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Foreword 

This report contains the results ofresearch carried 
out under the auspices of the Long Range Transport of 
Air Pollutants program, an interdepartmental research 
initiative of the federal government involving Agriculture 
Canada, Fisheries and Oceans Canada, Energy, Mines 
and Resources Canada, Health and Welfare Canada, and 
Environment Canada. Within Environment Canada, 
research into various aspects oflong-range transport of 
air pollutants is being carried out by the Atmospheric 
Environment Service, Inland Waters/Lands, and the 
Canadian Wildlife Service (CWS). 

The CWS research program was started in 1980 
to assess the impacts of acid de position on wildlife and 
wildlife habitats in eastern Canada. The results of the 
first phase of the program are contained in this and other 
volumes in the Occasional Papers series. 

A major objective of the CWS research was to com­
pare avian breeding and feeding ecology data collected 
from sensitive headwater habitats receiving different rates 
of acid loading. The first paper describes the work on 
waterfowl and their food chains in Ontario, while this 
second one describes the results of surveys of freshwater 
bird communities in Quebec, as well as phyto-ecological 
studies of their associated habitats, in relation to 
acidification. 

Other important areas of interest are the influence 
oflong-range deposition and acidification on metal uptake 
by wildlife prey organisms and the toxicity oflow-level 
metai exposure to aquatic birds. Long-range transport 
of airborne pollutants can affect the availability of heavy 
metals to biota both by direct transport and by the mobi­
lization of metals from soils and sediments as acidity 
increases. A forthcoming Occasional Paper will include 
preliminary results of research at the National Wildlife 
Research Centre on the fate of heavy metals in waterfowl 
food chains, as well as laboratory studies of the effects of 
dietary heavy metals on the reproductive output ofbirds 
under controlled conditions. 

Together these volumes will provide a summary of 
the first phase of the CWS LR T AP program. The objec­
tive of this phase was to determine which species and 
habitats might be most at risk from acidification. Current 
studies are designed to establish a more definite cause-and­
effect relationship between acidification and biological 
changes, chiefly in bird communities; to provide the basis 
for a biomonitoring program which will track the changes . 
expected to occur as emissions are reduced to the target 
loading (i.e., 50 % of 1980 levels by 1994); and to evaluate 
the adequacy of that target loading for protecting aquatic 
biota. 

Interdisciplinary studies of calibrated basins form 
an important aspect of the LR T AP program. CWS has 
played a major role in one ofthese, the Kejimkujik Cali­
brated Catchment program, studying nutrient release 
in and limnological characteristics of acidified waters in 
Kejimkujik in Atlantic Canada. Results of these and other 
related CWS studies on acidification are included in the 
Final report of Impact Assessment Work Group 1 of the U. S. -
Canada Memorandum 0] Intenl (1983); the two-volume 
proceedings of the International Symposium on Acidic 
Precipitation held at Muskoka, Ontario, in 1985, edited by 
H. Martin and published as Vol. 30 of Water, Air and Soit 
Pollution (1986); and the proceedings of an International 
Workshop on Birds as Bio-indicators held in Kingston, 
Ontario, in 1986 and published in The value r.if birds, edited 
by A.W. Diamond and F.L. Filion, a Technical Publica­
tion ofthelnternational Council for Bird Preservation 
(Cambridge, U.K., 1987). 

D.B. Peakall 
Scientific Advisor, LR T AP Program 
Canadian Wildlife Service 

A.W. Diamond 
Coordinator, LR T AP Program 
Canadian Wildlife Service 

Effects of acidity and other 
environmental parameters on the 
distribution of lacustrine birds 
in Quebec 

Jean-Luc DesGranges and Benoît Houdea 

CWS, Sainte-Foy, Quebec 
G1V 4H5 

1. Abstract 

This study examines the potential impact of acid 
precipitation on lacustrine birds in Quebec. We deter­
mined the composition ofbird communities at lakes in 
regions with various levels of deposition and sensitivity. 
This made it possible to evaluate the sensitivity to acidity 
of a large number of species found in the wetlands of the 

, Canadian Shield and helped identify species that could 
be affected by the acidification of nesting habitats. 

We made several vÎsi ts to a total of 146 lakes located 
in the most important Quebec biomes in order to count 
the birds and describe the morphometry, the water qual­
ity, several biological factors, the riparian soils, and the 
aquatic and riparian vegetation. As a result, we are now in 
a position to assess the relative importance of each of these 
environmental features in the selection ofwetland habitats 
by lacustrine birds. 

The lakes located in the Laurentians were found to 
support a dozen lacustrine species on average whether they 
were acidic (pH between 4.4 and 5.5) or not. In the taiga, 
on the other hand, highly acidic lakes (pH < 4, geological 
in origin) had only half as many species as neutral or alka-

, line lakes. At acidic lakes it is primarily the aquatic species 
that are missing. While about 10 aquatic species are com-

, mon at non-acidic lakes in the taiga, at acidic lakes only 
. two species ofwaterfowl were found (Canada Gobse Branla 

canadensis and Red-breasted Merganser Mergus serrator), 
along with occasional shorebirds. 

The statistical technique of correspondence analysis 
made it possible to examine simultaneously the effects of 
the main morphological, physical-chemical, and biological 
features of the lakes so that the relative role of each of these 
in the birds' selection of a lake could be assessed. The 
~~s~lts sho~ that productivity (as estimate? by chlorophyll 

a levels m the lakes) and degree of "reuculation" (in 
the sense of Darveau et al., this publication; i.e., the nature 
of the interface between riparian vegetation and water) 
are the two most important factors in the division of avail­
abl~ habitats among the aquatic species. Some species -
mamly w~ders (e.g., American Bittern Botaurus lentiginasus 
and .dabbhng ducks (e.g., American Black DuckAnas 

, r~brzpes and Green-winged Teal A. crecca) prefer produc-
t~ve lake~, generally with well-developed riparian vegeta­
tIOn. ThIS type oflake tends to have a large, shallow littoral 
zone that allows light to reach the bot tom of the lake in 

, "Current address: 1178 des Muguets. Saint-Rédempteur, Quebec GOS SBO. 

severaliocations. This, along with the generally near­
neutral pH, fosters the growth of aquatic plants and allows 
the development of an abundant aquatic fauna. 

Other species - notaoly diving ducks - prefer 
lakes with low productivity and water that is often acidic. 
In this group were Common Goldeneye Bucephala clangula 
and Red-breasted Merganser, found chiefly at lakes with 
undeveloped riparian vegetation, and Ring-necked Duck 
Aythia collaris and Hooded Merganser Lophodytes cucullalus, 
seen mainly at lakes with a wide and well-reticulated belt 
of vegetation. Although aquatic invertebrates are often 
less numerous in acidic lakes, there are also few or no fish. 
Acidic lakes are therefore suitable for nesting, because the 
ducks do not have to compete with a large number of fish 
for food. However, while the lack offish may be good for 
certain diving ducks, it poses an obstacle to species whose 
di et consists entirely offish, such as the Common Loon 
Gavia immer, which is found almost exclusively at lakes with 
large fish populations. 

Water colour is also an important factor in lake 
selection by aquatic species. The Common Loon, Red­
breasted Merganser, and Hooded Merganser were found 
to prefer lakes with clear water, probably because these 
species spot most of their prey by swimming with their eyes 
open underwater. 

In the two regions covered in this study, a similar 
variety ofriparian species was found regardless of the 
degree of soil mineralization and acidity (i.e., peatlands, 
swamps, marshes, riparian woodlands). While there is a 
regular relationship between species present and vegeta­
tion structure, it does not appear that any family ofbirds is 
better represented on any specific soil type. Shorebirds 
(Charadriidae and Scolopacidae), flycatchers (Tyranni­
dae); warblers, blackbirds, and sparrows (Emberizidae) 

the major families - are found on most wetlands, 
whatever their degree of soil mineralization and acidity. 
The heterogeneity of the habitats and their high level of 
productivity d.uring the summer probably explain the 
cohabit:ùion of a large number of species and families in 
these ecosystems, which, after all, occupy only il rather 
small area of the lakes and of the continent as a whole. 

2. Introduction 

To date, mostbiological studies on acid precipita­
tion have been concerned with the effects oflake acidi­
fication on the composition of communities of aquatic 
organisms (AImer et al. 1978; Haines 1981; Memorandum 
ofIntent 1983). There are far fewer studies abounhe 
harmful effects on birds. This is probably because birds 7 
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have coverings that prote ct them from the ambient 
environment and herice from the direct effects of acidity 
(Mercer 1966). They are not, however, protected from 
ecosystem transformations, and these may be substantial. 
It is known that acid deposition can reduce soil fertility and 
that it damages vegetation and causes significant decreases 
in the populations of many groups ofinvertebrates, fish, 
and amphibians. It also increases the solubility in runoff 
ofseveral toxic metals (e.g., cadmium, mercury, lead, 
selenium), whose concentrations in living organisms may 
then increase (Memorandum oflntent 1983). Thus the 
effects of acid precipitation on birds are indirect. The vege­
tation structure of the birds' habitats could change to the 
point where sorne species would no longer be able ta find 
the plants they need for food and coyer during nesting 
(Clark and Fischer 1981; Haines and Hunter 1982; 
Schreiberand Fischer 1983). Food resources are threatened 
as weil: insects, benthic organisms, fish, and amphibians 
are often less numerous and no longer meet the birds' 
needs (Eriksson 1984; Ormerod et al. 1985; DesGranges 
and Hunter 1987). Finally, accumulations ofheavy metals 
in the flesh of their prey may impair reproduction in sorne 
bird species (Nyholm and Myhrberg 1977; Nyholm 1981). 

Aquatic environments are particularly susceptible 
to a rapid drop in pH because they act as reservoirs for 
acid-Iaden runoff. In regions where the bedrock and soil 
consist of carbonate-poor minerals and are thus un able ta 
neutralize the acidity of the water traversing them, runoff 
con tains proportionately more hydrogen ions (Shilts 1981). 
This is true of most lakes in Quebec. Their buffering 
capacity is very low and in sorne instances non-existent, 
with the result that the pH of a large number of lakes is 
decreasing rapidly because they are located along the 
major trajectories of acid rain and snow (Bobée et al. 1982, 
1983; Lachance et al. 1985). 

In Quebec, over 50 bird species nest in the wetlands. 
of the Canadian Shield. Sorne ofthem feed on fish, 
amphibians, and benthic organisms that they find in the 
lakes. According to the most recent estimates by the Cana­
dian Wildlife Service, this group includes sorne 50 000 
Common Loonsb (DesGranges and Laporte 1979), nearly 
1 million Canada Geese, and over 2 million ducks ofvari­
ous species (Reed 1978). In addition there are the even 
more numerous populations ofriparian species, including 
the waders that feed on small fish and amphibians in shal­
low pools and bays, the shorebirds that search mud flats 
and bogs for small invertebrates, and a wide range of 
perching birds that nest close to the water and feed on 
insects emerging from the aquatic larval phase. The popu­
lations of all these species could be considerably reduced 
by the acidification of their environ ment. 

Because of the absence of physical-chemical and 
ornithological data on the state of Quebec lakes in earlier 
times, the.effects oflake acidification on lacustrine birds 
up to the present cannot be determined. To establish any 
cause-and-effect relationships, biomonitoring of a large 
number oflakes undergoing acidification would have to be 
carried out, ideally for 25 years at least. Given the lackof 
time and money, however, the typological approach was 
used. Categorizing the lacustrine bird groups on the basis 
of the acidity of the various environments should quickly 
show which species are most sensitive to wetland acidi­
fication. This, in turn, will give sorne idea of the trans-

scienti fic and common names of ail bird 
given in the alphabeticallisting on page 67.-

mentioned in the text are 

formations that the bird communities might undergo if 
the acidification oftheir environment were to continue, 
though no causal links would be demonstrated. 

In southern Quebec, a region that receives a great 
deal of acid precipitation and is very sensitive to it, the 
birds of several sm aIl , shallow lakes surrounded by suit­
able habitats were selected for study (see DesGranges and 
Darveau 1985). Acidification usually occurs fairly rapidly 
in such lakes, which are frequently found in the mountains 
and at the heads of small drainage basins. Although the 
lakes selected are aIl physically similar, each has a distinct 
level of acidity and alkalinity. It should therefore be possi­
ble to estimate the threshold of tolerance for most of the 
wetland species. 

acidification, given the ecological districts in which they 
are located (Gilbert et al. 1985). Sorne lakes were selected 
in ecological districts considered highly sensitive to acidi­
fication, others in districts oflow sensitivity. Sampling 
carried out during the fall prior ta the bird observations 
confirmed that the lakes had varying levels of acidity 
and revealed one area where the lakes are highly acidic. 
A number oflakes were selected from this area. 

Logistic and fin an ci al considerations were also 
important. Wherever possible, groups oflakes near each 
other were to be selected, and lakes were to be less than 
200 km from the base of operations so as to keep helicopter 
travel to a minimum. 

Figure 1 shows the regions of Quebec covered by 
the study. The exact position of the 146 selected lakes may 
be determined by consulting Potvin and Grimard (1983) 
and Rodrigue and DesGranges (1989). Figures 2,3, and 4 
show the general features of the lakes and riparian soils. 
Analytical methods are described in Appendix 1. 

metry, water quality, several biological factors, riparian 
soils, and aquatic and riparian vegetation. These data have 
been analyzed in detail in other publications (listed in the 
references), so in what follows we simply give the main 
conclusions. 

3.2.1. N atural districts 
The concept of a "natural district" is based on 

th~ ecological classifications of Jurdant et al. (1977) and 
GIlbert et al. (1985), according to whom the study areas 
may be divided ir~to Il ecological regions (geographical 
reglOns charactenzed by a distinctive climate expressed 
in its veg~tation) wit.h ~in~ ecologicallandscapes (are as 
charactenzed by a dIstmctive physical geography and 
geology). These we reduced to seven functional groups, 
which w~ calI natural districts: the Appalachians, Middle 
Laurenuans, and Upper Laurentians in the south which . , 
are subJect to a cool-temperate cIimate; and the taiga, 

Lakes were also selected for study in northern 
Quebec, a region which is very sensitive to acid precipita­
tion but has not yet received a great deal of it. This was 
important because the vast majority of shorebirds and over 
75% of al! Quebec waterfowl ne st in this region (Reed 
1978). The idea was to assess how lacustrine birds might 
react to increased acidity in their nesting habitat before 
acidification became a major problem. 

1 3.2. Environmental features 

muskeg, alpine tundra, and arctic tundra in the north, 
which are subject to a tundra climate (Darveau et al., this 
publication) (Fig. 1). 

Each lake was visited several times to take bird 
counts and describe the morphometry, water quality, 
several biological factors, riparian soils, and aquatic and 
riparian vegetation. As a result, we are now in a position to 
assess the relative importance of each of the se environmen­
tal features in the selection of the wetland habitats most 
used by lacustrine birds. 

3. Studyareas 

3.1. Selection oflakes 
The geographical are as to be included in the study 

were selected on the basis of existing information about 
the acidity and sensitivity to acidification of Quebec lakes 
(Shilts 1981; Gilbert et al. 1985). Many of the lakes selected 
are in the Laurentians between the La Vérendryè and 
Laurentides reserves, because this is where most of the 
acidic lakes in Quebec are found. However, since there are 
few neutral or alkaline lakes here, a number oflakes were 
selected in the Appalachians south of Quebec City, where 
neutral and alkaline lakes are much more common. In 1 

northern Quebec, the study area lies between the Labrador 1 

Trough to the west and George River to the east, and 1 
between the 55th and 57th parallels. This area, located 
northeast of Schefferville, is divided in two by the tree line. 
Its geological and lithological features are highly varied 
and have produced a wide range of physical-chemical 
conditions in the lakes. 

Once the geographical framework had been estab­
lished, the study lakes in each of the two regions had ta be 
chosen. The objective was to find lakes uridisturbed or 
minimally disturbed by humans, having different levels of 1 

acidity, and surrounded as.much as possible by riparian ) 
habitats suitable for nesting by lacustrine birds. For con- 1 
sistency, only lakes with a surface area of approximately 
5-35 ha were selected. J 

Aerial photographs were used to identify ail the 
undisturbed lakes with the desired surface area as well as 
the appropriate riparian vegetation. The next step was to 
select lakes with a variety of acidity levels. In southern 
Quebec, the most promising ones were visited during the 
win ter and sampled. Once the pH and alkalinity of the 
water were known, it was easy to select lakes possessing a 
variety ofphysical-chemical characteristics. In the north, 
lakes were selected on the basis of their sensitivity ta 

{ 

• 

Several visits were made to each lake in order to 
describe its general environment as weil as the morpho-

Figure 1 
Geographical regions and natural districts covered in the study 

Hudson Bay 

The Appalachians district is mountainous. Lakes 
coyer barely 3 % of the area and bogs less than 1 %. The 

Arctic tundra 

., .... 

Muskeg 

.............. 

}I!----- Appalachians 

........................................................................................ .r' .. 
9 



1 i 

i 

, 1 

1 

:1 
i 

1 

1 

! 
10 

well-dr~ined sI opes of the hills are dominated by forests 
of sugar maple Acer saccharum and yellow birch Betula 
alleghaniensis. Eastern white cedar Thuya occidentalis and 
tamarack Larix laricina populate the low-Iying areas. The 
peatlands take the form of small bogs containing ericaceous 
vegetation, sphagnum, and black spruce Picea mariana. 
About 20 % of the area of lake bottoms is covered with 
vegetation, primarily associations of Nuphar variegatum and 
Sparganium sp. as weIl as Sparganiumfluctuans and Potamoge­
ton oakesianus (Darveau et al. , this publication). 

Figure 2 
General characterÎstics ofJakes by natural district. For continuous variables, a 
box plot gives the median, quartile deviations, and extreme values. For class 
variables, a histogram gives the distribution of values as a percentage of the 
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The Middle Laurentians district consists of 
undulating highlands, 10% ofwhose surface area is lakes 
and 5 % peatlands. The forests on the slopes are dominated 
by sugar maple and yellow birch, with black spruce in the 
low-Iying areas. The peatlands are small, uniform bogs 
along with a few fens, and they are dominated by sedges 
Carex spp. About 20% of the area oflake bottoms is 
covered with vegetàtion, often including associations of 
Nuphar variegatum and Sparganium sp., as weIl as patchworks 
of Eleocharis smallii and Brasenia schreberi. 

sample. Crosshatching toward the right means value l of the variable; vertical 
lines, value 2; and crosshatching toward the left, value 3. 
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Figure 3 
Lake water quality by natural district 
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Figure 4 
Riparian soil quality at Jakes, by natural district i The Upper Laurentians district features more 
.--:---~-~-_:........:._----------------------------------------, 1" rugged terrain than the Middle Laurentians, has fewer 
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lakes and peatlands, and a more boreal vegetation. On the 
: slopes, maple and birch give way to balsam fir Abus ~al- . 
, samea and white spruce Picea glauca. The lake vegetatIOn 18 

similar to that found in the Appalachians district. 
In the northern study area, the rolling or undulat­

ing hills and highla~d plateaus ~reate a patchwo~k of sub­
arc tic taiga vegetatIOn and arctIc tundra vegetatIon. The 
taiga district consists of sparse black spruce forests over 
beds of sphagnum or lichens. Sedges and tamarack are 
found around the shores of the lakes. The lakes themselves 
support very little vegetation: less tha~ 10% oft.h~ bottom 
area is covered, most often wlth Scorptdwm scorPLOldes, 

1 Menyanthes trifoliata, and Potamogetonfiliformis. 
The muskeg district muskeg is an Algonquian 

word meaning peatland consists (Jf relatively flat areas 
dotted with lakes and covered with extensive palsa bogs 
featuring sedges and tamarack. The lake vegetation is 

; similar to that of the taiga district. 
The alpine tundra district consists of highland 

plateaus and hilltops within the taiga district. Lichens grow 
on the bedrock; sedges and scrub birch Betula glandulosa 
grow along the edges of the lakes, which support virtually 

! nothing by way of bottom vegetation except sorne Scor-
1 pidium scorpioides. 

The arctic tundra district, which is farther north 
than the others, is at the southern limit of the arctic proper. 

1. The landscape consists of a smooth carpet of lichens, its 
flatness unbroken as a result oflow shrubs growing in 
depressions and other sheltered areas. The vegetation at 
the edges of the lakes resembles that of the alpine tundra 
district, but lake bottoms also have Drepanocladus exannulatus 
and Potamogeton filiformis. 

3,2.2, General description oflakes 
3.2.2.1. Waterquality 

Table 1 shows the values of the physical-chemical 
parameters of the study lakes by natural district. The chief 
limnological characteristÎcs of the lakes within each district 
are summarized in Table 2. Because the relationships 
among water quality parameters have been considered in 
other publications, here we show only a single matrix of 
Spearman correlation coefficients (Table 3). 

The acidic lakes (pH :s 5.5) in southern Quebec 
are alliocated in the Middle Laurentians, particularly in 

Table l 
physical-chemical acidification-

Middle 
PhysicaJ·chemical Appalachians Laurentians 
parameters (n = 8) (n = 60) 
pH (Iaboratory) 6.7 ± 0.2 6.0 ± 0.1 
Conductivity (p's/cm) 30,6 ± 7.4 33,8 ± 4,2 
Alkalinity (mg/L CaCO,) 7,6 3,3 7,0 ± 2,1 

Sulphates (mg/L) 4.3 0,5 5,3 ± 0.1 

the Outaouais region (Rodrigue and DesGranges 1989). 
The pH of the lakes in the Appalachians and Upper 
Laurentians ranges from 5.6 to 6.5 durlng the surnmer. 
The least productive lakes (oligotrophic and oligo­
mesotrophic, in the sense of Rodrigue and DesGranges 
1989) are mostly located on the Canadian Shield in the 
Portneuf forest region to the northwest of Quebec City. 
The most productive lakes, mainly meso-eutrophic, are 
in the Appalachians district. 

In northern Quebec, there are considerable 
differences in a number of physical-chemical parameters 
between the various groups oflakes (Potvin and Grimard 
1983). Although the neutrallakes in both the arctic tundra 
and alpine tundra districts have very little colour, they 
differ significantly when it cornes to mineraI content and 
type of sediment. In contrast, the neutrallakes of the 
muskeg and taiga districts do not appear to be very differ­
ent from one another except in iron, of which there Îs a 
higher concentration in the muskeg lakes. 

While neutrallakes are found in each of the four 
northern natural districts, only in the taiga are there both 
acidic lakes and alkaline lakes with significant differences 
in the majority of parameters. The main source of acidifi· 
cation for the very acidic lakes is apparently thesulphides 
and in particular the pyrite in the bedrock around the 
lakes. The pyrite oxidizes in the presence of water and air 
to release H + ions into the environ ment . 

Generally speaking, the neutral tundra lakes are 
very obviously oligotrophic, if not ultra-oligotrophic, 
while the neutral muskeg and taiga lakes are typically 
more productive. The acidic and alkaline taiga lakes differ 
greatly in productivity: the latter are much more produc­
tive, probably because the very acidic lakes (pH < 4.2) 
have high levels oftoxic heavy metals that definitely hinder 
biological production. 

3.2.2.2. Food chains 
A subgroup of the study lakes (14 in the Middle 

Laurentians near Maniwaki and 13 in the taiga near 
Schefferville) was examined in detail as part of a descrip­
tive study of the trophic links among 50 lakes that are fairly 
representative of the range of acidity conditions found in 
Quebec lakes (IEC Beak 1985). The Maniwaki region 
receives a fairly high level of atmospheric sulphates, and it 
is believed that sorne of the study lakes selected are under­
going acidification by acid rain. In the Scheffervîlle region, 

N atural districts 

Upper Alpine Arctic 
Laurentians Taiga Muskeg tundra tundra 

(n = 10) (n = 38) (n = 15) (n 7) (n = 8) 

6.2 ± 0.1 6.4 ± 0.2 6.7 ± 0.1 6,9 0.1 6,5 ± 0,1 
18.3 ± 1,6 54.4 ± 13.7 12.4 ± 1.5 23.3 ± 6.3 6.5 ± 0.7 
2.6 ± 0,5 8.1 ± 1.4 6.8 ± 0,7 7.9 1.7 4.0 ± 0.3 

3.3 ± 0.2 9.9 ± 3,2 1.3 ± 0.1 3.3 2,2 0,3 ± 0.1 Potassium 
(p,eq/1 00 g) 

[ 

0.6 

0.3 

0.0 9 ~ ~ ~ ~ ~ ~ ~ Total phosphorus (mg/L) 
KJcldahl nitrogen (mg/L) 

0.004 0.001 0,001 ± 0.001 0,012 ± 0.009 
0.63 0.05 0.34 ± 0,02 0.27 ± 0.02 0,19 ± 0.02 0.31 ± 0,02 0.14 ± 0.02 0,12 ± 0.01 

ActIve chlorophyll "a" (mg/L) 2,7 0.7 2.8 ± 0.3 1.6 ± 0.4 0.5 0,1 1.3 ± 0.2 0,1 ± 0,1 0,3 ± 0.1 

Total organic carbon (mg/L) 15.4 2,0 10.8 ± 0.5 10.4 ± 1.8 
Colour (Hazen units) 29,4 6,5 29,1 ± 2,6 29,1 ± 5.5 14,5 ± 1.5 25.3 ± 1,8 9.4 ± 2,1 6.0 ± 1.0 
Total aluminum (mg/L) 0.07 0.02 0.11 ± 0,01 0,13 ± 0.03 0.31 0.11 0.04 ± 0,01 0,03 ± 0.01 0,03 ± 0.01 
Iron (mg/L) 0,08 + 0,02 0,19 + 0.03 0.31 + 0,06 0,29 ± 0.06 0.57 + 0.08 0.09 ± 0.03 0.06 + 0.02 

"Accord' p' , (198 lOg to otVIn and Gnmard (1984) and Rodrigue and DesGranges 
9), 13 
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the acidic lakes lie over mineraI de~osi~s .rich in sulphides, 
which would explain why the lakes aCldltY.Ievels ;re ÎI 

1 hl'gh Aiso examined were lakes m the ept- es extreme y . h . 'd f 
G . that are coloured by umlC aCl rom and agnon reglOns 1 d 

I h l'on the sam pIe includes both neutra an bogs n eac reg , h' 11 . 
alkaIine lakes. Many oftbem are biogeog~ap Ica y lSO-
lated headwater lakes that may be impossIble for fish ~o 

1 · d many of them are small and shallow an may 
co Olllze, an . h' h Id 
periodically be subject to win ter ano~{la, w lC :-,,?u 
severely affect the structure of aquatlC comm~llltles.. . 
, The study brought out sorne interestmg v:anatlOns 
in s ecies composition and abundance for populat.lO?S 
off~h, zooplankton, and zoobent~os, along an aCldlty 

radient ofCanadian Shield lakes III Quebec. , 
g Only 2 of 161akes with a pH b~low 5.5 contal~ 

. h h eption of the lakes m the Scheffervllie fish but, wH t e exc, .' ..' . ) h 
. on (where the acidificatIOn 18 geologIcalm ongm , ~ e 

:~~~nce of fi'Sh is attributable primaril'y to bio?eograph~cal 
isolation or limiting factors in the habItat. ThIS conclusIOI~ 
is corroborated by the discovery that a numbe~ o~ neutra 
hi h-altitude lakes with a pH above 6.0 have hmlt.ed fish 
co~munities. These neutrallakes generally cont~Ill 

opulations characteristic of cold waters: sal~ollld~, 
~atostomids and cyprinids. In the study reglOns t?~~ ~ype 
of populatio~ is the one most threatened by the aCl 1 lca-
tion of headwater lakes. . 

In aIl of the study lakes, the diet of the dO~Illant 
fish species is diverse and includes nearly.aIl the mal~ . 

f · nvertebrates. The groups consldered sensltlve to 
groups 0 1 h' d k source 

'dity such as molluscs and amp IpO s, are a . ey 
~~lfoo;'Ùn sorne neutrallakes with. a small buffenng capac­
it Ephemeras, odonates, and tnchopterans were ~n 
. y. ortant food source in every lake found to contaill fish. 
lmp Examination ofthe benthos indicat~d that only 
molluscs, amphipods, ep~e~eras, and pelagIc c)lad~~rans 
are rare in moderately aCldlc lakes (pH 5.3-4.6 ,w 1 e 

Table 3 . () r. arison of the principal water 
Spearman correlation coeffiCIents r, or cor;;p 1 k s in southern Quebec 
quality and morphom~trr j>a~am~ter~oa~~~~ti:it~ (CD), alkalinity (AC), sul-

Table 2 1 d' . . terms of acidity' 
Summary oflake characteristics for each natura Istnct m -

N atural district 

Ar~tic tundra 

Alpine tundra 

Muskeg 

Taiga 

Lake 
acidityb 

Neutral 

Neutral 

Neutral 

Aeidic 

l\1ain characteristics ._ .. _ 
Very clear, slightly acidic water :--ith I~;. 
mineraI content; environment hlghly 
sitive to acidification; minerai sedlment~ 
Clear water, much higher mineral 
content than in arc tic tundra lakes, ". 
organic sediments; environment senstllve 

to acidification. 
Slightly brownishwater, low miner~1 

. J' . and Iron content higher tannm, Ignm, 'd'fi 
content~ envÎronment sensitive to acl 1 1-
cation; organic sediments. ____ -
Very clear water; very high mineraI con­
tent· high level of acidity resultm!l f:o~ 
iron' pyrite in watershed; high toXIClty or 
aquatic life; abundant magneslum. 

N;;rt;~1---S1ightly coïoured water, low minerai . 
content; higher aluminum eonc~ntratlo~t 
than in the other neutrallakes; slgndica 
tannin and lignin content; very slmllar to 
muskeg lake~s~. _~--~~-:-~--: 

-A-lk-a-Iin-e--OO::C7"le-a-r wate~, fairly high mineral.content; 
high magnesium content; orgamc sedI­
ments; we\l-buffcred envlronm._:e:.n:;.t_. __ 

·---~--Neutral ~-OÜg;;;;~~~t~aphic and mode~ately 
Upper dystrophie; environment sensItIve to 
Laurentians acidification. . ... ~ __ 

Acidic 

Middle 
Laurentians Neutral 

Appalachians Neutral 

Mesotrophie and moderately dystr.ophic; 
environment sensitive ta aCldlficatlon. 

Oligotrophic to mesotrophic; moderately 
ta highly dystrophie; environment gener­
ally sensitive ta aCldlficatlOn. . ... _ 

Meso-eutrophie and moderately 
dystrophie; environment moderately 
sensitive to acidifical1on; shallow lakes. 

. . dG' d (1983) and Rodrigue and DesGranges 'Accordmg to Potvm an nmar 

b~~~~{~e Jake: pH ~ 7.0; neutral lake: pH 5.6-6.9; acidic lake: pH :s 5.5. 

; 

. 1 r (CO) total alumi-
hl h Il "a" (YA) totalorgamccarbon(CT),coou dl' . (AT) c orop y , . d th (PX) an e eval10n 

num (Al), iron (Fe), area (SU), maxImum ep • 

-_ ... --_ .... -and northern Quebee. aCldlty (P~' h (PT) Kjeldahi nitrogen (NK), 
phates (SF), calcium (Ca), total p osp~~~ __ ,_ -- NORTHERN QUEBECb 

-0.43 0.31 0.33 

pH 0.25 0.85 0.37 
- 0.35 0.42 

0.28 0.24 
- 0.27 

0.38 CD 0.34 0.71 0.91 
- 0.26 

0.31 0.45 - 0.27 
AC 0.48 0.30 

0.67 0.51 0.28 -0.33 0.27 

SF 0.61 0.46 0.42. 
0.30 - 0.28 

0.54 0.37 Ca 0.24 
Û O.Bl 0.62 
... 

0.28 PT 
035

1 

r:Il 
0.26 - 0.57 ... 0.76 0.83 g. 0.41 NK 

0.41 0.23 -0.28 -0.38 -
Z 0.38 0.37 YA 0.55 
Ili:l 0.23 0.28 ... 

0.57 0.49 CT :t 0.29 0.39 
-0.36 r- 0.27 0.34 

CO 0.24 0.45 
;:J 

0.33 0.28 0.41 0.47 
0 

0.34 '" 0.42 Al 0.32 
0.45 0.65 -0.28 

0.79 - 0.31 
0.65 0.46 Fe 

0.27 - 0.26 0.29 
- 0.25 - 0.30 SU 

0.23 0.30 
- 0.46 PX 0.26 

- 0.28 0.65 - 0.30 
-0.29 0.32 0.26 AT 

- 0.31 0.36 - 0.33 
P = 0.01", 0.:1 -0.46 

bNorthern q.uebec: n = 68, dI 66 
78,df = 76 P = 0.01, r, 0.29 p = 0.05, T, = 0.24 

aSauthern Quebec: n p = 0.05, T, 0.22 
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roany other large groups survive. At a pH of 4.2-3.0, 
several groups, including chironomids, could be an impor­
tant source of food for fish. 

Because biogeographical isolation and habitat 
liroitations restrict fish communities in headwaters (which 
are more sensitive to acidification), the food chains are j 

often relatively simple. They usually consist of an omni­
vorous fish and the main benthic species on which it preys. 
Plankton does not appear to play an important role in the 
food chains of the adult fish, with the possible exception 
of the few cyprinids found in these lakes. 

The constraints involved in benthic sampling 
Iiroited the collection of quantitative data on many impor­
tant groups of free-swimming predatory insects: hemip­
terans, odonates, and coleopterans. For this reason, it is 
difficult to say whether an increase in benthic populations 
actually occurs in fishless lakes. Assigriment of a semi­
quantitative abundance rating does indicate that benthic 
groups t.end to be more num:rous in such I~kes, but there 
are sigmficantly more benthlc cladocerans III fishless lakes 
that are moderately acidic than in neutral or alkaline lakes. 
The plankton study showed high densities ofpredatory 
insects (Chaoborus, Acilius, and Buenoa) in a few of the fish­
less lakes. With only a few exceptions, the zooplankton 
communities in the moderately acidic study lakes resem­
bled communities affected by acidification rather than 
communities free of predation by fish. 

4. Bird counts 

The listening post method was used to count the 
lacustrine birds at the study lakes du ring the nesting 
season. This method is fairly rapid, so that a large number 
oflakes could be visited each summer. The procedure used 
was similar in principle to the one described by Blondel et 
al. (1970), except that instead of remaining immobile for 
20 min, we used the time to explore on foot the habitats 
within 60 m of the central point of the post. Each resulting 
bird find was located as accurately as possible on a sketch 
of the post that was drawn at the site during the minutes 
just prior to the count. This small departure from the con­
ventional technique was motivated by our goal of measur­
ing the relative abundance of each species not just for each 
post, but also for each type ofhabitat. 

AlI the listening posts were located in habitats that 
v.:ere primarily riparian. Each was visited by an ornitholo­
?Ist during the nesting period (i.e., between early June 
In southern Quebec and mid-July in northern Quebec). 
Ali Counts were done in the morning, between dawn and 
O?:OO (EST), on days when there was no rain and no sig­
mficant wind. These are the conditions under which birds 
are most active and more likely to make territorial displays 
(Rob~ins 1981a, b), Since the nesting period is relatively 
short ln northern regions, and most species normally nest 
a~ the same time, a single visit to each post was sufficient to 
gbl~ve a reasonably accu rate idea of the number of nesting 

lrds. 

( Every morning, when weather conditions were 
aVOurable, an A-Star 350 D helicopter took off with three 

°firnlthologists, each of whom did a count at the four or 
IVe lake " d B r . 1 s VISite. elOre they disembarked, the helicopter 

Circ ed the lake slowly at low altitude to allow them to 
fou nt. the aquatic birds and decide on the location for the 
lstentng posts. . 

5. Results 

5.1. Ordination of habitats and birds 
5.1.1. Three principal bird communities 

On the basis of over 7000 sightings of 102 different 
species, the birds were broken down into five main groups 
(the list of species in each group is given in Appendix 2). 
The breakdown was achieved using correspondence anal y­
sis (CORANA) (Benzécri 1973; Hill 1974), an ordination 
method that is being increasingly used in studies ofbird­
habitat relationships (Beaver et al. 1980; Prodon and 
Lebreton 1981; DesGranges and Darveau 1985) (see Sec­
tion 5.2.1. for further details). The "proximities" of the 
species to each physiognomically defined habitat, in the 
plane of the first two factor axes FI-F2' are shown semi­
schematically on Figures 5 and 6 for southern and northern 
Quebec, respectively. For cl arit y , the exact positions of 
the habitats and species are not shown, because several 
positions coincide; instead, ovals are used to show the 
groups of species that were regularly present in the various 
environments. 

A large number ofbird species are found on the 
lakes and riparian habitats of the forest regions of south­
ern Quebec. Figure 5 breaks these down into three main 
groups. The typically aquatic species are seen to be clearly 
distinct from the terrestrial species, and the statistical ordi­
nation divides the latter into two main groups - riparian 
species and forest species. Sorne species have more ubiquist 
habits and thus are clustered near the origin of the factor 
axes. Although they are frequently present in transition al 
habitats it was decided to associate them with the habitat in 
which they are found most frequently, in order to facilitate 
the statistical analysis. The botanical formations (i.e., tax­
onomically defined habitats) frequented by the se species 
were sometimes taken into account in order to ensure the 
accuracy of the classification. 

There are far fewer bird species present near lakes 
in northern Quebec than there are in southern Quebec, 
mainly because there are no deciduous forests in the north, 
and thus few forest birds. 

In the following sections, we shaH consider only 
lacustrine specie8 (i.e., aquatic and riparian species), 
because these are the only ones for which detailed data 
on the physical, chemical, and botanical features oftheir 
habitats were collected. 

5.1.2. Composition and structure oflacustrine bird 
communities by natural district 
Table 4 gives the percent occurrence (percent age of 

lakes frequented) and relative abundance (average number 
of individu ais sighted at each lake) for each lacustrine spe­
cies at the study lakes in each of the natural districts. The 
most abundant and widely occurring species are shown in 
boldface. Judgement must be used in examining the data 
because sorne species and individualS'were probably not 
sighted during visits to the lakes. Still, in our view, the 
figures constitute very acceptable estimates of relative 
abundance and occurrence and provide a satisfactory pic­
ture of the ecological preferences of the most frequently 
sighted lacustrine species. 

As Table 5 shows, in general a wider variety of 
lacustrine bird species is found in the natural districts of 
southern Quebec than in the north, where only the muskeg 
district has a species richness (average number of species 
per lake) comparable with what is found in the south. AIso, 
the species pool (number of species found at at least 10% of 
the lakes in a natural district) is approximately 30 in the 15 
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south, 25 in the taiga and muskeg, 20 in the alpine tundra, 
and 15 in the arctic tundra. The muskeg district has a spe­
cies richness comparable with that of southern districts, 
despite hs species pool being smaller, because it has a large 
number of regular species (ones occurring at 75% or more 
of the lakes), which is not the case for the other natural 
districts in the north. 

Bird life at the lakes of the Middle Laurentians 
district is significantly less varied th an in the other south­
ern districts (one-way analysis of variance (ANOV A): 
F (2.75) = 34.07; P < 0.0001; Duncan's multiple range 
test (Duncan 1975): p :::; 0.05), because it consists pri­
marily of occasional species - ones occurring at 25 % or 
fewer of the lakes. This is why in the south the Shannon 
diversity index is lowest in the Middle Laurentians district 
(ANOVA: F (2.75) = 15.27; P < 0.0001; Duncan: 
p :::; 0.05) and why in the north it is highest in the muskeg 
district (ANOV A: F (3.64) ~ 7 .62; P < 0.0002; Duncan: 
p :::; 0.05). The notable feature of the Appalachians dis­
trict is the low equitability index (ANOV A: F (2. 75) = 

4.40; P < 0.016; Duncan: p :::; 0.05), resulting from the 
fact that three species (Red-winged Blackbird, Common 
Yellowthroat, and Swamp Sparrow) account for over half 
the lacustrine birds observed there, whereas elsewhere 
the distribution of individu ais among species is more 
equitable. 

Aquatic species account for slightly over 40% of 
lacustrine species in most of the natural districts. The arc­
tic tundra district appears to be the exception: aquatic 
species represent only 25 % oflacustrine species, though 
it may be that the sample was too small. 

The three southern districts have a very similar 
lacustrine bird life. A correspondence analysis (not shown 
here) of the relative abundances of Table 4 places the dis­
tricts very close to one another in a two-dimensional space, 
though an examination of Table 4 does show a number 
of differences worth noting: the American Bittern, Ring­
necked Duck, and Song Sparrow prefer the Appalachian 
lakes while the Common Loon, Black Duck, Osprey, 

Figure 5 
Semi'schematic diagram showing the distribution ofbird among the 
principal types of environment in southcrn Quebec. The of species in eaçh 
group is given in Appendix 2. 

À = 0.513 
T = 0.289 

Figure 6 : The analysis is limited to these districts because they are 
Semi·sçhematic diagram showing the distribution ofbird species among the 1 the only ones where both types oflake were encountered. 
princiI:al ~ypes.of environ.ment in northern Quebec. The list of species in each; Once again, boldface is used for the most abundant and 
group IS glven ln Appendlx 2. \ 'd 1 . ecies r-------,------------------, , Wl e y occurnng sp . .. . 

1 Both acidic and non-acldlc lakes m the two Lau-
, = 0.445 
T = 0.281 

Riparian 
species 

À = 0.181 
T = 0.492 

Spotted Sandpiper, Wilson's Warbler, and Rusty Black- } 
bird were seen most frequently near the Upper Laurentian 
lakes. 

The northern districts do not show such a great 
degree of similarity. The muskeg, taiga, and alpine tundra 
lakes share a single species pool, while the arc tic tundra 
lakes have a more distinctive pool. Table 4 also shows that 
the Green-winged Teal, Common Snipe, Least Sandpiper, 
and Short-billed Dowitcher are much more attraèted to the 
muskeg district than the other northern districts, and that 
the abundant Lapland Longspur is found only around 
arctic tundra lakes. 

5.1.3. Composition and structure of lacustrine bird 
communities by lake acidity 
Table 6 gives the percent occurrence and relative 

abundance oflacustrine bird species at the acidic and non­
acidic study lakes in the Laurentian and taïga districts. 

À = 0.948 
T = 0.478 

rentian districts support an average of about a dozen 
lacustrine species (Table 7), and these belong to a pool 
of32 species, half aquatic and ~lal~riparia~. Acidic .and 
non-acidic lakes also show no slgmficant dIfference m 
the Shannon diversity index or in the equitability index 
(ANOVA:F(1.68):::; ~.70;p ~ 0.4:) .. 

The acidic lakes ln the tmga distrIct, however, are 
very different From the neutral and alkaline lakes. As 
Table 7 shows, they had only halfthe number ofIacustrine 
species found at the neutral and alkaline lakes (ANOVA: 
F(1.36) 17.99;p < 0.0001; Duncan:p :::; 0.05). The 
neutral and alkaline lakes supported an average of 10 spe­
cies, which is almost as high as the dozen or so found at the 
Laurentian lakes. The species missing from the pool at the 

Table 4 
Occurrence and relative abundance oflacustrine bird species commonly 
found in the major natural districts of Quebec 

Species Code 

Common Loon HUA 
Amcrican Binern BUT 
Canada Goose BCN 
Black Duck CN 
Green·winged Teal SA V 
Ring·necked Duck MOC 
Greater Scaup GMO 
Common Goldeneye GAC 
Black Scotcr MA] 
Hoodcd Merganscr BSC 
Common Merganser GRB 
Rcd·breasted Merganser BSR 
Osprey PEC 
Scrnipalmated Plover COL 
Killdccr KIL 
Solitary Sand piper VAL 
Spottcd Sandpipcr MBQ 
Least Sand piper BEM 
Short·billed Dowitcher BER 
Common Snipc BO 
Rcd·ncckcd Phalarope PHA 
Hcrring Gull ARG 
Arctic Tern ST A 
Chimncy Swift RAM 
Ruby-throated Hummingbird CGR 
Bclted Kingfisher MP 
Olivc·sided Flycatcher MOL 
AIder Flvcatcher MAU 
Eastern Kingbird TYR 
Horncd Lark ALO 
Trcc Swallow HB 
Barn Swallow HG 
Amcrican Robin M 
Water Pipit PIP 
Palm Warbler ROU 
Northcrn Waterthrush RUI 
Corn mOn Yellowthroat MAS 
Wilson's Warbler CAL 
Arncriean Trec Sparrow HUD 
Savannah Sparrow PRE 
S~mg Sparrow PCT 
1~lneoln's Sparrow LIN 
Swamp Sparrow MAR 
Whitc-crowned Sparrow COB 
Lapland Longspur B 
RCd-wingcd Blackbird C~~ 
Rusty Blackbird MRO 
COmmon Grackle '1 
COmmon Redpoll " AI 

Appalachians 
(n 8) 

38% (2.7) 
63% (2.8) 

63% 
38% 
75% 

13% 

13% 

(2.0) 
(2.0) 
(3.2) 

(2,0) 

( 1.0) 

25% (1.5) 

38% (1.7) 

50% 

p 

38% 
38% 
38% 
75% 
38% 
63% 

(3.0) 

(1.3) 
(13) 
(1.0) 
(2.7) 
(5.3) 
(2.2) 

88% '(8.3) 
63% (2.0) 

100% (7.8) 

63 % (4.0) 
100% (14.0) 

25% (5.5)· 

88% (3.9) 
75 % (1.7) 
88% (12.0) 

100% (29.3) 
38% (1.0) 

100% (4.5) 

Middle 
Laurentians 

(n = 60) 

33% (1.4) 
15% (1.3) 

33% 
3% 

48% 

42% 

(1.7) 
(2.0) 
(3.2) 

(2.0) 

(1.9) 
( 1.6) 

3% (1.0) 

(1.2) 
(1.0) 
(2.2) 

3% (2.5) 

P 

25% 
15% 

1% 
63% 
17% 
42% 

63% 
3% 

38% 

(2.4) 
(1.3) 
(1.0) 
(2.2) 
(1.8) 
(2.1 ) 

(2.7) 
(3,0) 
(2.3) 

25% (1.8) 
100% (7.5) 

15% (1.4) 

18% (2.0) 
40% (2.0) 
92% (6,2) 

65% (6,3) 
23% (19) 
45% (2.7) 

~c Siskin SIZ 
'1' CHA 75% (1.8) 18% (3.1) 

lllCuns the '. hBoldf. . specles 15 prcsem. 
ace IndlCates th b d d . ,. . 

caeh natural districLe mOst a un am an most wldely occurnng specles ln 

acidic lakes are primarily aquatic. While about 10 aquatic 
species were typically found at the non-acidic lakes at the 
acidic lakes there were only 2 - the Canada Goos~ at 43 % 
of these .lakes and ~he ~ed-breasted Merganser at 14 % , 
along wlth shorebirds m a few cases. The Shannon diver­
sity index is also significantly lower for the acidic lakes 
(ANOVA: F(1.36) = 16.84; P < 0.0002; Duncan: 
p :::; 0.05), though the equitabiIity index is approximately 
thesame(ANOVA:F(1.36) = 2.57;p < 0.12). Thus 
only at the highly acidic taiga lakes was the structure of 
the bird community very different from the structure 
at the Laurentian and taiga lakes taken together. 

Table 6 shows that in the Laurentians, three species 
appear to prefer the acidic lakes: the Ring-necked Duck, 
the Common Goldeneye, and Lincoln's Sparrow. 

Upper 
Laurentians 

(n = 10) 

60% (2.2) 
10% (2.0) 

90%b (1.9) 
50% (2.2) 
30% (2.0) 

50% (2.8) 

30% (1.3) 
20% (1.5) 

60% (1.5) 

20% (4.5) 
40% (2.8) 
80% (7.1) 

20% (3.0) 

P 

30% (2.3) 
40% (1.3) 
20% (1.0) 
80% (2.5) 
30% (5.7) 
20% (4.0) 

100% (13.3) 
60% (2.7) 

100% (8.2) 

80% (7.9) 
90% (12.9) 

100% (4.7) 

P 
30% (9.7) 
90% (8.6) 
90% (11.6) 

90% (6.0) 
90% (6.7) 
90% (3.1) 

90% (14.7) 

!\' atural districts 

Taiga 
(n 38) 

pa 

61 % (3.4) 
11 % (1.0) 
11 % (1.0) 

18% (2.9) 
R 

16% (1.8) 

8% (4.7) 
16% (2.7) 

P 
5% (2.5) 

P 
24% (2.4) 
42% (2.3) 
18% (4,4) 
39% (2.5) 

5% (1.5) 
50% (2.4) 
34% (2.9) 

21% (2.0) 

61 % (1.9) 
5% (1.0) 

13% (2.0) 
68% (2.7) 

P 
100% (6.7) 

24% (1.7) 

29% (2.0) 

89% (2.9) 

Muskeg 
(n = 15) 

P 

73% (10.9) 
53% (4.3) 
40% (6.2) 

40% (5.8) 

20% (3.0) 

13% (3.5) 

40% (2.0) 

P 
27% (1.8) 
930/0 (6.6) 
67% (5.2) 

100% (4.3) 
73% (8.2) 
73% (2.2) 
87%. (3.2) 

27% (3.0) 

73% (2.5) 
P 

73% (1.7) 

100% (7.9) 
93% (5.4) 

47% (1.7) 
P 

80% (3.3) 

61% (3.7) 100% (7.1) 

39% (1.5) 27% (25) 

Alpine 
tundra 

(n 7) 

P 

57% (3.0) 
14% (1.0) 
14% (2.0) 

P 
14% (2.0) 

14% (4.0) 
43% (1.3) 

14% (2.0) 

29% (3.0) 
43% (1.3) 

14% (2.0) 
14% (1.0) 
57'% (2.8) 
71 % (3.0) 

P 

71 % (2.8) 
29% (3.5) 

29% (2.0) 

100% (7.1) 

86% (3.2) 

43% (3.0) 

Arctic 
tundra 

(n = 8) 

P 

50% (5.3) 

(2.5) 
(2.7) 

13% (2.0) 

88% (3.4) 

38% (1.3) 
25%' (4.0) 

'880/0 (3.1) 
25% (5.0) 

50% (3.3) 

P 
50% (2.8) 

75 % (5.5) 
75% (3.3) 

50% (1.8) 
88% (8.4) 

50% (2.5) 
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Table 5 
Characteristics 

Number 

natural districts 

Shannon 
Regular Occasional 

species species Aquatic Riparian 
oflakes Species diversity Equitability (2: 75% of (05 25% of Species species spedes 

Appalachians 
Middle Laurentians 
Upper Laurentians 
Taiga 
Muskeg 
Alpine tundra 
Arctic tundra 

visited 

8 
60 
10 
38 
15 

7 
8 

richness index 

16.3 3.28 
10.0' 2.80a 

18.8 3.62 
8.6 2.66 

14.2b 3.36b 

7.6 2.57 
8.3 2.66 

aln southern Quebec, equitability is significantly lower in the Appalachians 
district; species richness and diversity are significantly lower in the Middle 
Laurentians. 

bIn northern Quebec, species richness and diversity are signifieantly greater in 
the muskeg district. 

5.2. Selection oflakes by aquatic birds 
5.2.1. Description oflakes 

The original data matrices for the 146 lakes in the 
sample take the form of contingency tables showing, for 
each of the principallacustrine species (i.e., those present 
on at least 10 lakes in a study area), the number ofbirds 
observed at lakes having certain environmental features. 
The features are regional, morphometric, physical­
chemical, biological, and pedological-botanical variables 
that take the form ofmetric and non-metric ordinated 
descriptors, or unordinated descriptors, each ofwhich is 
divided into a number of classes. The limits of the classes 
were selected to follow as closely as possible the classifica­
tions established by other Quebec researchers and at the 
same time reflect the most important thresholds found in 
the data. An attempt was also made to distribute the spe­
cies observations within the classes as equitably as possible. 
The species and descriptors are given in Appendices 3 and 
4. Since the number oflakes in each class is not the same, 
absolute numbers were converted into percentages, which 
means that each entry in the contingency tables indicates 
the percentage oflakes in a class at which a given species 
was observed. While this makes the tables much easier to 
use, absolu te numbers were used in the actual statistical 
analyses in order to take into account the "weights" of the 
different classes; the weights reflect the size of the sample 
for each species/class situation. 

Given the diversity of the descriptors, it was decided 
to use correspondence analysis to relate the species to the 
ecological variables. This method of ordination, developed 
for analyzing contingency tables (i.e., class variables), has 
the advantage of taking into consideration the availability 
and frequency of use of the various types of lake. It is 
particularly weIl suited to a biological context in which the 
variables are not always linear (Benzécri 1973; Hill 1974). 

An initial series of correspondence analyses carried 
out (using absolute numbers) on each of the divisions in the 
two tables made it possible to eliminate several descriptors 
and to reduce the number of classes considerably. Descrip­
tors were eliminated if they had only a low correlation with 
the first three axes, and two classes were combined if the 
heads of the vectors representing them on the graph of the 
factorial axes F l -F2 were close to each other, this being 
taken as an indication that the birds probably do not dis­
tinguish between the two. This initial data consolidation 
yielded the tables that were used as the source matrices for 
the correspondence analyses discussed in detail below. The 
advantage of the simplified tables is that they include only 
those lake characteristics that have the greatest effect on 
the mo!;t frequently encountered species. Restricting the 

index the lakes) the lakes) pool pool pool 

0.82a Il 4 29 12 
0.87 2 14 32 15 
0.86 14 6 32 15 
0.89 2 12 26 10 
0.88 7 5 23 9 
0.88 2 10 19 8 
0.88 3 4 16 4 

number of attribute states gave stronger classes that more 
accurately reflect the reliability of the data. 

17 
17 
17 
16 
14 
11 
12 

The correspond en ce analyses must be seen as essen­
tially descriptive (hence the absencè of statistical proba­
bility thresholds). This kind of analysis brings out the 
correspondences between the classifiers used in the rows 
and columns of a contihgency table. The statistics software 
that was used provides not only a graph of the correspon­
dences, but also numerical results that help in interpreting 
the data. The three most useful interpretation aids are the 
percentage of total variance eXplained by a factor (axis); 
the absolute contribution, which indicates the percentage 
of the factor's variance eXplained by each of the environ­
mental variables; and the relative contribution, which 
Îndicates the percentage of variance in species distribution 
eXplained by the factor. The aids to interpreting the cor­
respondence analyses discussed in this paper are given 
in Appendices 8 and 9. Because of tbe large number of 
analyses carried out and the complexity of the graphs 
they generate, it was decided to publish only two three­
dimensional representations - those relating to the sum­
marizing analyses (Figs. 7 and 9). The interpretation aids 
of Appendices 8 and 9 suffice to give a clear idea of the 
strongest relationships revealed by each of the analyses. 

5.2.2. Effect of the lakes' general appearance 
The distribution of aquatic birds among the lakes 

was first examined with reference to the lakes' overall 
appearance. The first three axes of the correspondence 
analysis for the southern lakes expIa in aIl the variance 
(Appendix 8). The first axis reflects the nature of the inter­
face between riparian vegetation and water (the "reticu­
lation," in the sense of Table 2 of Darveau et al., this 
publication). It explains 57% of the total variance. The 
second axis reflects lake morphometry and explains an 
additional 35 % of the variance. 

The Common Loon was found primarily at lakes 
where the belt of riparian vegetation is undeveloped but 
dense and difficult to penetrate; it was observed most often 
at relatively large, fairly deep lakes (cf. Silieff and Hussell 
1982). The American Bittern, Black Duck, and Ring­
necked Duck, on the other hand, are more attracted by 
lakes with well-developed and well-reticulated riparian 
vegetation, as reported by Ringelman and Longcore 
(1982) and Ringelman et al. (1982) for the Black Duck. 
These lakes are generally small (especially those used by 
the Ring-necked Duck) and shallow (especially those used 
by the Black Duck). The Common Goldeneye and Hooded 
Merganser were encountered most frequently at deep and 
poorly reticulated lakes, while the Spotted Sandpiper and 

Table 6 . b' d' 1 Occurrence and relative abundance oflacustnne Ir specles eommon y 
found around acidie and non-acidic lakes 

N atural districts 

Code 

Common Loon HUA 
American Bittern BUT 
Canada Goose BCN 
Black Duck CN 
Green-winged Teal SAV 
Ring-necked Duck MOC 
Greater Scaup GMO 
Common Goldeneye GAC 
Black Seoter MA] 
Hooded Merganser BSC 
Common Merganser GRB 
Red-breasted Merganser BSR 
Osprey PEC 
Semipalmated Plover COL 
Killdeer KIL 
Solitary Sand piper VAL 
Spotted Sandpiper MBQ 
Least Sand piper BEM 
Short-billed Dowitcher BER 
Common Snipe BO 
Red-necked Phalarope PHA 
HerringGull ARG 
Arctic Tern STA 
Chimney Swift RAM 
Ruby-throated Hummingbird CGR 
Belted Kingfisher MP 
Olive-sided Flycatcher MOL 
Aider Flycatcher MAU 
Eastern Kingbird TYR 
Horned Lark ALO 
Trec Swallow HB 
Barn Swallow HG 
American Robin M 
WaterPipit PIP 
Palm Warbler ROU 
Northern Waterthrush RUt 
Common Yellowthroat MAS 
Wilson's Warbler CAL 
American Tree Sparrow HUD 
Savannah Sparrow PRE 
Song Sparrow PCT 
Lincoln's Sparrow LIN 
Swamp Sparrow MAR 
White-crowned Sparrow COB 
Red-winged BJackbird CAR 
Rusty Blackbird MRO 
Common Grackle MAI 
Common Redpoll SIZ 
J'ine Siskin CHA 

"Acidic lake :5 pH 5.5 < non-acidic lake. 

40% 
10% 
70% 

Middle and Upper 
Laurentians 

Acidic· Non-acidic 

42% (1.7) 
10% (2.2) 
36% (2.7) 

75%< (2.4) 30% (1.9) 

35% (1.9) 20% (1.7) 
15% (1.7) 16% (1.5) 

15% (1.0) 10% (1.6) 

20% ( 1.0) 8% (3.0) 
0% (0.0) 12% (2.2) 

35% (2.1) 46% (3.7) 

5% (40) 6% (2.3) 

P P 

15% (2.3) 30% (2.4) 
15% ( 1.3) 20% (1.3) 
10% (1.0) 12% ( 1.0) 

(2.2) 66% (2.2) 
(1.3) 20% (3.1) 

15% (4.7) 48% (19) 

70% (5.1) 68% (4.9) 
15% (2.7) 10% (2.8) 
35% (3.3) 52% (4.3) 

35% (1. 9) 32% (4.8) 
100% (9.2) 98% (7.8) 

25% (1.4) 28% (3.8) 
P 
P 

20% (2.0) 20% (4.3) 
70% (2.9) 38% (4.4) 
95% (6.4) 90% (7.1) 

75% (7.6) 66% (5.6) 
50% (2.3) 26% (4.9) 
55% (3.5) 50% (2.5) 

30% (3.2) 28% (10.5) 

bp means the species is present. 
"Boldface indicates the most abundant and mos! widely oecufring species. 

Table 7 

Aeidic" lakes 20 11.7 3.01 0.87 
Non-acidic lakcs 50 10.9 2.89 0.87 

Taiga 
Acidic lakes 7 4.7b 1.96b 0.92 Non-acidic lakes 3\ 9.4 2.82 0.88 

~~~~idic la~e S pH 5.5 < non-acidic lake. 
dis~r~frecles richness and diversity of acidic lakes are lower only in the taiga 

43% 
0% 
0% 

0% 

0% 

0% 
14% 

P 
14% 

14% 
14% 
0% 

14% 
0% 
0% 
0% 

0% 

43% 
0% 

43% 
29% 

P 
100% 

0% 

14% 
95% 
86% 

14% 

71% 

Taiga 

Acidic Non-acidic 

(3.0) 65% (3.5) 
(0.0) 13% (1.0) 
(0.0) 13% (1.0) 

(0.0) 23% (2.9) 
P 

(0.0) 19% ( 1.8) 

(0.0) 10% (4.7) 
(1.0) 16% (3.0) 

P 
(1.0) 3% (4.0) 

P 
(1.0) 26% (2.6) 
(3.0) 48% (2.3) 
(0.0) 23% (4.4) 
(2.0) 45% (2.6) 
(0.0) 6% (1.5) 
(0.0) 61% (2.4) 
(0.0) 42% (2.9) 

(0.0) 26% (2.0) 

(3.0) 65% (18) 
(0.0) 6% ( 1.0) 
(2.0) 6% (2.0) 
(10) 77% (2.9) 

P 
(4.1 ) 100% (7.2) 
(0.0) 29% (1.7) 

(5.0) 32% (1.7) 
(6.4) 90% (7.1) 
(4.2) 900/0 (2.6) 

( 1.0) 71% (3.8) 

(1.8) 32% (1.3) 

Occasion al 

3 14 32 15 17 
2 13 32 15 17 

3 7. 15 2 13 
4 11 27 10 17 
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Tree SwaIlow were found in the greatest numbers around' 
the lakes that were largest and had undeveloped riparian 
vegetation. 

The tirst three axes likewise explain aIl the variance 
in the correspondence analysis for the northern lakes 
(Appendix 8). The first axis again reflects reticulation. The 
lakes with undeveloped and poody reticulated riparian 
vegetation were also the deepest. The first axis explains 
69 % of the total variance and the second an additional 
23 % , indicating that the smaIler lakes « 15 ha) are 
generaIly shunned by aquatic birds. 

Thus, we are dealing with three groups of aquatic 
species. The first group is found primarily at lakes with 
well-developed and welI-reticulated riparian vegetation. It 
includes the Short-billed Dowitcher, Black Duck, Black 
Scoter (already noted by Haapanen and Nilsson 1979), 
Green-winged Teal, Greater Scaup, and Red-necked 
Phalarope. At the opposite end of the scale are species 
that concentrate on lakes that have an undeveloped belt 
of riparian vegetation: the Herring Gull, Canada Goose, 
Spotted Sandpiper, and Red-breasted Merganser. The 
third group includes species that do not respond to the 
appearance of the shoreline and are therefore encountered 
at lakes with varying degrees of reticulation: the Arctic 
Tern, Least Sandpiper, Common Snipe, and Tree Swallow. 

5.2.3. Effect of the lakes' physical-chemical features 
A second pair of correspondence analyses relates the 

distribution of aquatic birds to the physical-chemical quaI­
ity of the water in the lakes. For the southern lakes, the first 
three axes explain 94% of the total variance (Appendix 8). 
The first axis reflects the acidity and buffering capacity of 
the lakes and accounts for 66% ofthe variance. The second 
axis reflects the aluminum content of the water and serves 
mainly to explain the avoidance by sorne species of the 
more acidic lakes. It explains an additional18 % of the var­
iance. The three spedes of diving ducks - Ring-necked 
Duck, Hooded Merganser, and in particular Corn mon 
Goldeneye (as noted in Danell and Sjoberg 1978; Des­
Granges and Darveau 1985) - occurred most frequently 
at highly addic, poody buffered lakes with high aluminum 
content. The remaining species chose lakes with a higher 
buffering capadty, which are therefore less acidic. The 
American'Bittern, Tree Swallow, and Common Loon were 
found at lakes whose alkalinity was generaIly higher and 
whose aluminum content was lower than lakes used by the 
Spotted Sandpiper and Black Duck. Water colour was not 
a distinguishing factor, probably because high aluminum 
content in the study lakes is associated more with high 
acidity (r = 0.79, P < 0.0001) than with dark water 
col our (r = 0.42, P < 0.0002) (Table 3; Rodrigue and 
DesGranges 1989). 

The situation is more complex at the northern lakes. 
Although the first three axes of the correspondence analysis 
explain 90 % ofthe total variance (Appendix 8), the very 
low pH « 4; geological in origin) of the' acidic lakesmakes 
interpretation difficult. There is no doubt that low pH 
is very impqrtant, because aquatic birds almost totally 
avoided the very acidic lakes. The high toxic heavy metal 
content may also be playing a role at these lakes. To under­
stand the distribution ofbirds among the neutral and 
alkaline lakes, it is necessary to look at physical-chemical 
features with a little less discriminating capacity: on the 
first axis (57% of variance), water colour; on the second 
axis (18% ofvariance), aluminum content (as at the 
southern lakes). The ~potted Sandpiper and Red-breasted 
Merganser were present at clear-water lakes, whereas 

Green-winged Teal, Black Scoter, Short-billed Dowitcher, 
and Red-necked Phalarope occurred most often at col­
oured lakes. The other species react more to the alumi­
num content of the water than to its colour. The Canada 
Goose, Tree SwaIlow, and Greater Scaup occurred most 
frequently at lakes with a fairly high aluminum content, 
whereas the Herring Gull, Arctic Tern, Least Sand piper, 
and Black Duck preferred lakes whose water was low in 
aluminum. The Common Snipe was found at aIl the alka­
line lakes; it did not react to the water colour or aluminum 
content. 

5.2.4. Effect oflake biological features 
The role ofbiological features in lake selection was 

also examined. At the southern lakes the first three axes of 
the correspondence analysis account for 88% of the total 
variance (Appendix 8). The first axis (55 % of variance) 
reflects primary productivity as estimated by the chio­
rophyll "a" concentration in the water. The second axis 
(an additionaI20%) represents the botanical characteris­
tics oflakes with abundant emergent vegetation, as weIl as 
lakes surrounded by herb meadows but having few aquatic 
plants. The third axis (explaining a further 12 % ) reflects 
the importance of aquatic vertebrates, estimated quali­
tatively (IEC Beak 1985). The birds distinguish lakes 
with fish from fishless lakes containing an abundance of 
amphibians. Common Goldeneyes and Hooded Mergansérs 
both occur at unproductive lakes, but the merganser 
prefers lakes with fish that have many herb meadows in its 
riparian belt, while the goldeneye generally seeks fishless 
lakes with few herb meadows in the surrounding belt of 
vegetation. The American Bittern is found almost exclu­
sively at the edges of productive lakes that have numerous 
patches of floating-leaved plants as weIl as herb meadows 
around a good portion of the perimeter; bitterns also tend 
to select lakes abounding in amphibians. Black Duck are 
most frequently found atlakes with extensive emergent 
vegetation and few herb meadows around the shore; such 
lakes were most often productive and supported fish. Corn­
mon Loons pay little attention to botanical features, as 
long as the lakes contain fish and are productive. Tree 
SwalIows select lakes having an abundant emergent vege­
tation and often lacking in fish. Ring-necked Duck and 
Spotted Sandpipers are generalist species that showed no 
preference for any particular biological characteristics. 

In northern Quebec, the first three axes of the cor­
respondence analysis account for 93 % of the total variance 
(Appendix 8). The first axis alone accounts for 72 % . It 
distinguishes unproductive lakes with few herb meadows 
around the shore from productive lakes surrounded by 
large herb meadows with pools. The second axis (account­
ing for a further 14%) reflects the type of aquatic plants 
that dominate the lake. The birds distinguish lakes where 
vascular plants are abundant from those where non­
vascular plants (mosses and sphagnums) predominate. 
The productive lakes, surrounded by herb meadows with 
pools, are used by Green-winged Teal, Black Duck, Short­
billed Dowitchers, Red-necked Phalaropes, Common 
Snipe, and Tree Swallows. The unproductive lakes, which 
are skirted by a fair area of herb meadows (but without 
pools), support Canada Geese and Herring GulIs, while 
Hooded Mergansers and Spotted Sandpipers are generally 
found at unproductive lakes with few or no herb meadows 
around them. Greater Scaups and Black Scoters occui at 
lakes having large areas ofvascular aquatic plants (the 
Greater Scaup primarily at productive lakes), whereas 

Least Sand pi pers and Arctic Terns occur frequently at 
lakes where non-vascular aquatic plants are abundant. 

5.2.5. Effect of aquatic plant species 
Darveau et al. (this publication) describe the major 

aquatic plant mosaics found at the study lakes. Corre- . 
spondence analysis was used to determme whether aquatIc 
birds select lakes that have a specific form of aquatic vege­
tation. The initial matrices are given in Appendix 5. For 
the southern lakes, the first three axes explain 86% ofthe 
total variance (Appendix 8). The first axis (49 % of vari­
ance) separates lakes containing Eleo~hari~ s~allii ar:d Brase­
nia schreberi from those where Saglttana latifolta dommates. 
The American Bittern uses the former; the Ring-necked 
Duck prefers the latter. The second axis (explaining an 
additional 21 %) identifies lakes containing Utricularia 
vulgaris and Eriocaulon septangulare, which are generally 
preferred by the Common Golden:y~. The thi~d axis (a 
further 16%) identifies lakes contammg Duhchtum arun­
dinaceum, Potamogeton epihydrus, and Sparganium eurycarpum, 
which are especially attractive to Tree SwalIows. Hooded 
Mergansers and Black Duck are found at the lakes with 
Eleocharis smallii and BrasenÎa schreben' and also at the lakes 
with Eriocaulon septangulare. The Common Loon does not 
appear to have a preference for any particular type of 
aquatic vegetation. 

At the northern lakes, the first three axes explain 
96% of the total variance (Appendix 8). One type oflake, 
with Hippuris vulgaris, is mainly used by Black Duck and 
Common Snipe. Another type, with Scorpidium scorpioides, 
is generally used by the Least Sandpiper, Arctic Tern, and 
Red-necked Phalarope, although Greater Scaup and Black 
Scoters are also sometimes found. The other species of 
water bird are less selective. They are found on lakes con­
taining Menyanthes trifolia (particulady the Black Scoter, 
Canada Goose, and Red-necked Phalarope), Potamogeton 
filiformis (particulady Herring Gulls, Greater Scaup, Black 
Scoters, Tree Swallows, and Canada Geese), or Drepano­
cladus exannulatus (particulady the Tree Swallow, Canada 
Goose, and Herring Gull). 

5.2.6. Effect of acidity 
The preceding sections were concerned with the 

importance of individu al kinds of environmental param­
eters in lake selection by aquatic birds. We shall now con­
sider ~he joint effect of the main morphological, physical-, 
chemlcal, and biological features of the lakes, in order to 
determine their relative importance in the selection oflakes 
by aquatic birds. Because the specific goal is to assess the 
role ?f acidity, only the Laurentian and taiga lakes will be 
cor:sldered, because they are the two natural districts in 
whlch ail the acidic study lakes are located. Reducing the 
number oflakes included in the statistical analyses meant 
that the number ofbird species and environmental varia­
bles had to b~ reduced as weIl, leaving only those regulady 
encountered m these two natural districts. 

. Figure 7 deals with the lakes in the Laurentian dis-
trlcts. The first three axes explain 92 % of the total vari­
ance (A~~endix 8). The first axis (58 % ) reflects primary 
productlVlty and acidity. Aquatic birds occur either at 
unproductive, acidic lakes (probably because they are 
~nbuffered and have few nutrients as a result ofbeing 
ocated geologically in an area of granitic plutons) or else 
(~productive alkaline or neutrallakes. The second axis 
.2%) reflects the development and reticulation of the 
n~anan vegetation, and the third axis (12 %) reflects the 
ro e of water colour. Figure 8 shows semi-schematically 

how the birds are distributed among the lakes in terms 
of the two main gradients resulting from the analysis. 
The American Bittern actively seeks productive alkaline or 
~eutrallak7s with well-developed, well-reticulated ripar­
lan veg.et~tlOn. The Common Loon prefers productive, 
non-acldK lakes, usually with clear water. The Common 
Goldeneye is primarily found at unproductive, acidic lakes 
with poorly developed riparian vegetation. The Hooded 
Merganser and Ring-necked Duck are generally found 
at acidic lakes, but differ from the Common Goldeneye 
in that the y prefer lakes with well-developed and well­
reticulated riparian vegetation. The Ring-necked Duck 
occurs primarily at lakes with brown water, while the 
Hooded Merganser is more attracted by lakes with clear 
water. The Black Duck is encountered at many types of 
lakes, but concentrates on those with dark water and a pH 
higher th an that of normal rainwater. Water quality is of 
littJe importance to the Spotted Sandpiper as long as the 
riparian vegetation is poody developed. The Tree Swallow 
is found at aIl types oflake, perhaps with a preference for 
those in which the water is clear. 

For the taiga lakes, the first three axes explain 
92 % of the total variance (Fig. 9, Appendix 8). The 
unusually low pH « 4) of the acidic lakes in this part 
of the province makes it difficult to interpret Figure 9. 
The low pH is a very important feature, since the great 
majority of aquatic birds avoided the highly acidic taiga 
lakes. Other, less distinguishing, features must be exa­
mined in order to understand how these birds are dis­
tributed among the non-acidic lakes in the district. The 
first axis (51 % of variance) represents primary produc­
tivity and water colour. The second axis (29%) represents 
the development of riparian vegetation. Figure 10 shows 
semi-schematically how the birds are distributed among 
the lakes in terms of the two main gradients resulting 
from the analysis. The Green-winged Teal, Black Duck, 
and Black Scoter occur at productive taiga lakes with 
coloured water. The Red-necked Phalarope and Tree 
SwaIlow, on the other hand, are found at productive lakes 
with clear water. The other species are found mainly at 
unproductive lakes. The Spotted Sandpiper, Red-breasted 
Merganser, Arctic Tern, Herring Gull, and Common 
Snipe select lakes with clear water and poody developed 
riparian vegetation, while the Canada Goose and Least 
Sandpiper prefer unproductive lakes with well-developed 
and well-reticulated riparian vegetation. While the species 
favouring unproductive lakes were on rare occasions 
observed at acidic lakes, the Greater Scaup avoided them 
completely. According to Haapanen and Nilsson (1979), 
this diving duck i8 more abundant in those parts of Sweden 
in which the lakes overlie a basic bedrock. 

5.3. Selection ofwetlands by riparian birds 
5.3.1. Effect of soil and vegetation 

As in the preceding section, the initial matrices for 
the statistical processing take the form of contingency 
tables indicating the number of individuals of each of the 
principal riparian species (those sighted at least 10 times in 
one of the two study areas) found in the various habitats 
(as defined by soil and botanical features) (Appendices 6 
and 7). The relationships between edaphic features, habi­
tat physiognomy, and plant associations are examined 
in detail elsewhere (Darveau et al., this publication). 
Although we performed separate correspondence analyses 
to reveal how the edaphic features, habitat physiognomy, 
and plant associations each affect the distribution of ripar-
ian birds, only figures combining ail these factors will 21 
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Figure 7 
Correspondence analysis (CORANA) showing how acidity, biological 
productivitv, and reticulation of ri parian vegetation affect habitat selection by 
aquatic birds in southern Quebec, Eigenvalues (À) indicate the strength of the 
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Semi-schematic diagram showing how acidity, biological productivity, and 
retÎculation of riparian vegetation affect habitat selection by aquatic birds in 
southern quebec 

correlation between the axes; T is thc percent age of the total variance that is 
explained by each axis, 
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The codes for lake characteristics are explained in Figure 7, 
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be given here (Figs. 11 and 12). This is because many of 
the relationships identified in the analyses ~tem fro~ the 
close links between soils and preferred habItats - hnks 
discussed at length in the other article. . 

Soil mineralization and acidity are the major 
influences on the riparian botany .. I~ southe~n Quebec. 
(Fig. 11), organic soils that are aCldIC and farrly we!1 ~l~er­
alized are generally forest-covered, whereas less aCldic SItes 
support aIder stands. Organic soils that are fairly well 
mineralized and of medium acidity (although this some­
times varies) support herb meadows. Organic soil~ with 
a low mineraI content usually have patchy shrubs Ifthey 
are highly acidic, and a fuller shrub cover ifthey are less 
acidic. 

Figure 11 also shows the most common birds of 
riparian habitats in southern Quebec. The Eastern King­
bird, AIder Flycatcher, Wilson's Warbler, and Song 
Sparrow preferred the shrnbs growing on neutral soils 
with a high mineral content. The Northern Waterthrush, 
Pine Siskin, American Robin, and Common Grackle 
preferred the trees (especially mixed forests close to shrubs) 
growing on acidic organic soils with a high mineraI con­
tent. Killdeer and Spotted Sandpipers selected gravel 
beaches and meadows without pools on mineralized 
and moderately acidic organic soil. Other species use 
habitats associated with highly organic soils. Swamp 
Sparrows, Common Yellowthroats, and Red-winged 
Blackbirds were sighted most frequently among low shrubs 
(sometimes bordered by cattails) growing on moderately 
acidic organic soil; Lincoln's Sparrows, Rusty Blackbirds, 
and Olive-sided Flycatchers preferred a patchy ericaceous 
cover or else treed areas dominated by conifers on highly 
acidic' organic soil. These results agree fairly weIl with 
those of Erskine (1977). 

The species that occur in the riparian habitats of 
northern Quebec are shown in Figure 12. The Horned 
Lark, Water Pipit, Lapland Longspur, Spotted Sandpiper, 
and Semipalmated Ployer prefer lichen heaths and herb 
meadows with pools on moderately mineralized and 
moderately acidic organic soil. The Palm Warbler, Com­
mon RedpoIl, White-crowned Sparrow, and American 
Tree Sparrow were sighted mainly in areas with shrubs 
or patch y tamarack and spruce, on moderately acidic 
soil with a fairly highmineral content. Other species 
prefer habitats associated with highlyorganic soils. The 
Savannah Sparrow, Red-necked Phalarcipe, Short-billed 
Dowitcher, Common Snipe, and Rusty Blackbird were 
observed most frequently in sedge meadows with pools, on 
neutral organic soil, whereas the Northern Waterthrush 
and Least Sandpiper were usually found in scattered 
shrubs on acidic organic soil. The American Robin and 
Lincoln's Sparrow preferred patchy spruce on moderately 
acidic organic soils. 

5.3.2. Effect ofaciditv 
A number of studies have shown that the species 

composition of vegetation acts through plant physiognomy 
to influence the composition ofbird communities (e.g., 
Karr and Roth 1971; Wiens 1973; Rov 1975; Nilsson 
1979; DesGranges 1980). This has mainly been noted for 
land habitats, but it also applies to wetlands, as the results 
of this study show. Riparian birds seek a specific type of 
physiognomic habitat, whose presence at a given location 
depends on both the mineral content and acidity of the soil. 
Correspondence analyses for the effects of shore soil fea­
tures on the distribution ofriparian birds yielded the fol­
lowing results. In soùthern Quebec, the first axis reflects 

soil acidity and explains 56% of the total variance, while 
the second axis shows the effect of soil mineralization and 
explains an additional 33 % (Appendix 9). In northern 
Quebec, the first axis reflects soil mineralization and 
explains 86 % of the total variance, while the second axis 
represents soil acidity and explains an additional 11 % 
(Appendix 9). 

The pH ofwetlands is usually acidic « 5.0) as a 
result of the presence of organic acids, which do not appear 
to have any great effect on the majority of the riparian spe­
cies. Sorne species, however, did demonstrate a preference 
for habitats typical ofneutral soils, frequently avoiding 
habitats with a suitable plant physiognomy but soil that 
was very acidic. These species were the Common Yellow­
throat in southern Quebec and the Palm Warbler and 
Common Snipe in northern Quebec (Appendix 9). 

6. Discussion 

6.1. Community structures 
This study has revealed a decline in species richness 

oflacustrine bird communities with latitude, from the 
small swampy lakes of the Appalachians to the wetlands of 
the arctic tundra. Such a gradient has already been noted 
for terrestrial species (Tramer 1974; Short 1979; McLaren 
and McLaren 1981), bu t has never been clearly established 
for lacustrine species. This is probably because the gra­
dient is less pronounced for lacustrine birds, which occur 
in environments that are among the most heterogeneous 
and productive of the boreal regions. 

It is worth noting that few "generalist" species are 
capable of living in aIl of the natural districts. No species 
was sighted regular!y in all ofthem, and the only species 
playing an important role in lacustrine communities of 
both the north and the south were the Black Duck, Green­
winged Teal, Common Snipe, Spotted Sandpiper, Ameri­
can Robin, Northern Waterthrush, Rusty Blackbird, 
and Lincoln's Sparrow. Few species change their habitat 
preferences so as to adjust to the different availability of ' 
the various types of wetland environment in each of the 
natural districts, and this suggests that these 'environ­
ments, which are both rich and relatively stable during the 
summer, must have allowed a large number of habitat­
specialized speçies to pack the lacustrine communities 
(Levins 1968; Cody 1974; Rotenberry 1978). ln the course 
of its evolution, each species developed a distinctive mor­
phology and feeding pattern that allowed it to specialize 
in certain types of prey in a few specific habitats; this 
sheltered it from competition with other species occur­
ring in similar environments in other natural districts 
(Terborgh 1971; Able and Noon 1976; Noon etaI. 1980). 

6.2. Selection oflakes by aquatic birds 
Using correspondence analysis, several ordinations' 

were made of the species, in terms of the most important 
environmental factors likely to affect their selection of a 
nesting habitat. The results show that production (as 
mated by chlorophyll "a" levels in the lakes) and "red­
culation" (in the sense of Table 2 ofDarveau et al., this 
publication; i.e., the nature of the interface between the 
riparian vegetation and the water) are the two most . 
tant factors in the distribution of available habitats among 
the aquatic species. Sorne species - mainly waders (e.g., 
American Bittern) and dabbling ducks (e.g., Black Duck, 
Green-winged Teal) - prefer productive lakes, generally 
with well-developed riparian vegetation. This type oflake 

usually has a large, shallow littoral zone that allows light 
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A: 
B: 
C: High shrubs 
0: Low shrubs 
E: Black spruce and tamarack 
F: Ombrotrophic herbs 
G: Patchy shrubs and spruce 
H: Black spruce 
1: Patchy herbs and spruce c:;n/'/ 
J: Herbs with reticulated pools f' 
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1: Horned L~rk 
2: Water Pipit 
3: Lapland Longspur 
4' Palm Warbler 
5: Common Redpoll 6: White-crowned Sparrow 
7' American Tree Sparrow 
8: Least Sandpiper 9: Northern Waterthrush 

10: Lincoln's Sparrow 
11' American Robin 
12: Rusty Black~ird 
13: Common Snlpe , 
14' Short-billed Dowltcher 
15: Red-necked Phalarope 
16: Savannah Sparrow 
17: Spotted Sandplper 
18: Semipalmated Plover 

to reach the bottom ofthe lake in severallocations. This, 
along with the generally near-neutral pH, fosters the 
growth of aquatic plants and allows the development of an 
abundant aquatic fauna (Moyle 1961; Patterson 1976; 
Joyner 1980). In these well-buffered lakes, emergent 
insects metamorphose more easily (Bell 1971), and the 
abundance of reproductive adults nearby maintains large 
populations of aquatic in sect larvae, despite predation by 
fish in many cases (Moyle 1961; DesGranges and Brodeur 
1985). We note, however, like other researchers, that the 
generally high pH of these lakes is not a characteristic the 
birds require. Sometimes a high level of a fertilizing ele­
ment such as phosphorus in a shallow acidic lake contrib­
utes to an increase in the occurrence of dabbling ducks 
(Nilsson and Nilsson 1978; Kerekes et al. 1984; Murphyet 
al. 1984), thus demonstrating that biological productivity 
(see also Hilden 1964 and DesGranges and Hunter 1987) 
and food availability (see also Danell and Sjoberg 1978) are 
much more important than pH in lake selection by this 
group ofbirds. 

Other species notably diving ducks - are often 
found on lakes where productivity is low. These lakes are 
usually highly acidic, and as a result the decomposition 
of organic matter and the recyding of nutrients by bac­
teria take place less quickly (Haines 1981)_ The Common 
Goldeneye and the Red-breasted Merganser were found 
chiefly at lakes with undeveloped riparian vegetation, 
whereas the Ring-necked Duck and Hooded Merganser 
were sighted mainly at lakes with a wide and well­
reticulated belt ofvegetation. Although aquatic inver­
tebrates are often less numerous in acidic lakes (Raddum 
1980; Collins et al. 1981), there are also often few or no 
fish (IEC Beak 1985; Frenette 1986; McNicol et al. 1987). 
Acidic lakes are therefore suitable for nesting because the 
ducks do not have to compete with a large number of fish 
for food (Pehrsson 1974,1979, 1984; Eriksson 1979,1983; 
Eadie and Keast 1982; DesGranges and Darveau 1985; 
DesGranges and Brodeur 1985; DesGranges and Rodrigue 
1986; Hunter et al. 1986; DesGranges and Hunter 1987; 
McNicol et al. 1987). However, while the lack offish may 
be good for certain diving ducks, it poses an obstacle to 
species whose diet consists entirely of fish, such as the 
Common Loon, which is found almost exclusively at lakes 
with ~arge fish populations (Silieff and Hussell1982; 
Eriksson 1985; McNicol et al. 1987; this paper). 

Water col our is also an important factor in lake 
selection by aquatic species (Hilden 1964). The Common 
Loon, Red-breasted Merganser, and Hooded Merganser 
pref~rred lakes with clear water,probably because these 
specles spot most of their prey by swimming with their 
eyes open underwater (a view shared by Eriksson 1985). 
The Herring Gull, Arctic Tern, and Tree Swallow also 
pre!erred clear-water lakes, probably because they spot 
:helr prey while flying, before diving to capture it on or 
Just beneath the water surface. A,finding which lends sup­
po~ to the model of Eriksson (1985) is that species which 
s~n~ underwater were relatively uninfluenced by lake 
a~ldIty, .while those which dive from high in the air gener-
a .Y ~vOlded acidic lakes. The greater transparency of sorne 
~I~IC lakes apparently allows swimming birds to pursue 
1 elr prey to greater depths, which compensates for the 
iowher Concentration of aquatic organisms (especially fish) 
n t ese lak D" b' d h . . in es. Ivmg Ir s, owever, cannot slgmficantly 
be~:~se the depth to which they dive, and thus derive no 
ac'd' It from the greater transparency of the water in sorne 

1 lclakes. 

6.3. Selection ofwetlands by riparian birds 
. As wit~ ~orest birds, the composition of riparian 

brrd commumtIes depends primarily on the plant physiog­
nomy of the habitats (Stauffer and Best 1980· Ewert 1982' 
Rice et al. 1?83; Swift et ?l. 1984; this paper).' In sorne ' 
~ases, certam plant speCies appear to exert a significant 
mfluence, probably because they have a distinctive appear­
ance that gives the habitat a characteristic structure. The 
presence at a given location of a specific type of riparian 
habitat depends primarily on the soil' s mineraI content 
acidity, and water regime (the last ofwhich is not consid­
ered in this paper) (Jeglum 1973). Because there are a 
number of classifications of Canadian wetlands (Zoltai et 
al. 1975; Grondin and Ouzilleau 1980; Tarnocai 1980) and 
because it was often difficult to classify the are as within 
which birds were being counted, we decided to measure 
the most important distinguishing parameters directly, 
and, through statistical analysis, let the birds, so to speak, 
establish their own division of the wetlands. 

In the two regions covered in this study, a similar 
variety of riparian species was found regardless of the 
degree of soil mineralization and acidity (bogs, swamps, 
marshes, riparian woodlands), except that the lack oftrees 
on poorly mineralized organic soils in southern Quebec 
was reflected in a slightly lower species richness (see 
Fig. Il and Erskine 1977). Although there is a regular 
change over time, dependent on the vegetation structure, 
in the species present, it did not appear that any family 
ofbirds is better represented on any specifie soil type. 
Shorebirds (Charadriidae and Scolopacidae), flycatchers 
(Tyrannidae), warblers, blackbirds, and sparrows 
(Emberizidae) - the major families - were found on 
most wetlands, whatever their degree of soil mineraIization 
and acidity. The heterogeneity of the habitats and their 
high level ofproductivity in summer probably explain the 
cohabitation of a large number of species and families in 
these ecosystems, which, after all, occupy only a rather 
small area of the lakes and of the continent as a whole. 

6.4. Probable consequences of acid precipitation 
There is no longer any doubt that wetland acidifi.ca­

tion causes great changes in lake biocenoses. Whether the 
acidity is ofnaturaI origin or stems from acid precipitation, 
the results are virtually the same (IEC Beak 1985). Lake 
acidification hinders reproduction in many fish species, 
including speckled trout Salvelinusfontinalis, which is the 
principal and sometimes only fish present in the lakes 
(Moreau et al. 1984; Richard 1985). Acidification also 
causes numerous changes in aquatic organisms generally, 
changes which are sometimes the result of the toxic effects 
of acidity such as the release of toxic heavy metals (Wright 
et al. 1976). This would appearto be what has happened to 
several species ofplankton, gastropods, and ephemerids, 
and to numerous species of fish (IEC Beak 1985). More 
often still, the changes are the result of the gradual elimina­
tion of fish predators, which sets in motion a major trans­
formation orthe food chain (IEC Beak 1985). The most 
spectacular manifestation of this is the increase in popu­
lations of active swimming insects and emergent insects 
(DesGranges 1985; IEC Beak 1985). By changing the 
availability offood (fish and aquatic invertebrates), acid 
rain can lead to significant changes in the distribution of 
aquatic bird populations. 

The decrease in the number of small fish in acidic 
lakes (Frenette 1986; McNicol et al. 1987) contributes 
to making these lakes less attractive to fish-eating birds 
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such as the Common Loon, Common Merganser, Red­
hreasted Merganser, and waders (Silieff and Hussel1982; 
DesGranges and Darveau 1985; McNicol et dl. 1987; this 
paper). In the mon th following hatching, the adults need 

Appendices 

to be able to find enough fish to feed their young and 
me et their own needs as weB. It is easy to see why these 
birds would find it difflcult to nest on acidic lakes: most 
of the fish species they feed on are experiencing difficulty 
reproducing and eventually disappear when the water 

becomes too acidic. 
Lake acidification (at least as low as pH 5) would 

also appear to contribute to slowing down the decomposi­
tion of organic matter and the recyc1ing of nutrients by 
bacteria (Haines 1981). This slowdown would make the 
lakes less productive and cause the fish in these lakes to 
depend to a mu ch greater extent on aquatic insect popu­
lations (DesGranges 1985). This in turn would deprive 
sever al species of ducks of their food sources, since the y 
consume virtually the same prey as the fish (Hunter et al. 
1986). However, because the fish have trouble reproduc-
ing in acidic lakes, they disappear once a high level of 
acidity is reached (lEC Beak 1985), and when this hap­
pens, certain diving ducks (Common Goldeneye, Hooded 
Merganser,and Ring-necked Duck) can take advan-
tage of the situation (Eriksson 1984; Pehrsson 1984; 
DesGranges and Darveau 1985; DesGranges and Brodeur 
1985; DesGranges and Rodrigue 1986; Hunter et al. 1986; 
DesGranges and Hunter 1987; McNicol et al. 1987) until 
the acidity reduces the biomass of aquatic insects too 
drastically. In fact, most of the lakes that have undergone 
acidification as a result of acid rain are already showing 
signs of declining fish populations, though the fish have not 
yet disappeared (Moreau et al. 1984; Richard 1985). These 
lakes are suitable for neither ducks nor fish (DesGranges 
and Hunter 1987), which demonstrates the extent to which 
acid precipitation can damage the whole structure of life 
forms in lakes of the Canadian Shie1d. 

The effects of acid precipitation on wetlands are not 
yet understood. Recently, researchers have found that acid 
precipitation can change the structure of certain swampy 
habitats (Gorham et al. 1984). This would like1y affect the 
wildlife of these environments. Research in this field has 
only just begun. With respect to birds, our study of the 
re1ationship between the acidity ofwetlands and the distri­
bution of riparian birds is a first. It shows that the majority 
of riparian species do not appear to be affected by the cus­
tomary high addity of such environments (pH < 5, of 
organic origin). For most orthe species, habitat physiog­
nomy is much more important than the acidity of the soil. 
However, if these environments were to undergo further 
acidification as a result of atmospheric acid deposits, 
that might affect species with a preference for habitats 
associated with neutral soils. 
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Appendix 1 Analytical methods used to determine quality of water and riparian soil at 

study lakes 

Water quality 
Parameters Analytical methods --_ ... _~-------"--'-------"--""---

Electrometry 
pH 
Conductivity 
Transparency 
Turbidity 

Alkalinity 

Strong acids, CI 

Ca, Fe, Mn, Cu, Zn, Cd, Pb, K, 
Na, Mg, Al 

S04' F, Si02, NH4' N03 + N02, 
Kjeldahl nitrogen, C/N, total 
phosphorus, tannins and lignins, 
truc colour 

Total carbon, inorganic carbon 

Temperature, O 2 
Filterable residues 
Chlorophyll "a" 
Seston 

Parameters 

pH 

Radiometer-type conduetivity meter 
Secchi disk 
Nephelometry 

Gran titration 

Conduetometric filtration 

Atomic absorption 

Colorimetry 

Combustion and infrared 

Hydrolab 
Computation 
Spectrophotometry 
Filtration, drying, weighing ___ 

Elcctrometry (in water 1 :2) 
Combustion 
Colorimetry 
Atomic absorption -

Organic carbon 
Kjeldahl nitrogen 
Ca,K, Mg 
Note: Ail samples were colleeted between mid-J uly and late August in 1980, 

1981, and 1982, 

Appendix 2 
Lista of bird species, considered in this study, Al h 
.n,.irnnmpn ' !fi whleh each occurs, so s own îs the main type of 

ALO 
ARG 
BAl 
BCN 
BEM 
BER 
BGN 
BO 
BOl 
BRU 
BSC 
BSR 
BUT 
CAL 
CAN 
CAR 
CEN 
CGR 
CHA 
CHE 
CN 
COB 
COL 
COU 
CRO 
DOR 
FA 
FAU 
FL.A. 
FM 
GAC 
GB 
GBP 
GEL 
GER 
GG 
GMO 
GOB 
GPR 
GRB 
HB 
HG 
HUA 
HUD 
JAU 
Je 
JOG 
JOU 
JUN 
KIL 
LIN 
M 
MAC 

HerringGull 
Bay-breasted Warbler A 
Canada Goose C 
Least Sand piper A 
Short-billed Dowitcher R 
Black-throated Blue Warbler R 
Common Snipe F 
Wood Thrush ~ 
Lapland Longspur 
Hooded Merganser R 
Red-breasted Merganser A 
Ameriean Bittern A 
Wilson's Warbler A 
Canada Warbler R 
Red-winged Blackbird E 
Magnolia Warbler R 
Ruby-throated Hummîngbird RE 
Pme Slskin 
Hairy Woodpecker R 
Black Duck E 
\Vhite-erowned Sparrow A 
Semipalmated Ployer R 
Ovenbird R F 
Yellow-rumped Warbler E 
N orthem Flicker 
Fox Sparrow E 
Veery C 
Amcrican Redstart F 
Chestnut-sided Warbler E 
Common Goldeneye E 
Blue]ay A 
Pine Grosbeak E 
Ruffed Grouse E 
Evening Grosbeak E 
Gray]ay E 
Greater Scaup E 
White-throated Sparrow A 
Rose-breasted Grosbeak ~ 
Common Merganser A 
Trec Swallow 
Barn Swallow A 
Common Loon A 
American Tree Sparrow A 
YeHow Warbler R 
Cedar Waxwing F 
Gray-cheeked Thrush E 
Nashville Warbler C 
Dark-eyed]unco E~ 
Killdeer 
Lincoln's Sparrow R 
American Robin R 
Yellow-bellied Sapsucker ~ 

"In alphabetical orde f h . d and tables. rot e co e names used ta identify the birds in figures 

"Correspond ' , th ~ ence analysls Ylelded five . e Ollowing environments' a ua'. major groups ofbirds corresponding to 
comferous forest (C), and t;an~iti~~a)'i~)npaflan (R), deciduous forest (F), 

Code 

MAI 
MA] 
MAR 
MAS 
MAU 
MBQ 
MOC 
MOL 
MOU 
MP 
MRO 
MTB 
MTN 
MV] 
NB 
OBS 
OL! 
ORA 
PAR 
PCT 
PEC 
PHA 
PI 
PIC 
PIP 
POU 
PRE 
RAM 
RAY 
ROD 
ROU 
RUB 
RU! 
SAY 
SIZ 
SOL 
SPR 
STA 
TAN 
TCH 
TFO 
TIG 
TRI 
TYR 
VAL 
VB 
VGN 
VP 
VR 

Species 

Common Grackle 
Black Seoter 
Swamp Sparrow 
Common Y èllowthroat 
AIder Flycatcher 
Spotted Sandpiper 
Rmg-necked Duck 
Olive-sided Flycatcher 
Great Crested Flycatcher 
Belted Kingfisher 
Rusty Blaekbird 
Boreal Chickadee 
Blaek-capped Chickadee 
Yellow-bellied Flycatcher 
Black-and-White Warbler 
Tennessee Warbler 
Swainson's Thrush 
Blackbumian Warbler 
Northern Parula 
Song Sparrow 
Osprey 
Red-necked Phalarope 
Eastern \Vood-Pewee 
Pileated Woodpecker 
Water Pipit 
Purple Finch 
S,a,:annah Sparrow 
Chlmney Swift 
Blackpoll Warbler 
Golden-crowned Kinglet 
Palm Warbler 
Ruby-crowned Kinglet 
Northern Waterthrush 
Green-winged Teal 
Common Redpoll 
Hennit Thrush 
Red-breasted Nuthatch 
Arctic Tern 
Searlet Tanager 
Least Flycatcher 
Win ter Wren 
Cape May Warbler 
Mourning Warbler 
Ea~tern Kingbird 
Solltary Sandpiper 
Solltary Vireo 
Bl~ek-throated Green Warbler 
Pluladelphia Vireo 
Red-eyed Vireo 

Principal 
habitatb 

R 
A 
R 
R 
R 
R 
A 
R 
F 
A 
R 
E 
E 
E 
F 
C 
E 
E 
E 
R 
A 
R 
F 
E 
R 
E 
R 
A 
C 
C 
R 
E 
R 
A 
R 
E 
E 
A 
F 
F 
E 
E 
F 
R 
R 
E 
E 
E 
E 
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~:Yc:~~:;e30f ,outhem Quebec study lakes selected by aquatic birds 

Number Code 

Regional variables 

Ecalogiea/ zone 
Boreal 
Cool temperate 

Subzone 
Boreal 
Transitional wet 
Midwet 
Lowmid wet 
Low wet 

Eearegian 
1.: pper Laurentians 
Baskatong 
Middle Laurentians 
Appalachians 
Outaouais 

oflakes 

Il 
67 

Il 
16 
23 

7 
21 

10 
16 
23 

8 
21 

Ecologicallandscape 
Coniferous forest 
Conifers ringing 
lake, deciduous 
forest behind 
Mixed fore st 
Deeiduous forest 

30 
20 

Elevation (m) 
Average (200-450) 
High (451-900) 

Sensi!;vity ta acidification" 
Medium 

Morphometric variables 

Area (ha) 
VerysmaJl(5-15) 
Small (16-40) 

30 

Maximum depth (m) 
Very shallow (:> 2) 
Shaltow to medium 
(3-22) 

Sub/ittoral slape 
Gemie 
Moderate 

Small islands 
Yes 
No 

ShoTe/ine development index 
Circular (1.0-1.3) 
Semi-eireular 
(1.4-3.0) 

Shore/ine r,lieu/ation index 
Law 
Medium 

2i 
7 

59 

19 

42 
36 

33 
45 

28 
30 

62 
16 

23 
55 

20 
40 
18 

55 27 
ZEa 
ZEb 

18 27 18 82 
19 36 

45 18 99 63 
37 13 63 9 34 10 

73 
36 

SZd 
SZe 
SZf 
SZg 
SZh 

ERe 
ERd 
ERe 
ERf 
ERg 

PEe 
PEf 

PEg 
PEh 

ATa 

ATb 

S1.:a 
SUb 

PXa 
PXb 

BNa 
BNb 

ILa 
ILb 

IDa 
lOb 

9 21 

18 27 
o 13 
o 26 

57 0 
10 29 

20 30 
o 13 
o 26 

50 0 
10 29 

17 23 
10 15 

5 29 
o 14 

24 

21 Hi 

7 21 
14 22 

12 12 
9 29 

4 18 
3 23 

13 24 
o 13 

22 9 
5 27 

18 82 
13 31 
17 39 
57 71 
14 24 

10 90 
13 31 
17 39 
63 63 
14 24 

17 53 
25 40 

10 33 
43 29 

20 39 

16 53 

41 41 
13 43 

24 40 
14 44 

24 45 
16 40 

14 39 
17 30 

21 44 
13 38 

22 39 
18 44 

45 18 99 64 
38 19 50 0 
52 17 70 9 
14 0 86 57 
29 10 57 0 

50 20 99 60 
38 19 50 0 
52 17 70 9 
13 0 88 63 
29 10 57 0 

37 7 60 27 
35 20 90 15 

52 24 62 10 
14 0 57 0 

39 15 63 12 

37 11 84 32 

12 0 76 29 
46 18 66 13 

38 
39 

27 
47 

43 
37 

35 
50 

17 
47 

10 55 14 
19 83 19 

12 70 24 
16 67 11 

14 61 7 
20 57 7 

16 73 21 
6 50 0 

o 65 30 
20 69 Il 

55 27 
25 13 
35 9 
43 14 
38 10 

60 20 
25 13 
35 9 
38 25 
38 10 

40 10 
55 0 

24 33 
14 0 

37 14 

37 11 

47 12 
34 13 

29 10 
47 17 

27 15 
44 11 

25 14 
33 10 

44 15 
13 6 

52 13 
31 13 

73 
44 
30 
43 
33 

80 
44 
30 
38 
33 

57 
25 

43 
14 

36 

58 

35 

31 
53 

42 
40 

46 
37 

39 
50 

49 
38 

5 
8 

5 
49 

5 35 50 
40 

20 55 15 30 10 
40 13 IRa 

IRb 23 38 
28 61 

15 80 20 
39 17 

MP PEC RAM SA V 

Code 
after 

consoli~ 

dation 

27 27 55 
49 12 4 

27 27 55 
56 6 0 
52 17 4 
86 29 14 
29 5 5 

30 20 60 
56 6 0 
52 17 4 
75 38 13 
29 5 5 

53 13 23 
40 10 5 

48 24 5 
29 0 0 

47 10 7 

42 26 26 

53 24 6 
44 Il 

55 10 2 
36 19 22 

45 15 9 
47 13 13 

43 7 4 
37 13 3 

45 Il 15 
50 25 0 

43 17 22 
47 13 7 

27 45 36 
27 7 3 

27 45 36 
13 0 6 
30 0 4 
43 43 0 
29 10 0 

30 50 40 
13 0 6 
30 0 4 
38 38 0 
29 10 0 

23 23 17 
35 0 5 

14 10 0 
57 14 0 

32 7 2 

11 32 26 

47 12 0 

24 10 5 
31 17 11 

30 12 0 
24 13 13 

29 0 4 
17 7 3 

29 15 8 
19 6 6 

22 22 17 
29 9 4 

SUl 
SU2 

PXl 
PX2 

Âppendix 3 (continued) 

~~m~~~w~~~n~~«Hu~~k~~._e_k_c_œ_d_b~y_a_q~u_a_b_~_b_i_~_.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_ 
Number Code 
of lakes before 

C%ur (H azen units) 
Clear water (1-20) 
Coloured water 
(21-40) 
Dark water (41-100) 

Turbidity Uackson units) 
Low « 1.0) 
Moderatt (1.0-1.9) 
High (2.0-3.3) 

SummerpH 
Fairlyaeidie 
(4.4-5.0) 
Moderatelyacidic 
(5.1-5.5 ) 
Neutral (5.6-6.9) 
Alkaline (7.0-8.5) 

Alka/inity (mg CaC0:l'L) 
Very poorly buffered 
(0-3) 
Poorlv buffered 
(4-lOi 
WeU buffered 
(11-35) 
Very weil buffered 
(36-95) 

Conductivity (ilS/cm) 
Law (8-25) 
Moderate to high 
(26-200) 

Calcium saturation index 
Very well buffered 
(0-3.0) 
Moderately buffered 
(3.1-5.1) 
Poorly buffered 
(5.2-6.6) 

Tannins and /ignins (mg/L) 
Low [0 moderate 
(02-1.0) 
Moderate ta high 
(1.1-3.6) 

Sulphates (mg SO 4/L) 
Low (2.0-3.5) 
High (3.5-8.0) 

A/uminum (mg/L) 
Law (0.02-0.05) 
Moderate 
(0.06-0.10) 
High(0.11-0.5) 

GIN ratio (organic) 
Very low (8.0-30.0) 
Low(30.1-39.9) 
MOderate to high 

31 
30 

17 

30 
39 
9 

10 

10 

47 
11 

38 

15 

14 

11 

47 
37 

19 

37 

22 

29 

49 

14 
64 

25 
28 

25 

28 
24 
26 

COa 
COb 

COe 

TUa 
TUb 
TUc 

PHa 

PHb 

PHe 
PHd 

ACa 

ACb 

ACe 

ACd 

CDa 
CDb 

ISa 

ISb 

ISe 

TLa 

TLb 

SFb 
SFe 

ALa 
ALb 

ALe 

CNa 
CNb 
CNe 

3 
17 

12 

13 
5 

22 

o 

10 

Il 
18 

3 

13 

21 

18 

13 
6 

'lI 

8 

5 

o 

16 

29 
6 

8 
11 

12 

Il 
13 
8 

26 
20 

18 

33 
15 
11 

20 

50 

19 
9 

18 

13 

36 

27 

21 
23 

16 

27 

18 

21 

22 

21 
22 

20 
21 

24 

14 
29 
23 

19 
17 

24 

10 
28 
Il 

o 

10 

23 
27 

11 

13 

29 

45 

17 
23 

42 

14 

9 

17 

20 

36 
16 

32 
18 

8 

21 
25 
12 

32 
57 

35 

53 
31 
56 

60 

10 

47 
36 

34 

40 

50 

64 

40 
45 

42 

4I 

45 

28 

51 

71 
36 

24 
57 

44 

43 
46 
38 

48 
33 

29 

50 
28 
44 

60 

80 

34 
o 

50 

27 

29 

27 

45 
29 

11 

41 

59 

45 

35 

36 
39 

16 
43 

56 

36 
29 
50 

19 
13 

6 

20 
10 
Il 

10 

30 

15 
o 

21 

o 

14 

9 

17 
10 

5 

14 

23 

17 

12 

7 
16 

4 
25 

12 

14 
8 

19 

77 
67 

53 

77 
64 
56 

60 

80 

66 
73 

50 

80 

79 

99 

66 
71 

79 

73 

22 

79 

61 

86 
64 

68 
68 

68 

68 
63 
73 

6 
27 

18 

17 
13 
33 

10 

20 

17 
18 

3 

20 

36 

36 

19 
13 

32 

16 

:; 

7 

22 

36 
13 

8 
18 

24 

21 
13 
15 

42 
37 

29 

47 
36 
Il 

20 

50 

38 
36 

29 

40 

43 

55 

36 
39 

37 

43 

27 

45 

33 

50 
34 

36 
43 

32 

36 
38 
38 

16 
3 

24 

13 
8 

33 

10 

40 

9 
9 

13 

14 

18 

15 
10 

16 

5 

23 

14 

12 

7 
14 

4 
14 

20 

Il 
17 
12 

45 
33 

47 

57 
26 
56 

10 

60 

47 
27 

39 

60 

29 

36 

47 
32 

32 

49 

36 

45 

39 

50 
39 

32 
50 

40 

39 
33 
50 

42 
43 

59 

47 
46 
44 

60 

70 

40 
36 

47 

33 

50 

51 
39 

42 

38 

64 

4I 

49 

57 
44 

40 
36 

64 

43 
50 
46 

19 
10 

12 

13 
13 
22 

o 

30 

15 
9 

8 

13 

14 

36 

13 
16 

26 

8 

14 

21 

10 

14 
14 

12 
18 

12 

18 
8 

15 

10 
10 

18 

23 
3 

11 

o 

30 

11 
9 

3 

13 

36 

9 

13 
10 

Il 

16 

5 

10 

12 

36 
6 

8 
7 

20 

Il 
8 

15 

29 
33 

12 

10 
38 
33 

10 

30 

21 
64 

13 

13 

36 

82 

17 
42 

58 

22 

9 

34 

22 

21 
28 

44 
21 

16 

25 
29 
27 

13 
13 

12 

20 
5 

22 

o 

20 

13 
18 

3 

27 

21 

18 

15 
10 

16 

16 

5 

16 

36 
8 

8 
Il 

2 

lB 
13 
Il 

3 
13 

6 

13 
5 
o 

10 

o 

11 
o 

5 

13 

7 

9 

11 
3 

5 

Il 

5 

10 

21 
5 

4 
4 

16 

4 
4 

15 

Code 

COI 
C02 

C02 

PHI 

PHI 

PH2 
PH2 

AC1 

AC1 

AC2 

AC3 

SFI 
SF2 

ALI 
AL2 

AL3 
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Appendix:3 (continued) 
Percentage ~m Quebec study iakes selected by aquatic birds 

Number 
oflakes 

Biological variables 

Chlorophyll ua" (mg/mJ
) 

Extremely low 
(0.3-1.0) 
Very low(L1-2.0) 
Lmv (2.1-11.5) 

Seston dry weight (mg/m3
) 

Oligotrophic (7-50) 
Mesotrophic 
(51-175) 
Eutrophie 
( 176-1400) 

Total phosphorus (mg/L) 
O!igotrophic 
(0,005-0,01 ) 
Meso-eutrophie 
(0,011-0,04) 

Winter anoxia 
Absent 
Possible 

Oxygen euroes 
Unstratified 
Moderately 
clinograde 
Sirongly clinograde 

Calcium (mg/L) 
Very low (1 ,0-1 ,4) 
Low (1.5-2,9) 
Medium ta high 
(3:0-30.0) 

32 

Toxicity 
]Ça problem 
Possible prob!ems 

Fish 
Fishless 
Detrivorous 
Carnivorou s 

Amphibians 
Fairly large numbers 

12 

25 
37 

32 
Il 

15 

32 

46 

24 
14 

44 
14 

20 

13 
46 
19 

58 
20 

7 
12 
34 

12 

Code 
before 

YAa 

YAb 
YAc 

SEa 
SEb 

SEc 

PTa 

PTb 

AHa 
AHb 

OXa 
OXb 

OXe 

CEa 
CEb 
CEc 

TXa 
TXb 

POa 
POb 
POc 

AMa 

17 33 8 58 

4 24 8 44 

14 Il 30 38 

9 25 13 41 
9 27 9 45 

40 60 

19 19 22 50 

4 24 17 37 

8 25 13 38 

o 29 14 36 

14 18 23 39 
7 29 14 64 

5 25 1,) 35 

15 23 o 62 

7 24 20 39 

16 16 32 37 

10 17 22 41 

10 35 10 45 

o 14 29 14 

8 25 17 33 

12 24 21 56 

° 25 
42 17 

42 

56 
24 

44 
27 

33 

44 

35 

42 
43 

32 
5ï 

40 

69 
46 
o 

33 
55 

43 
42 
35 

33 
50 

25 99 33 

20 ï2 
B 57 

22 72 
9 55 

60 

19 84 

11 57 

17 75 
7 71 

14 66 
86 

20 60 

8 69 
20 67 

5 68 

9 67 
30 70 

o 57 
25 75 

9 74 

12 
14 

9 
16 

13 

25 

II 

13 
o 

23 
14 

5 

23 
15 
16 

17 
15 

14 
8 

21 

o 42 o 
30 

58 42 

20 
35 

36 
27 

40 

47 

30 

50 
29 

30 
57 

40 

38 
37 
37 

41 
25 

43 
25 
47 

25 
20 

8 
8 

13 
o 

19 

9 

8 
o 

14 
14 

10 

23 
Il 
11 

9 
25 

o 
25 

6 

17 
20 

67 

40 
41 

41 
36 

47 

41 

41 

33 
36 

39 
36 

50 

31 
52 
21 

38 
50 

43 
58 
44 

33 

56 
41 

47 
16 

67 

50 

43 

38 
50 

50 
43 

40 

69 
46 
32 

45 
50 

25 

12 
14 

16 
o 

o 

22 

9 

17 
o 

14 
14 

15 

o 
li 
16 

14 
15 

43 
42 
50 

o 
25 
12 

50 

4 
3 

13 
9 

19 

21 
o 

9 
29 

5 

15 
13 

5 

10 
15 

14 
o 

21 

o 

8 

16 
32 

16 
18 

33 

34 

22 

33 
36 

32 
36 

10 

8 
24 
47 

28 
25 

14 
17 
35 

17 

42 

8 
8 

13 
9 

13 

16 

Il 

13 
o 

1-4 
21 

5 

31 
4 

21 

14 
ID 

14 
17 
15 

o 

Code 
after 

consoli­
dation 

25 YAI 

8 YAI 
3 YA2 

16 SEI 
9 SE2 

o SE2 

6 

9 

17 
7 

2 OXI 
21 OXI 

10 OX2 

15 
9 
o 

7 
10 

o POl 
o 

12 P02 

o 
o AMI 

Appendix:3 (continued) 
~ercentage of southern Quebec study iake, selected by aquatic birds 

Number Code 
oflakes before 
visited 

Variables (n 78) 
consoli­

dation 

Species 

BO BSC BUT CNGAC GRB HB HG HUA. KIL MBQ MOC MP PEC RAM SA V VAL 

Pedological and botanical variables 

Traphte slructure of banks 
Organic deficiency 
Mineral deficiency 
No deficiency 

Organic sediments 
Few 
(:S 33% of shore) 
Fairly large amounts 
(33-100% of shore) 

Helophytic plants 
Few 
« 2% of!ake 
surface) 
Fairnumber 
(2-8% oflake 
surface) 

Limnophytic plants 
Few 
(:S 10% oflake 
surface) 
Fairnumber 
(11-80 % of lake 
surface) 

Submersed plants 
Few(:S 10%oflake 
bottom) 
Mediumto 
number(1 of 
lake bottom) 

Floating·leaved plants 
Few (:S 6% oflake 
surface) 
Medium to large 
number (6-50% of 
lake surface) 

Emergent Plants 
Very few (S 3,5% 
oflake surface) 
Few(3,6-14% of 
lake surface) 

Tolal aqualie vegetation 
LmJe(s 11% of 
Jake surface) 
Falrly large amount 
(12-84% oflake 
surface) 

~omposition of riparian bell 

12 
36 
30 

10 

46 

61 

17 

46 

32 

65 

13 

64 

14 

60 

18 

46 

32 

63 ew herb meadow$ 
(s 25% of shore) 
Many herb meadows 15 
~50% of shore) 

'According 10 Shilts (1981). 

RTa 
RTb 
RTe 

SOa 

SOb 

PPa 

PPb 

PIa 

PIb 

6 17 
17 22 
3 23 

10 20 

2 21 

11 23 

6 16 

4 24 

19 19 

8 58 
22 36 
20 43 

20 30 

15 35 

20 43 

18 41 

17 41 

22 44 

PSa II 23 22 45 

PSb 6 15 8 31 

PFa 9 25 14 41 

PFb 14 43 50 

PMa 12 27 18 42 

PMb 6 6 22 44 

TPa 4 24 17 41 

TPb 19 19 22 44 

BRa 10 17 21 44 

BRb 13 40 13 33 

33 
28 
57 

50 

40 

36 

47 

41 

38 

38 

46 

44 

21 

43 

28 

41 

38 

43 

27 

25 83 33 
17 72 17 
7 63 10 

50 80 30 

10 58 2 

13 69 16 

18 76 18 

17 67 9 

9 75 28 

15 71 20 

8 69 0 

16 72 13 

64 36 

15 68 15 

II 78 22 

17 67 9 

9 75 28 

13 73 19 

20 60 

50 8 42 
36 25, 50 
33 0 33 

20 20 80 

31 10 35 

39 15 43 

29 fi 41 

35 Il 46 

41 16 38 

38 Il 42 

31 23 46 

34 13 44 

50 14 36 

42 12 43 

22 17 39 

35 II 46 

41 16 38 

37 11 40 

40 20 53 

67 6 17 
42 14 14 
47 17 7 

20 20 10 

46 6 2 

49 11 10 

41 24 18 

43 Il 

53 19 19 

49 14 14 

38 15 0 

45 16 9 

57 21 

50 12 10 

39 22 17 

43 II 

53 19 19 

46 17 Il 

53 0 13 

33 17 
19 22 
33 0 

40 10 

19 2 

31 II 

12 18 

24 9 

31 19 

29 15 

15 0 

27 9 

29 29 

30 10 

17 22 

24 9 

31 19 

30 Il 

13 20 

6 
Il 
3 

o 

4 

12 

9 

6 

9 

o 

8 

Il 

9 

6 

8 

Code 
after 

consoli­
dation 

PS2 

PF2 

PM2 

TPI 

TP2 

BRI 

BR2 

33 
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Appendix 4 f thern Quebec study lakes selected by aquaticb~ir~d:.s ___ " _______________ _ 
Percent age 0 nor ...... ~ ~!::.'::::.::.::.:.:::.i:...::=:..::..:.----''--''-- Code 

after 
Number 

oflakes 
visited 

Code 
before 

consoli­
dation 

Speeies eonsoli-

-~--------::=--:::;:;--:::-;:;-~C~O~L;-;G;M~O;-~HrnBMAJ MBQ PHA SA V ..:S:..T_A~. __ d_a~tio_n 
Variables 

Regional varîables 

Subzone 
High semi-arctic. . 
Mountainous se ml-arche 
Low semi-arctic 

Ecoregion 
George River area 
de Pas River area 

Ec%gica//andscape 
Aretic tundra 
Alpine tundra 
Muskeg 
Taiga 

Eleoation (m) 
Average (350-450) 
High (451-600) 

Sensitivity 10 acidificationa 

Average 

Morphometric variables 

ATea (ha) 
Very small (3-15) 
Small(16-75) 

34 

Maximum depth (m) 
Very shallow (:;; 2) 
Shallow (3-11) 

SubliUoral slope 
Gentle 
Moderate 

Sma/l islands 
Yes 
No 

Shoreline deoelopment index 
Circular (1.0-1. 3) 
Semi-circular (1.4-3.0) 

ShoTeline Telieu/ation index 
Low 
Medium 

(n 68) 

8 
56 

4 

Il 
57 

8 
7 

15 
38 

18 
50 

47 

17 
SI 

51 
17 

35 
33 

35 
33 

36 
32 

20 
32 
16 

ARG BCN BEM BER BOBSR .... C.:.:.N~ __ _ 

SZa 
SZb 
SZe 

ERa 
ERb 

PEa 
PEb 
PEe 
PEd 

ATa 
ATb 

SAa 
SAb 

SUa 
SUb 

PXa 
PXb 

BNa 
BNb 

ILa 
ILb 

IDa 
IDb 

75 
61 
25 

82 
S6 

88 
57 
73 
50 

61 
60 

41 
67 

65 
47 

54 
67 

49 
73 

64 
56 

50 
64 
50 

36 
67 

50 
57 
73 
61 

61 
62 

47 
67 

63 
59 

66 
58 

63 
61 

64 
59 

75 
57 
50 

82 
54 

88 
43 
93 
42 

ï2 
54 

24 
71 

65 
41 

54 
64 

51 
67 

53 
66 

o 38 
29 54 
25 25 

o 27 
30 54 

o 38 
o 14 

67 99 
18 39 

22 61 
26 46 

12 24 
29 59 

33 57 
o 29 

23 43 
27 58 

26 51 
24 48 

31 44 
19 56 

50 0 
18 21 
o 25 

36 0 
18 23 

38 0 
43 14 
13 53 
16 11 

28 Il 
18 22 

6 12 
25 22 

22 24 
18 6 

26 20 
15 18 

17 23 
24 15 

17 22 
25 16 

25 
14 
o 

18 
14 

13 
14 
40 

5 

6 
18 

6 
18 

14 
18 

9 
21 

17 
12 

19 
9 

o 0 
21 21 
25 0 

o 0 
23 21 

o 0 
o 0 

40 27 
18 21 

28 22 
16 16 

o 12 
25 20 

25 22 
o 6 

Il 9 
27 27 

23 23 
15 12 

22 19 
16 16 

13 
16 
o 

9 
16 

o 
14 
20 
16 

28 
10 

12 
16 

20 
o 

11 
18 

6 
24 

14 
16 

13 
25 
o 

9 
25 

o 
29 
27 
24 

6 
28 

24 
22 

24 
18 

20 
24 

20 
24 

17 
28 

25 
23 
25 

27 
23 

25 
14 
73 

5 

22 
24 

23 
24 

o 
31 

29 
6 

26 
21 

20 
27 

22 
25 

o 50 
18 48 
25 50 

o 45 
19 49 

o 25 
14 71 
40 87· 
Il 34 

Il 50 
18 48 

19 53 
10 38 

18 
16 

22 
o 

23 
9 

14 
18 

29 
55 

53 
35 

51 
45 

49 
48 

22 47 
950 

SUl 
SU2 

PXl 
PX2 

Appendix 4 (continued) '., . 
Percent age of northern Quebec study lakes se\ected by aquatic birds 

Code 
before 

consoli-

/' 

Variables 

Number 
oflakes 
visited 

(n ~ 68) dation ARC; BCN BEM BER BO BSR CN COL GMO HB MAJ MBQ PHA SAV STA 

Physical and chemical 
variables 

ColouT(Hazen units) 
Clear water (1-20) 
Coloured water (21-40) 

Turbidity (Jackson units) 
Law « 1.0) 
Moderate (1.0-1.9) 
High (2.0-8.0) 

SummerpH 
Very addic (3.0-4.5) 
Neutral (5.6-6.9) 
Alkaline (7.0-8.6) 

Alkalinzty (mg Ca COlL) 
Very poorly bullered (0-3) 
Poorly buffered (4-10) 
WeU buffered (11-35) 

Conductivity (JAS/cm) 
Low (3-25) 
Moderate to high (26-40) 

Calcium saturation index 
Very weil bullered (0.5-3.0) 
Moderately buffered (3.1-5.1) 

Tannins and lignins (mg/L) 
Low to moderate (0.1-1.0) 
Moderate to high (1.1-1.5) 

Su/phales (mg SO';L) 
Very low (0.3-1.5) 
Low (1.6-3.5) 
Moderate to high (3.5-83.0) 

Aluminum (mg/L) 
Low (0.03-0.05) 
Moderate (0.06-0.10) 
High (0.11-3.35) 

Biological variables 

Chlorophyll Ua" (mg/m3) 

Extremely low (0.1-1. 0) 
Very low (1.1-2.0) 
Low(2.1-3.1; 33) 

Seslon dry weight (mg/m3) 

Oligotrophic (0-50) 
Mesotrophie (51-175) 
Eutrophie (176-500; 866) 

Nolural fertilîty potenlial (mg/L) 
Ohgotrophie (0.0-0.9) 
Mesotrophie (0.1-0.6) 
Eutrophie (0.7-3.2; 8.9) 

Calcium (mg/L) 
Verylow(o.4-1.4) . 
Low (1.5-2.9) 
Medium to high (3.0-10.0) 

1Qxicity 
Noproblem 
POSsible problems 
Serious problems 

Fish 
Fishless 
C.arnivorous 
~ably present 

49 
18 

19 
32 
17 

7 
47 
14 

Il 
45 
12 

49 
18 

13 
47 

54 
13 

42 
16 
9 

38 
18 
11 

30 
19 
19 

30 
25 
12 

36 
22 
10 

38 
18 
Il 

56 
6 
6 

6 
14 
40 

COa 
COb 

TUa 
TUb 
TUc 

PHa 
PHc 
PHd 

ACa 
ACb 
ACe 

CDa 
CDb 

ISa 
ISb 

TLa 
TLb 

SFa 
SFb 
SFc 

ALa. 
ALb 
ALe 

YAa 
YAb 
YAc 

SEa 
SEb 
SEc 

FNa 
l'Nb 
FNc 

CEa 
CEb 
CEc 

TXa 
TXb 
TXe 

POa 
POb 
POc 

61 
56. 

47 
59 
76 

o 
66 
71 

36 
67 
58 

69 
33 

62 
68 

61 
54 

69 
63 
Il 

71 
56 
27 

47 
79 
63 

60 
60 
58 

53 
73 
60 

71 
50 
.36 

68 
50 
o 

o 
71 
60 

53 
89 

58 
56 
76 

43 
64 
64 

45 
69 
50 

65 
56 

54 
68 

59 
77 

60 
81 
44 

58 
83 
45 

50 
79 
63 

53 
68 
75 

56 
73 
60 

66 
56 
64 

63 
83 
33 

33 
86 
60 

53 
72 

47 
50 
88 

14 
64 
64 

36 
64 
58 

65 
39 

62 
64 

59 
54 

67 
63 
Il 

74 
39 
36 

50 
58 
74 

47 
60 
92 

56 
59 
70 

71 
44 
36 

63 
67 
17 

17 
79 
60 

14 
50 

5 
16 
65 

o 
28 
29 

o 
31 
25 

29 
Il 

43 
67 

37 
34 
94 

14 
53 
5ï 

18 
58 
50 

57 
28 

31 54 
26 53 

22 46 
31 62 

24 57 
38 50 
o Il 

,26 .53 
22 44 
18 45 

10 40 
21 37 
53 79 

7 33 
32 56 
58 75 

1744 
23 50 
30 70 

27 
6 

37 
16 
12 

14 
19 
29 

18 
20 
25 

18 
28 

12 
33 

Il 
9 

47 

o 
21 
21 

o 
24 
17 

18 
17 

31 23 
19 19 

26 19 
o 15 

26 19 
6 19 

22 Il 

26 24 
Il Il 
18 9 

20 10 
32 Il 
Il 42 

30 10 
12 24 
17 33 

19 11 
23 14 
20' 60 

32 58 21 21 
22 39' 17 6 
o 36 27 27 

28 50 . 23 21 
50 83 17 17 
o 17 0 0 

o 17 o 0 
29 57 43 14 
33 55 18 28 

12 
17 

5 
19 
18 

14 
17 
7 

18 
16 
8 

14 
11 

8 
15 

13 
15 

14 
13 
11 

16 
6 

18 

10 
11 
26 

10 
16 
25 

'17 ' 
14 
10 

18 
6 
9 

14 
17 
17 

17 
7 

18 

12 16 
~3 17 

Il 5 
19 22 
29. 24 

o 0 
21 21 
21 14 

9 9 
22 22 
17 8 

20 20 
Il 6 

23 15 
19 19 

17 17 
23 15 

21 21 
19 13 
o 0 

16 11 
22 22 
18 27 

10 10 
21 21 
32 26 

o 7 
32 28 
42 25 

11 14-
27 14 
30 40' 

21 24 
11 6 
18 9 

21 21 
17 0 
o 0 

10 
28 

5 
16 
24 

o 
19 
7 

o 
22 
o 

20 
o 

8 
19 

15 
15 

24 
o 
o 

3 
32 
16 

10 
20 
17 

29 
6 

32 
16 
24 

14 
19 
36 

18 
18 
42 

18 
33 

38 
19 

26 
8 

24 
19 
22 

21 
33 

9 

23 
26 
16 

23 
16 
33 

19 . 25 
9 23 

10 10 

24 
6 
o 

14 
33 
o 

21 
Il 
45 

25 
17 
o 

000 o 
36 
23 

21 36 29 
20 If 10 

16 
39 

5 
16 
59 

9 
29 
lï 

29 
6 

6 
39 

5 
9 

.fi 

o 
19 
14. 

o 
22 
8 

18 
6 

15 15 
28 17 

19 17 
38 8 

26 14 
25 25 
o 0 

29" 18 
17 Il 
9 9 

10 
21 
47 

10 
24 
50 

3 
16 
37 

3 
28 
25 

19 14 
23 14 
40' 30 

41 
67 

37 
34 
88 

o 
57 
43 

27 
58 
33 

55 
28 

38 
57 

46 
54 

55 
50 
11 

61. . 
33 . 
27 

43 
47 
58 

33 
56 
75 

47 
32 
90 

34 
11 
o 

18 . 61 

21 
67 
o 

o 
21 
30 

17 33 
o 27 

16 
33 
o 

52 
67 
o 

o 0 
14 43 
23 . 60 

Code 
after 

consoli­
dation 

CQl 
C02 

PHI 
PH2 
PH2 

ACI 
ACI 
AC2 

SFI 
SF1 
SF2 

AL! 
AL2 
AU 

YA1 
YAI 
YA2 

SEI 
SE2 
SE2 

P02 

35 
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Appendix 4 (continued) 
Percentage of northern Quebec study lakes selected by aquatic birds 

Number Code 
oflakcs before 
visited coosoli-

_V~a.;.ri.;:.ab~l~es:.-... ______ ---,{_n_=_6_8-:.) __ d~a_ti_o_n __ A_R_G __ B_C_N_B_E_M __ B_E_R_B_O_. BSR CN COL GMO HB MA,] MBQ PHA SAY STA 

Code 
after 

consoli­
dation 

Pedological and botanical 
variables 

TropMe structure of banlcs 
Organic deficicncy 
Mineral deficiency 
No deficicncy 

Organic sediments 
Few(S 33% of shore) 
Fair amounts 
(33-80% of shore) 

Helophy/ic planls 
Few « 2 % ~f lake surface) 
Fair number (2-18% oflake 
surface) 

Limnophylic planls 
Few « 20% oflake surface) 
Fair number (20-80% oflake 
surface) 

Total aquatie aegeta/ion 
Little « 12% oflake surface) 
Fair amount (12-80% oflake 
surface) 

Composilion of riParian beU 
Few herb meadows (s JO % of 
shore) 
Many herb meadows without 
pools (2: 25% of shore) 
Many herb meadows with 
pools (2: 250/0 of shore) 

7ypes of aqual;e plants 
No aquatic plants 
Mainly vascular plants 
Mainly non-vascular plants 

aAccording to Gilbert el al. (1985). 

Appendix5 

13 
13 
42 

47 
21 

52 
13 

52 
13 

45 
20 

12 

19 

19 

34 
II 
20 

RTa 
RTb 
RTc 

SOa 
SOb 

PPa 
PPb 

Pla 
Plb 

TPa 
TPb 

BRa 

BRb 

BRc 

VSa 
VSb 
VSc 

54 
69 
60 

66 
48 

58 
69 

65 
38 

64 
50 

33 

74 

63 

65 
73 
45 

54 
46 
69 

64 
57 

63 
54 

65 
46 

69 
45 

33 

58 

74 

74 
64 
40 

31 
85 
60 

60 
57 

63 
46 

63 
46 

67 
45 

25 

63 

95 

68 
36 
60 

o 
46 
26 

26 
24 

29 
15 

33 
o 

38 
o 

o 

16 

58 

41 
9 

10 

Percentage oflakes with given aquatic vegetation that are selected by aquatic 
birds in southern Quebec and in northern Quebec 

Plant associations 
(southern Quebec) 

Du/iehium arundinaeeum and algae 
Eleocharis smal/ii and Brasenia schreheri 
Erioeau/on sePlangu/are 
Nuphar aariegatum and Sparganium sp. 
Sagittaria /atifo/ia 
Sparganium angus/ifolium and Eleocharis uniglumis 
Sparganium eurytarpum and Po/amogeton epihydrus 
Sparganium fluc/uanJ and Po/amogelon oaJcesianus 
U/rieu/aria vu/garis 

Number 
oflakes 
visited 

26 
36 
31 
43 

7 
15 
17 
12 
19 

Codes 

DUaALg 
ELsBRs 
ERs 
NUvSPA 
SAGI 
SpAaELu 
SPAePOe 
SPAfPOo 
UTv 

23 
85 
48 

49 
52 

54 
38 

56 
31 

60 
30 

8 

53 

84 

62 
55 
30 

23 
8 

24 

21 
19 

23 
15 

23 
15 

22 
20 

17 

37 

Il 

26 
9 

20 

BSC 

8 
6 

13 
7 
o 
7 

12 
o 
5 

o 
46 
17 

15 
29 

23 
8 

23 
8 

27 
5 

o 

26 

37 

26 
18 
10 

8 
31 
12 

17 
10 

19 
o 

15 
15 

18 
10 

8 

5 

32 

18 
., 9 

15 

BUT 

8 
17 
3 

12 
o 

13 
o 
o 
o 

o 
46 
17 

17 
24 

19 
23 

23 
8 

22 
15 

8 

21 

26 

24 
36 

5 

CN 

12 
Il 
16 
16 
14 
33 
12 
o 

26 

15 
31 
14 

15 
24 

13 
38 

21 
8 

22 
10 

o 

21 

26 

24 
18 
10 

o 
8 

21 

9 
29 

13 
23 

19 
o 

16 
15 

8 

21 

21 

18 
27 

5 

GAC 

8 
8 

16 
14 
o 

13 
18 
25 
21 

23 
23 
21 

23 
19 

21 
31 

23 
23 

18 
35 

25 

26 

21 

26 
18 
20 

HB 

38 
II 
6 

28 
43 
53 
53 
25 
21 

o 
62 
19 

23 
24 

29 
8 

29 
8 

33 
5 

o 

II 

58 

29 
9 

25 

o 
46 
12 

Il 
29 

19 
8 

21 
o 

24 
o 

o 

16 

32 

29 
9 
o 

HUA 

19 
8 

13 
23 
57 
40 
18 
17 
16 

31 
77 
45 

43 
62 

50 
46 

56 
23 

56 
35 

25 

.42 

79 

53 
45 
45 

TPl 
TP2 

BRI 

BR2 

BR3 

VSI 
VS2 

MOC 

8 
o 
3 

30 
71 
1 

24 
25 
32 

Plant associations 
(northern Quebec) 

Number 
oflakes 
visited 

_______________________________ S~p_e_c_ie_s ________ . _______________ _______ 

Drepanocladus exarmulatus 
Hippuris vulgaris 
Menyanthes Irifo/iata 
Po/amage/on liliformis 
Scarpidium seorpioides 

4 
3 
5 
4 
7 

Codes 

DRe 
Hlv 
MEt 
POf 
SCs 

ARG 

50 
67 
60 
50 
29 

BeN 

75 
67 
80 
50 
29 

BEM 

75 
67 
40 
25 
57 

BO 

25 
100 
20 
50 
14 

CN GMO HB MA] PHA ~ 
o 0 25 0 25 50 

100 33 33 0 0 61 
o 20 20 40 20 40 
o 25 25 25 0 50 

14 14 14 14 29 11 --

Qi 

Appendix 6 

~~~~ro~fS~':~~~~~u~~~~e principalriparian 'pecies sighted at typical 

Number 

Variables 
ofunits 

identified Code CAL CAR CGR CHA KIL 
Edaphic variables 

Soi/pH 
Veryacidic 87 
(3.5-4.5) 

PL, 

Moderately 62 
acidic (4.6-6.2) 

Ta/al nitrogen (%) 
Low (0.03-1.5) 112 
Average to high 219 
(1.6-3) 

Organic matter (% ) 

3 

3 

2 
1 

104 

13 

7 
22 

2 
1 

Il 

o 

o 
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Herbs and 59 
grave! beach 
Patchy shrubs 199 
and cattails 
Patchy shrubs 61 
and conirers 
Low mincro- 276 
trophic shrubs 
Law ombro- 53 
trophic shrubs 
High shrubs 59 
Deciduous trees 74 
Coniferous trees 117 
Mixed trees 123 

Taxonomy of habitats 

Cattails 33 
Sedges 751 
Myrica 53 
Myrica with 277 
leatherleaf 
Leatherleaf with 446 
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Leatherleaf 109 
Tarnarack with 110 
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Edaphic variable. 

Soi/pH 
Very acidic (2.9-4.5) 
Moderatelyacidic 
(4.6-6.6) 

Total nitrogtn 
Low(O.OI-1.5%) 
Average ta high 
(1.6-3.7%) 

Organic matter 
Moderate 

Physiognomy of habitats 

Lichens 
Herb. withoUl pools 
Herbs with pools 
Low shrubs without 
streams 
Law shrubs with 
streams 
Minerotrophic low 
shrubs 
Patchy herbs and 
spruce 
Black .pruce and 
tarnarack 
Black spruce 
Patchy shrubs and 
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Taxonomy of habitats 
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-Appendix 8 
Aids to interpreting correspondence analyses for aquatic birds 

Subject of analysis, 
dimensions' of matrix, 
total variance of 
rnulti-dimensional 
cluster, percentage 
of total variance 
explained by principal 

Sou/hem Quebec 

Environmental variables contributing most to 
variance of the first three (percent 
absolute contribution to 

(8 species and 3 variables with 6 values; total variance = 0.025) 
First factor (57%) SUz (22%) 1 IRz ( - 27%), SUI ( - 20%)d 
Second factor (35%) PXI (35 %), SUz (20%) 1 PXz ( - 22%), 

SU) ( 21%) 
Third factor (7%) IRz (16%) 1 IRI ( - 17%) 

Nor/hem Quebec 
(14 species and 3 variables with 6 values; total variance = 0.049) 
First factor (69%) . PX2 (36%), 1Rd22%) 1 IRz ( - 32%) 

Second factor (23 % ) 
Third factor (8 % ) 

SUd80%) 
PXz (48%), IRz (26%) 

Physical-chemical features oflakes 

Soulhern Quebec 
(8 species and 5 variables with 12 values; total variance 0.037) 
Firstfactor(66%) PHI (29%), AL3 (17%) 1 AL) (- 15%), 

Second factor (18 %) 
Thinl factor (10 % ) 

Nor/hem Quebec 

AC3 ( 12%),PHz( 12%) 
ALz (33%) 1 ALI ( 27%) 
COI (38%) 1 COz( 27%) 

(14 species and 5 variables with 12 values; total variance 0.016) 
First factor (57%) (24%), COdI7%), PHI (16%) 1 

27%) 
Second factor (18%) COz (17%), PHI (16%) / 

Third factor 

Biological features oflakes 

Southem Quebec 
(8 species and 8 variables with 16 values; total variance 0.029) 
Firstfactor(55%) YAI(16%)/PFd 26%},YAz( 19%) 
Second factor (20%) YA1 (10%), PM2 (8%) 1 AMI ( 29 %), 

BR2 ( 21%),PO I ( 8%) 
Third factor(12%) BRz(23%),POz(13%) 1 AMI ( 24%). 

PM2 (-13%), POl ( 12%) 

Northem Quebec 
(14 species and 8 variables with 16 values; total variance 0.074) 
Firstfactor(72%) SEI (18%), TPz(15%), BRI (12%) 1 

Second factor (14 % ) 
Third factor (7 % ) 

YAz(-15%),BR3( 12%) 
USz (24%) ~ US I ( - 38%) 
US2 (18%). TP2 (14%) 1 BR2 ( 27%), 
SEI (-15%) 

Types of aquatic vegetation 

Southern Quebec 
(7 species and 9 variables with 9 values; total variance = 0.2Q2) 
Flrst factor (49%) ELsBRs (45%) / SAGI ( 21 %) 
Se~ndfactor(21%) -/ERs(-54%),UTv( 15%) 
Thlrd factor (16%) SPAePOe (24%) DUaAIg (21 %) 1 

NUvSPA( -19%). ELsBRs( 15%) 

Nor/hem Quebec 
~10 species and 5 variables with 5 values; total variance = 0.283) 

Irstfactor(55%) MEt(17% 1 Hlv(-74'Yo) 
Second factor (27%) SCs(38%)DRe(11 %) 1 POf( 34%). 

MEt (-18%) 
~tor(12%) DRe(65%)/SCs(-32%) 

Aquatic species whose .distâbution is.most affected by the first three factors 
relative contnbutlon 

HUA(67%) 1 BUT( -95%), MOC (-76%), CN( 68%) 
MBQ(75%), HB (71 %) 1 BSC (- 66%), GAC ( 56%) 

HUA (32%), CN (18%) 

ARG (97'Yo), BCN (90%), BSR (64%), MBQ(61 %) 1 (99%), PHA 
(69%),MA](-63%).CN(-59%),GMO( 56%), SAV ( 55%) 
SAV(44%) 1 BEM( -61%) 
STA (87%), BO (42%). BEM (35%) 

GAC (98%), BSC (37%). MOC (30%) 1 BUT ( - 93%), HUA ( 74%), 
HB(-67%) . 
MBQ(66%) 1 MOC( 33%) 
HUA(20%). BSC (19%) 1 CN( 33%), MOC (- 27%) 

MBQ(93%), BSR (75%). BCN (30%) 1 SA V ( - 84%), PHA ( - 79%), 
BER ( 75%), MA] ( 66%), GMO( -45%), STA( -45%) 
BCN (62%). GMO (25%) / BEM( - 64%), ARG (- 62%), STA ( 40%) 

HB 

BSC(71%).GAC(61%) 1 BUT( 80%) 
CN(65%),HB(42%)/BSC( 23%) 

HUA(58%)/HB(-29%),GAC( 22%) 

ARG (88'Yo), MBQ(84%), BSR (82%), BCN (72%) 1 BER (- 94%). SAY 
(- 88%), CN( -77%), PHA( 69%). BO( 61%), HB( - 55'Yo) 
BEM(55%)/MAj( 73%),GMO( 71%) 
STA(72%) 

BUT (67%), BSC (39%) 1 MOC ( 83%) 
HB(39%)/GAC(-65%),BSC( 33%) 
HB(50%) 

PHA(42%),MAj(39%),BCN(30%)/CN( 93%),BO( 65%) 
BEM (85%), PHA (53%), STA (45%) 1 ARG( 62%), GMO (- 42%) 

HB(43%), BCN(40%) 1 GMO( - 48%) 
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Appendix 8 (continued) . . 
Aids ta interpreting correspondencc analyses for aquatlc blrds 

Subject of analysis, 
dimensions' of matrix, 
total variance of 
multi-dimensional 
duster, percentage 
of total variance 
eXplained by principal 
factors 

Effeet oflake acidity 

Environmental variables contributing mo~t ta 
variance of the first three factors (percent 
absolute contribution ta factor)b 

Lauren/ians . l' 0 038) 
(8 species an? 4 variables wlth 8 values; tata va~l~:;~)e IR .( 12 % ) 1 
First factor (;,8%) PHI (27 %), YAI ( 1<, l. 

YA2 (- 27 %), PH2 ( - 13%) 
Secondfactor(22%) IRd45%)/PH]( 25%),IR2 ( 18%) 
Third factor (12%) CO} (47%) / CO2 ( - 30%) 

Taiga . l' 0 064) 
(14 species and 4 variables wlth 8 values; tata van3a~c~ CO' (_ 26%), 
Firstfactor(51%) PH}(27%), COd I 0/<) 2 

YA2 ( 17%) 
Second factor (29% ) CO2 (33%), IRl (25%), PHI (19%) 1 

CO} ( 16%) 
Third factor (12%) YA2 (39%), PH} (38%) 

'The values of the environrnental variables are described in Appendices 3,4, 

and 5. fi' d b ch of the bThis is the percentage of variance ofthe actor exp ame y ca 
environrnental variables. . .' . l' d 

eThis is the percent age of variance in the species dlstnbutIOn that IS exp ame 

d~y +t~:' :~~t~;. " indicate whether the correlation with the factor is positive or 

negative. 

40 

Aquatic species whose .distribution is m~st affected by the first three factors 
(percent relative contributIOn of factor) 

GAC (86% l, BSC (19%) / BUT ( 94% l, HUA ( 59%) 

MBQ(92%) CN(21 %) 1 MOC (- 45%), BSC ( 42%) 
HB (42 % l, ÈSC(36%), HUA (32 %) / MOC ( 45%), CN ( - 41 %) 

MBQ(93% ), BSR (60%), BEM (48%) / BER (- 91 %), CN ( 76% l, SAY 

( -67%) MAJ(-55%) 56"') 
BCN (74'%), BEM(31 %) 1 HB( 77%), BO( - 58%), PHA( - ;0 

BSR (32%), PHA (30%) 1 GMO( 67%), STA (- 39%) 

1 

Appendix9 
Aids to interpreting correspondence analyses for riparian birds 

Subject of analysis, 
dimensions' of rnatrix, 
total variance of 
multi-dimensional 
c1uster, percentage 
of total variance 
explained by principal 
factors 

Edaphic 

Sou/hem Quebec 

Environmental variables contributing most ta 
variance of the Iirst three (percent 
absolute contribution ta 

(17 species and 3 variables with 6 values; total variance ~ 0.128) 
First factor (56%) 1 PL, ( - 55%)d 

Second factor (33 % ) 

Third factor (9 % ) 

Nor/hem Quebec 

MO} (37%) 1 M02 (- 35%) 

NT2 (20%) 1 NT} (-63%) 

(lB species and 3 variables with 6 values; total variance ~ 0.081 1 
First factor (86%) NT] (38%), MOI (28%) / NT2 ( - 17%), M02 

( 14%) 

Second factor (11 % ) 

Third 

Physiognomy of riparian vegetation 

Sou/hem Quebec 
(16 species and 9 variables with 9 values; total variance 0.791) 
First factor (35 %) AM] (Il %) / FMIXo ( 50 %), FCOo ( 29%) 

Second factor (27 % ) 

Third factor (19%) 
Fourth factor (Il %) 

Nor/hem Quebec 

Hl(22%)/AHI( 70%) 

H}(64%)/AH}( 17%) 
1 TTYAM 1 ( 66%) 

(18 species and Il variables with Il values; total variance 0.844) 
First factor (53%) HM j (47%) 1 PNME( 23%) 

Second factor(19%) 
Third factor (8 %) 
Fourth factor (7 %) 

- 1 LoC -68%), ABos ( 23%) 
HSMN j (55%) 
THPN2 {17%) 1 AHJ(-62%) 

Types of riparian vegetation 

Sou/hem Qu.ebec 
(15 species and 11 variables with Il values; total variance 0.459) 
First factor (54%) ALMY (40% l, ALC (34%) 

Second factor (16 % ) 

Third factor (11 %) 
Fourth factor (8%) 

Northem Quebec 

TY (150/0), ALMY (14%) 1 CH ( - 32%), 
PNCH(-15%) 
C (23%), ALC (14%) 1 BOB (- 33%) 
MYCH (60%) 1 ALC (- 18%) 

(18 species and Il variables with Il values; total variance 0.658) 
First factor (44 % ) - 1 C ( 36 % ) 

Second factor (23 %) 
Third factor (10 % ) 
F ourth factor (8 % ) 

CME(J8%) 1 LI( -43%), BG( -15%) 
SA(22%) 1 CME( - 26%), BGEP( 23%) 
LI(28%)/CBG( 33%) 

'The values of the environrnental variables are described in Appendices 3,4, 
andS. 

bThis is the percent age of variance of the factor eXplained by each of the 
environmental variables. 

'This is the percent age of variance in the species distribution that is explained 
by the factor. 

d" + " and" _ " indicate whether the correlation with the factor is positive or 
negative. 

Aquatic species whose distribution is ma st affccted by the first three factors 
relative contribution of 

MAS(75%), MBQ(56%), CGR(50%) / CAR ( 95%), RUI (-94%) 
CHA(-94%),MAI(-79%l,M( 71%), ' 
MOL(-59%) 
PCT(76%), CAL (72%), MAU (48%), CGR (47%), MBQ (43%) 1 MAR 
( - 73 % l, LI!' ( - 61 %) 
TYR(72%)/MRO( 96%),KIL(-35%l 

ROU (97%), BRU (95%), SIZ (93%), COB (79%), MRO (66% l, 
PIP(66%),HUD(54%)/PHA( 94%),BER( 90%),PRE(-10%), 
RUr( 78%), BO( 52%) 
M(53%), LlN(42%) 1 ALO( 85%), COL( -70%), MBQ( - 59%), 
HUD -43%) 
BO 

MAR(75%), MAS (35%) 1 M( -88%), MOL( - 87%), RUI (-82%), 
MAr( 78%),CHA(58%) 
MBQ(30%), KIL (28%), CAR (19%) 1 MAU ( - ï7 %), CAL ( - 77%), 
PCT (- 55%), TYR (- 47%) 
KIL(62%), MBQ(58%), MAU(17%) 1 MAS( 49%) 
LIN (21 %) 1 CAR ( -74%) 

BEM (96%), PRE(88%), BER (87%), PHA(74%), COL (68%), 
BRU (62%)1 HUD( 83%),RUI( 66%), LIN ( 61%),COB( 63%) 
MRO(45%) 1 PIPe 82%), ALO( 80%) 
MBQ(39% l, SIZ (34%), BO(31 %) 

1 ROU ( 59%) 

CAL(93%), MAU (82%), CHA(75%), RUl(70%) 1 CAR ( 50%), 
MAR( 45%) 
CAR (42%) 1 LIN ( 53%), MAS ( 45%), MRO{ 40%) 

M (60%), PCT (41 MBQ(40%) 1 MOL { - 52%), MAS( - 44%) 
CHA (22%) 1 TYR -25%) 

HUD (78%), COB (46%) / PRE( - 75%), PHA (- 75%), BO (- 67%), 
BRU( 54%), BER ( 46%) 
MRO(57%) / ALO( 77%) 
RUr(38%)/M( 61%),ROU( 37%) 
PIP(35%) 
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1. Abstract 

The work reported on here is part of a research pro­
gram being conducted by Environment Canada's Cana­
dian Wildlife Service on the potential impact of acid 
precipitation on lacustrine birds in Quebec. The purpose 
is to describe the lake habitats, and the potential effects 
of acidification on these habitats, in two biogeographical 
zones of Quebec - the temperate zone and the semi-arctic 
zone, The aquatic and riparian vegetation of78lakes in 
southern Quebec and 68 lakes in northern Quebec are 
briefly described and related to the regional characteristics 
of the environments in which they occur, the morphometry 
and water quality of the lakes, and features of the riparian 

soils, 
At the southern lakes which typically have 20% 

of their area covered by vegetation - nine associations of 
aquatic plants are described, in terms of their dominant 
species. At the northern lakes, the typical coverage is 
10% and there are five associations, The associations in 
each zone are correlated with the five variables that best 
expressed the morphometry, physical-chemical charac­
teristics, and biological productivity of the lakes. In the 
south, the associations are distributed along a gradient 
from neutral, shallow lakes to acidic, deep lakes and, to a 
degree, along gradients ofwater calcium level and shore­
line "reticulation" (the latter being given by an index 
reflecting the indentation of the banks, the area subject to 
flooding, and the number and morphology of streams). In 
the north, except for the acidic lakes containing none of the 
five recognized associations, calcium levels and reticula­
tion explain the distribution of the associations, 

For riparian vegetation, 11 associations belopging 
to 6 morphological (physiognomic) units were identified at 
the southern lakes, and 11 associations corresponding to 10 
morphological units at the northern lakes, In the south, the 
distribution of the associations followed a gradient ranging 
from highly acidic soils rich in organic matter to soils with 
the opposite characteristics. In the north, the roles of the 
various pedological variables are more difficult to deter­
mine; the nitrogen and organic matter contents of the soils 
proved to be the main pedological variables explaining the 
distribution of the associations. The effect of soil acidifi­
cation is discussed in the context of sphagnum ecology and 
the accumulation of organic matter. 

"CUITent address: Biology Department, Université Laval, Cité universitaire, 
Sainte-Foy, QuebecG1K 7P4. 

bCurrent address: 1178 des Muguets, Saint-Rédempteur, Quebec GOS 3BO. 

2. Introduction 

It is weil known that acid deposits are very harmful 
to the environment; they decrease soil fertility, damage 
vegetation, and reduce populations of aquatic inver­
tebrates, fish, and amphibians (Memorandum ofIntent 
1983). Compared with the number of studies on these 
topics, there are relatively few studies on the effects of 
acid precipitation on birds, because they are not affected 
directly, but indirectly, via contamination of their habitats 
with heavy metals and alteration offood chains. The Cana­
dian WildIife Service decided to examine the potential 
impact of acid precipitation on lacustrine birds in two 
regions ofQuebec that are particularly rich in bird life: the 
temperate region and the semi-arctic region (as defined in 
Rousseau 1952). The results of this work are presented in 
three reports, one for each of three trop hic levels: water 
quality, vegetation, and bird life. The present report con­
cerns vegetation; the report by Rodrigue and DesGranges 
(1989) deals with water; and the report by DesGranges and 
Roude (this publication) covers bird life, 

There are virtually no studies on lacustrine vege­
tation in Quebec, but the literature on vegetation along 
the St. Lawrence River, and in the peatlands of southern 
Quebec and the James Bay area, provides indirect infor­
mation on lake plant associations (Couillard and Grondin 
1986). A number ofworks have been published on the lake 
plants of Ontario (Crowder et al. 1977; Vitt and Bayley 
1984) and of the northeastern United States (Hunter et al. 
1985). The effects of acid deposits on lake plants have 
been studied by Ferguson et al, (1978), who demonstrated 
that the growth and chlorophyll coritent of sphagnums is 
affected, and by Cowling (1978), who found that lesions 
can occur on plant leaves when the pH of rain falls below 
3.4, Acidification also affects plant successions: Hultberg 
and Grahn (1976) and Grahn (1977) found a negative 
correlation between pH and the spread of sphagnum 
associations, Hendry and Vertu cci (in Haines 1981) note 
that sphagnums accelerate the acidification of the environ­
ments in which they occur, while Gorham et al, (1984) 
point out that acidification decreases the number of sphag­
num species. Wile et al. (1985) studied the aquatic macro' 
phytes in three Ontario lakes and found that the most 
acidic lake contained the fewest species but also the largest 

biomass. Hunter et al. (1985), in a study of the interactions 
among waterfowl, fish, invertebrates, and macrophytes in 
four Maine lakes, corroborated the results ofWile et al. 
(1985), except that one oftheir two alkaline lakes had 
practically no vegetation. 

Becau,se we have little information about the flora 
and the physlcal-che~ical conditions of Quebec lakes 
?efore ~hey were subJ.ected to acid precipitation, it is 
lmp<?s~lbl~ to determme the previous impact of such 
prec~p~tat~on, o.r to predict with certainty what effect acid 
~reclpltatIOn wll~ have in the coming years, Nevertheless, 
SInce there are dlfferent levels of acidity in Quebec's lakes, 
w~ ':lay a~sume that these levels correspond to stages of 
aCldlfic~tIOn and use them to describe probable plant 
succeSSIOns. 

. To sum ~p, the study describes the riparian and 
aqua~lc :ege~atIon at 146 lakes and attempts to relate 
the dlstn~u~IOn and abur:dance of plants to the regional 
charactenstlcs of the enVlronments in which they grow, to 
the morphomet:y ar:d wa~er quality of the lakes, and to the 
features of the npanan smls aIl with a view to dt' , h 1 f 'd" . ~ c ermInmg 
t e ro e 0 aCl Ity In explammg the distribution of plants. 

3. Studyareas 

3.1. Lake selection 
In the ~emperate ~one of southern Quebec, 68 lakes 

were selec~ed m a quadnlaterallying between 69° and 77° 
W~st longItude ,and 46° and 47° North latitude (Fig. 1), 
ThIS ,a~ea c~ntaIns ~akes with various degrees of sensitivity 
to aCIdificatIOn (ShlltS 1981), and the precipitation here has 
an average pH of 4.4 - 16 times the acidity of normal rain 
(pR 5.6) (Rubec 1981). In the semi-arctic zone ofnorthern 
Que?ec, the study area lies between 65° and 69° West 
l?niP:tud~ and 55° and 57° North latitude. The precipita­
tion ln thlS area is less acidic (pH about 5 3 t . 'd' . ' , Wice as aCI lC 
as normal ram), b~t the area does contain acidic lakes and 
lakes that are senSItive to acidification in varying degrees 
(Dugas 1970; Potv,in and Grimard 1983). 

~opo~raphicai maps and aerial photographs were 
used to Identlfy lakes meeting the following conditions: 
1) ~o man-made structures, 2) developed riparian 
habitats, and 3) for consistency, aI1 area of approximately 
20 ha. The lak~s were.the~ classified by pH (see DesGranges 
and Houde, thlS pubh~~tl?n, for details of the pH meas­
urement.s) and by sensItIvlty to acidification (the capacity 
of the .s~lls and bedrock in a lake' s watershed to reduce 
the aCldlty caus.ed by rain and snow) (Gilbert et al, 1985). 
The. final select~on oflakes was based on the logistical con­
~~alnt 0: ensurmg that they were within range of helicopter 

lses. Figure 1 shows the study areas that were eventually 
~e ect:d. ~he exact position of the lakes in the se areas is 
escnbed ln the reports of Rodrigue and DesGranges 

((~989) for southern Quebec and Potvin and Grimard 
983) for northern Quebec. 

32 D ,. 3" escnptIOn of environments 
,2,1. Biological zones 

South The stU?y lakes fall into two biological zones. In the 
ized b they are m the temper~te zone, which is character­
sh b y dense forests and a nch vegetation ofherbs and 
cl ru s,.The forests range from deciduous to coniferous 
i;f~~~~n~ ~n l~titude. In t?e ~orth, the study lakes are 
type arml ~rctlc zone, WhlCh IS characterized by taiga-
ex p cels ln sheltered areas and tundra-type parcels in 

posed areas Th ,.. taïga ,.e vegetatIOn IS not lntermediate between 
land) (1arkland wlth sca~tered trees) and tundra (grass-
of th' ut rather a mosalC of the two, with each section 
(Ra e patchwork retaining its distinctive characteristics 

Usseau 1952). 

The southern zone has se ' , 
cal regions each havin a dis( v,en eC?reglons (geographl-
its vegetation) and fiv; ecol l:nc~l~e chmate as expressed in 
a distinctive physiography ~g~ca ~ndscapes (areas having 
1977; Gilbert etai 1985) F n hgeoogy)(Jurdantetal, 

h 
" . . . or t e purposes of the t d 

t ese diVISIOns were reduced to thr f 'al s u y, 
h

' h all ee unctIOn groups 
w lC we c natural districts: 1) the A alach' ' 
yo~ng mo~ntain massif with few lakes~! eatl~~~:' ~ 
mamly declduous forests' 2) the Middl t ' d 
P

art fth C d' S ' e aurentlans a 
o e ana lan hield that is rather hilly with ~ f ' 

number oflakes and peatlands and ml'xed !" d air 3) h U ' lorests; an 
te. pper LaurentIans, which are more rugged than 

the,MIddle.Laurentians and have a harsher climate and 
mamly comferous forests. 

.The northern zone has four ecoregions and four 
ecologlCallandscapes, In view of the patchwork str t 
of the et' h' uc ure cosys ems In t IS study area, the four ecological 
la:ndscapes are used as natural districts. These natural dis­
tncts are not at the same level of ecological clas'fi . h 1 SI lCaHon as 
t ose se ected for southern Quebec, but we believe that in 
each z~ne we have selected the most functional groupings, 
The tal~a, muskeg (peatland), and alpine tundra districts 
appear m a patchwork structure in the area immediatel to 
th,e northeast of Schefferville, while the arctic tundra di~­
tnct appears more to the north, along the George River. 

3.2,2. Climate 
Table 1 gives an overview of the climate in the 

study areas, ,base.d on the climatic normals obtained from 
weather statlons ln each of the natural districts In th 
south, the climate is of the Koeppen wet cool-t~mper:te 
type (Trewartha 1968), The mean annual temperature in 
the Upper Laure,nti~ns is nearly 4°C lower than in the 
~ther southern dIStricts, and there is 40 % more precipita­
tIOn, ~s a result.ofthe temperature difference, there are 
also dlff~rences In the number of growing degree-days and 
the port:o~ o~precip~tation that falls as snow, The pH of 
the p:eClpItatIOn vanes from 4.33 in the Appalachians to 
4.41 m the Upper Laurentians. 

I,n the north, the climate is of the Koeppen tundra 
type, wlth permafrost, The arctic tundra district, which is 
farther north than the others, has slightly lower tempera­
tures, hut far fewer growing degree-days and much less 
tO,tal ann~al precipit~tion, The average pH of precipitation 
was 4.85 m ~982-8~ m the Schefferville area (Table 1), as 
comp~red wlth 5,3 m the la te 1970s (Environment Canada 
1979, m Rubec 1981). 

3,2.3. Physiography 
Th~ lakes s~mpled in southern Quebec belong 

to two major phys10graphical regions separated by the 
~t. Lavv:rence River: the Appalachians and the Lauren­
tI~n~ (Fig. 1 and Table 1). The former are rather hilly 
wlthm the study area and contain few lakes and almost 
n? peatlands, while the latter are primarily undulating 
hlghland plateaus vv:ith more lakes and peatlands than the 
AppalaC?lanS (CoUlllardand Grondin 1986), The Upper 
Laurentlan ecological region differs from the Middle 
Laurentians in having very few wetlands. The whole of 
the southern study area is covered with till carbonated in 
the Appalachians but not in the Laurentia~s, which are 
therefore more sensitive to acidification (Shilts 1981). 

. The,northern Quebec study area belongs to the 
DaVIS physlOgraphical region. In general, the relief is not 
v~ry pro:~lOunced rolling or undulating near Scheffer-
VIlle, whtle farther north there are major rivers that divide 
the land into valleys and highland plateaus (Couillard and 43 



Figure 1 
Areas covered by the study 
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Table 1 
characteristics of natural districts 

Middle L'pper Alpine Arctic 
tundra Variable Appalachians" Laurentians Laurentians Taiga Muskeg tundra 

3,5 0.4 - 4,8 4,8 Mean ann, temp, ("C)b 
Total precipitation (mm)b 

3,8 
916 

25 
4,33 
1579 

Appalachians 

1050 1433 769 
4,8 

769 769 
5.4 
594 

41 Fraction of precipitation falling as snow (% )b 
Mean pH of precipitationC 

Growing degree-days (> 50 C)b 
Physiographic regiond 

Water area (% y 
Relieff 

Soil r 

3 
Mountainous 

Brunisols 
and podzols 

26 
4.40 
1626 

Laurentians 
10 

Undulating 
highlands 
Brunisols 

and podzols 

37 
4,41 
939 

Laurentians 
3 

Undulating 
highlands 

Podzols 

50 
4,85 
614 

Davis 
9 

Rolling 

Cryosols 

50 
4.85 
614 

Davis 
9 

Flat 

Cryosols 

50 
4,85 
614 

Davis 
9 

Highland 
plateaus 
Cryosols 

524 
Davis 

9 
Valleys and 

plateaus 
Cryosols 

.Sec description ofnatural districts in Section 3,2, l. 
bMeteorological stations: St-Théophile (Appalachians); Mont- Laurier 
(Middle Laurentians); Jacques-Cartier Lake (U pper Laurcntians); Scheffer­
ville (taiga, muskeg, and alpine tundra); Indian House Lake (arctie tundra) 
(Environment Canada 1982), 

c:\1eans (1982-83) from Grimard (1984), No data for arctic tundra, 
dAccording to Bostock (1967) in Fremlin (1974), 

Grondin 1986), The western portion of the study area lies 
in the Labrador Trough, with its topography of north­
south folds. 

3.2.4. Soils 
The soils on the fertile and well-drained slopes of 

the Appalachians and Middle Laurentians belong to the 
Dystric Brunisol and Humo-Ferric Podzol great groups, 
while the Upper Laurentian soils are Ferro-Humic and 
Humo-Ferric Podzols. The rocky ridges support Regosols, 
while the low-Iying are as have organic soils (Rowe 1972). 

The northern soils, which are characterized nearly 
eveI)'\vhere by permafrost, belong to the Cryosolic order . 
They are unstable and poorly drained soils because of the 
continuous ice barrier less than 1 m below the surface. 

3.2.5. Vegetation 
The forest vegetation around the southern lakes is 

described by Rowe (1972). The Appalachians district is 
in the Eastern Townships forest region, where the fertile 
slopes are dominated by sugar maple Acer saeeharum and 
yellow birch Betula alleghaniensis. Low-Iying areas and lake 
environs are dominated by eastern white cedar Thuya 
occidentalis and tamarack Larix laricina. The Middle Lauren­
tians, which fall within the Laurentian and Algonquin­
Pontiac forest regions, are also dominated by sugar maple 
and yellow birch, but the low-Iying areas are populated 
primarily by black spruce Picea mariana. The Upper 
Laurentians, located within the Laurentian-Onatchiway 
region, are much more boreal in character: balsam fir 
Abies balsamea and white spruce Pieea glauca dominate the 
hillsides, while black spruce populates the low are as 
(Rowe 1972). 

Peatlands cover less than 1 % of the area of the 
Appalachians district; they take the form of small uniform 
bogs with ericaceae, sphagnums, and black spruce. In 
the Laurentian districts, uniform bogs, or sometimes 
Fens, occupy sorne 5 % of the area (Couillard and Grondin 
1986). There are very few descriptions ofriparian systems, 
which differ from peatlands in that they are periodically 
n?oded when water levcls rise. Their vegetation is often 
dlfferent from peatland vegetation, especially when it is 
growing on Gleysols or Regosols. . ' 

Northern Quebec vegetation is a patchwork of 
~ubarctic taiga and arctic tundra. The taiga areas are open 
orests with stunted black spruce over beds oflichens or 
jhagnums, depending on whether the soil is dry or wet. 

he tundra areas are grasslands with no trees or coniferous 

cAccording to Fremlin (1974). 
fAccording to Rowe (1972). 

shrubs. They are found at dry, elevated sites and consist 
essentially of a lichen carpet combined with a few mosses, 
shrubs, and phanerogams (Rousseau 1952). The peatlands 
in the northern study area fall into two regions, accord-
ing to Couillard and Grondin (1986). The New Quebec 
Plateau and George River region east of the Baleine River 
has few primarily palsa - peatlands, covering less than 
5 % of the area, though there is a concentration of fens 
with pools around Lac aux Goélands. The Labrador Hills 
region west of the Baleine River has 6-10% peatlands, 
primarily fens with various physiognomies (Couillard 
and Grondin 1986). 

3.2.6. Water quality 
The water quality of the southern study lakes has 

been studied by Rodrigue and DesGranges (1989), and 
that of the northern lakes by Potvin and Grimard (1983) 
(see Fig. 2, DesGranges and Houde, this publication). At 
the southern lakes, water acidity and sensitivity to acid 
precipitation increase from east to west. Lakes with a pH 
below 5.5 are found in the Middle Laurentians; in the 
other districts, the pH ranges from 5.6 to 6.5. The oligo­
trophic and oligo-mesotrophic lakes, i.e., the less produc­
tive lakes, are located northwest of Quebec City. The 
meso-eutrophic, or more productive lakes, are found 
in the Appalachians. Most of the lakes are moderately 
dystrophic. 

In northern Quebec, acidic lakes (n = 7, pH 3.2-4.5) 
and alkaline lakes (n = 8, pH 7.8-8.7) are found only in 
the taiga district. Neutrallakes (n 54) are found in all 
four districts. The neutrallakes of the tundra district are 
the least productive, while those in the muskeg and taiga 
districts are the most productive. The acidic lakes and the 
alkaline lakes are very productive. 

4. Methods 

In what follows, the terms aquatie and limnaphytie are 
used indiscriminately to refer to vegetation that is perma­
nently covered with water; "permanently" means covered 
for more than50% of the growing season, a figure pro­
posed by Gauthier (1979, in Couillard and Grondin 1986). 
The terms riparian and helaPhytie refer to vegetation that is 
temporarily covered. The nomenclature used for vascular 
plants is that of Marie-Victorin (1964), while the nomen­
clature ofCrum et al. (1973) is used for bryophytes. 
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4.1. General description of lakes 
Much information was obtained from documents: 

lake elevations were found on 1 :50 000 topographical 
maps; area, shoreline development (in the sense ofJoyner 
1980), and" reticulation" (Table 2) w~re calculated from 
1: 15 000 aerial photographs. The sublIttoral slope, defined 
as the average slope of the zone extending from the low 
water Hne to the Hne where the water is 6 m deep, was 
estimated using the ordinal scale ofJurdant et al. (1977). 
Maximum lake depth was measured by Rodrigue and 
DesGranges (1989) and Potvin and Grimard (1983). 

4.2. Water quality 
Rodrigue and DesGranges (1989) and Potvin and 

Grimard (1983) provide a complete description of the lake 
water quality studies carried out in co-operation with the 
Quebec environment ministry. Their results are used here 
to relate water quality to vegetation. 

4.3. Aquatic vegetation , 
Samples were taken from 26 May to 22June 1980 

and from 26 May to 28June 1982 at the southern lakes, 
andfrom 18Juneto 12 July 1981 atthenorthernlakes. 
This was a little early in the season, considering the phe­
nology of aquatic plants, but logistical constraints forced 
us to carry out the plant inventories concurrently with the 
bird inventories. 

The plant inventories for each lake were carried out 
as follows. Areas of at least 50 m2 covered with plants were 
located by flying over the lake in a he1icopter. A boat was 
then used to take samples by the Braun-Blanquet (1932) 
method, moving along transects perpendicular to the 
shore. Zones where no areas covered with water plants had 
been observed in the first instance were then traversed, 
and the lake bottom was examined with an aquascope. 
A telemeter was used to map the vegetative coyer. Only 
dominant species, accounting for at least 5 % of any given 
area of vegetation , were considered. Most areas were 
found to have only a single species or else two species. In 
aIl, 224 areas were sampled at the southern lakes and 
103 at the northern lakes. 

Also calculated were percent coverage for five func­
tional groups of species, in order to correlate these with the 
birds present. The groupings were helophytes as a whole, 
limnophytes as a whole, emergent limnophytes, submersed 
limnophytes, and floating-leaved limnophytes. 

4.4. Riparian vegetation 
Two sampling methods were used, corresponding to 

two types ofbird survey. In 1980, observers used rowboats 
to move about the lakes and count aIl individu ais on the 
riparian belt. The corresponding vegetation study con­
sisted of an ecological mapping of the belt. First, morpho­
logically defined vegetation units were marked off on a 
large-scale aerial photograph, using a classification based 
on Grondin and Ouzilleau ~1980}. Then physiognomic 
and floral profiles of a 16-m sample area in the centre of 
each unit were prepared in the field. For the physiognomic 
profile, it was simply a matter ofidentifying the morpho­
logical unit and noting the abundance of dead tree stumps, 
which in southern Quebec remain standing in riparian 
areas and are used by birds for perching and nesting. The 
floral profile was developed by listing taxons having at 
least 5 % coverage and assigning to them Braun-Blanquet 
'(1932) abundance-dominance ratings. Floral data were 
assembled on a phytosociological table, which served for 
the identification of associations by the Braun-Blanquet 

Table 2 
Definition of reticulation indexa ___ ~ ____ ~ _____ _ 

Variable State Points 

1, Shoreline configuration 

2, Potential flood areas 

3. Streams 

a, rectilinear 
b,jagged 
c, indented. floating islands 

present 
a, few 
b, many 
a, few, rectilinear, narrow 
b, few, winding, !ittle 

branching 
c, many (2! 3), winding, 

much branching 

aReticulation index (I) sum of points .;- 3, with 1 rounded off ta the nearest 
whole number, Values ofI are described qualitatively as follows: 
1 ; low,2 = average, and 3= high. . 

method. Over 30 associations were obtained in each study 
area. In view ofthis large number, and the r~rity of sorne 
of them, a new set of associations was established on the 
basis ofbird communities, giving a final count of about 
a dozen. 

In 1981 and 1982, the bird survey method was 
modified to increase the number oflakes visited. Three 
circular areas with a 100-m radius were surveyed on the 
riparian belt of each lake. The vegetation study was then 
limited to the morphological units in these areas. Those 
portions of the bird survey areas that extended into the 
forest beyond the riparian belt were not mapped. 

4.5. Riparian soils 

1 
2 
3 

1 
2 
1 
i 

3 

In each plant sampling area, a soil sample was taken 
from the rhizosphere at a depth of20-40 cm. The mini­
mum thickness of organic matter was measUred to a depth 
of 1 m. The soil samples were frozen for shipping to the 
laboratory, where they were dried by exposure to the 
ambient air and th en put through a mixer. 

The pH wàs measured in a mixture of one part 
soil to two parts water. The percentage of organic carbon 
was calculated from the percentage of organic matter, 
measured by controlled combustion. The total nitrogen 
content was measured using the macro-Kjeldahl method. 
Exchangeable cations (Ca2 + , K + , and Mg2 +), extracted 
by elution with ammonium sulphate, were measured with . 
an absorption spectrometer. 

4.6. Data analysis 
Three data matrices were set up for the northern 

lakes and three for the southern lakes, covering lake 
biophysics, aquatic vegetation, and riparian vegetation. 
The biophysical matrices for the 78 southern and 68 north­
ern lakes contain 26 variables, 6 ofwhich are ecological­
geographical, 5 morphométric, 10 physical-chemical, 
4 biological (related to water quality), and 1 pedological 
(Appendices 1 and 2). The aquatic vegetation matrices for 
the southern and northern lakes contain 63 and 43 taxons 
respectively. The matrices for the 1025 riparian vegetation 
sites in the south and the 932 sites in the north coritain 
14 variables, including the trophic type and the morpho­
logical unit (in the sense of Grondin and Ouzilleau 1980), 
the taxonomic association, the area of the site, presence/ 
absence of streams, and nine soil descriptors (Appendices 3 
and 4). 

Because there was such a variety and such a large 
number of descriptors, the data needed to be condensed. 
The first step was to reduce aIl the descriptors to a common 
type. Thus, if an analysis was to simultaneously include 

• 
qualit~ti~e variables (e. g. , presence of a species), semi­
quantltative ordered variables (e.g., Braun-Blanquet 
~bundance classes), and quantitative variables (e.g., eleva­
tIon), classes were set up for the variables of each kind. The 
classification was based on the sam pIe structure the distri­
bution of the variables, and our knowledge of n~tural 
biological thresholds. 

The second step was to correlate the variables 
withineach set, in order to determine how informative 
each was and to identify any redundancies. This was done 
~sing corresI:0??ence analysis (CORANA), an ordina­
tIon m~thod In ItIally. developed to analyze contingency 
tables (Le., class vanables) (Benzécri 1973; Hill 1974). 
CO~A~A makes it possible to simultaneously represent 
pr?XImItles between species and environmental variables. 
It I~ extremely weIl suited to a biological context, in which 
van ables are not always linear (Austin 1976; Fasham 1977; 
Gauch et al. 1977). CORANA led to the elimination of 
po~rly distributed variables, together with a number of 
vanables that were correlated to other mOre informative 
ones. In general, the variables that remained were the 
sam.e r~r the so~th and the north. Appendices 1 to 4 give 
the ImtIal matnces used for the analyses, but it should be 
noted that the ~nalyses were based on the raw data (num­
bers oflakes wlth glVen features), whereas the appendices 
display the d~ta in terms of percentages oflakes. 

Aq~atlc pla~t assoc.iations were analyzed by 
c?~ple.te-IInkag~ hlerarchlcal clustering. The J accard 
simllanty coeffiCIent (1900, in Legendre and Legendre 
1979) was applie? to the logarithms of the coverage per­
cent ages for speCles or taxons present in at least five 
lakes. Species that occurred in less than five lakes were 
eliminated. 

5. Results 

5.1. Generallake characteristics 
The southern lakes vary widely in elevation from 

213 to 91~m (median (Me) = 360 m, see Fig. 3). The 
Appalac~Ian and Ul?per Lauremian lakes generally 
~ave a hlgher e1evatIOn than those in the Middle Lauren­
tIans. The median are a for aIl the lakes is 14 ha but the 
Appalachian and .Upper ~aurentian lakes are g~nerally 
larger than those In the MIddle Laurentians (Me = 23 
~d 17 ha as opposed to 12 ha). The depth and the shore­
hne development index are consistently lower in the 
Appalachians than in the Laurentians. The shorelines at 
the south~rn lakes have "average" reticulation, but in the 
App:uachlans, half of them are highly reticulated. The 
s~bh.ttoral slope values are the same in each of the three 
dlstncts: half the lakes have a gentle slope and the other 
half a moderate slope. The pH in the southern lakes varies 
from 4.4 to 8.5,with a median of6.2. The pH in the 
~ppalachian lakes is generally higher than in the Lauren­
tIan lakes: 75 % of the former have a pH higher th an 6.4, 
but only 25 % of the latter do. 

The elevation of the northern lakes varies from 351 
~~ 580 m (Me. = 480). The arcti~ tu?dra l~kes are lower 

an the lakes In the other three dIstncts with a median ele . , 
T Vatlon of 381 m and a 3 rd quartile e1evation of 464 m. 
be~e lake areas vary from 3 t? 7~ ha; but 5.0% have areas 

ween 15 and 35 ha, the dIstnbutIOn bemg approxi­
~rely the same in aIl four districts. The lakes are gener­
~{ shallo:", with ~ 5 % of t~em no more than 2 m deep; 
Th exCeptI~:ms are In the targa and arctic tundra districts. 
CM:: s~orelIne developmen~ index varies fro~ l ,?5 to 2.94 

- 1.28), and the medlans for the four dlstncts are 

similar(1.27-1 32) Th . 1" . 
hi h fi '. e retiCU atIOn Index IS less constant: 

g or muskeg lakes, moderate for taiga and arc tic tun-
dra lakes, and low for alpine tundra lakes Th bl' al 
1 " h . e su Ittor 

s ope IS elt er gentle (50% of the lakes) 0 d Th 
H . f 3 0 r mo erate. e 

p ~anes rom . to 8,6 (Me = 6.4) in the taigalakes 
but lIes between 6.1 and 7.4 in the other districts. ' 

5.2. Aquatic vegetation 

Because the di~tribution of aquatic vegetation is the 
r~sult of a number of In~errelated factors, it is relative1y 
dlfficult to m~asure the Impact of acidity on the basis of 
fie~d ob~ervatlOns. The p~ocedure in the present study was 
to IdentIfY four se~s of vanables governing the distribution 
of aquatlc ve~etatlOn. associati?ns: ecological-geographical, 
morphometnc,. p~ysical-chemical, and biological (related 
to lake productlVlty) (see Appendices 1 and 2). Four cor­
respondence analyses were then carried out in order to 
find the variables of greatest explanatory value in each set 
foll?wed by a "consolidated" CORANA to relate these ' 
vana?les jointly t~ acidity. The following sections first 
descnbe the aquatlc vegetation associations in the two 
study zones, then present the results of the CORANA 
relating .them to the ecological-geographical variables, and 
finally give the results of the consolidated CORANA. The 
resul~s ~f the c?rrespondence analyses correlating plant 
assocI.atlO~s wah t.he morphometric, physical-chemical, 
and blOlo.gIcal var~ables are not given in this paper because 
the most InformatIve variables in each of these sets are 
included in the consolidated CORANA. 

5.2.1. Composition of associations 
Nine associations were identified for the south and 

five for the north, on the basis of the similarity thresholds 
closest to the visual separation of the associations on den-
drograms (Laven 1982; Darveau and Bellefleur 1984). , 
Two of the southern lakes and 20 of the northern lakes 
appeared to be devoid ofvegetation. 

The most frequently found association in the south 
is dominated by Nuphar variegatum and Sparganium eurycar­
pum. This association was present at 43 of the 78 lakes and 
accounted fo.r 19% of the water-plant coverage; it gener­
ally appears In s~attered form and often includes expanses 
of Nupha~ rU?rOdlscu,,:, Potamogeton sp., and Sparganium sp. 
Typha latifolza sometlmes occurs at the edge of the riparian 
zone. ~he second largest association (36Iakes, 16% cov­
erage) IS a patchwork of Eleocharis smallii and Brasenia 
schre~eri. The main accompanying species are Sparganium 
ame~lc~num) Nu~har microPhyllum, Potamogeton natans, and 
Dulzchzum arundmaceum. The third association (31 lakes, 
14% cove~age) is do~inated by Eriocaulon septangulare, 
accompamed by Utrzcularia vulgaris, lsoetes braunii, and 
~parganium Sp, (which carpets the shallows), and by scatter­
mgs o~large-leafed, floating macrophytes of the genera 
Brasenza, Nuphar, and Nymphaea. The fourth association 
(26 lakes, 12 % coverage) is Dulichium arundinaceum and 
algae, accompanied here and there by Sparganium Sp, and 
Carex Sp, at the edge of the helophytic zone. 

Four other Sparganium associations are less frequent: 
Sparganium eurycarpum and Potamogeton epihydrus (17 lakes, 
8 % coverage), Sparganium fluctuans and Potamogeton oake­
sianus (12 lakes, 5 % coverage), Sparganium angustifolium 
andEleocharisuniglumis(15Iakes, 7% coverage), and 
Sagittaria latifolia occasionally accompanied by Sparganium 
Sp, (7 lakes, 3 % coverage). The ninth and final association 
in the south consists ofpure, very dense populations of 
Utricularia vulgaris (19 lakes, 8% coverage). 
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The five northern associations occur as nearly pure 
populations and are found at only a small number of lakes. 
The first two are associations of mosses: Drepanocladus exan­
nulatus accompanied by Cladopodiellafluitans (4 lakes) , and 
Scorpidium scorpioides (7Iakes). The other three are asso­
ciations of vascular plants: Hippuris vulgaris (3 lakes), 
Menyanthes trifoliata (5 lakes) , and Potamogetonfiliformis Pers. 
(4Iakes). Other species were found only once, each form­
ing a significant population at a particular lake and not 
relatable to the five associations. These were Potamogeton 
alpinus (30% coverage), SPhagnum lindbergii (39% cover­
age), and an alga of the genus Nitella (36 % coverage). 

In addition to the taxonomic associations, func­
tional groupings of aquatic plants were established, based 
on physiognomy and accessibility to waterfowl, and the 
percent coverage with submersed, floating-Ieaved, and 
emergent plants was measured. The typical southern lake 
may be described as follows: lake bottom 20% covered in 
vegetation, 42 % of which is submersed, 27 % tloating­
leaved, and 31 % emergent. The typical northern lake has 
only half as much aquatic vegetation (i.e., 10% coverage). 
The percent ages for the three functional groupings were 
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not determined for the northern lakes. . 

5.2.2. Correlation of associations with regional features 
The nine southern Quebec taxonomic associations 

were correlated via correspond en ce analysis with nine 
variables describing the ecoregion, the elevation, and the 
sensitivity ofbedrock to acidification. The first three axes 
explain 97 % of the variance - a very good fit between the 
variables and the vegetation associations (Appendix 5). 

The first axis (explaining 60 % of the variance) 
represents primarily high elevation and the Upper Lauren

e 

tians and Appalachian ecoregions (positively correlated), 
as weIl as the average elevation of the Outaouais ecoregion 
(negatively correlated). The second axis (31 % of variance) 
separates the Appalachian ecoregion From the Upper 
Laurentians. Sensitivity to acidification explains nothing. 
Associations of Sparganium fluctuans- Potamogeton oakesianus 
and Sparganium angustifolium-Eleocharis uniglumis, correlated 
positively with the first axis, are connected with high 
elevation and the Upper Laurentian and Appalachian 
ecoregions. Associations of Eleocharis smallii-Brasenia 
schreberi, Dulichium arundinaceum-algae , and Eriocaulon 
septangulare, correlated negatively with the first axis, are 
connected with the Outaouais ecoregion. The Sparganium 
eurycarpum-Potamogeton ePihydrus association, correlated 
positively with the second axis, is common in the Appa­
lachian ecoregion and absent in the Upper Laurentian 
ecoregion, while associations of Utrieularia vulgaris and 
Sagittaria latifolia, correlated negatively, are common in 
the Upper Laurentians and absent in the Appalachians. 
The Nuphar variegatum-Sparganium eurycarpum association 
is ubiquist. 

The five northern Quebec associations were cor-
related with regional variables describing the subzone and 
ecoregion, the elevation, and the sensitivity of the bedrock 
to acidification (Appendix 5). The first three axes explain 
97 % of the variance. The first axis (57% ofvariance) dis­
tinguishes the mountainous subzone (positively correlated) 
From the high and low subzones (correlated negatively). 
The George River ecoregion, associated with these two 
subzones, also contributes to the first axis. The second 
axis (29% of variance) represents primarily sensitivity to 
acidification, while the third (11 % of variance) reflects 
elevation. Over 75 % of the variance for three of the associ­
ations is explained by the first axis: Menyanthes trifoliata and 

HiPpuris vulgaris associations, correlated positively, are 
found only in the mountainous subzone, while Scorpidium 
scorp io ides , correlated negatively, is virtually absent. 
Potamogeton filiformis and Drepanocladus exannulatus associa­
tions tend to appear in zones that are highly sensitive to 

acidification. 

5.2.3. Effect of acidity 
The consolidated CORANA for southern Quebec 

compares the nine above-described associations with five 
variables: lake depth, shore1ine reticulation, pH, calcium, 
and chlorophyll "a." The first three axes explain 88 % of 
total variance (Appendix 5). The first axis (52% ofvari-
an ce ) orders the associations along a gradient from very 
shallow, neutrallakes to deep, acidic lakes. The second 
axis (26% of variance) primarily reflects a calcium gra­
dient, and the third axis distinguishes shallow, reticulated 
lakes from deep, unreticulated lakes. Of the nine asso­
ciations, seven react strongly to the shallow/neutral ver-
sus deep/ acidic factor: Sagittaria, Eleocharis-Brasenia, and 
Sparganium-Eleocharis, correlated positive1y, populate the 
least acidic and shallowest lakes, whereas Utrieularia, Spar­
ganium eurycarpum-Potamogeton epihydrus, Dulichium-algae, 
and Eriocaulon are associated with deeper, more acidic lakes 
(Appendix 5). Calcium content affects three of the associa­
tions: Sparganium-Eleocharis populates lakes who se calcium 
content is low, while Sparganiumfluctuans-Potamogeton 
oakesianus and Nuphar-Sparganium react in the opposite 
fashion. The latter t.vo associations are distinguished by 
the third factor (reticulation and depth). '" 

In the CORANA for the aquatic associations of 
northern Quebec, all the variance is explained by the first 
three axes, but none of these reflects a significant contribu­
tion by acidity (Appendix 5). This is because none of the 
five associations selected for analysis (i.e., those present 
at five lakes or more) occurred at acidic lakes, so that the 
attribute state PHI had to be removed from theanalvsis. 
The first two axes of the analysis (explaining 67 % an'd 
29% of variance) reflect calcium content and reticulation, 
while the third reflects chlorophyll "a." Associations of 
Drepanocladus, Hippuris, and Menyanthes are correlated with 
lakes whose calcium content is low and whose shoreline is 
reticulated, while associations of Scorpidium and Potamogeton 
are found on lakes with high calcium content and unreticu-

lated shoreline. 

5.3. Riparian vegetation 
5.3.1. Composition of associations 

Six morphologicaJ(physiognomic) riparian vegeta-
tion units were identified in southern Quebec (see Grondin 
and Ouzilleau 1980). They consist of 11 taxonomic associ­
ations. Table 3 provides a brief description of the associa­
tions and their morphological correlates. The relationship 
between these associations and the ones described in the 
literature is discussed in Section 6. 

For the riparian vegetation in northern Quebec, 
11 morphological units consisting of Il taxonomic asso­
ciations were identified. These are described in Table 4. 

5.3.2. Correlation of associations with regional features 
The 11 taxonomie associations From southern 

Quebec were related to the following variables: ecoregion, 
ecologicallandscape, e1evation, and sensitivity ofbedrock 

to acidification (Appendix 6). The first three axes of the . 
CORANA explain 85% ofthe total variance. The first axIS 

(43 % of variance) reflects, along its positive portion, the 
Baskatong ecoregion and the coniferous forest ecological 

• 
landscape and, along its negative portion, the deciduous 
fore~t.l~ndscap~, ~he ~utaouais ecoregion, and average 
sensltIVIty to aCIdIficatIOn. The second axis (29% ofvari­
ance ~ separates. the Baskatong and the Outaouais from 
the hlg.h-e1evatIOn Appalachian and Upper Laurentian 
ecoregIOns. The third axis (13 % of variance) distinguishes 
the Upper L~urentian ecoregion From the Appalachians. 

. . Cattails are one of the rarest and least well­
dIst.nbuted associations, primarily found in Appalachian 
deCldu0';ls forests and, to a lesser extent, in the Middle 
Lau:entIans and the Outaouais. Sedge, leatherleafwith 
mynca, a~d ~yrica with leatherleaf are the most abundant 
and best dIstnbute.d associations. Leatherleaf with mvrica 
occurs at half ~he SItes in the Appalachians. The first ~is 
reflects a gradIent from leatherleaf to myrica associations. 

TableS 
Taxonomie associations in southern 

Both types of association Occur . f 
are not found in the Appal h' qUIt~ requently, but 
ecoregions, they appear to ~e ~~~:~;: the ~ther four. 
landscapes' leatherl f' ted wuh ecologlcal . ea IS most comm' . f< 
environments, myrica in dec'd Ton m com er;)Us 
1 h 1 f

I uous. amarack WIth 
eat er ea and myrica is not ro d' h . b' 1< un m t e Upper L 
tians, ut IS common in the Appalachians Th' . auren­
m 1 f hl' IS IS a com-
. on. e ement 0 t. e andscapes described as "conifers 

rmgmg lake, declduous forest behind " Ald . h . . . . . er Wlt mynca 
IS a rare aSSOCiatIOn found primarily l'n A 1 h' d'd f ppa ac Ian 

eCI uous orests. AIder with sedge black sp . h 1 h 1 f .. ,ruce Wlt 
~at er ea '. and npanan white birch are found in the 
hIgh-e1e~atIOn areas of the Appalachians and U 
Laurentlans. pper 

Taxonomie Occurrence 
association (%, n 1025) Dominant and 

________________ ~~~~~,~--~M2:0r~p~h~OI~O[gy~an~d~t~ro~p~h~iC~C~O~n~dl~·ti~o~ns~a--~~bd~~·~~~~ __ Cattails 3 su ommant species 

Sedges 

Myrica 

Myrica with leatherleaf 

Leatherleaf with myrica 

Leatherleaf 

Tamarack with leatherleaf and myrica 

Black spruce with leatherleaf 

Riparian white birch 

myriea 

scdge 

-­'1'ro h' p le conditions: M minerotrophic, 0 

25 

6 

13 

15 

10 

9 

2 

3 

4 

Patchy shrubs and cattails (M) Typha latifolia 
Carex sp. 
Myricagale 
Alnus 

Uniform herb meadow (M) 

Medium shrubs (M) 

Medium shrubs (M) 

Medium shrubs (0) 

Medium shrubs (0) 

Patchy shrubs and conifers (M) 

Patchy shrubs and conifers (M) 

High shrubs (M) 

High shrubs (M) 

Carex ros/rata 
Carex strieta 
Carex sp. 

Myricagale 
Spir(1J1a latifolia Borkh. 
Cornus s/olonifera 
Carex sp. 

M)'Ticagale 
Chamaedaphne ealyculata 
Kalmia polifolia 
Carex sp. 

Chamaedaphne calyculata 
Myricagale 
Kalmia Polifolia 
Carex sp. 
Sphagnum sp. 

Chamaedaphne calyculata 
Sphagnum sp. 
Kalmia polifolia 
Andromeda glaucophylla 

Larix laricina 
Chamaedaphnt calyculata 
Myricagale 
Ka/mia polifolia 
Carex sp. 
Sphagnum sp. 

Chamaedaphnt calyculata 
Picea mariana 
Sphagnum sp. 
Kalmia polifolia 
Andromeda glaucophylla . 
Ledum groenlandicum 
Carex sp. 

Betula papyrifera 
Chamaedaphne calyeulala 
Myricagale 
Carex sp. 

10 High shrubs (M) Alnus mgosa 
Carex sp. , 

ombrotrophic. 

Calama.grostÎs canadensis 
Thalietmm pubesell1!s 
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Table 4 
Taxonomie associations 

Taxonomie 
association and conditionsa 

Dominant and 
subdominant 

Lichens 

Sedge 23 

Sedge with scrub bircli 8 

Lichen mcadows (M) 

Herb'meadows with or without 
pools (HO) 

Herb meadows with or wilhout 
pools (HO) 

Lichens 
Belula glandulosa 
Larix laricina 
Salix 

Carexsp. 
Belula pumila 
Salix sp, 

Carex sp, 
Betula glandulosa 
Vaccinium 

Sedge with tamaraek 24 Herb meadows with or without pools, or 
patehy herbs and conifers (HO) 

Carex sp. 
Larix laricina 
Picea mariana 
Belula pumila 

Sedge with black spruce 14 Herb meadows with or without pools, or 
patehy herbs and conifcrs (LO) 

Carex sp, 
Picea mariana 
Larix lar;cina 

Black spruce with sphagnum 7 

Tamarack with black spruce 3 

Tamarack with scrub birch 10 

Scrub birch with spruce 3 

Spruce and tamarack (HO, LO) 

Spruce and tamarack (HO) 

Spruce and tamarack, or patch y 
shrubs (HO) 

Patchy shrubs and spruce (M) 

Picea mariana 
Sphagnum sp. 
Larix larieina 

Larix laricina 
Picea mariana 

Lam laricina 
Belula glandulosa 

Scrub birch 

Willow 

---'---'-'-----------~;-=,:-==-:--
2 Low shrubs 

4 Low or'high shrubs (HO) 

aTrophie conditions: M = mineraI, - Ig organ , HO h' li ic LO low organic. 

Th CORANA reIating taxonomic associations and 
regional v:riables in northern Quebec e.::plains 95 % o~ the 
total variance (Appendix 6). The first axIS (72 % ofv~rr­
ance) essentially reflects the features oft~ndra ecologlcal 
landscapes. The second axis (18% ofvarranc~) reflects 
alpine tundra and muskeg landscape.s, eIeva.tlOn, and sen­
sitivity to acidification. The third aXlS explams ~nly 5 % 
of variance. Thus, the analysis divides the aSS?Cl~tlOns 
into three categories: exclusiveIy tundra aSSocIatIOns, 
exclusively taiga and muskeg associations, and ~ther asso­
ciations found everywhere. Lichens and scr~b blrch are 
typical oftundra, while willow, tamarack wI.th black sp~uc~ 
and sphagnums, and tamarack with s~ru? blrch are typlCa 
ofmuskeg and taiga. Pure sedge is UbIq~lst, but o~the 
three mixed sedge associations, sedge wlth sc:ub blTch k 
shows a preference for tundra, ~hi~e sedge w~th tamarac 
or with black spruce is charactenstlc of the talga and 
muskeg. 

5.3.3. Relationship of vegetation to soils . . 
The general characteristics of ripanan s~)lls are 

given by natural district in Figure 4 of De~G~anges and . 
Houde (this publication). The southern d.lstncts have sOlls 
that are relatively alike in terms of total mtroge?, pH and 
exchangeable cations. The percentage of orgamc ~atter 
appears to be more variable in the Upper Laure~tIans, 
with a quartile deviation of 68 %, ascompared .WIt~ 25 % 

50 and 34% in the other districts. The northern dlstncts also 

Salix sp. 
Belula glandulosa 
Belula pumila 
Carex sp, 

have fairly similar soils, except that nitrogen a?d ~rganic 
matter are variable in the tundra distric~ but hIgh m ~he 

. d uskeg Magnesium and calclUm are relatlvely taiga an m . . 
low in arctic tundra sOlls."~ . 

' Th CORANA correlating southern Quebec aSSOCI-
ations wit~ pedological variables explains 94% of,the total 
variance (Appendix 6). The first.axis (7~Cf<; of,:,an~nce) 
clearly reflects a gradient from hIghly aCldl~ sOlls wtth a. 
high organic content to soils with the OpposIte chara~tens­
tics. The second axis (11 % of variance) s~para:es sOlls by 
calcium and magnesium content. The third aXlS (6% of. 
variance) separates soils by nitrogen c~nte~t. F.our a~so.Cla­
tions populate acidic and organically nch npanan SOl!Sh 
leatherleafwith myrica, pure leatherleaf, t~marack wH f 
leatherleaf and myrica, and black spruce. with leathe:lea . 
Two associations are ubiquist: pure mynca ~nd .my~lca 
with leatherleaf, with the latter preferring ~Olls nch m cal­
cium and magnesium. Sedge, and aider wtth se~ge, are 
associated with neutral soils having l?w~r or~amc conten~. 
Our analysis failed to elucidate the dlstnbut~o? of ~h~i~~ 11 

tails, a rare association which may p~efer aCIdlC sods 
hi h nitrogen, calcium, and magneslUm content.. 

g The CORANA for the associa.tions and ~Olls of al 
northern Quebec (Appendix 6) explams 94% of the.tot 
variance, but the plant-soil relationships ar~ less eVl~e~~s 11 

than l'n the south. The first axis (66% ofvanance) re e. 
. al . d orgamC gradient from soils oflow mtrogen, c cmm, an d 

content to soiIs with a high nitrogen content. The secon 

• 
axis (20% of variance) primarily reflects the organic con­
tent of soils and, to a degree, a very low pH. The third 
axis (8% of variance) reflects a magnesium gradient. Five 
associations are typical of soils with low nitrogen, organic 
matter, and calcium: scrub birch, lichens, scrub birch with 
spruce, tamarack with black spruce and sphagnums, and 
sedge with scrub birch. Three associations are found in 
soils rich in nitrogen and organic matter: willow, pure 
sedge, and sedge with tamarack. The pH at sites with these 
last three associations tends to be low, whereas at sites with 
the first five it is not so low (note that pH does not contrib­
ute much to the principal factors). Tamarack with scrub 
birch appears to be reIatively unrelated to the variables 
that were measured. Soils that support black spruce with 
sphagnum, and sedge with black spruce, are mainly 
characterized by a high organic matter content. 

6. Discussion 

The type oflake considered in this study - remote, 
average area of about 20 ha, with developed riparian vege­
tation - is much sought after by waterfowl during the 
nesting season. Because the study aimed to describe the 
effects of acidification, lakes with differing pH levels had to 
be sampled, and so it was necessary to have study areas in 
regions differing significantly in climate, physiography, 
and geology. This may be considered either an advantage 
or a disadvantage depending on whether the intent is to 
identify the principal factors governing vegetation distri­
bution or to identify the effects of acidification. 

6.1. Aquatic vegetation 
Nine aquatic vegetation associations were identi­

fied at southern Quebec lakes and five at northern lakes. 
Though not based on exhaustive surveys, they may 
nevertheless be compared with or related to other associa­
tions described in the literature. Two in the south cor­
respond reasonably weIl with associations described by 
Vincent and Bergeron (1983) at Lac des Deux-Montagnes. 
These authors describe an association dominated by Sagit­
taria latijolia accompanied primarily by Sparganium eurycar­
pum, which corresponds very clos~ly with one of our own 
associations; they also describe an association of NuPhar 
variegatum accompanied primarily by Elodea canadensis) 
Potamogeton richardsonii, and Vallisneria americana. The 
absence of Elodea and Vallisneria from the corresponding 
association in the present study may be eXplained by the 
fact that these are species more usually associated ..vith 
the St. Lawrence River and its immediate tributaries. 

point worth noting is that the Dulichium arundinaceum and 
algae association is linked more closely to basin mires than 
to lakes, according to Vitt and Bayley (1984). 

The northern associations, Drepanocladus exannu[atus 
and C~adopo~iella jluitans , are found at a lake near Sudbury, 
Ontano (WIle et al. 1985) and on the fringes of peatlands in 
the James Bay ~rea (Grond~n ~nd Ouzilleau 1980). The 
latter also descnbe an aSSOCIatIOn of Menyanthes trijoliata 
accompanied, among other species, by ScorPidium scorpioides 
in the pools of minerotrophic peatlands. Hippuris vulgaris 
and Potamogetonfilijormis, two associations that appear at 
the northern lakes and are found throughout Quebec 
(Marie-Victorin 1964), were not identified in the above­
mentioned studies. 

The work on correlations of vegetation with 
regional characteristics (cf. Sections 5.2.2. and 5.3.2.) is a 
first approximation for temperate and semi-arctic lacus­
trine environments in Quebec. It is noteworthy that none 
of the dominant species was found in both southern and 
northern Quebec, which suggests that there are special 
features in the environments preferred by each species. 
In the present study, the aim was to ide nt if y which of a 
series of regional (climatic, physiographic, and geological), 
morphometric, physical-chemical, and productivity­
related variables provide the best explanation for aquatic 
plant distribution. In analyzing the resuIts, it is important 
to remember that several significant variables could not be 
taken into consideration, notably fluctuations in the water 
leveI, the nature of the substrate, and the site exposure 
(Vincent and Bergeron 1983; Couillard and Grondin 
1986). The resuIts of the analyses identified water pH as 
the variable that was most highly correlated with the distri­
bution of aquatic plant associations in the two study areas, 
followed by calcium content and lake depth. Given that 
in the case at hand pH is the best indicator of the set of 
physical-chemical properties and calcium best reflects the 
set ofbiological productivity features, we may conclude 
that among the variables measured for this study, those 
related to physical-chemical properties and biological 
productivity are the ones that best explain the distribution 
of aquatic vegetation. Lake depth, which reflects the set 
ofmorphometric variables, hasexplanatory force in the 
southern study area. Figure 2, which locates the associa­
tions of aquatic plants along a schematic acidity gradient, 
brings out the effect of calcium content (i.e., oflake biolog­
ical productivity). Clearly this gradient does not explain 
any plant succession, but it do es bring out the fact that ' 
sorne associations are adapted to acidic en~ironments while 
others are adapted to alkaline environments. 

IfIake acidification continues, we may expect plant 
associations that do not tolerate acidity weIl to be replaced 
by others that are more tolerant. This would mean a 
decrease in the species richness and macrophyte biomass 
of the lakes. Wile et al. (1985) measured such decreases in 
Ontario lakes. The acidification of the study lakes could 
also lead to an invasion by sphagnums, as has happened in 
sorne Swedish lakes (Grahn 1977). In either event, there 
would be a major impact on bird life (DesGranges and 
Houde, this publication). 

Three associations display species correspondences 
with the results of H un ter et al. (1985) concerning the 
macrophyte biomass in four Maine lakes: one oftheir 
lakes combined the dominant species of our Sparganium 
angustijolium-Eleocharis uniglumis) Utricularia vulgaris, and 
Eriocaulon septangulare associations. This last species also 
dominated three Ontario lakes studied by Wile et al. 
(1985). The dominant species in two of our associations _ 
Eleocharis smallù: Brasenia schreberi, Sparganium eurycarpum, 
~nd Potamogeton ePilrydrus - were f~und in separate associa­
tlons byVincent and Bergeron (1983), Wile etai. (1985), 
and Crowder et al. (1977). The dominant species in the 
SParganium jluctuans-Potamogeton oakesianus association are 
~ot mentioned in any of the ab ove studies; this is surpris­
rn.g in the case of Sparganium fluctuans, which is widely dis­
trrbuted, according to Marie-Victorin (1964). One last 

6.2. Riparian vegetation . 
Since the associations of riparian vegetatlOn were _ 

like those of the aquatic vegetation - identified from an 
analysis of the common and widely occurring species, we 
may relate them, without providing an exha.ustive descrip­
tion, to associations of peatland plants descnbed elsewhere 
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Figure 2 " , . f t' getation in terms of 
Schematic diagram showmg the dlstnbutlOn 0 aqua IC ve c • • f 

. D' d bdommant specles 0 water acidity and calcIUm content. omma';t an su . . the ercen-
cach association are illustrated. The figures m the margms glve p 
tage of the lakes having a given association. 
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in the literature. In southern Quebec, myrica and myrica 
with leatherleaE are comparable with associations of these 
plants found by Dansereau and Segadas-Vianna (1952) 
and Gaudreau (1979). Leatherleaf with myrica corre­
sponds to the myrica with leatherleaf s-ass. leatherleaf 
found by Millette and Fontaine (1975). Leatherleaf, tama­
rack with leatherleaf and myrica, and black spruce with 
leatherleaf resemble respecti vely the leatherleaf with 
sphagnums identified by Grandtner (1960), the tamarack 
with sphagnums and myrica identified by Millette and 

. Fontaine (1975), and the sphagnum with black spruce 
found by Gauthier (1980). Aider with myrica probably 
corresponds to the similar association found by Gérardin 
et al. (1984, in Couillard and Grondin 1986), whereas aider 
with sedges corresponds to the speckled aIder with sphag­
nums s-ass. sedges identified by Damman (1964). The 
sedge-dominated associations of the present study can-
not be related to associations described in the literature 
because the species of the sedges are not identified. Our 
cattail and white birch associations appear to be new ones, 
not mentioned elsewhere. 

The riparian associations at the northern study 
lakes have certain affinities with those described by 
Zarnovican and Bélair (1979) and Grondin and Ouzilleau 
(1980) at peatlands in the James Bay area, but no corre­
spondence can be identified solely on the basis of domi­
nant and subdominant species. The difference between 
riparian and peatland environments appears to be more 
important in the north than in the south. 

The CORANA correlating the riparian vegetation 
of the south and north to regional variables suggests that 
the distribution of vegetation is better eXplained by naturaI 
district than by elevation or by the sensitivity ofthe bed­
rock to acidification. The southern ecoregions display a 
fairly uniform level of association richness, whereas in the 
north, the arctic tundra is far less rich. 

The southern soils are fairly homogeneous despite 
the large area covered by the study. This is not the case in 
the north, where the arctic tundra soils are less developed. 
Relating the vegetation to the different soUs brings out the 
effect of acidity more in the south than in the north, which 
suggests that the southern vegetation would display a 
greater reaction to acidification. In the north, the most 
active variables are nitrogen and organic matter, which 
has more to do with soil trophic conditions. If we look at 
the aids to interpretation (Appendix 6) in the Iight of the 
trophic conditions of the associations (Table 4), we see that 
the first axis separates the three associations growing on 
mineraI soils (LI, BGEP, and BG) from those growing on 
organic soils. This does not tally with the results of Ducruc 
and Zarnovican (1976), who demonstrated that pH was 
the variable that best eXplained the distribution of tama­
rack and black spruce along the southern edge of Ungava 
Bay. According to Gorham et al. (1984), acidification, 
which fosters the development of certain species of sphag­
num, probably underlies the transformation of (minero­
trophic) fens into (ombrotrophic) bogs. This hypothesis is 
partly based on the fàct that the boglfen ratio is higher in 
Europe, where acidification resulting from human activity 
has been under way longer than in North America. Given 
th~t sphagnums decrease pH and encourage the accumu­
latIon of organic matter, we may assume that northern 
vegetation will react as much to acidification as southern 
Vegetation if acid precipitation continues to increase in the 

±!!!J 

northern part ofQuebec. 'It is interesting that sphagnums 
are among the dominant species in associations found on 
acidic soils in both the southern and northern study areas 
(Fig. 3). 
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Appendices 

Appendix 1 
Percentage of southem Quebec study lakes having a given association of 
aquatic plants 

Eco-geographical variables 

Ecological zonee 
Boreal 
Cool temperate 

Subzone b 

Boreal 
Transitional wet 
Midwet 
Lowmid weI 
Lowwet 

EcoregionC 

Upper Laurentians 
Baskatong 
Middle Laurentians 
Appalachians 
Outaouais 

Ec%gicallandscaP'" 
Coniferous forest 
Ring of coniferous and deciduous 
Mixed forest 
Deciduous forest 

Eleuation (m) 
Average (200-450 m) 
High(45t-900 m) . 

Sensitiuity to acidificationd 

Medium 

Number 
oflakes 

II 
67 

11 
16 
23 

7 
21 

10 
16 
23 
8 

21 

30 
20 
21 

7 

59 
19 

17 

Codea 

ZE2 
ZE3 

SZ4 
SZ5 
SZ6 
SZ7 
SZ8 

ER3 
ER4 
ER5 
ER6 
ER7 

PE5 
PE6 
PE7 
PE8 

AT1 
AT2 

SAI 

9 
36 

9 
31 
39 
29 
38 

10 
31 
39 
25 
38 

30 
35 
29 
43 

36 
21 

29 
33 

ER 

9 
31 

9 
19 
30 
43 
38 

10 
19 
30 
38 
38 

20 
45 
33 
o 

32 
16 

29 
28 

DUAL 

o 
33 

o 
19 
30 
o 

57 

o 
19 
30 
o 

57 

13 
35 
43 
29 

31 
21 

29 
28 

UT 

36 
21 

36 
19 
22 
14 
24 

40 
19 
22 
13 
24 

30 
10 
29 
14 

24 
21 

24 
23 

association 

NUSP 

36 
48 

36 
38 
48 
57 
52 

30 
38 
48 
63 
52 

40 
55 
38 
71 

51 
32 

71 
39 

SAEL 

55 
11 

55 
25 
o 

29 
5 

60 
25 
o 

25 
5 

27 
20 

5 
o 

8 
42 

18 
16 

9 
19 

9 
13 
17 
57 
14 

o 
13 
17 
63 
14 

17 
30 
14 
o 

16 
26 

35 
13 

9 
8 

9 
o 
4 

57 
o 

·10 
o 
4 

. 50 
o 

7 
15 
o 

14 

3 
21 

18 
5 

18 
12 

18 
J3 
13 
o 

14 

20 
13 
13 

0, 
14 

10 
15 
14 
14 

17 
o 

6 
15 

l 
1 

1 

55 
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1 (continued) . '. . 
t1F'pCUU'A of southern Quebec study lakes having a glven aSSOClatlon of 

Variables 

Morphometric variables 

Arca (ha) 
Very small (5-15) 
Small (16-40) 

Maximum depth (m) 
Very shallow (:::; 2) 
Shallow to medium (3-22) 

Sublittoral slopee 
Gentle 
Moderate 

Shore/in, deue/opmenl index f 
Circular (1,0-1.3) 
Semi-circular (1 :4-3:0) 

Shoreline relieu/a/ion index g 

Low 
Medium 

Physical and chemical variables 

C%ur (Haze" units) 
C!ear water (1-20) 
Coloured water (21-40) 
Dark water (41-100) 

Turbidity Uaekson uni/s) 
Low « 1.0) 
Moderate (1.0-1 ,9) 
High (2,0-3.3) 

SummerpH 
Fairly acidic (4,4-5.0) 
Moderately acidic (5, 1-5.5) 
Neutral (5.6-6.9) 
Alkaline (7.0-8,5) 

Alkalinity (mg CaCOy'L) 
Very poorly buffered (0-3) 
Poorly buffered (4-10) 
Weil buffered (11-35) 
Very weil buffered (> 35) 

Conductiuity (pSlcm) 
Low (8-25) 
Moderate to high (25-200) 

Calcium saluration index h 

Very well buffered (0-3) 
Moderately bulfered (3.1-5.1) 
Poorly buffered (5,2-6.6) 

Tannins and /ignins (mgIL) 
Low to moderate (0.1-1.0) 
Moderate to high (1,1-3,6) 

Sulphales (mg SO,lL) 
Low (2.0-3,5) 
High (3.5-8,0) 

Aluminum (mgIL) 
Low (0,02-0.05) 
Moderate (0,06-0, 10) 
High(0.11-0,5) 

Number 
oflakes 

42 
36 

33 
45 

28 
30 

23 
55 

20 
40 
18 

31 
30 
17 

30 
39 

9 

10 
10 
47 
Il 

38 
15 
14 
11 

47 
31 

19 
37 
22 

29 
49 

14 
64 

25 
28 
25 

Codea ELBR b ER 

SUl 
SU2 

PX1 
PX2 

BN1 
BN2 

ID1 
ID2 

COI 
C02 
C03 

TUI 
TU2 
TU3 

PHa(l) 
PHb(l) 
PHc(2) 
PHd(2) 

ACI 
AC2 
AC3 
AC4 

CDl 
CD2 

ISI 
IS2 
IS3 

TLI 
TL2 

SF2 
SF3 

ALI 
AL2 
AL3 

33 
31 

45 
22 

54 
27 

22 
36 

38 
17 

27 
29 

32 
23 

22 
31 

35 50 
23 15 
50 33 

39 33 
33 27 
18 6 

33 43 
26 18 
56 22 

o JO 
JO 40 
40 34 
46 9 

37 29 
47 33 
14 29 
18 18 

26 32 
42 23 

37 21 
32 30 
27 32 

41 45 
27 18 

14 
36 

44 
39 
12 

21 
30 

32 
36 
16 

29 
28 

33 
24 

43 
33 

18 
33 

35 
18 
44 

36 
30 
12 

33 
28 
11 

20 
30 
28 
36 

34 
53 
o 
9 

21 
39 

21 
27 
36 

31 
27 

7 
33 

32 
32 
20 

29 
17 

24 
22 

21 
27 

22 
24 

10 
25 
33 

26 
27 
12 

37 
15 
11 

50 
JO 
23 

9 

26 
20 
36 
o 

26 
19 

5 
27 
32 

28 
20 

43 
19 

24 
18 
28 

48 
44 

49 
44 

46 
43 

61 
40 

35 
45 
61 

58 
43 
29 

37 
54 
44 

20 
30 
47 
82 

42 
27 
50 
82 

40 
55 

68 
38 
36 

62 
37 

43 
47 

72 
39 
28 

SAEL SEPE 

5 
31 

24 
Il 

Il 
13 

22 
15 

15 
23 

6 

13 
20 
18 

17 
15 
22 

o 
10 
23 

9 

8 
13 
43 
18 

21 
JO 

21 
24 
o 

10 
20 

50 
9 

12 
25 
12 

10 
28 

18 
18 

11 
10 

22 
16 

15 
15 
28 

19 
10 
29 

20 
13 
33 

10 
40 
15 
18 

13 
7 

43 
18 

15 
23 

21 
19 
14 

14 
20 

7 
20 

4 
25 
24 

SFPO 

5 
II 

12 
4 

o 
o 

13 
6 

SA 

14 
11 

21 
7 

21 
13 

o 
18 

o 10 
8 13 

17 17 

10 7 
10 20 
o 12 

3 17 
10 5 
11 33 

o 0 
10 0 
9 21 
9 0 

o 18 
7 13 

21 0 
18 9 

9 15 
7 10 

16 5 
8 19 
o 9 

3 7 
10 16 

14 
6 

4 
11 
8 

7 
14 

8 
25 

'" 
CINratio(organic) CN1 36 36 39 21 46 14 18 14 
Very low (8,0-30,0) 28 CN2 38 14 25 25 54 25 13 4 

11 
21 
S Low(30.1-39,9) 24 19 23 39 12 23 4 

~N1~0~d~e~ra~te~t~0~h~ig~h~(~4~0,~0:-~13~5~,0~)~~~~~ __ ~~~~2~6~~~C~N~3~~ __ :2=3~~3~1~~~~ ______ ~ _____ ~~~ __ ~ ________ __ 
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Appendix l (continued) 
Percentage of southern Quebec study lakes having a given association of 
aquatic plants 

Number 
oflakes Aquatic association 

_V_a_ri_ab_l_es~ ____ ~ ______ ~ ____ ~ ____ ~~(n __ =_7_8~) _____ C~od_e_a~E_L_B_R __ b __ E_R __ ~D_U __ A~L ___ U~T __ ~N~U~S~P __ ~SAEL 
Biological variables _______________ _ SEPE SFPO SA 

Total phosphorus (mgIL) 
Oligotrophic (0,005-0, ° 1 ) 
Meso-eutrophie (0.011-0,04) 

Toxicity 
No problem 
Possible problems 

Calcium (mgIL) 
Very low « 1.5) 
Low (1 ,5-2.9) 
Mediumtohigh(> 2,9) 

Chlorophyll "a" (mglm3) 
Extremely low (0.3-1.0) 
Very low (1.1 -2.0) 
Low(2,1-11.5) 

Pedological variable 

Organie sediments 
F ew (:::; 33 % of shore) 
Fairly large amounts (33-100% of shore) 

Overall average 

32 
46 

58 
20 

13 
46 
19 

12 
25 
37 

10 
48 

78 

PT1 
PT2 

TXO 
'l'XI 

CEa(l) 
CEb(l) 
CEc(2) 

YAa(l) 
YAb(l) 
YAc(2) 

SOI 
S02 

aThe formula for the code is: XXz(i), where XX is the variable. z is a state of 
the variable before consolidation of the data matrix, and i is the state after 
consolidation, If z = i, i is omitted, 

bDUAL = Duliehium arundinaceum and algae; ELBR E/eoeharis smallii and 
Brasenia schreberi; ER = Eriocaulon septangulare; NUSP Nuphar uariegatum 
and Sparganium sp,; SA = Sagiltaria latifolia; SA EL = Sparganium angustifolium 
and Eleoeharis unig/umis; SEPE Sparganium euryearpum and Po/amage/on 
epihydrus; SFPO SParganium jlucluans and Po/amoge/on oakesianus; 
UT = Utrieu/an'a vu/garis, 

'According to Gilbert et al. (1985), 
dAccording to Shilts (1981). 
eAccording to Jurdant e/ al, (1977). 
f According to Joyner (1980), 
gSee Table 5, 
"According to Kramer (1981) in Dupont (1984), 

28 
35 

36 
20 

o 
37 
42 

25 
36 
35 

40 
40 

32 

34 
24 

36 
5 

15 
35 
21 

8 
48 
19 

30 
27 

28 

22 
33 

26 
35 

20 
26 
37 

33 
32 
27 

30 
40 

28 

13 
30 

19 
35 

27 
26 
Il 

25 
28 
22 

10 
27 

23 

53 
41 

53 
25 

20 
46 
63 

42 
40 
51 

30 
48 

46 

22 
13 

17 
15 

7 
22 
Il 

33 
4 

22 

40 
6 

17 

31 
9 

19 
15 

7 
17 
26 

25 
8 

19 

20 
8 

18 

16 6 
2 17 

10 12 
o 15 

7. 0 
7 20 

11 5 

8 
4 
8 

o 
o 
8 

o 
12 
19 

20 
17 

13 
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Appendix 2 ., .. f 
Percentage of northern Quebec study lakes havmg a glven aSSOCiatIOn 0 

aquatic plants 

Variables 

Eco-geographical variables 

Eco/agical suhzonec 
High semi-arctic. . 
Mountainous seml-arctlc 
Low semi-arctic 

EcoregionC 

George River area 
de Pas River area 

Ecologicallandscapec 

Arctic tundra 
Alpine tundra 
Muskeg 
Taiga 

Elevalion (m) 
Average (350-450) 
High (451-600) 

Sensitivity 10 acidificationo 
Average 

Morphometric variables 

Area (ha) 
Very small (3-15) 
Small (16-75) 

Maximum deplh (m) 
V crv shallow (:5 2) 
ShaiIow (3-11) 

Suhlilloral slope 
Gentle 
Moderate 

Shoreline developmmt indexe 
Circular (1.0-1.3) 
Semi-circular (1.4-3.0) 

Shoreline reticula/ion index f 
Low 
Medium 

Physical and chemical variables 

Colour(Hazen units) 
Clear water (1-20) 
Coloured water (21-40) 

Turhidity Uackson units) 
Low « 1.0) 
Moderate (1.0-1.9) 
High (2.0-8.0) 

SummerpH 
Very acidic (3.0-4.5) 
Neutral (5.6-6.9) 
Alkaline (7.0-8.6) 

Alkalinity (mg CaCO.jL) 
Very poorly buffered (0-3) 
Poorly buffered (4-10) 
Weil buffered(11-35) 

Conductivity (p.S/cm) 
Low (3-25) 
Moderate to high (26-40) 

Number 
oflakes 

8 
56 

4 

11 
57 

8 
7 

15 
38 

18 
50 

47 
21 

17 
51 

51 
17 

35 
33 

36 
32 

20 
32 
16 

49 
18 

19 
32 
17 

7 
47 
14 

Il 
45 
12 

49 
18 

13 
47 

Codea 

SZI 
SZ2 
SZ3 

ERI 
ER2 

PEI 
PE2 
PE3 
PE4 

ATI 
An 

SAI 
SA2 

SUI 
SU2 

PXI 
PX2 

BNI 
BN2 

IDI 
ID2 

COI 
C02 

TU! 
TU2 
TU3 

PHa(l) 
PHb(2) 
PHc(2) 

ACI 
AC2 
AC3 

CDI 
CD2 

ISI 

Aquatic associations 

HI ME PO sc 

0 0 0 13 38 
7 5 9 5 4 
0 0 0 0 50 

18 0 0 9 27 
4 5 9 5 7 

25 0 0 13 0 
0 0 0 0 43 
0 7 7 0 7 
5 5 11 8 8 

Il 0 II 6 17 
4 6 6 6 8 

4 6 II 2 Il 
10 0 0 14 10· 

0 6 6 6 12 
8 4 8 6 10 

6 4 8 4 6 
6 6 6 12 24 

3 3 6 3' Il 
9 6 9 9 9 

8 0 6 6 6 
3 9 9 6 16 

0 0 0 10 20 
13 6 15 6 9 
0 6 13 0 0 

6 4 4 8 12 
6 6 17 0 6 

0 II 0 16 21 
9 0 13 3 6 
6 6 6 0 6 

0 0 0 0 0 
9 2 II 6 9 
0 14 0 7 21 

18 0 0 9 0 
4 2 Il 4 7 
0 17 0 8 33 

8 2 JO 6 6 
0 Il 0 6 22 

0 15 0 8 31 
9 2 11 6 6 

Appendix 2 (continued) . 

Percentage of northern Quebec study Jakes having a given association of 
aquatic plants 

Number .~.--

oflakes Aquatic associations Variables 
(n = 68) Codea DRb HI ME PO SC Tannins and lignins (mg/L) 

Low to moderate (0.1-1.0) 
54 TL! 4 6 4 7 Il Moderate to high (1.1-1.5) 
13 TL2 15 0 23 0 8 Sulphates (mg SO;lL) 

Very low (0.3-1.5) 
42 SFI 7 5 10 7 10 Lnw (1.6-3.5) 
16 SF2 6 6 6 6 19 High (3.6-83.0) 
9 SF3 0 0 0 0 0 Aluminum (mg/L) 

Low (0.03-0.05) 
38 AL! 5 8 5 5 16 Moderate (0.06-0.10) 
18 AL2 0 0 17 6 6 High (0.11-3.35) 
Il AU 18 0 0 9 0 Biological variables 

Chlorophyll ua" (mg/m3) 

YAa(I) 
Extremcly low(0.1-1.0) 

30 10 7 7 10 20 Very Jow (1.1-2.0) 
19 YAb(2) 0 5 16 5 0 Low (2.1-5.0; 64.0) 
19 YAc(2) 5 0 0 0 5 

Calcium (mg/L) 
Very Jow (0.4-1. 4) 

38 CEa(l) II 0 13 8 8 Low (1.5-2.9) 
18 CEb(2) 0 6 0 0 6 Medium to high (3.0-10.0) 
Il CEc(2) 0 18 0 9 27 

Toxicity 
NoprobJem 

56 TXI 7 5 7 7 13 Possible problems 
6 TX2 0 0 17 0 0 Senous problems 
6 TX3 0 0 0 0 0 PedoIogical variable 

Organ;c sediments 
Few (:5 33 % of shore) 

47 SOI 6 4 9 9 9 Fair amounts (33-80% of shore) 
21 S02 5 5 5 0 14 Overall average 

6 4 6 10 
"The formula for the code is: XXz(i), where XX is the variable, z is a state of 
the variable before consolidation of the data matrix, and i is the state after 
consolidation. If z i, i is omitted. 

bDR = Drepanocladus exannulalus, HI Hippuris vulgaris, ME Menyanlhes 
trifoliata, PO = Potamogetonfîliformis, SC = Scorpidium scorpioides. 

'According to Gilbert et al. (1985). 
dAccording to Shilts (1981). 
cAccording to ] oyner (1980). 
rSec Table 5. 
sAccording to Kramer (1981) in Dupont (1984). 
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Appendix:3 . .. . ( of 
Percent age of southern Quebec sampling sites havmg a glven assocla._lO.=n~ ________________________ --,--, ___ _ 
riparian plants _ 

Variables 

Eco-geographical variables 

Ecologieal zone' 
Boreal 
Cool temperate 

Subzone c 
Boreal 
Transitiona! wet 
Midwet 
Lowmid wet 
Lowwet 

Ecoregion' 
Upper Laurentians 
Baskatong 
Middle Laurentians 
Appalachians 
Outaouais 

Eeologieallandscape' 
Coniferous forest 
Ring of coniferous and deciduous 
Mixed forest 
Dcciduous forest 

Elevation (m) 
Average (213-450) 
High (151-914) 

Sensitivity to acidificationd 
Medium 

Pedological variables 

Lab~;atory pH 
Extremely aeidic (3.5-1.0) 
Highly acidic (4.1-1.5) 
Fairly aeidic (1.6-5.0) 
Average to low acidity (5.1-6.2) 

Total nitrogen (%) 
Low (0.03-1.50) 
Average (1.51-2.40) 
High (2.41-2.95) 

Organie matler (% ) 
Moderate (1-60) 
High (61-88) 
Very high (89~99) 

Calcium (/iEq/lOO g) 
Low (0.2-10.0) 
Average (10.1-25.0) 
High (25.1-99.9) 

Magnesium (/iEq/1 00 g) 
Low (0.3-3.0) 
Average (3.1-6.0) 
High(6.1-50.4) 

Potassium (Wq/l 00 g) 
Low (0.01-0.30) 
High (0.31-2.63) 

Overall a vera ge 

Number 
ofsoil 

Code" Tyb C MY 

25 
267 

25 
89 
97 
14 
75 

24 
89 
97 
14 
75 

ZE2 
ZE3 

SZ4 
SZ5 
SZ6 
SZ7 
SZ8 

ERS 
ER4 
ER5 
ER6 
ER7 

o 44 12 
3 20 5 

o 28 0 
o 21 4 
2 20 4 

14 36 0 
5 19 Il 

o 42 13 
o 17 1 
2 20 1 

11 43 0 
5 19 Il 

116 
68 
87 
21 

PE5 1 22 4 
1 
5 

PE6 1· 25 
PE7 1 21 
PE8 11 19 

212 
50 

ATI 
AT2 

3 19 
2 36 

37 
255 

SAI II 27 
SA2 2 21 

75 PLa(l) 
80 PLb(l) 
77 PLc(2) 
52 PLd(2) 

113 NTa(l) 
141 NTb(2) 
24 NTc(2) 

71 MOI 
70 M02 

137 M03 

125 CAa(l) 
110 CAb(2) 
46 CAc(2) 

150 MGa(l) 
103 MGb(2) 
28 MGc(2) 

146 
135 

292 

KI 
K2 

1 24 
1 33 
3 55 
o 50 

2 1/ 
1 33 
o 16 

1 62 
o 40 
1 23 

o 42 
1 31 
1 33 

1 47 
1 26 
4 29 

45 
30 

22 

19 

6 
2 

14 
1 

15 
6 
3 

10 

4 
1 
8 

7 
9 
1 

3 
4 
9 

5 
1 
o 

5 
1 

5 

aThe formula for the code is: XXz(i), where XX is the variable, z is a s~~te of 
the variable befon: consolidation of the data matnx, and 1 IS the state a er 

consolidation. If z i, i Îs omitted. . MYCH ica with lcather-
bTY = cattails, C = sedges, MY ~yflca, myr MY 
leaf, CHMY = Ieatherleafwith mynca, 9H !eatherleaf, ME~~ h _ 
tamarack with leatherleaf and myrica, PNCH black spruce wll eat er 
leaf, BOB = riparian white birch, ALMY aIder wlth mynca, 
ALC = aIder with sedge. 

c According to Gilbert et al. (1985). 
dAccording to Shiits (1981). 
eMissing value. 

20 
10 

16 
4 
9 

29 
16 

21 
3 
9 

29 
16 

9 
16 
9 

19 

10 
16 

27 
9 

5 
10 
12 
13 

1 
10 
29 

7 
13 
8 

1 
10 
20 

5 
11 
21 

8 
10 

10 

16 
13 

8 
8 

18 
43 
9 

13 
6 

18 
50 
9 

9 
21 
11 
11 

12 
18 

22 
12 

19 
20 
6 
4 

8 
16 
8 

o 
9 

20 

13 
10 
15 

12 
14 
7 

13 
11 

13 

associations 

MECHMY PNCH 

12 4 8 
9 8 1 

12 0 4 
10 6 3 
11 7 1 
o 21 7 
5 9 0 

13 0 4 
12 4 2 
9 7 J 
o 29 14 
5 9 0 

14 8 1 
9 13 0 
5 3 1 
5 5 0 

971 
12 8 8 

3 
10 

37 
11 
5 
o 

13 
18 
o 

1 
10 
24 

19 
15 
2 

14 
17 

7 

8 
22 

9 

22 
5 

19 
10 
o 
o 

7 
8 
o 

o 
3 

12 

2 
13 
4 

2 
10 
21 

8 
5 

8 

5 
2 

4 
3 
o 
o 

2 
1 
o 

o 
o 
3 

2 
2 
o 

o 
3 
1 

1 
2 

BOB ALMY ALC 

12 8 24 
2 2 6 

8 8 20 
1 0 7 
2 1 6 

21 21 21 
o 3 4 

13 8 33 
o 0 3 
216 

21 21 21 
031 

3 3 9 
116 
3 0 7 
o 10 10 

2 2 6 
8 6 18 

8 
2 

3 

11 
2 

2 

11 
7 

1 
3 

10 
15 

9 
5 
1 

18 
6 
1 

6 
6 
9 

7 
8 
o 

8 
4 

8 

• 
Prr'rrrot,r,p of northern Quebec sampling sites having a given association of 

Variable 

Eco-geographic variables 

Ecologieal subzonec 
High semi·arctic 
Mountainous semi-arctic 

. Low.semi-arc!ic 

EcoTegionC 

George River area 
de Pas River area 

Ecologicallandscapec 

Arctic tundra 
Alpine tundra 
Muskeg 
Taïga 

Elevation (m) 
Average (35/-150) 
High (151-580) 

Sensitioity to acidificationd 
Average 
High 

Pedological variables 

Laboratory pH 
Extremely acidic (3.5-1.0) 
Highly acidic (4.1-4.5) 
Fairly acidic (1.6-5.0) 
Average to Iow acîdity (5.1-6,2) 

Total nitragm (%) 
Law (0.01-1.50) 
Average (1.51~2.10) 
High (2.41-3Al) 

Organ ie matter (% ) 
Moderate (1-60) 
High (61-88) 
Very high (89-98) 

Calcium (jieq/l 00 g) 
Low (0.3-10.0) 
Average (10.1-25.0) 
High(25.1-96.1) 

Magnesium (jicq/lOO g) 
Law (0.0-3.0) 
Average (3.1-6.0) 
High (6,1-92.3) 

ofsoil 
sam pIes 

(n 345) 

43 
272 
29 

58 
286 

43 
35 
83 

183 

103 
211 

218 
96 

22 
51 

161 
108 

Code> LIb 

SZI 7 
SZ2 2 
SZ3 0 

ERI 9 
ER2 1 

PEI 7 
PE2 9 
PE3 0 
PE4 1 

ATI 1 
AT2 3 

SAI 2 
SA2 2 

PLa(l) 0 
PLb(l) 7 
PLc(2) 4 
PLd(2) 1 

C 

16 
15 
10 

16 
14 

16 
11 
17 
14 

16 
14 

14 
16 

18 
17 
29 
36 

83 NTa(l) 11 Il 
122 NTb(2} 2 31 
110 NTc(2) 1 36 

22 MOI 55 55 
198 M02 2 25 
125 M03 0 29 

132 CAa(l) 9 16 
157 CAb(2) 1 39 
56 CAc(2) 2 27 

149 MGa(l) 7 22 
92 MGb(2) 4 39 

104 MGc(2) 0 28 

Potassium (jieq/ laD g) 
Low (0.03-0.30) 185 KI 6 21 
Average (0.31-1.17) 160 K2 3 33 

~verall average 354 2 11 

"The formula for the code is: XXz(i), where XX is the variable, z is a state of 
the variable before consolidation of the data matrix, and i is the state after 
consolidation. If z = i, i is omitted 

bLLI lichens, C sedges, CBG = sedges with scrub birch, CME = sedges 
with tamarack, CPN = sedges with black spruce, PNSP black spruce with 
sphagnum, MEPNSP = tamarack with black spruce and sphagnum, MEHG 
~ tamarack with scrub birch, BGEP scrub birch with spruce, HG = scrub 
bireh, SA wilJows. 

cAccording to Gilbert et al. (1985). 
dAccording to Shilts (1981). 

CBG 

14 
6 
7 

14 
6 

14 
11 
2 
7 

7 
7 

6 
10 

5 
Il 
Il 
8 

11 
13 
6 

55 
7 
6 

13 
8 

13 
9 
6 

10 
9 

CME 

2 
13 
7 

2 
13 

o 
9 

13 
13 

10 
11 

10 
Il 

5 
15 
20 
17 

11 
10 
28 

36 
13 
22 

11 
20 
23 

16 
13 
23 

17 
18 

Il 

Riparian associations 

CPN PNSP MEPNSP 

50 0 
94 1 
7 7 0 

30 0 
9 4 3 

50 0 
330 
84 4 

10 1 1 

7 1 1 
9 3 1 

10 1 1 
52 0 

23 11 5 
21 7 6 
11 6 2 
333 

6 
13 
13 

23 
5 

19 

16 
8 
9 

11 
12 
11 

13 
9 

9 

5 
9 
4 

18 
2 

10 

4 
8 
5 

2 
10 
8 

5 
6 

3 

1 
2 
3 

14 
2 
3 

5 
3 
o 

3 
3 
2 

4 
1 

3 

MEBG BGEP BG SA 
--=-..:..=~..:::..::~::.:...: 

o 
6 
3 

o 
6 

o 
o 
7 
6 

3 
6 

5 
1 

5 
o 
1 
6 

5 
1 
1 

23 
3 
3 

5 
3 
7 

3 
1 
6 

3 
6 

5 

o 12 
2 0 
3 0 

o 
3 

10 

o 9 
2 0 

o 9 
3 3 
o 0 
3 0 

o 3 
2 1 

2 1 
o 3 

5 0 
1 6 
1 1 
4 4 

10-
o 
o 

7 
2 
o 

32 
1 
o 

5 
5 
o 

5 
o 
1 

3 
1 

2 

27 
2 
o 

5 
1 
2 

5 
o 
1 

3 
2 

o 
4 

o 
o 
5 
4 

5 
3 

1 
3 

5 
o 
6 
7 

5 
8 
3 

36 
1 
2 

3 
1 

13 

2 
3 

12 

3 
8 

3 

61 
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Appendix5 
Aids to 

Subject of analysis. dimensions of 
matrix. total variance of mull1-
dimensional duster, percent age of 
total variance explained by principal 

Environmental variables contributing most to. the. 
variance of the factors (percent absolute contributIon to 

Eco-geographical variables 

Southern Quebec (3 variables 
Fi rst factor (60 % ) 

9 states and 9 combinations; total variance = 0.192) 
AT2(29 + ), ER6(23 + ), ER3(17 + ); ER7(12 _)e 

Second factor (31 % ) 
Third factor (5%) 

ER6(33 +); ER3(44 ) 
AT2(36 + ), ER7(30 + ); ATl(11 ), ER6(11 

~orthern Q~ebec (4 variables - 9 states sn12~t~:n~i~~t!(~!;~):~~;g~n~), E~}(~3Î _ ) 
Flrst factor (:>7%) SA2(43 + ). S23(21 _), SAI(19 _) . 
Sec.ondfactor(29%) AT2(17+) S21(14+);ATI(33 ),ERI(17 Thlrd factor (11 % ) , 

Effeet of acidity 

S~)U(hern Quebec (5 variables - 10 states;~~rl~o:)bi;~~(~~;:)~~;;f~~~ce)~ p~~m 
Fmt factor (52%) \' 

Second factor (26 % ) 
Third factor (10%) 

Northern Quebec (5 variables 
First factor (67 %) 
Second factor (29 % ) 
Third factor (4 %) 

CE1(l7 + ); CE2(53 ), IR2(20 ) 
IR2(24+), PXl(14 +); PX2(15 ), IRl(ll -), 
CE2(11 - ) 

9 states and 5 com binations; total variance = 0.238) 
CE1(16 + ); CE2(30 - ), IRl(24 - ) 
CE2(34 +), IR2(11 +); IR1(30 ), CE1(18 
y Al(26 + ); y A2(59 ) 

aThis is the percentage of variance of the factor explained by thehvaria?le
j Only those variables are shown that contribu!e more than the.t ~or)etlca 

e ual contribution (e.g., more than 11.11 % l! ther~ ar~ 9 van~b es. . 
bT'Îtis is the percentage of variance in the aSSOCIatIOn S dlstnbU!lon that lS f 

plained by the factor. For each factor, only those aSSOCiatIOns are shown or 
::hich more th an 35 % of variance is attributable to .one factor. . 

<The codes for variables and associations are those glven ln Append~ces 1 .a~d 
2. " + " and" - " indicate whether the correlation with the factor tS poslllve 
or negative. 

1.: 

Aquatic associations whose distri?ution is most by 
the factors relatIve contnbutlon 

SFPO(75 + ), SAEL(67 + ); ELBR(76 - ), DUAL(70 ), 
ER(69 ) 
SEPE(69 + ); UT(85 ), SA(45 ) 

ME(84 + ), HI(n + ); SC(76 - ) 
PO(65 + ), DR(63 + ) 
DR(35 -) 

SA(75 +), ELBR(67 +), SAEL(43 +); UT(59 ), 
SEPE(56 -), DUAL(47 -cl, ER(46 -) 
SAEL(40 + ); SFPO(43 ), NUSP(38 - ) 
SFPO(45 +); NUSP(36 ) 

ME(94 + ), DR(81 + ); SC(93 
Hl(87 + ); P0(79) . 

Appendix 6 

Aids to interpreting correspondence analyses for riparian vegetation 
-----'---=----'-----'----'---""--------- ---,,,,, 
Subject of analysis, dimensions of 
matrix, total variance of multi­
dimensional c1uster, percentage of 
total variance eXplained by principal 
factors 

Eco-geographical variables 

Environmental variables contributing most to the 
variance of the factors (percent absolu te contribution to 
factor)a 

Southern Quebec (4 variables 
. First factor (43%) 12 states and Il combinations; total variance 0.147) 

ER4(19 +), PE5(H +); PE8(19 -), ER7(17 _), 
SA1(15 _ )e 

Second factor (29 % ) 

Third factor (13 %) 

ER4(9 +), ER7(8 + ); ER6(26 - ), AT2(18 _ ), 
ER3(15-) 
ER3(37 +), PEB(13 +); ER6(22 -), PE6(14 

Northern Quebec (3 variables - 8 states and Il combinations; total variance = 0.167) 
First factor (72%) PE1(59 + ), PE2( 12 + ) 

Second factor (18 % ) 
Third factor (5 %) 

Pedological variables 

PE2(23 +); ATl(28 -), PE3(17 -), SA2(15 _) 
PE2(33 + ), SA2(28 + ); PEI (28 - ) 

Southern Quebec (5 variables - Il states and 9 cornbinations; total variance = 0.220) 
First factor (77% ) M01(18 + ), PL2(17 + ); M03(16 ). PLI(11 

Second factor (11 %) 
Third factor (6%) 

Northern Quebec (5 variables 
First factor (66%) 

Second factor (20 %) 
Third factor (8 % ) 

CA1(SI +). MG1(18 +); CA2(20 ), MG2(17 ) 
NT1(27 + ), M01(16 + ); NT2(17 ), M02(15 ) 

Il states and 11 combinations; total variance 0.190) 
NT1(25 + ),MOl(19 +), CAl(lO +); NT2(7 _) 

"M03(26 + ), PLI(21 +); M01(7 ), M02(7 ) 
MGI(24 +), CAl(9 +), PLI(B + ); MG2(17 ) 

aThis is the percentage of variance of the factor eXplained by the variable. 
On Iv those variables are shown that contribute more than the theoretical 
equal contribution (c.g., more than 11.11 % if there are 9 variables). 

"This is the percentage of variance in the association' s distribution that is 
eXplained by the factor. For each factor, only those associations are shown for 
which more than 35% of variance is attributable to one factor. 

eThe codes for variables and associations are those given in Appendices 3 and 
4. " + " and" - " indicate whether the correlation with the factor is positive 
or negative. 

Riparian associations whose distribution is most affected by 
the factors (percent relative contribution of factor)b 

C(68 + ) CH(62 + ); TY(91 ), MYCH(80 _), MY(45 _ ), 
ALMY(35 -) 
BOB(89 -), ALC(48 -). ALMY(44 -), PNCH(H _) 

MY(38 +); MECHMY(48 -), CHMY(41 

BG(94 + ), CBG(89 + ), LI(63 +), C(35 +); MEBG(81 _ ). 
CPN(65 - ), MEPNSP(65 ), PNSP (62 ), CME(60 _ ), 
SA(44 -) 
BGEP(81 + ), Ll(33 + ); C(53 -). SA(46 
CME(33 +) 

C(93 +), ALC(91 + ); CH(88 - ), CHMY(84 ), 
MECHMY(82 - ), PNCH(81 _ ) 
MYCH(71 ) 
TY(35 -) 

LI(95 + ), BGEP(93 + ), BG(B8 + ), MEPNSP(38 + ), 
CBG(35 + ); C(89 ), CME(79 ) 
CPN(82 + ), PNSP(64 + ); SA(54 ) 
CBG(35 + ); MEBG(59 ) 
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List of common and scientific names of 
bird species mentioned in the text 

AIder Flycatcher EmPidonax alnorum Golden-crowned Kinglet 
Arnerican Bittern Botaurus lentiginosus 
Arnerican Tree Sparrow 

Gray Jay . 
Spizella arborea Gray-cheeked Thrush 

Arnerican Robin Turdus,migratorius Great Crested Flycatcher 
Arnerican Redstart SetoPhaga ruticilla 
Arctic Tern 

Greater Scaup 
Sterna paradisaea Green-winged Teal 

Barn Swallow Hirundo rustica Hairy Woodpecker 
Bay-breasted Warbler Dendroica castanea Herrnit Thrush 
Belted Kingfisher Ceryle alcyon Herring Gull 
Black Duck Anas rubripes Hooded Merganser 
Black Scoter Melanitta nigra 
Black-and-white Warbler 

Horned Lark 
Mniotilta varia 

Black-capped Chickadee Parus atricapillus Killdeer 
Black-throated Blue 
Warbler Dendroica caerulescens Lapland Longspur 
Black-throated Green 
Warbler Dendroica virens 

Least Flycatcher 

Blackburnian Warbler Dendroica fusca 
Least Sand piper 
Lincoln's Sparrow 

Blackpoll Warbler Dendroica striata 
BlueJay Cyanocitta cristata Magnolia Warbler 
Boreal Chickadee Parus hudsonicus Mourning Warbler 

Canada Warbler Wilsonia canadensù Nashville Warbler 
Canada Goose Branta canadensis N orthern Flicker 
Cape May Warbler Dendroica tigrina Northern Waterthrush 
Cedar Waxwing Bombycilla cedrorum Northern Parula 
Chesthut-sided Warbler Dendroica pensylvanica 
Chirnney Swift Chaetura pelagica Olive-sided Flycatcher 
Cornrnon Snipe Gallinago gallinago Osprey 
Cornrnon Grackle Quiscalus quùcula Ovenbird 
Cornrnon Merganser l,{ergus merganser 
CornrnonLoon Gavia immer Palrn Warbler 
Cornrnon Yellowthroat 
Cornrnon Redpoll 

Geothlypis trichas Philadelphia Vireo 
Carduelis flammea Pileated W oodpecker 

Cornrnon Goldeneye Bucephala clangula Pine Siskin 

Dark-eyed J unco 
Pine Grosbeak 

Junco hyemalis Purple Finch 

Eastern Kingbird Tyrannus tyrannus Red-breasted Merganser 
Eastern Wood-Pewee Contopus virens Red-breasted Nuthatch 
Evening Grosbeak Coccothraustes vespertinus Red-eyed Vireo 

Fox Sparrow 
Red-necked Phalarope 

Passerella iliaca Red-winged Blackbird 
Ring-necked Duck 
Rose-breasted Grosbeak 
Ruby-crowned Kinglet 

Regulus satrapa 
Perisoreus canadensis 
Catharus fuscescens 
Myiarchus crinitus 
Aythya marila 
Anas crecca 

Pico ides villoms 
Catharus guttatus 
Larus argentatus 
Lophodytes cuculla tus 
Eremophila alpestris 

Charadrius vociferus 

Calcarius lapponicus 
Empidonax minimus 
Calidris minutilla 
Melospiza lincolnii 

Dendroica magnolia 
Oporornis philadelphia 

Vermivora ruficapilla 
Colaptes auratus 
Seiurus noveboracensis 
Parula americana 

Contopus borealis 
Pandion haliaetus 
Seiurus aurocaPilius 

Dendroica palmarum 
Vireo philadelphicus 
Dryocopus pileatus 
Carduelis pin us 
Pinicola enucleator 
Carpodacus purpureus 

Mergus serrator 
Sitta canadensis 
Vireo olivaceus 
Phalaropus lobatus 
Agelm'us Phoeniceus 
Aythya collan's 
Pheucticus ludovicianus 
Regulus calendula 
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Ruby-throated 
Archilochus colubris Hummingbird 

Ruffed Grouse Bonasa umbellus 
Rusty Blackbird Euphagus carolinus 

Savannah Sparrow Passerculus sandwichensis 
Scarlet Tanager Piranga olivacea 

1; Semipalmated Plover Charadrius semipalmatus 
Short-billed Dowitcher Limnodromus griseus 
Solitary Sandpiper Tringa solitaria 
Solitary Vire.o Vireo solitarius 
Song Sparrow Melospiza melodia 
Spotted Sandpiper Actitis macula ria 
Swainson's Thrush Catharus ustulatus 
Swamp Sparrow Melospiza georgiana 

Tennessee Warbler Vermivora peregrina 
Tree Swallow Tachycineta bicolor 

Water Pipit Anthus spinoletta 
White-crowned Sparrow Zonotrichia leucophrys 
White-throated Sparrow Zonotrichia albicollis 
Wilson's Warbler Wilsonia pusilla 
WinterWren Troglodytes troglodytes 
Wood Thrush Hylocichla mustelina 

Yellow Warbler Dendroica petechia 
Yellow-bellied Flycatcher Empidonax flaviventris 
y ellow-bellied Sapsucker Sphyrapicus varius 
Yellow-rumped Warbler Dendroica coronata 
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