regions, methods and minimum pHs 
(basedon 3-year averages (1995 excluded) from fall sampling) where each taxon was collected. In Table 6, 
pHs in italics refer to taxa collected in 1988 or 1989 only, which include sorne lakes that were not continued 
as part of the long term FCMP study design. We also reiterate that our sampling program was designed to be 
effective for target organisms, but it is not necessarily effective for other organisms which are collected 
occasionally. Thus, sorne of the minimum pHs in the accompanying tables may be biased high if the species 
is not a member of the target group (e.g. water striders). 

8.0 T AXONOMlIC OCEYS 

The following sections list the set ofkeys used to identify aquatic invertebrates in the FCMP. Keys to various 
aquatic insect taxa are listed first, followed by keys to other aquatic invertebrates. Note that amphibian 
tadpoles are identified using an unpublished key developed by Dr. Francis Cook, while fish are identified 
according to the descriptions in Scott and Crossman (1985). 

8.1 Aquatic IllISeC1I:s 

o Epltnemeroptenn 

Edmunds, G. F., S. L. Jensen and L. Berner. 1976. The Mayflies of North and Central America. University 
of Minnesota Press, Minneapolis. 

o Odollllata 

Walker, E. M. 1953. The Odonata of Canada and Alaska. Zygoptera. Vol. 1. University of Toronto Press, 
Toronto. 

Walker, E. M. 1958. The Odonata of Canada and Alaska. Anisoptera. Vol. 2. University of Toronto 
Press, Toronto. 

Walker, E. M. and P. S. Corbet. 1975. The Odonata of Canada and Alaska. Anisoptera: Macromiidae, 
Corduliidae, Libellulidae. Vol. 3. University of Toronto Press, Toronto. 

Section 8.1 continued on page 28 



14 

Table S. Taxonomic list ofinvertebrates identified from the FCMP (1990-1994). 

Platyhelminthes 
Turbellaria 

Tricladia 
Nematoda 
Nematomorpha 

Gordiida 
Annelida 

Oligochaeta 
Hirudinea 

Gnathobdellida 
Hirudinidae 

Macrobdella decora 
Mollibdella grandis 
Percymoorensis marmoratis 

Pharyngobdellida 

Arthropoda 

Erpobdellidae 
Erpobdella punctata 
Mooreobdel/afervida 
Nephe/opsis obscura 

G1ossiphoniidae 
Batracobdella pieta 
G/ossiphonia comp/anata 
Helobdella e/ongata 
He/obdella stagna lis 
Placobdella ornata 
Placobdella parasitica 
Theromyzon 

Arachnoidea 
Acarifonnes 

Arrenuridae 
Arrenurus 

Eylaidae 
Eylais 

Limnocharidae 
Rhyncho/imnochares 

Hydrachnidae 
Hydtachna 

Hydrodromidae 
Hydrodroma 

Limnesiidae 
Limnesia 

Table 5 continued on next page 

Pionidae 
Piona 

Lebertiidae 
Lebertia 

Unionicolidae 
Neumania 

Family? 
GenusX 

Crustacea 
Isopoda 

Asellidae 
Asellus 

Amphipoda 
Crangonyctidae 

Crangonyx richmondensis 
Talitridae 

Hya/ella azteca 
Decapoda 

Insecta 

Cambaridae 
Cambarus bartonii 
Cambarus robustus 
Orconectes propinquus 
Orconectes virilis 

Ephemeroptera 
Siphlonuridae 

Siph/onurus 
Metretopodidae 

Siph/op/ecton 
Baetidae 

Callibaetis 
C/oeon 

Heptageniidae 
Arthroplea bipunctata 
Stenacron 
Stenonema 

Leptophlebiidae 
Ch/oroterpes 
Leptophlebia 

Ephemeridae 
Hexagenia 

Ephemerellidae 
Eury/ophelia 
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Caenidae 
Caenis 

Baetiscidae 
Baetisca· 

Odonata 
Gomphidae 

Gomphus exilis 
Gomphus spicatus 
Hagenius brevistylus 

Aeshnidae 
Aeshna canadensis 
Aeshna eremita 
Aeshna interrupta 

. Aeshna tuberculifera 
Aeshna umbrosa 
Basiaeschna janata 
Nasiaeshna pentacantha 

Cordulegastridae 
Cordulegaster diastatops 

Macromiidae 
Didymops transversa 

Corduliidae 
Cordulia shurtleffi 
Epitheca 
Somatochlora cingulata 
Somatochlora minor 
Somatochlora walshii 
Somatochlora williamsoni 

Libellulidae 
Celithemis eponina 
Leucorrhinia frigida 
Leucorrhinia glacialis 
Leucorrhinia hudsonica 
Leucorrhinia intacta 
Libellula incesta 
Libellula julia 
Libellula quadrimaculata 
Sympetrum ambiguum 
Sympetrum costiferum 
Sympetrum danae 
Sympetrum internum 
Sympetrum obtrusum 
Sympetrum vicinum 

Lestidae 
Lestes disjunctus 
Lestes dryas 

Table 5 continue<! on next page 

Lestes eurinus 
Coenagrionidae 

Chromagrion conditum 
Enallagma 

Plecoptera 
Leuctridae 

Leuctra 
Hemiptera 

Gerridae 
Gerris buenoi 
Gerris coma tus 
Metrobates hesperius 
Rheumatobates rileyi 
Trepobates inermis 

Mesoveliidae 
Mesovelia mulsanti 

Corixidae 
Dasycorixa hybrida 
Hesperocorixa scabricula 
Palmacorixa buenoi 
Sigara compressoidea 
Sig ara decoratelld 
Sigara defecta 
Sigara dolabra 
Sigara douglasensis 
Sigara johnstoni 
Sigara mackinacensis 
Sigara macropala 
Sigara mulletensis 
Sigara penniensis 
Sigara sig na ta 
Sigara solensis 

Notonectidae 
Buenoa 
Notonecta borealis 
Notonecta insulara 
Notonecta undulata 

Pleidae 
Neoplea striola 

Belostomatidàe 
Lethocerus americanus 

Nepidae 
Ranatra fusca 

Coleoptera 
Haliplidae 

15 
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Haliplus canadensis 
Haliplus convexus 
Haliplus cribrarius 
Haliplus immaculicollis 
Haliplus pantherinus 
Peltodytes 

Dytiscidae 
Acilius cf. athabascae 
Acilius semisulcatus 
Acilius sylvanus 
Agabus 
Colymbetes 
Coptotomus 
Dytiscus alaskanus 
Dytiscus cordieri 
Dytiscus dauricus 
Dytiscus fascive ntris 
Dytiscus harrisii 
Dytiscus verticalis 
Graphoderus fasciatocollis 
Graphoderus liberus 
Graphoderus perplexus 
Hydaticus 
Hydroporus 
Hygrotus 
lIybius 
Laccophilus 
Neoscutopterus 
Rhantus 

Gyrinidae 
Dineutus 
Gyrinus 

Hydrophilidae 
Helocombus 
Tropisternus 

Ptiliidae 
Helodidae (Scirtidae) 

Scirtes 
Elmidae 

Dubiraphia 
Macronychus 

Chrysomelidae, 
Donacia 
Neohaemonia 
Pyrrhalta 

Table S cootinued on next page 

Megaloptera 
Sialidae 

Sialis 
Corydalidae 

Chauliodes 
Neuroptera 

Sisyridae 
Sisyra 

Trichoptera 
Polycentropodidae 

Phylocentropus 
P olycentropus 
Nyctiophylax 

Hydroptilidae 
Agraylea 
Hydroptila 
Oxyethira 

Phryganeidae 
Agrypnia improba 
Agrypnia cf. pagetana 
Agrypnia straminea 
Agrypnia vestita 
Banksiola crotchi 
Banksiola smithi 
Phryganea 

Limnephilidae 
Anabolia 
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Glyphopsyche irrorata 
Hydatophylax-Pycnopsyche 
Limnephilus 
Platycentropus amicus 

Lepidostomatidae 
Lepidostoma 

Sericostomatidae 
Agarodes 

Molannidae 
Molanna 

Leptoceridae 
Ceraclea 
Mystacides 
Oecetis 
Triaenodes 

Lepidoptera 
Pyralidae 

Acentna 
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Diptera 

Langessa· 
Parapoynx 

Chaoboridae 
Chaoborus albatus 
Chaoborus americanus 
Chaoborus trivittatus 

Ceratopogonidae 
Bezzia-Palpomyia 
Probezzia 

Tabanidae 
Chrysops 

Mollusca 
Gastropoda 

Prosobranchia 
Valavatidae 

Bivalvia 

. Valvata lewisi 
Hydrobiidae 

Amnicola limosa 
Viviparidae 

Campelorna decisum 
Pulmonata 

Ancylidae 
Ferrissia 

Planorbidae 
Gyraulusdeflectus 
Helisorna anceps 
Planorbe lia campanulata 
Planorbella trivolvis 
Promenetus exacuous 

Physidae 
Physella gyrina 

Veneroida 
Sphaeriidae 

Pisidium 
Sphaerium 

17 
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Table 6. Alist of aquatic invertebrate taxa collected from three Ontario study areas (Sudbury (S), Algoma 
(A) and Muskoka (M», showing the taxonomie code, collection method (funnel trap (F), miDOOW 

trap (M), hoop (H), sweep net (S) and benthic net drag (B» and corresponding minimum pH (based 
on three year average pH per wetland, excludes 1995). 

Taxon Taxonomie Code Collection Collection Minimum 
Location Method pH 

TURBELLARIA 

Trieladia TRICLADI S,A,M F,B 6.36 

NEMA TOMORPHA 

Gordüda GORDIIDA A B 5.24 

OLIGOCHAETA OLIGOCHA S,A,M S,B 4.23 

HIRUDINEA 

Hirudinidae HIRUDINE A,M S,B 5.64 

Macrobdella deeora M_DECORA S,A,M F,M,B 4.76 

Mollibdella grandis M_GRANDI S,A,M F,M 5.12 

Percymoorensis marmoratis P_MARMOR S,A,M F,M,B 4.74 

Erpobdellidae ERPOBDEL A,M F,S,B 5.53 

Erpobdella punctata E_PUNCTA S,A,M F,M,S,H,B 5.08 

Mooreobdella fervida M_FERVID S,A,M F,S,B 5.10 

Nephelopsis obscura N_OBSCUR S,A,M F,M,B 5.08 

Glossiphonüdae GLOSSIPH S,A F,B 5.70 

8atracabdella pieta B_PICTA S,A,M F,M,B 5.24 

Glossiphonia camplanata G_COMPLA S,A,M F,H,B 5.83 

Helobdella HELOBDE_ A,M B 5.24 

Helobdella elongata H_ELONGA A B .5.24 

Helobdella stagnalis H_STAGNA S,A,M F,B 5.10 

Placobdella ornata P_ORNATA S,A F,M,H 5.64 

Placobdella parasitica P_PARASI A F 4.76 

Theromyzon THEROMY_ A,M F,S 5.53 

ACARIFORMES ACARI S S,B 5.25 

Arrenuridae 

Arrenurus ARRENUR A,M S,B 5.05 

Eylaidae 

Eylais EYLAIS - A,M S,B 4.87 

Limnocharidae 

Rhyncholimnochares RHYNCHO_ A,M S,B 4.95 

Hydrachnidae 

Table 6 continue<! 011 next page 
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Taxon Taxonomie Code Collection Collection Minimum 
Location Method pH 

Hydrac/uuJ HYDRACH_ S,A,M S,B 4.76 

Hydrodromidae 

Hydrodroma HYDRODR_ S,A,M S,B 4.95 

Limnesüdae 

Limnesia LIMNESC S,A,M S,B 4.87 

Pionidae 

Pwna PIONA_ S,A,M S,B 5.10 

Lebertüdae 

Lebertia LEBERTC M B 6.37 

Unionicolidae 

Neumania NEUMANC A B 5.08 

Family? 

GenusX ACARINX_ S.A S,B 4.74 

ISOPODA 

Asellidae 

Asellus ASELLUS_ A B 5.82 

AMPHIPODA 

Crangonyetidae 

Crangonyx richmbndensis C_RICHMO S,A,M F,M,H,S,B 4.76 

Talitridae 

HyoJella azteca f!_AZTECA S,A,M F,H,S,B 5.24 

DECAPODA 

Cambaridae 

Cambarus hortonii C_BARTON S,A,M F,M 5.20 
Cambarus robustus C_ROBUST S F,M 6.40 
Orconectes ORCONEC_ S B 6.43 
Orconectes propinquus O_PROPIN S,A,M F,M,B 6.12 
Orconectes virilis O_VIRILI S,M M 6.37 

EPHEMEROPTERA EPHEMERO S,A,M S,B 5.20 
Siplonuridae SIPHLONU A B 6.24 

Siphlonurus SIPHLON_ A,M S,B 5.71 

Metretopodidae 

Siphloplecton ' SIPHLOP_ M B 558 
Baetidae BAETIDAE S S,B 7.36 

Callibaetis CALLmA_ A,M B 6.24 
Cloeon CLOEON A,M S,B 4.37 

Table 6 COIltinued on next p88e 



FoctJ ChaÎII Monitoring ÎII OlllarioLakes - TQX01W1IIÎC Codes andCol/ections 20 

Taxon Taxonomie Code Collection Collection Minimum 
Location Method pH 

Heptageniidae 

ÂTthroplea bipunctata A_BIPUNC A S 5.20 
Stenacron STBNACR_ A B 6.54 
Ste,wnema STBNONE_ S B 6.61 

Leptophlebüdae LEPTOPHL A,M B 5.20 
Chloroterpes CHLOROT_ S B 6.66 

Leptophlebia LEPTOPH_ S,A B 4.87 

Ephemeridae . 

Hexagenia HEXAGEN_ M B 5.24 

Ephemerellidae 

Eurylophella EURYLOP - A,M H,S,B 5.12 

Caenidae 

Caenis CAENIS_ S,A,M H,S,B 5.10 

Baeti.scidae 

BaetÎsca BAETISC_ S M 6.62 

ODONATA 

Gomphidae 

Gomphus GOMPHUS_ S,A,M S,B 5.24 

Gomphus exilis G_EXILIS S B 6.12 

Gomphus spÎCatus G_SPICAT S B 5.86 

Hagenius brevistylus H_BREVIS S,A,M B 5.82 

Aeshnidae 

Aeshna AESHNA_ S,M S,B 5.15 

Aeshna canadensÎs A_CANADE S,M F,M,B 5.63 

Aeshna ereflÙta A_EREMIT S,A,M F,M,H,S,B 4.37 

Aeshna Înterrupta A_INTERR S,A,M F,M,B 4.50 

Aeshna tuberculifera A3UBERC S,M M,B 5.21 

Aeshna umbrosa A_UMBROS S,A,M F,M,S,B 4.37 

Basiaeshna janata B_JANATA M B 6.37 

Nasiaeshna pentacantha N_PENTAC S S 6.09 

Cordulegastridae 

Cordulegaster diastatops C_DIASTA A B 6.24 

Macromüdae 

Didymops transversa D_TRANSV A,M H,S,B 5.24 

Cordullidae CORDULII A B 5.92 

Cordulia shurtleffi C_SHURTL S,A,M F,M,S,B 4.23 

Epitheca EPITHEC_ S,A,M M,B 5.66 

Somatochlora cingulata S_CINGUL S,A,M B 5.08 

Somatochlora flÙnor S_MINOR S B 4.87 

Table 6 conJinued on next page 
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Taxon Taxonomie Code Collection Collection Minimum 
Location Method pH 

Somatochlora walshii S_WALSHI S,A B 5.83 

Somatochlora wi//iamsoni S_WILLIA A,M B'" 6.08 

Libellulidae LmELLUL S,AtM F,S,B 4.76 

Celithemis eponina C_EPONIN M B 5.78 

Leucorrhinia LEUCORR_ A,M S,B 5.64 

Leucorrhinia frigida L_FRIGID S,M M,B 4.87 

Leucorrhinia glacialis L_GLACIA S.A,M F,M,S,B 4.23 

Leucorrhinia hudsonica L_HUDSON S B 4.55 

Leucorrhinia intacta L_INTACT A,M S,B 5.05 

Libellula incesta L_INCEST M B 6.37 

Libellula julia L_JULIA S,A,M F,M,H,S,B 4.74 

Libellula quadrimaculata L_QUADRI A,M B 5.24 

Sympetrum SYMPETR_ S,M M,S,B 4.76 

Sympetrum ambiguum S_AMBIGU A B 5.71 

Sympetrum costiferum S_COSTIF S B 5.28 

Sympetrum danae S_DANAE A B 6.71 

Sympetrum internum S_INTERN A B 6.71 

Sympetrum obtrusum S_OBTRUS S,M B 5.35 

Sympetrum vicinum S_VICINU S S,B 5.17 

Lestidae 

Lestes LESTES_ S,A,M S,B 4.37 

Lestes disjunctus L_DISJUN S S,B 4.44 

Lestes dryas L_DRYAS A B 6.52 

Lestes eurinus L_EURINU S,A,M F,M,S,B 5.05 

Coenagrionidae COENAGRI S,A,M M,S,B 5.12 

Chromagrion conditum C_CONDIT A B 4.87 

Enallagma ENALLAG_ S,A,M F,M,S,B 4.87 

PLECOPTERA 

Leuetridae 

Leuctra LEUCTRA_ A B 6.11 

HEMIPTERA 

Gerridae 

Gerris GERRIS_ S S 4.99 

Gerris buenoi G_BUENOI S,M S,B 5.88 

Gerris comatus G_COMATU S.A,M S,B 4.37 

Metrobates hesperius M_HESPER S S 5.12 

Rheumatobates ri1eyi R_RILEYI M S 4.76 
Trepobates inermis T INERMI AtM S 4.76 

Table 6 continued on Bext page 
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Taxon Taxonomie Code Collection Collection Minimum 
Location Method pH 

Mesoveliidae 

Mesovelia mu/sailli M_MULSAN A,M S,B 6.04 

Corixidae 

Uoid. Jarvae CORIXIXL S,A,M F,S,B 4.23 

Dasycori:xa hybrida D_HYBRID A,M S 5.09 

Hesperocori:xa &duIt HESPERO_ S,A,M M,S,B 5.10 

Hesperocori:xa scabricula H_SCABRI S B 5.12 

Palmncorixa buellOi P_BUENOI S,M F,S,B 6.36 

Sigara &duit SIGARA_ S,M S,B 4.53 

Sigara compressoidea S_COMPRE S,A,M S,B 5.53 

Sigara decoratella S_DECORA S,A,M S,B 4.74 

Sigara defecta S_DEFECT S,A,M S,B 4.74 

Sigara dolabra S_DOLABR S,M S,B 4.74 

Sigara dauglasensis S_DOUGLA A S,B 5.19 

Sigara johnstoni S_JOHNST S,A,M S,B 5.66 

Sigara mnckinacensis S_MACKIN S,A,M F,S,B 5.24 

Sigara mncropalafemnle S_MACRCF S,A,M S,B 4.74 

Sigara mncropala mnle S_MACROP S,A,M S,B 4.74 

Sigara mulletensis S_MULLET S,A,M S,B 5.24 

Sigara penniensis S_PENNIE S,A,M F,S,B 6.05 

Sigara signata S_SIGNAT A B 6.74 

Sigara solensis S_SOLENS S,A,M S 5.24 

Notonectidae 

Buenoa adult BUENO_XA S S 5.72 

Buenoa Jarva BUENO_XL S,A,M S,B 4.23 

Notonecta Jarva NOTON_XL S S,B 427 

Notonecta borealis N_BOREAL S,A,M S,B 450 

Notonecta insulata N_INSULA S,A,M F,S,B 4.23 

Notonecta uMulata N_UNDULA S,A,M F,M,S,B 4.23 

Pleidae 

Neoplea striola N_STRIOL S B 6.52 

Belostomatidae 

Lethocerus americanus L_AMERIC S,A,M F,M,S,B 4.37 

Nepidae 

Ranatra Jarva RANAT_XL S S 6.82 

Ranatra fusca R_FUSCA A S 5.09 

COLEOPTERA 

Haliplidae 

Ha/iplus canadensis H CANADI A,M S,B 5.64 

Table 6 continued on next page 
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Taxon Taxonomie Code Collection Collection Minimum 
Location Method pH 

Haliplus convexus H_CONVEX S S 6.82 

Halip/us cribrl!rius H_CRIBRA A,M S,B 5.24 

Haliplus immacUlicollis H_IMMACU M S,B 5.10 

Haliplus pantherinus H_PANTHE S· S,B 6.09 

Pehodytes adult PELTO_XA A S 6.52 

Dytiscidae 

Unid. larvae DYTISCXL A,M M,B 4.76 

Ad/ius larva ACILCXL S.A.M S 5.64 

Adlius cf. athabascae A_ATHABA S,A,M F.M,B 5.24 

Adlius semisulcatus S_SEMISU S,M F,M 5.17 

ki/ius sy/vanus A_SYLVAN S F 5.88 

Agabus adult AGABU_XA S,A,M F 5.63 

Agabus larva AGABU_XL A B 6.74 

Colymbetes aduU COLYM..XA S,A,M F,M 5.31 

Co/ymbetes larva COLYM_XL S S 5.35 

Coptotomus adult COPTO_XA S.A,M F,S,B 4.23 

Coptotomus larva COPTO_XL S,M F,S,B 4.76 

Dytiscus larva DYTIS_XL S,A,M F,M,S,B 4.76 

Dytiscus alaskanus D_ALASKA S,A,M F,M 5.05 

Dytiscus cordieri D_CORDIE S M 5.51 

Dyliscus dauricus D_DAURIC S M 5.16 

Dytiscus fasdventris D_FASCIV S M 5.29 

Dytiscus harrisii D_HARRIS S,A,M M 5.12 

Dytiscus verticalis D_VERTIC S,A,M F,M 4.76 

Graplwderus larva GRAPH_XL S,A,M M.S,B 4.23 

Graplwderus fascialoèollis G_FASCIA S,A,M F,M 4.76 

Graplwderus liberus G_LmERU S,A,M F,M,S,B 4.50 

Graplwderus perp/exus G]ERPLE S,A,M F,M 4.50 

Hyrklticus aduU HYDAT_XA S,M F 5.10 

Hydroporus adult HYDRO_XA S,A,M F,S,B 4.87 

Hydroporus larva HYDRO_XL S,M F,S,B 5.77 

Hygrotus adult HYGRO_XA S,M S,B 5.09 

llybius adult ILYBCXA S.A F 4.87 

nybius larva ILYBCXL S B 4.37 

Laccophilus adult LACCO_XA S,A,M F,S,B 4.76 

Laccophilus larva LACCO ... XL M S,B 5.24 

Neoscutoplerus aduU NEOSC_XA S M 4.40 

Rhontus aduU RHANT_XA S,M F 4.50 

Gyrinidae 

Dineutes aduU DINEU_XA S,AtM F,S,B 4.76 

Table 6 continued on next page 
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Taxon Taxonomie Code Collection CoUection Minimum 
Location Method pH 

Di1U!utes larva DINEU_XL S,A,M F,S,B 4.23 

Gyrinus adult GYRIN_XA S,A,M F,S,B 4.37 

Gyrinus larva GYRIN_XL AtM S,B 5.08 

Hydrophilidae 

Helocombus adult HELOC.J{A M B 5.35 

Tropistemus &duit TROPCXA S S,B 6.66 

Tropistemus iarva. TROPCXL M S,B 5.65 

Ptillidae &duit PTILIIXA M B 4.89 

Scirtidae 

Sc;rJes iarva SCIRT_XL S S 5.09 

Elmidae 

Duhiraphia &duit DUBIR_XA M B 5.24 

Duhiraphia iarva DUBIR_XL S,M StB 5.71 

Macronychus &duit MACRO_XA M B 6,56 

Chrysomelidae iarva CHRYSOXL AtM FtB 5.08 

Donacia &duit DONAC_XA S.A S 5.24 

Neohaemonia &duit NEOHA_XA A,M S,B 5.64 

Pyrrhalta adult PYRRH_XA . S S 6.12 

MEGALOPTERA 

Sialidae 

Sialis SIALIS_ S,A,M B 4.37 

Corydalidae 

Chau/iodes CHAULIO_ M S,B 5.65 

NEUROPTERA 

Sisyridae 

Sisyra SISYRA_ A,M S,B 5.24 

TRICHOPTERA 

Polycentropodidae pupa POLYCEXP S.A,M H.S,B 5.12 

Phylocentropus PHYLOCE_ A;M B 5.83 

Polycentropus POLYCEN_ S.A.M F,H.S,B 4.23 

Nyctiophylax NYCTIOP_ S B 6.36 

Hydroptilidaè iarva HYDROPXL A B 5.66 

Hydroptilidae pupa HYDROPXP A S,B 5.05 

Agraylea AGRAYLE_ A B 5.66 

Hydroptila HYDROPT_ A B 5.92 

Oxyethira OXYETHC A,M StB 5.05 

Phryganeidae iarva PHRYGAXL M S 5.71 

Table 6 cootinued on next page 
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Taxon Taxonomie Code Collection Collection Minimum 
Location Metbod pH 

Ptuyganeidae pupa PHRYGAXP S,A,M :.H,B 4.23 

Agrypnia larva AGRYPNC S S,B 5.04 

Agrypnia improba A .. IMPROB S,A,M F,M,H,B 4.37 

Agrypnia cf. p~getana A_PAGETA S F 4.35 

Agrypnia straminea A_STRAMI S,A,M F,,H,B 4.87 

Agrypnia vestita A .. VESTIT S M 4.33 

Banksiola BANKSIO - S S,B 5.12 

Banksiola crotchi B .. CROTCH S,A,M F,M,H,B 4.37 

Banksiola smithi B .. SMITHI. S,A,M F,M,H,S,B 4.50 

Phryganea PHRYGAN .. S M 4.33 

Limnephilidae pupa LIMNEPXP S,A,M H,B 4.23 

Anabolia ANABOLC S,A,M F,M,H,S,B 4.87 

Glyphopsyche i"orata G_IRRORA A,M H,S,B 5.66 

Hydatophylax-Pycnopsyche HYD]YC .. S,A,M F,M,H,B 4.37 

Limnephilas LIMNEPH .. S,A,M F,M,H,S,B 4.87 

Platycentropas amicas P .. AMICUS S,A,M F,M,H,S,B 4.37 

Lepidostomatidae 

Lepidostoma LEPIDOS_ A,M B 6.24 

Sericostomatidae pupa SERlCOXP M H,B 6.56 

Agarodes AGARODE_ M B 5.88 

Molannidae pupa MOLANNXP M B 5.35 

Molanna MOLANNA_ S,A,M H,B 4.87 

Leptoceridae LEPTOCXP S,A,M H,S,B 5.05 

Ceraclea CERACLE .. A B 6.36 

. Mystacides MYSTACI.. S,A,M H,S,B 5.24 

OecetÎS OECETlS .. S,A,M H,S,B 4.76 
Triaenodes TRIAENO_ S,A,M F,H,S,B 4.74 

LEPIDOPTERA Iarva LEPlDOXL M S 5.53 

LEPIDOPTERA pupa LEPIDOXP A S 6.67 

Pymlidae 

Acentria ACENTRI.. A S 6.67 

Langessa LANGESS .. S,M S,B 6.36 

Parapoynx PARAPOY .. S,A S 5.24 

DIPTERA 

Chironomidae CHIRONXL 8 8,B 4.99 

Chaoboridae larva CHAOB_XL M S 5.42 

Cluwboras a/batas larva C .. ALBAXL A B 5.66 

Cluwboras a/batas pupa C .. ALBAXP A B 5.66 

Cluwboras americanas larva C AMERXL S,A,M S,B 4.50 

Table 6 cœtinued on Dext page 
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Taxon Taxonomie Code Collection Collection Minimum 
Location Method pH 

Chœborus omericanus papa C_AMERXP S,A,M S,B 4.50 

Chœborus Irivitlatus Jarva C_1'RIVXL A S 5.31 

Ceratopogonidae Jarva CERATOXL A,M S,B 4.76 

Caatopog~ papa CERATOXP S S 6.12 

Benia.Palpomyia Jarva BE_PA_XL S.A B 4.23 

PrONZZia PROBEZZ_ A B 6.54 

Tabanida:e 

Chrysops Jarva CHRYS_XL S,A,M P,B' 4.37 

GASTROPODA 

Valvatidae 

Valvata kwisi V_LEWISI A,M P,B 6.94 

Hydrobüdae 

Amnicola limosa A_LIMOSA S,M S,B 6.12 

Viviparidae 
Campelofnll decisum C_DECrSU M B 5.71 

Ancylidae 

Ferrissia FERRISS_ S,A,M S,B 5.24 

Planorbidae 

Gyraulus GYRAULU_ M S,B 6.37 

Gyraulus deflectus G_DEFLEC A,M B 6.24 

Helisofnll HELISOM .. S S,B 6.48 

Helisofnll anceps H_ANCEPS S,A,M S,M,B 5.78 

Planorbella campanulata P_CAMPAN S S,B 7.36 

Planorbella trivolvis P_TRIVOL S S,B 6.66 

Promenetus exocuous P_EXACUO A,M F,B 6.94 

Physidae 

Physella gyrina P_GYRINA S,A,M F,S,B 6.12 

BIVALVIA 

Sphaeriidae SPHAERII A,M F,H,S,B 4.76 

Pisidium PISIDIU .. S.A S,B 4.87 

Sphaerium SPHAERI .. S.A S,B 5.83 
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Table 7. A list of fish species eollected from three Ontario study areas (Sudbury (S), Algoma (A) and 
Muskoka (M», showing the taxonomie eode and eorresponding minimum pH (based on three year 
average pH per wetland, excludes 1995). 

Taxon Taxonomie Code Collection Location Minimum pH 

CLUPEIFORMES 

Salmonidae 

Sa/velinus fOniinalis (brook trout) BROO!(TRO S.A 5.82 

Umbridae 

Umbra limi (central mudminnow) CENTRMUD S 5.12 

Esocidae 

Esox lucius (northern pilœ) NORTPIKE S 6.41 

CYPRINIFORMES 

Cyprinidae 

Phoxinus eos (northem redbelly dace) PHOX_EOS S,A,M 5.08 

Phoxinus neogaeus (fmescale dace) PHOX_NEO S,A,M 5.22 

Couesius plumbeus (lak:e ehub) LAKECHUB S,A,M 5.53 

Hybognathus hankinsoni(brassy minnow) BRASSMIN S 5.71 

Notemigonus crysoleucas (golden shiner) GOLDSHIN S,A,M 4.96 

Notropis cornutus (eommon shiner) COMSHINR S,A,M 5.08 

Notropis heterodon (blackchin shiner) BLKSHINR S,A,M 5.48 

Notropis stramineus (sand shiner) SANDSHIN S.A 6.63 

Pimephales notatus (bluntnose minnow) BLUNTNOS S,M 5.22 

Pimephales promelas (fathead minnow) FATHEAD S,A,M 5.08 

Rhinichlhys atratulus (blacknose dace) BLKNOSE A 5.66 

Semotilus atromoculatus (creek ehub) CRKCHUB S,A,M 4.99 

. Semotilus margarita (pearl dace) PEARLDAC S,A,M 5.21 

Catostomidae 

Catostomus comtnersoni (white suclœr) WHSUCKER S,A,M 5.24 

Ietaluridae 

IctaJurus nebulosus (brown bullhead) BROWNBUL S,M 5 .. 62 

GASTEROSTEIFORMES 

Gasterosteîdae 

Culaea.inconstans (brook stic.ldeback) BROOKSTK S,A,M 5.13 

PERCIFORMES 

Cenlrarchidae 

Amblopites rupestris (rock bass) ROCKBASS S 6.09 

Lepomis gibbosus (pumpkinseed) PUMPKIN S,M 5.09 

Micropterus dolomieui (smallmouth bass) SMALMOUT S 6.14 

Micropterus sa/moides (largemouth bass) LARGMOUT M 6.30 

Percidae 

Percaflavescens (ye1low pereh) YELPERCH S,M 4.96 

Etheostomo exile (Iowa darter) IOWADART S.A 4.91 
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Table 8. A list of amphibian taxa collected from three Ontario study areas (Sudbury (S), Algoma (A) and 
Muslc.oka (M», showing the taxonomic code, collection method (funnel trap (F), minnow trap (M» 
and corresponding minimum pH (based on three year average pH per wetland, excludes 1995). 

Taxon 

CAUDATA 

Ambystomatidae 

Ambystoma 

Salamandridae 

Notopthalmus viridescens 

ANURA 

Bufonidae 

Bufo œnericanus 

Hylidae 

Hyla crucifer 

Hyla versicolor 

Ranidae 

Rana catesbeiana 

Rana c1amitans 

Rana septentrionalis 

Rana sylvatica 

8.1 ÂlQIlllatic llnsecas (continnned) 

o Coroxidae 

Taxonomic Code 

B_AMERIC 

H_CRUCIF 

H_VERSIC 

R_CATESB 

R_CLAMIT 

R_SEPTEN 

R SYLVAT 

Collection 
Location 

S 

S,A,M 

S,A 

A,M 

S 

S,A,M 

S,A,M 

S,A,M 

S,M 

Collection 
Method 

M 

M 

F,M 

M 

M 

M 

M 

M 

M 

Minimum 
pH 

6.14 

4.67 

5.00 

4.61 

5.51 

4.44 

4.35 

4.43 

4.61 

Hungerford, H. B. 1948. The Corixidae of the Western Hemisphere. University of Kansas Science 
Bulletin 32: 1-827. 

o Gerridae 

Oleng, L. and C. H Fernando. 1970. The waterstriders of Ontario. Miscellaneous Life Science Publications, 
Royal Ontario Museum, Toronto 23 pp. 

Drake, C. J. and H. M. Harris. 1934. The Gerrinae of the Western Hemisphere (Hemiptera). University of 
Kansas Science Bulletin 23: 179-241. 

Scudder, G. G. E. and G. S. Jamieson. 1972. The immature stages of Gerris (Hemiptera) in British 
Columbia. Journal of the Entomological Society of British Columbia 69: 72-79. 

Sprague, 1. B. 1967. Nymphs of the Genus Gerris (Heteroptera: Gerridae) in New England. Annals of the 
Entomological Society of America 60: 1038-1044. 

- " 
o lBenostommatodae 

Menke, A. S. 1963. A Review of the Genus Lethocerus in North and Central America, including the West 
Indies (Hemiptera: Belostomatidae). Annals of the Entomological Society of America 56: 263-267. 
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o Nepidae 

Hungerford, H. B. 1922. The Nepidae of North America. The Kansas University Science Bulletin 14: 
425-469. 

o NotoD1lectidae 

Hungerford, H. B. 1933. The Genus Notonecta of the world. The University of Kansas Science Bulletin 
21: 5-195 (adults). 

Rice, L. A. 1954. Observations on the biology of ten notonectoid species found in the Douglas Lake 
Michigan region. American Midland Naturalist 51: 105-132 (immatures). 

Truxal, F. S. 1953. A revision of the genus Buenoa. University of Kansas Science Bulletin 35: 1351-1523 
(adults). 

o Dytiscidae (keys to selected genera) 

Hilsenhoff, W. L. 1975. Notes on Nearctic Acilius (Dytiscidae), with the description of a new species. 
Annals of the Entomological Society of America 68: 271-274. 

Larson, D. J. 1975. The predaceous ·water Beetles (Coleoptera: Dytiscidae) of Alberta: systematics, 
natural history and distribution. Quaestiones Entomological Il :245-498. 

Roughley, R. E. 1990. A systematic revision of species of Dytiscus Linnaeus (Coleoptera: Dysticidae). 
Part 1. Classification based on OOult stage. Quaestiones Entomological26: 383-557. 

Wallis, J. B. 1939. The genus Graphoderus Aubé in North America (north of Mexico) (Coleoptera). 
CanOOian Entomologist 71: 128-130. 

o EIaliplidae 

Wallis, J. B. 1933. Revision of the North American species (North of Mexico) of the Genus Halip/us 
Latreille. Transactions of the Royal Canadian Institute 19: 1-76. 

Wiggins, G. B. 1960. A preliminary systematic study of the North American larvae of the cOOdisfly 
family Phryganeidae (T\Ïchoptera). Canadian Journal of Zoology 38: 1153-1170. 

Wiggins, G. B. 1977. Larvae of the North American cOOdisfly genera. University of Toronto Press, 
Toronto. 

o Chaoboridae 

Saether, O. A. 1972. Chaoboridae 10: Das Zooplankton der Binnengewasser. Eds. H. J. Elster and W. 
Ohle. Die Binnengewasser 26 Stuttgart, E. Schweizebert'sche Verlagsbuchhandlung. pp. 257-280. 

o Other CoReoptera, Diptera, "Plecoptera, Megaloptera and Neuroptera 

Merritt, R. W. and K. W. Cummins. 1984. An Introduction to the Aquatic Insects of North America 
(second edition). KendalllHunt Publishing Co., Dubuque, Iowa. 

Peckarsky, B. L., P. R. Fraissinet, M. A. Penton and D. J. Conklin. 1990. Freshwater Macroinvertebrates 
of Northeastem North America. Comell University Press, Ithaca, NY 
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8.2 Otltnelr Aqunatüc HD1lverteblrates 

o Gastlropmlla 

Burch, J. B. 1982. Freshwater Snails (Mollusca: Gastropoda) of North America. U.S. Environmental 
Protection Agency, Cincinnati, OH. Rep. No. EP A-600/3-82"()26. 

Clarke, A. H. 1981. The Freshwater Molluscs of Canada. National Museum of Natural Sciences, National 
Museums of Canada, Ottawa. 

o Spltnaelriidlae 

Burch, J. B. 1972. Freshwater Sphaeriacean clams (Mollusca: Pelecypoda) of North America. Biota of 
Freshwater Ecosystems, Identification Manual No. 5. U.S. Environmental Protection Agency, 
Washington, D.C. 

o lHlirndliD1lea 

Klemm, D. J. 1982. Leeches (Annelida: Hirudinea) of North America. U.S. Environmental Protection l', 

Agency, Cincinnati, OH. Rep. No. EPA-600/3-82-025 , 
Madill, J. 1985. Bibliographia invertebratorum aquaticorum canadensium. Vol. 5. Synopsis speciorum. 

Annelida: Hirudinea. National Museum of Natural Sciences, Ottawa. 

o Acarifolrmes 

Smith, B. P. 1990. Hydrachnidia. ln: Freshwater macroinvertebrates of northeastem North America. ~ 
Peckarsky, B.L., Fraissinet, P.R., Penton, M.A. and Conklin, D.J., Comell University Press, Ithaca, 
N.Y. pp. 290-334. 

o Amphipoda 

Bousefield, E. L. 1958. Freshwater amphipod crustaceans of glaciated North America. The Canadian 
Field-Naturalist 72: 55-113. 

o Hsopodla 

Williams, W. D. 1972. Freshwater isopods (Asellidae) of North America. Biota of freshwater ecosystems 
identification. Manual No. 7. U.S. Environmental Protection Agency, Washington, D.C. 

o Decapoda 

Crocker, D. W. and D. W. Barr. 1968. Handbook of the crayfishes of Ontario. Royal Ontario Museum, 
University of Toronto Press, Toronto. 

9.0 lLll1rlElRA1rURlE CrrlED 

Bendell, B. E. ,1986. The effects of fish and pH on the distribution and abundance of backswimmers 
(Hemiptera: Notonectidae). Cano J. Zool. 64: 2696-2699. 

BendelI, B. E. 1988. Lake acidity and the distribution and abundance of water striders (Hemiptera: 
Gerridae) near Sudbury, Ontario. Can. 1. Zool. 66: 2209-2211. 

Bendell, B. E., and D. K. Mc Nicol. 1987a. Fish predation, lake acidity and the composition of aquatic 
insect assemblages. Hydrobiol. 150: 193-202. 
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Bendell, B. E., and D. K. Mc Nicol. 1987b. Cyprinid assemblages, and the physical and chemical 
characteristics of small northem Ontario lakes. Environ. Biol. Fish. 19: 229-234. 

Bendell, B. E., and D. K. Mc NicoL 1991. An assessment of leeches (Hirudinea) as indicators of lake 
acidification. Cano J. Zool. 69: 130-133. 

Bendell, B. E., and D. K. McNicol. 1993. Gastropods from small northeastem Ontario lakes: their value 
as indicators of acidification. Cano Field-Nat. 107: 267-272. 

Bendell, B. E., and D. K McNicol. 1995a. Lake acidity, fish predation, and the distribution and abundance 
of some littoral insects. Hydrobiol. 302: 133-145. 

Bendell, B. E., and D. K. ~cNicol. 1995b. The diet of insectivorous ducklings aild the acidification of 
small Ontario lakes. Can. J. Zool. 73: 2044-2051. 

Blancher. P. J .• and D. K. McNicol. 1986. Investigations into the effects of acid precipitation on wetland­
dwelling wildlife in northeastem ontario. Technical Report Series No. 2, Canadian Wildlife Service. 

Blancher, P. J., and D. K. McNicol. 1988. Breeding biology of tree swallows in relation to wetland 
. acidity. Cano J. Zool. 66: 842-849. 

Blancher, P. J., arid D. K McNicoL 1991. Tree swallow diet in relation to wetland acidity. Cano J. Zool. 
69: 2629-2637. 

Darveau, M., J.-L. DesGranges, and G. Gauthier. 1992. Habitat use by three breeding insectivorous birds 
in declining maple forests. Condor 94: 72-82. 

DesGranges, 1.-L. 1989. Studies of the effects of acidification on aquatic wildlife in Canada: lacustrine 
birds and their habitats in Quebec. Can. Wildl. Serv. Occ. Pap. ser. No. 67. 

Dillon, P. J., N. D. Yan, and H. H. Harvey. 1984. Acidic deposition: effects on aquatic ecosystems. CRC 
Critical Reviews in Environmental Control 13: 167-194. 

Graveland, 1., R. van der Wal, J. H. van Balen, and A. J. van Noordwijk. 1994. Poor reproduction in forest 
passerines from decline of snail abundance on acidified soils. Nature 368: 446-448. 

Gunn, J. M. 1995. Restoration and Recovery of an Industrial Region. Progress in Restoring the Smelter­
Damaged Landscape near Sudbury, Canada. Springer-Verlag, New York. 358 p. 

Haines, T. A. 1981. Acidic precipitation and its consequences for aquatic ecosystems: a review. Trans. 
Am. Fish. Soc. 110: 669-707. 

Keller, W., J. R. Pitblado, and J. Carbone. 1992. Chemical responses of acidic lakes in the Sudbury, 
Ontario,areatoreducedsmeiteremissions, 1981-1898. Cano J. Fish. Aquat. Sci.49(Suppi. 1): 25-32. 

KeIso, J. R. M., and D. S. Jeffries. 1988. Response ofheadwater lakes to varying atmospheric deposition in 
north-central Ontario, 1979-85. Can. 1. Fisb. Aquat. Sci. 45: 1905-1911. 

Kerekes, J., R. Tordon, A. Niewburg, and L. Risk. 1994. Fish-eating bird abundance in oligotrophic lakes 
in Kejimkujik National Park, Nova Scotia, Canada. Hydrobiol. 279/280: 57-61. 

Longcore, J. R., H. Boyd, R. T. Brooks, G. M. Haramis, D. K McNicol, J. R. Newman, K. A. Smith, and F. 
Stearns. 1993. Acidic depositions: effects on wildlife and habitats. WildL Soc. Tech. Rev. 93-1. 42p. 

Mallory. M. L .• P. J. Blancher, P. J. Weatherhead. and D. K. McNicol. 1994. Presence or absence of fish 
as a cue to macroinvertebrate abundance in boreal wetlands. Hydrobiol. 279/280: 345-351. 

McAuley. D. G., and J. R. Longcore. 1988. Survival of juvenile ring-necked ducks on wetlands of 
different pH. J. Wildl. Manage. 52: 169-176. 

McNicol. D. K., and M. Wayland. 1992. Distribution of waterfowl broods in Sudbury area lakes in 
relation 10 fish, macroinvertebrates and water chemistry. Cano J. Fish. Aquat. Sei. 49(Suppl. 1): 122-
133. 

McNicol, D. K., and M. L. Mallory. 1994. Trends in smalilake water chemistry near Sudbury, Canada, 
1983-1991. Water, Air, and Soil Pollut. 73: 105-120. 

McNicol, D. K, and L. Brisebois. 1995. The CWS LRTAP Biomonitoring Database and Reporting 
System User's Manual. Canadian Wildlife Service (Ontario Region) Report. 56 p. 

McNicol, D. K, B. E. Bendell, and R. K Ross. 1987a. Studies of the effects of acidification on aquatic 
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Wildl. Serv. Occ. Pap. Ser. No. 62. 
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