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ABSTRACT

Depariment of F‘isher‘les and Oceans. 1987. Effects of acid precipitation on lake and river ecosystems
In Quebec: Revliew of Department of Fisherles and Oceans research activities (1981-1985). Can.
Teche Rep. Fishe Aquats Scie 1554, Ix + 65 p.

This document reviews research activities carried out in Quebec by the Department of Fisheries
and Oceans under I+s acld precipitation study program. Physlicochemical surveys of lakes have made it
possible to identify +he areas In the Precambrian Shleld that are the most sensitive to acidification
and those that are subject to the highest levels of acid deposition. In this report, we briefly review
the results of a study on the response to acid precipfitation of a subwatershed of the Des Escoumins
River. We aiso provide an overview of surveys of Invertebrate and fish communities as well as the
results of experiments conducted In the field (flesh metal concentrations, incubation of salmon eggs
and fry) and the |aboratory (iethal and avoidance dosages of aluminum). Finally, we present an outlock
for the next flve-year research program.

RE SIME

Depariment of Fisheries and Oceans. 1987. Effects of acid precipitation on lake and river ecosystems
in Quebec: Review of Deparfment of Fisheries and Oceans research activities (1981-1985), Can.
Teche. Reps. Fishs Aquat. Scl. 1554: ix + 65 p.

Ce document présente une rétrospective des activités de recherche réalisdes au Québec par ie
ministére des Péches et des Océans dans le cadre de son programme d'étude des préclpitations acides.
Des Inventalres physico-chimiques de lacs ont permis de circonscrire les zones du bouclier précambrien
fes plus sensibies et les plus affect@es par |'acldification. On résume bridvement les rdsultats de
{tétude de la réponse d'un sous-bassin versant de la riviére des Escoumins face aux retombées atmos-
phériques. On synthetise &galement les Inventaires des communautés d'invertébrés et de polssons ains]
que les résultats des expériences menées sur le terrain (teneurs en métaux dans les chalrs; Incubation
d'oeufs et d'alevins de salmonidés) et en laboratoire (dose iétale et d'évitement de |'aluminium). On
présente finalement une prospective du prochain programme qulnquennal de recherche.




PREFACE

Under its research program on the effects of aclid precipitation on aquatic environments, the
Department of Fisheries and Oceans reviewed the research projects conducted in Quebec by the Fish
Habitat Division between 1981 and 1985. This report was prepared by Denls Brouard of Gilles Shooner et
Associés Inc. and Marius Lachance of the Institut National de la Recherche Sclentifique. Yvan
Vigneault served as the scientific authority for the Department of Fisheries and Oceans. Further
contributions to the preparation of this document were made by André Ahern and Ghislain Verreault, aiso
of DFO. Thls document Is a transiation of the following report: Ministére des P&ches et des Ocdans
1987. Effets des précipitations acides sur les &cosystémes lacustres et fluviaux du Québec:
rétrospective des activités de recherche du ministére des P8ches et des Océans (1981-1985). Rapp.
techn. can. sci« halieut. aquat. 1554: x + 68 p.







INTRODUCT {ON

In the context of research Into acid pre~
cipitation I'n Quebec, the Department of Fishe-
ries and Oceans (DFO) has been Involved since
1981 in study of the repercussions of Long-
Range Transportation of Alrborne Pofllutants
(LRTA?) on fish and fish habitat.e Acid pre-
cipltation Is a phenomenon of ftremendous scope
and represents a threat to the sensitive
aquatic enviromments of the Canadian Shleid.
Accordingly, a large number of research
activities have already been carried oute
Efforts have focussed primarily on assessment
of the effects of aclid rain on aquatic
enviroments In Quebec and develcpment of our
understanding of the physical, chemical, and
biologlcal mechanisnms through which acldifica-
tion of aquatic habitats affects biologlcal
communities and fish in particular.

After flve years of research effort, DFO-
Quebec felt the time had come fo prepare a
revied of the research activities 1+ has
carried out to date in Quebec. Such a review
Is an Indispensable step In assessment of the
depariment's research progran and preparation
for possible selection of new goalse.

The research activities covered in the
review will be examined with the folilawing
objectives:

- highlighting of knowledge acquired on bio=-
loglcal and chemical phenomena that are
|ikely to be affected by acidification of
aquatic habitats;

- Integration of the entire body of knowledge
to permit establishment of a diagnosis for
the effect of aclid precipitation on lake and
river ecosystems in Quebec;

- use and integration of knowledge acquired
over the five years of study with a view to

the possible estabiishtment of an ecological
monitoring network.

DFO-QUEBEC MANDATE AND
RESEARCH ACTIVITIES

DFO, under Its enabling legisiation, is
responsibte for the reguiation, protection and
preservation of Canadian fisheries (in both
ocean and Iniand waters). This sectortial
responsibiiity extends not only to aquatic
organisms, but also to the quality of their
habitats.

Research activities carried out In
connection with the acid raln probiem are
essentially intended to permit fulfiliment of
DFO's two priority mandates with regard to the
effects of envirommental acidification on
aquatic wiidiife. The flrst of these mandates
involves protection of freshwater and anadro-
mous fish specles while the second concerns
fong~term maintenance of fish resources of
sport or commercial interest for the benefit
of Canadian society and the country's
economy«

From a generali viewpolint, activities
conducted by DFO in Quebec have falien under
the LRTA® research program. DFO-Quebec's
basic objective 1s thus in keeping with the
national objective: production of the scien-
t1fic data required for assessment of the
effects of acid precipitation in aquatic
enviromments that should heip +o reduce
atmospheric pol lutant emissions at source.

More specifically, the objectives of
DFO-Quebec can be brdken down Into four
components;

~ assessment of the physicochemical quality of
water In Quebec {akes and rivers;




= acquisition of an understanding of the
effects of changes In aquatic habltat quali-
ty on biological communities;

- measurement of the Impact of acidificatlion
on the reproduction and survival of fish
populations of sport or commercial inter=
est;

= assessment of metal toxicity in flsh under
various acid stress conditions.

These objectives are uitimately Intended
to lead to satisfactory scientific answers to
the following questions:

- What Is the specific status of Quebec |ake
environments subjected to acld precipita=
tion?

- What Is the speclific status of Quebec saimon
rivers subjected to acid precipitation?

- What are the specific physical, chemical and
biological mechanisms itnking chemical
deterioration of aquatic hablitats and
changes (structural and functional) 1In the
varicus Indigenaus blologlcal communlties
and fish in particuiar?

The various studles carried out under the
sponsorship of the Depariment of Fisherlies and
Oceans can be classifled In four separate
graups:  blophysical surveys, specific in situ
studies, specific f{aboratory studles, and
ecological monitoring network researche

These studles are listed In Tables 1 and
2, where they are grouped according to whether
they dealt with iake or river ecosystems. The
tables indicate the agencies responsibie for
performing the studies and provide report
references (P for technical reports and R for

Internal reports, see Annex 1). The activi-
ties described in Tables 1 and 2 will be
examined In the foliowing order:

~ physicochemical quality of aquatic systems;

= biologlcal characteristics of aguatic commu-=-
nities;

= ecological monitoring network for salmon
rivers.

PHYS ICOCHEMICAL QUAL ITY OF
AQUATIC SYSTEMS

In 1981-1983, faced with a {ack of Infor-
mation on physicochemical water quallity, DFO
undertodk a vast program to survey the
physicochemical quallty of lakes 1in the
Precambrian Shield and saimon rivers on the
North Shore (Table 1). All these lakes and
rivers (with the exception of three lakes In
the Lower St Lawrence region) are located In
the portion of Quebec that has been identified
as highly sensitive to acldification
(Altshul ter and McBean 1980; Shilts 1981;
Harvey et aie. 1981). The area Is contained
within the Canadlan Shield to the south of the
52nd paraliel and on the north shore of the
St Lawrence River.

STUDIES CONDUCTED IN LAKE AND RIVER
ENVIRONMENTS

At the end of the summer of 1981, OFO
(Langlols et al. 1983) undertock sampiing of
198 headwater lakes distributed over five
hydrographic regions (Outaocuals, Mauricie,
Saguenay-Lac St Jean, North Shors, and
Abltibi-James Bay) and grouped In terms of 17
bases of operations (Table 3).




Table 1. Activity carried cut in Quebec lake environments by the Department of Fisherles and Oceans (1981-1985).

Nature of activities 1981 1982 1983 1984 1985
la) Physicochemical 198 lakes (Sept.~ {251 lakes 50 lakes (summer)}13 lakes (summer)
surveys Oct.) National (August-Sept.) |[Maniwaki: Sept- {Outaocuals:
survey National survey |lles: Gaspesle
p2h) P1oh Schefferville  [North Shore
(R14,R151) )

Ib) Biologlcal surveys

Phxfog lankton

Zoopl ankton 176 1akes (R6, R7l) 54 |akes (RoH) 50 lakes

Fish 37 lakes (R21) 54 {akes (RBI) 50 lakes

Benthos 38 Jakes (P51) 54 |akes (R81) 50 lakes 14 lakes
35 jakes (RS1) 54 )akes (RS 50 ) akes
wr2h (R161) (R14, RI151) o

Ii- Specific "in situ"{Study of brook trout egg and fry
studies mortal ity

Portneuf: 1981-82; Zec des Martres:

1982-83 (°7, r211)

Study of brodk trout poputation (Lake Laflamme) Survival study of brodd frout
(Autumn 1982, Spring 1983, Summer 1983, eggs and fry at Lake Laflanme
Autumn 1983) (pgh) during the melt period
(Autumn 1984, Winter and
Spring 1985)

Comparative biology study (phytoplankton, zooplankton) of two
groups of Lakes in the Outaouals (Summer 1983)

(R4, Ri0b)
ii1- Specific labora- Biochemical dating of dead eggs by
tory studies isoelectric focalization technlque
7, r11h

1 Annex 1




Tabie 2. Actlivity carried out in salmon rivers on the North Shore by the Department of Fisheries and Oceans (1981-1985).

Nature of activities 1981 | 1982 1983 1984 1985
I- Blophysical surveys Monthly sampling of 23 {Perlodical sampling of 21
rivers on the Upper andjrivers on the Upper, Middie
Middle North Shore and Lower North Shore
(June 81 = July 82) (R12, r22h
(R221)
I1- Specific in situ [Physicochemical Spring physicochemical|Studies of experimental site on the Cassette River (Des
studlies sampling of 4 salmonisampling, upstrean Escoumins watershed): model of the cycle chemical, hydro-
river on the Upper [sector of the Des chemical balance and mortality and blo~accumulation of Al
North Shore Escoumins River and Mn on salmon eggs and fry.
(Winter 80, Spring —|{SHOONER INC.) (pal) {(Autumn- WInfer—Sprln? 1983~-84)
Summer 81) ®11h (R17, Ri8, R19D)
(SAGE INC.) (P11
111- Specific labora- Aluminium ecotoxicology for Al an Mn blioacau~ [Speclation of the
tory studies salmon and brook trout mulation on salmon }|afuminum,
(P3%) eggs and fry Cassette River
1, rish (Spring 1984)
wi3h

IV- Monitoring

Periodical sampling of 17 rivers on the
network

Upper, Middle and Lower North Shore
wpo) (R22h)

Biologlcal monitoring:
- resplratory activity of bacteria and
fungt
~ macrobenthic commmnities
- salmon eggs and fry
(P13, P14, R231)

1

Annex 1




A second serles of sampling operations
was conducted over the summer of 1982 +to
canplement and refine the data collected In
1981 (Langlois et al. 1985). Specifically,
the purpose of +the second series was to
Improve the representativeness of the area by
selecting fakes In regions not covered in 1981
(Table 3) and by sampling lakes of different
categorles. Of the 251 itakes sampled in 1982,
38 and 17 were second- and third-order [akes
respectively, while 24 were bog lakes. The
1982 survey also tock in 102 jakes which had
already been sampled in 1981. Thus, a total
of over 350 |akes were samplied over the two=-
year period.

In 1983, two serles of sampling opera-
tions with more specific objectives (Table 1)
were added to the previcus serles. The physi-
cochemical surveys conducted during these two
serles of sampling operations were intended to
complement biological surveyse The first
series of 1983, carried out jointly by DFO and
The Canadian Wildlife Service (CWS), was for
the purpose of studying trophlic relations In
Quebec lakes; this serles tock In 50 [akes
distributed over four different regions
(Table 3) on the basis of level of exposure to
atmospheric acid deposition and level of
sensitivity to acldification (Pope et al.
1985).

The second serles of 1983 was for the
purpose of Identifying the characteristics of
arctic char habitats 1In Quebec (Le Jeune
et al. 1984). The survey covered 13 lakes
distributed over several Quebec reglions
(Table 3).

Between 1981 and 1985, 33 saimon rivers
on the Upper, Middle, and Lower North Shore
were sampled on a regular basis, elther
monthly or seasonally (Table 4 and Fig. 1),
Sampling operations todk in 23 rivers In 1981~
1982 and were modifled over the next +two
years:

- in 1982-1983 to Inciude rivers on the Lower
Nor+h Shore (Brouard 1984);

- in 1984-1985 +to complement the spatial
survey and increase station density on
several rivers that were representative in
terms of acldlty gradient and sensitivity
(Walsh and Vigneault 1986). These sampiing
operations were subsequently Integrated with
activities for +the ecological monitoring
network .

While the sampling operations were In
progress, specific river studies were belng
conducted (Table 2):

- over the course of 1981, monthiy sampiing of
four salmon rivers on the North Shore per-
mitting assessment of thelr high sensitivity
to acidiflication (Brouard _a_ai_a__{_. 1982);

~ in the spring of 1982, daily sampiing of
water quality In the upstream sector of the
Des Escoumins River watershed permlt+ting
assessment of the Influence of hydrometeo—
rofogfcatl conditions (Brouard et al. 1983);

- from November 1983 +o October 1984, an
Integrated study of biotic and ablotlic
components in a subwatershed of +he Des
Escoumins River (Cassette River) (Brouard
and Lachance 1986).

Lake enviromments

Results obtained through the surveys of
takes in the shield make It possibie to
describe the spatial variation in physicochem—
Ical quallity of lake waters in this portion of
Quebec below the 52nd parallel. More specifi=-
cally, these resuits allow Iidentification of
zones of greater or lesser sensitivity +to
acldiflication and detection within these zones
of a significant Influence of atmospheric




Tabie 3. Number of lakes sampled for physicochemicai quaiity (1981=1983 surveys).

Quebec regions 1981 1982 1983
{bases of operations) a b
Schefferville 13
Bianc=Sabion . 7 12
Natashquan 10
Havre Saint-Plerre 10 17 2
Sept-lles 12 12 6 2
Bale~Comeau 10 2
Manicouagan 10 18
Gagnon i1 9 5
Chute-des-Passes 13 20
Alma 12 10
Roberval 12 10
La Tuque 15 19
Québec 8 1
Man Twak | 19 37 26 3
Clova 12 10
Senneterre 9 10
Chapais 16 30
Némi scau 12 17
Saint-Michel~des=Saints 10
Lac Albanel 10
Rimauski 3

TOTAL 198 251 50 13




Table 4. Salmon rivers sampied under the Fisherles and Oceans program, 1981-1985
(from Walish and Vigneault 1986).

Rivers Wathershed Number of statlions
drainage
(kmz) . 81 82 81-82 82-83 84-85

Charlevoix
Petit Saguenay 817 1
Saguenay Lac St-Jean
Sainte-Marguerlte 2132 1 1
Upper Nort+h Shore
Des Escoumins 798 1 6 1 i 1
Des Petits Escoumins 139 i
Laval 648 1 6
Bersimis 18 700 1 1
Aux Outardes 19 062 1 1
Manicouagan . 45 843 1 1
Mistassini 165 1 1
Godbout 1 575 1 1
De La Trinite 562 1 1 6
Petite Trinite 198 1
Au Calumet 103 1
Aux Rochers 4 170 1 1
Middle North Shore
Moisle 19 192 1 1
Matamec 684 1 1 6
Pigou 172 1 1
Tortue 793 1
Aux Gralnes 40 1
A la Chaloupe 205 1
Au Tonnerre 694 1 1 1
Jup itagon 218 1 1
Magpie 7 641 1 1
St-Jean 5 594 1
Mingan 2 344 1
Romaine 14 349 1 1
De la Corneilie 559 1 1
Watshishou 1 065 1 i
l_ower North Shore
Natashquan 16 110 i
Musquaro 3 626 1 1
Olomane 5 439 1
E+amami ou 3 030 1 1
Du Petit Mécatina 19 580 1 1
Du Gros Mécatina 992 1
St-Augustin 9 894 1
Frequency of month day month quarter
samples meit:

week

Number of rivers 4 1 23 21 15
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deposition on the physicochemical quality of
{ake environments.

Because of the improved representative-
ness of +the study area (251 lakes in 1982) and
greater preclision In chemical assays, only the
results of the 1982 survey have been retalined
for interpretation purposes. However, the
data from +the 1981 and 1983 surveys are
consistent with those from the 1982 survey.

The level of lake mineralization, which
Is used as an indicator of sensitivity to the
effects of acidification, varies fairly
substantially In some parts of Quebec. Par-
ticularty high values are noted for calcium,
magneslium, and alkalinity in the lakes of the
Chapais and Atbanel bases and some of the
akes In the vicinity of Maniwaki (Table 5),
indicating the local presence of calicareous
deposits and carbonate rock. However, lodcking
at Quebec as a whole, we see that most of the
study area, which rests on granite or granite
gneliss, has low resistance to acldification.
More than 72% of the lakes sampied in 1983
exhibited alkallinity of less than 100 uEq/L,
the threshold considered by many authors to be
an indicator of extreme sensitivity to acid-
i fication (Bobée et al. 1982; OME 1979).

| we give particular attention to ltakes
within a strip of {and approximately 300 km
wide extending from the Outacuals region to
Labrador atong an axis paraliel to the north
shore of the St Lawrence River (upper portion
of Table 5), we note that sensitivity to acld-
i fication, estimated from lake mineralization
levels, gradually Increases from the southwest
to the northeast, reaching a maximum in the
area of Sept !les. Calclun and magnesium
levels graduaily drop from 347 and 98 uEq/L
respectively in the Maniwaki area to 34 and 13
uEq/L. In the Sept lies area. These levels
then rise siightly in the Havre Saint Plerre
and Blanc Sablon areas.e This mineralization
gradient indicates that climatic, solff, and
physiographical factors combine with the
geological features of the rokky substrate to

explain the degree of resistance to acidifica-
tion.

Sulfate concentrations aiso drop markedly
going from the southwest to the northeast
{Fig. 2 and Table 5). In the Outacuais region
(bases at Manlwaki and Saint Miche! des
Saints), average suifate concentrations are
twice as high as in the lakes of the Saguenay-
Lac St Jean reglion (Roberval, Alma, Chute des
Passes) and the Ablitibl-James Bay region
(Nemiscau, Chapals, Lac Albanel), and four
times as high as in the lakes of the North
Shore (Gagnon, Sept llies, Havre Salint Plerre,
Blanc Sablon). According to Harvey et al.
(19811, the naturai sulfate concentration In
jakes of the Canadian Shield shou!d not exceed
60 uEq/L and should probably be in the nelgh-~
borhood of 30 uEq/L. On the North Shore,
observed concentrations (36 to 45 uEq/L) were
fairly close to the estimated natural concen-
tration.

In the takes of the shield, sulfate con-
centrations are considered to be the best
indicator of +t+he Influence of atmospheric
deposition on the physical chemistry of the
water. Because of the chemical composition of
the rocky substrate of the shield (granite,
granite gneliss), geologlical sulfate Input Is
generally low; we do not have any Indications
that would explain the observed sulfate
gradient for Quebec lakes on the basis of
bedrock geology and surface deposits.
Moreover, the highly significant correlation
observed by Dupont and Grimard (1985) between
sulfates In Quebec lakes and sulfates in
precipitation clearly shows the determinant
Influence of thlis atmospheric Invader. The
highest concenfrations of $0,"% 1in both
precipitation and fakes are found in the
southwestern and western portions of the study
area, near the main sources of sulfur dioxide
(809 emissions responsible for the transforma-
tlon of HZSOL+ in raine These sources are
primarily located at Rouyn-Noranda, Quebec,
and Sudbury, Ontario, and in the midwestern
United Statese The presence of this sulfate
gradient In Quebec lakes thus allows us to




Table 5. Physicochemical composition of lakes in the Canadian shield (Quebec) sampled during the summer of 1982: reglonal
averages (adapted from Langlols et al. 1985).
Bases Number  Cond. cat? Mg*2  Alkalin- 50,72 pH Al Mn Colour Dissolved
of operations of takes (uS/cm) (BEq/L) (UEQ/L) ity (UEq/L) (ug/L) (ug/L) (Heu) org. care
(MEQ/L) * * (mg/L)
Maniwaki 37 58.3 347.0 98.3 370,0 149.0 7.2 40.0 12,7 25.7 5.1
Saint-Michel- 10 32.2 119.0 48.5 62.9 131.0 6.5 29.3 8.7 12.4 3.8
des-Saints
Clova 10 29.5 90.5 41.4 47.7 100.0 6.6 47.0 14,0 21.0 3.7
La~Tuque 19 28.9 93.4 34.3 50,9 103,1 6.3 81.2 13.8 39.8 7.4
Roberval 10 19.5 50.5 27.9 31.8 64.6 6.1 59.0 16.0 20.5 5.1
Alma 10 18,1 71.1 26.3 5642 68.7 6.8 86.4 7.8 28.8 5.6
Chute~des-Passes 20 1401 69.7 23.2 32.7 65.6 6.4 161.0 18.6 52.0 6.1
Manlcouagan 18 12.7 55.7 22.9 31,9 59.0 5.9 157.0 1.4 53.8 6.9
Gagnon 8 12.9 60.7 24.9 56.9 37.0 6.7 85.8 3.3 12.2 - 3.4
Sept-iles 12 13.3 34.4 13.5 1.7 45.1 5.5 170.5 13.2 42.9 6.9
Havre-Saint-Pierre 17 8.6 44.0 14.7 32.4 40.4 6.1 117.0 4.5 23.2 4.8
Bianc—~Sabion 12 14.6 52.4 24.5 531 36.5 6.3 97.8 602 33.3 7.2
Senneterre 10 15.9 62.6 24.3 18.9 83.3 5.9 108.0 16.3 31,0 562
Némi scau 17 12.4 41.9 15.8 21.8 52.7 6.0 106.0 12.1 40,9 6.2
Chapals 30 34.8 235.0 141.0 329.0 60.4 7.1 5246 13.6 41.8 6.3
Lac Albanel 10 20,0 119.1 48.5 113.0 56.2 7.1 105,.0 14.4 28.5 5.6

* Total forms measured from unfiitered samples.
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deduce fairly clearly that sulfate concentra—
tions In lakes have Increased over recent
decades follawing the rise in S0, emissions.

In a natural enviromment not affected by
acld precipitation, chemical weathering of
soil and rok Is due to the actlion of carbonic
acid on minerais In the basin. Under such
ciraumstances, the major ions released are the
cations Ca+2, Mg+2, Na+, and K* and +he anlon
HCO3™: The Increase in rain acldity caused by
the presence of strong acids such. as HySO,
apparently produces accelerated weathering of
minerals and a higher Incidence of the SOL:Z
anlon In surface waters.

In the absence of reilable historical
data, I+ has been difflacult +o date +to
determine whether a substantial Increase in
cation levels has ocarred in the surface
waters of areas exposed to acld precipitation.
The presence of & calclun and magnesium
concentration gradient along a NE=-SW axis
(Table 5) suggests that such an increase may
have taken place. I+ shoutd be mentioned,
however, that other factors such as climate,
soll texture and thickness, physiography, and
presence of vegetation also play an explana
tory rote. For example, the fairily low aver-
age altitude of lakes in the Maniwak! area
(242 m) may partlally explain the high calcium
and magnesium levels found locaily (Tabie 5).
1f we exclude bog lakes and lakes at altitudes
beiow 240 m, the average calciun concentration
for the 13 higher altitude lakes Is 182 uEq/L
rather than the figure of 347 uEq/L recorded
for the 37 lakes 1In +the Maniwak! area
(Table 5). Note that the altitude of 240 m
reportedly corresponds with the original level
of the prehistoric Gatineau glacial lake at
the time of I+s separation from the Champlaln
Sea (Pope et al. 1985).

The second effect of atmospheric trans-
portation of sulfur compounds Is gradual
displacement of natural bicarbonate fons in
surface waters by sulfate lons from precipita
tion. This effect can be assessed by
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examining the alkalinity/sulfate ratios
presented in Fige 3. For the study lakes as a
whole, alkatinity 1Is considered a good
approximation of bicarbonate ion concentra-
tione The majority of the lakes sampled In
1982 had alkalinity/sulfate ratios below 1.0.
Only +the lakes in the Chapals, Albanel, and
Blanc Sablon areas and a number of the lakes
near Maniwaki and Gagnon don't appear to be
affected by an excess of sulfates In relation
+o blcarbonate ions.

}f we group the lakes Into three sulfate
classes f{(over 100, between 50 and 100, and
under 50 uEq/L) and examine the distribution
of alkalinity/sulfate ratios (Table 6), we
obtain an findication of the extent to which
Quebec lakes are affected in terms of varying
levels of exposure Yo atmospheric sulfates.
These three zones can also be classified on
the basis of mediun (zone 1), high (zone |1},
or very high (zone Il!) sensitivity. Table 6
shows that the effect of acid rain is being
feit In +he three zones, but +o different
degrees. In zone |, where lake sensitivity is
iowest, heavy exposure to atmospheric sul fates
results In a very high proportion of lakes
with alkailinity/sulifate ratios between 0.25
and 1.0. |f we excliude low altitude lakes in
+he Maniwaki area, 80% of the remaining !akes
faii into this range. Zone 1!, with higher
sensitivity, also has a large proportion of
lakes with atkalinity/sulfate ratios between
0.25 and 1.0, but these ratios are more widely
dispersed than in zone . In zone |!l, where
sensitivity Is very high, we find equal pro=
portions of ratios above and below unity. in
sum, we see that over the whole of the prov-
Ince lakes are affected by sulfates of
gtmospheric origine

When atmospheric acid loading exceeds the
capability of a drainage basin to neutralize
acld Tnputs, the surplus H" ifons are dumped
directly into the water caurse. Alkalinity Is
then lost and pH dropse This phenomenon s
fikely +o be found in drainage basins where
the bedrok is difffacwlt to weather and




surface deposlts are practicalily Inexlstent

(frequent rodk outcrops).

Lakes In which pH values below 5.5 were
observed are Infrequent (15) and |ocated
almost entirely In the Manicouagan and
Sept lles areas, where high organic metter
content (average colaur = 54 and 43 H.ue for
Manicauagan and Sept lles respectively) can
exptaln these low pH values. In general, the
pHs observed during this survey were higher
than those recorded during +wo previous
surveys (Langiols et al. 1983; Bobée et al.
1982); +the difference 1s difficult +to
explalne

Atmospheric acld Inputs are likely to
encourage dissolution of oxides and hydroxides
of metals such as Al and Fe present in the
soll and ro« of the dralnage basin (with
accampanying release of the trace metals asso=-
ciated with these phases). There Is therefore
Increased mobiiity of metal lons, some of
which, such as Al+3, are particularly toxic
for aquatlic organisms.

Solubiliity of aluminum In water depends
very heavily on pH. I+ Is negilgible at pHs
between 5.5 and 6.5, depending on concentra-
tions of organic matter, and Iincreases at
values above or below thls range (Driscoll
ot al. 1980)s At pH 5.0-5.2, the forms AI*3,
ALLOHY*2, and AI(OH),* are predaminant, while
at pH over 6.5, the foliowing forms are found
(in order of decreasling Incidence): AI(OH)L;",
A1(OH)3, AL(OH),*, and AT(OHY*2,  Note that
afluminum Is also found adsorbed on particles
In suspension and In complexes with organic
matter in natural waters at variocus pHs. The
toxiclty of aluminum is related to the Inor-
ganic labiie forme At pH > 5.5, the fraction
of Inorganic aluminum Is highly insoluble and,
therefore, not avallable. Below thls thresh-
old, however, foxlicity increases rapidly.

During the 1982 survey (Langlois et al.
1985), it was observed that the lakes with the

highest +total aluminum levels were Ilocated
primarily on the North Shore, in the vicinity
of Sept lles, Manicouagan, Chute des Passes,
and, to a lesser extent, Havre Saint Pierre
(Table 5); concentrations commonly exceed 100
ug/L. Among the lakes In southwestern Quebec,
which are exposed to the greatest leveis of
acld faliout, few exhiblt high concentrations.
These results suggest that the high aluminum
concentrations encountered in the lakes of the
North Shore are associated with some phenome-
non other than mobilization of aluminum by
acld precipitation. The occurrence in these
waters of pronounced colour (average colour =
43, 54, and 52 H.u. for the Sept |les,
Manicouagan, and Chute des Passes bases
raespectlively) and rather high concentrations
of organic carbon (respective averages of 6.9,
6.9, and 6.1 mg/L) Iis Indicative of the
presence of high organic matter concentra—
tions. In these lakes, aluminum would thus
appear to be primarily assoclated with organic
mattere I+ should be noted that the lethal
toxlcity of aluminum In +the presence of
organic matter is considerably attenuated (Van
Colilie et ale. 1983).

In sum, the lake surveys show that the
physicochemical quallty of lakes in the Cana-
dian Shield Is significantiy infiluenced by
acld precipitation and that this influence Is
particularly strong in western Quebec
(Outacuals, Mauricle, and Abitibi-James Bay).
The Infiuence primarily manifests itseif via
the displacement of natural bicarbonates In
the lakes by atmospheric sulfates. Examina-
tion of alkatinity/suifate ratios in the iakes
Indicates that, despite an acidification
gradient In a direction opposite to that of
tThe atmospheric deposition gradient, the
effect is felt to varying degrees throughout
Qusbec. The area taking In the bases at
Roberval, Ailma, Chute des Passes, and
Manicouagan, In splite of its lighter exposure
to atmospheric fallout, Is affected at least
as much as the area to the south because of
greater sensitivitye More than 80% of +the
lakes studied In this area have alkalinity/
suifate ratlios of less +han one. Even the
North Shore area, which s exposed to only
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Table 6. Classification of lakes by means of the alkalinity/suifate ratio
within three zones of exposure to atmospheric sutfates.

Zone? Number Atkalinity/sul fate ratio
of |akes
< 0425 0.25 a 1 122 - >2
! 64 8 44 2 1ob
(12.5)¢ (68.8) (3.1) (15.6)
I 58 15 34 8 1
(25.9) (58.6) (13.8) (1.7
(AR 50 10 15 21 4
(20.0) (30.0) (42.0) (8.,0)
Total 172 33 93 31 15
(19,2) (54,1) (18,0 8,7

- zone 1 ([50,] > 100 pEq/L)
bases at Maniwaki, Saint-Michel-des-Saints, Ciova and la Tuque
(with the exception of peat bog at Maniwaki).

- zone 11 ([$0,] Tncluded between 50 and 100 WEQ/L)
bases at Roberval, Aima, Chute~des-Passes and Manlcouagane

- zone 111 ([50,] <50 uEg/L)
bases at Gagnon, Sept-!les, Havre Saint-Pierre and Blanc-Sablon.

b 0f the 10 iakes with HCO:),/SOL;'2 > 2, nine were at altitudes less +han 240 m.

€ The numbers in parentheses indicate +he percentage of lakes within each class
of alkalinity/sulfate ratios.




timited acid deposition, is influenced to a
certain extent, 50% of +the lakes studied
exhibiting ratios below unity.

Current data obtalned +through +the 1982
survey do not permit clear linking of lake
acidity with atmospheric deposition. The
number of acid lakes (pH < 5.5) is low and
these lakes are primarlily located In areas
that are exposed to only |imited atmospheric
falloute It Is difficult at this polint to
distinguish the respective contributions of
natural sources of acidity (organic acids) and
atmospheric fnputs.

River enviromments: surveys

The physicochémicat survey of 33 saimon
rivers on the North Shore showed the high
sensitivity Yo acidification of the rivers
draining this poertion of Quebec (Fige 1). The
ievel of mineralization in the rivers is as
low as it Is in the lakes of the area.
Conductivity 1is between 13 and 29 uS/cm on
average (Waish and Vigneauit 1986), and more
than 50% of the rivers exhibi+ mean conductiv-
ity under 20 uS/cm (Tabie 7). Alkalinity,
which permits assessment of the capabiiity of
the drainage basin to neutralize atmospheric
Inputs by means of the carbonate system, Is
also very ilow. Except for five rivers located
in the southern portion of the Upper North
Shore and the Moisie River on the Middle North
Shore, mean alkalinity was under 100 uEq/L in
all rivers sampled. This threshoid is gener-
ally considered to be an indicator of acidifi-
cation. Eleven of these rivers exhibited
average alkalinity approaching zero
(S 40 uEg/L). Most are located on the Lower
North Shore and in the eastern portion of the
Middle North Shore.

Annual mean figures for alkalinity do not
permit full assessment of river sensitivity,
sfnce they do not show the magnitude of
seasonal varlations. In the spring, after
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massive inputs of Ht tons are received from
me|twater and the abundant rains t+hat fail at
this time of year, alkalinity drops substan-
tially 1o nearly zero in most of the rivers
under study. I+ was found that 30 rivers out
of 33 exhibited minimum alkalinity values
under 40 uEq/L (Waish and Vigneauit 1986).
These alkalinity values show that the neutral-
{zation «capabiiity of +the river drainage
basins Is only just sufficient to counter acid
Inputs from melitwater and spring rain.

The Importance of suifates as an indlica—
tor of airborne atmospheric inputs was shown
during the analysis of Quebec lake survey
results. in the rivers of the North Shore,
mean suifate content ranged from 23 to 73
UEq/L along a west to east gradient. Waish
and Vigneault (1986) obtained a highly
significant correlation between mean sulfate
content and longitudes This sulfate concen-
tration gradient, which 1is consistent with
that previousiy noted for lakes across Quebec,
confirms the predominant influence of distant
pollution sources jocated primarily in Ontario
(Sudbury), southwestern Quebec (Noranda), and
the states of the American Midwest,

The lowest mean values observed on the
iower North Shore (20 to 30 uEq/L) are likely
fairly close to natural background levels.
Harvey et ai. (1981) estimated natural suifate
concentrations in the rivers at approximately
30 uEgq/te In northern Quebec, far from the
major sulfur emissfon sources, Bobée et ai.
(1982) obtained a mean value of 33uEq/L for 22
lakes. Similar levels (36.5 uEq/L mean) were
found by Langiois et al. (1985) for lakes In
the viclinity of Bianc Sablion.

The geology of the North Shore could
provide clues to the origin of this natural
concentration in surface waters. However,
what we find in the region is a gneiss series,
composed of grey and granite gneiss, inter-
spersed with anorthos | tes, charnok | tes,
acidic rock, and gabbross These rocks are not
easily weathered and generally contain |ittie




sul fur. 1+ appears uniikely +hat chemical
weathering of the rods and soiils of the North
Shore contributes substantially to the sulfate
content of the waters draining this part of
Quebec. Observation of wet atmospheric
deposition of 17 to 22 kg SO,/ha-yr (Brouard
and lLachance 1986; Grimard 1984), combined
with +he fact that the suifate anion |is
general ly not trapped in the watershed (SNSF
1980), also support the conclusion that the
sulfates are essentially of atmospheric
origine Thus, the natural concentration In
surface waters appears to be malnly attribu+-
able to distant natural sources (volcanoces,
oceans, wetiands) and widespread circulation
of sulfur In the upper atmosphere (Canada-~
United States 1982). The observed sulfate
concentration ranges on the Middle and Upper
Nor+th Shore, which are on average 1.5 and 2
t+imes as hligh, respectively, as those found on
the Lower North Shore, indicate that anthropic
sul fur sources may contribute 25 +o 50% of
mean sulfate content In the rivers of the
Middie and Upper North Shore.

As noted above, one of the main effects
of acidification of an aguatic enviromment by
precipitation Is g¢radual disptacement of
natural bicarbonate ions in surface waters by
sul fate fons from precipitation (Bobée et al.
1982; Dickson 1975). The HCOs'/SOL;'2 ratlio
thus provides an [ndicator of acidification If
we keep In mind that the denomlnator accounts
for sulfates of both natural and anthropic
origine

In the rivers of the North Shore as a
whole, HCO3"/SOL{_'2 ratlos calcuiated on an
annual basis cover a wide range (Tabie 7).
With the exception of five rivers in the
southwestern portion of +the Upper North Shore
and the Molsle River, most rivers have a ratlio
under or siightly over 1.0. in view of the
fow mean alkaiinity values, a slight Increase
in atmospheric sulfate fallout, which wouid
ralse sulfate concentrations at the expense of
bicarbonates, could cause a substantial drop
in the HCO3"/SOL}'2 ratlio for rivers throughout
the North Shore. For example, on the Middle

North Shore, all the rivers except the Molsie
would then have ratios below 1.0. Moreover,
examination of the minimum HCO3'/SOL;'2 values
presented by Walsh and Vigneault (1986), gives
an indication of the possible magnitude of
this drops All the rivers sampled, with the
exception of the Moisle, exhibit values under
1.0 at some point in the yearly cycle (gener-
ally in the spring) foilawing fiuctuations in
Inputs from meitwater and rain.

The annual pH range recorded for rivers
throughout the North Shore (Table 7) reflects
the low alkalinity values encountered and the
generally low level of mineralization of the
waters. Reilatively high concentrations of
organic anions (36% of total anions on aver-
age, according to Walsh and Vigneault 1986)
also help to exptalin the low pH values that
were generally found.

In environments where alkalinity is low
and large quantities of snow accumulate in
winter, pH Is subject to generally substantial
variations during the spring melt periode In
several saimon rivers on the North Shore,
observations indicated that water pH dropped
by more than one unit In the spring following
the large-scale reiease of H* ions which had
acaumulated in snow. Among the salmon rivers
of the North Shore, Waish and Vigneault (1986)
noted that 21 rivers out of 33 exhibited a
minimum pH below 6.0 and that this value was
generaity obtained in the spring (in 65% of
cases). Among the same rlvers (Fig. 1), 11
had a minimum pH of {ess than 5.5:

Upper North Middie North Lower North
Shore Shore Shore
Trinite Matamec Musquaro
Aux Rochers Pigou Oiomane
Tortue Du Gros
Aux Gralnes Mécatina

A ta Chaloupe
Jupitagon




Table 7. Breakdown of number of salmon rivers surveyed In terms of location (Upper, Middie or Lower North Shore)
and in terms of three classes of annual mean values for physicochemical parameters (from Walsh and

Vigneault 1986).

Number Conductivity Atkalinity Sulfates Alkalinlty/sul fate
Region of (US /cm) (UEq/L) (LEgQ/L)
rivers
20 20325 325 40 40 a 100 <100 30 30a50 250 0,5 0,531,0 >1,0
UsNeSe 12 5 4 3 2 7 3 0 4 8 0 7 5
MeNoSe 14 7 5 2 5 8 i i 11 2 1 4 9
LeNeSe 7 6 1 0 4 3 0 6 1 0 2 1 4
Number pH Color Alumi num
Reglon of (Haus) (ug/L)
rivers
6.0 6.0 3 6.5 6.5 30 30 a 40 > 40 100 100 a 200 2> 200
UaNeSe 12 ] 5 7 3 3 6 0 2 10
MeN.S, 14 8 4 2 5 4 5 0 3 11
L oNeSe 7 2 ] 0 2 3 2 0 4 3

U.N.S. Upper North Shore
M.NoSe Middle North Shore
L.NeSs Lower North Shore

8T



Conslidering tnat pHs of on the order of
5.0 to 5.5 can affect the deveiopment and
hatching of Salmo Saiar eggs, there is every
reason for concern. It Is possible, for some
rivers, that pH levels would have been even
fower than those observed [f the springtime
sanpling had been conducted siightly before or
after the peak of the melf. Moreover, these
pH values were measured at the mouths of the
rivers. Since blcarbonate levels generatly
drop as one proceeds upstream, there |s reason
to belleve that even greater pH varlations
cauld ocaur in the Intermediate and upper
portions of the water courses, where spawning
grounds are generally located.

Total atuminum concentrations (unfiitered
sanples) in the rivers of the North Shore are
general ly highe Average concentrations ranged
from 132 ug/L for the Etamamiou River +to
1382 ug/L for the Saint Jean River. Most
rivers (24 out of 33) exhibited mean values in
excess of 200 ug/L (Table 7). Extreme concen—
trations (> 1000 ug/L) were observed malinly on
the Upper North Shore 1In the northeast
Salinte Marguerite, Des Escoumins and Lavatl
rivers and particutarily In the Saint Jean
River on the Middie North Shore.

The spectiation of the aluminum present
was not Indicateds In view of colour values
(between 25 and 45 H.u. on average; Table 7),
dissolived organic carbon levels (between 4 and
8 mg/L), and pH tevels (> 5.5), aluminum in
the organic form probably predominates in most
of the riverse . In the watershed of +the
Cassette River durlng the spring melt period,
Campbell et ai. (1984) found that organic +
adsorbed aluminum was the prevalent form.

The retative incidence of monameric inor-
ganic aluminum (AI+3, aluminum hydroxides, and
aluminum fluorides) varles according to pH.
It can be assumed that +the forms A!+3,
ALOHY*2, and AI(OH),+ predominate at pH 5.0
to 5.2, white at pH over 6.5 the form AI(OH), -~
Is prevaient. The quantitles of these forms
in the waters of North Shore rivers are worthy
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of study because of the toxicity of certain
forms (such as AI*3) for aquatic iife (Yan
Coillile et al. 1984).

'n sum, as a whole, the salmon rivers on
the North Shore of the St Lawrence exhibift
very high sensitivity to the effects of acidi-
fication because of the very tow level of
mineraiization of the waters and the 1imited
buffering capacity of the watersheds. The
west-east gradient for sulfate concentrations
Indicates that the area Is infiuenced by
distant sulfur sources to the southwes+t. For
most of the rlvers, atmospheric sulfate depo-
sition appears to be approximately 20 kg
SO, /ha-yr, which Is the acceptable threshold
suggested by the Canada-United States working
group (1982) for the protection of moderately
sensitive aquatic biota. A siight increase In
atmospheric sulfate fallout could result in a
cons iderabie decrease in the HCOa'/SOL;Z ratio
and a substantlal rise in river acidity.

Moreover, the rivers of the North Shore
are subject to pronaunced pH drops during the
melt period, with pH falling to below 5.5 in
many e These seasonal fluctuations and the
presence of high levels of metals could become
critical for fishe

River enviromments: specific studies

The flirst specific river study was
conducted to determine +the sensitivity +to
acidification of four saimon rivers on the
North Shore: the Petit Saguenay, Sainte~
Marguerite, Des Petlts Escoumins, and Des
Escoumins rivers. More speclfically, the
study brought to light seasonal differences in
the physicochemical quality of the water In
these river systems while stressing the
contributions of atmospheric Inputs and
certaln hydrometeoroioglcal conditions encoun-

tered during the sampling perliod (Brouard
_ﬂ_a__l. 1982; Van Coli H’e_e_’r__a_l_. 1982) .




The study also included a detaiied inter-
pretation (Lachance et al. 1983) of variations
in sulfate, calcium, nitrate, and H* ion con-
centrations Iin +the Salnte~Marguerite River
(Fige 4) and a description of the processes
governing the physicochemical composition of
the waters during the spring meit.

The premature melt starting In late
February appears to have triggered the migra=
tion of Tons In the snows The drop In suifate
concentrations at the start of the meit period

apparently corresponds with a decrease In
sulfates from snow reserves following the
first meit. The subsequent Increase In

sulfates during and after the melt coincides
with the melting of the new reserves of snow
which accumujated during the month of March.
For calcium, the peak observed at the very
start of the melt corresponds with piston flow
of water that had been in proionged contact
with the minerals of the watershed. The
Increase In HY fon concentrations only became
substantial on one occasion (pH 5.9); +this
Increase, which occurred at the end of the
first spring flooding, can be explained by the
electroneutratl condition In these waters. For
nitrates, variations are more difficuit +to
I nterpret but maximum observed levels over the
spring show the influence of nitrates accumu-
fated in the snaw and released during the meit
period.

The goal of the second specific river
study was to determine with greater precision
the influence of springtime hydrameteoroiog-
fecal conditions on dally variations in the
physicochemical quality of waters 1In the
upstream sector of the Des Escoumins River
(Brouard _ej_it_. 1983; Lachance _e_+_a;l_. 1987) .
Over the months of March and Aprit, surface
water samples were taken dally at three
stations on the malin section of the river and
at three stations on small watershed tribu-
taries.

Analysis of observed wvariations and
interrelationships between stations for each
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of the measured parameters made [+ possibie to
characterize the spatiotemporal dynamics of

water physlicochemical quality durlng the
spring melt,. Findings Included the
foiiowing:

= stations on the main section of +he Des
Escoumins River recorded simiiar behaviour;

= during the meit period, the tributaries with
smal | watersheds are subject to much greater
water quality fluctuations than the larger
tributarfes, even where the base alkalinity
level (In wintertime) is higher;

= prevalling springtime conditions in smajl
tributaries, where spawning grounds are
often located, cannot be extrapoiated from
Information on the main section of the same
water caurse;

- some of the conditions observed during the
spring of 1982, Including strong fluctua-
tions In pH, atkalinity, and aiuminum
content, suggest a potential risk for
saimonids in the ionger term, particularly
in small watershed tributaries.

During the period from November 1983 +o
October 1984, an integrated study was conduc~
ted (Brouard and Lachance 1986) into blotic
and ablotic components [n a subwatershed of
the Des Escoumins River (Cassette River). One
of the primary objectives of the study was to
determine the contributlions of +the variaus
biotic and abiotic components to the ability
to neutralize aitmospheric acid deposition over
a small watershed (40 km2).

Among the abiotic compdnen'f's which play
an Important role In refation,to the physico-
chemical composition of the waters of the
Cassette River, watershed sol! properties and
precipfitation physicochemical quaiity received
particular attention.
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Among the solls Iidentified In the
Cassette River watershed (podzois, brunisols,
organic solls, and regoscis), humo-ferric and
ferro-humic  podzots  predominate  (Brouard
et al. 1984). Results from analyses of four
podzois are shown in Table 8.

The podzols are usuaily formed, at the
surface, of a fairly thick layer of forest
humus (LHF horizons}) where both organic aclds
and bases (Ca+2, Mg"'z, K*) are released. The
presence of +these acids, combined with
leaching of the bases, contributes to the
- creation of very acid conditions (mean
pH: 3.0) In this surface organic layer. The
Ae mineral horizon, which forms a layer
directly below the LHF horizon, plays an
important rote with regard to mobilization of
metals such as Al and Fe because of its acidi=~
ty (mean pH: 3.38). The B mineral horizons
(B dlagnostic and BC) are where organametallic
compiexes Involving firon and aluminum are
formed. Organit carbon, Iiron, and aluminum
levels are generally substantiai.

Because of I[ts strong presence In sollis
and its high degree of chemical activity,
aluminum plays a mejor role in controifling
potential acidity for aquatic organisms. I+
Is therefore Important to know to what extent
and in what forms aluminum is ieached and ends
up In rivers and lakes.

Interesting results on this subject are
provided by Hendershot et ai. (1984), who
studied aluminum speciation and movement In
three watersheds of southern Quebsec. The
authors showed that during Intensive hydrotog-
Ical events soil solution pH decreases while
the solubte aluminum lteve! Increases.
Moreover, durlng such events, atuminum content
In surface waters was {inked to that in the
soll sotution. I+ would appear that the
chemical propertles of upper soil horizons
focated near water courses govern movements of
atuminum toward surface waterse.
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In assessing the contribution of atmo-
spheric inputs to the physicochemical quality
of surface waters in a dralnage basin, It is
important fo know not only the mean physico-
chemical composition of local precipitation
but also the physicochemical quality of ground
snosd and the time variation In snow quality as
well as the effects of Interception of precip-
[+ation by forest covere

Mean concentration values measured in
precipitation over +the study period fall
within the range of values obtalned by the
Quebec precipitation sampiing network (REPO -
Réseau d''echant!iionnage des préclpitations
du Québec; Grimard 1984). Measured levels for
sul fates (2.9 +o 131.2 uEq/L) and pH (3.7 to
5.0) confirm that the study area is subject to
substantial acid fallicut.

Brouard and Lachance (1986) have shown
that Interception of precipitation by forest
cover can sligniflcantly modify the physico-
chemical composition of snos precipitation;
the effect was even more pronounced with
ground snow (Table 9). Mean values obtalned
under forest cover are significantly higher
than those obtained in clearings for all
measured chemical variables (Ci~7, SOL}"Z, Na®,
K2%, ?49+2). Two hypotheses may expiain this
increase In soll lon concentrations under
forest cover:

- an exchange process with organic matter from
the trees, which couid explain the concen-
tration Increases for ions such as potas-
sium;

- a physlcal process related to insolation and
thermal exchanges with the atmosphere, which
wouid produce siower migration of ions under
forest cover.

Examination of the hydrochemical baiance
of a watershed Is an essential approach to
understanding the movement and circulation of




Table 8. Mean chemical compositlons from analyses of four humo-ferric podzots taken at four stations in the watershed of the Cassette

River (1983) (from Brouard and Lachance 1986) .

Exchangeable cations Total CeEeCo
acidity
Hor i zon pH o] Fe Al  FetAl BS% N total
caCt, % Mt cat?  Mgt2 kr ot et AI*D A B A B g
4
mEq/100 ¢
LHF 3( 3.00 - - - - 1.60 20.70 3.68 1.77 127.00 27.50 116.14 96,00 17.23 1.36
S 0.24 - - - - 0.35 2.90 0.58 0.39 2.58 2.85 66,78 1.41 1.47 0.15
N 4 - - - - 4 4 4 4 4 4 4 4 4 4
X 3.38 - - - - 1.59  0.47 0.04 0.09 18.00 2.19  18.82 29.50  5.42 0.06
Ae S 0.17 - - - - 0.83 0.14 0.02 0.03 6.22 0.86 5.94 8.96 4.69 0.01
N 4 - - - - 4 4 4 4 4 4 4 4 4 4
&h 4.45 2.05 0.25 0.50 0.75 0.92 0.42 0.04 0.06 39.25 1.43 39,98 45,75 1.73 0.11
Bf S 0.47 0.45 0.23 0.13 0.35 0.80 0.14 0.0t 0.02 4.65 0.69 4.81 29,70  0.88 0.06
N 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
§~ 4.40 - - - - 0.79 0.30 0.08 0.04 27.33 1.20 27,93 43.33  2.13 0.04
C S 0.40 - - - - 0.72 0.12 0.09 0.02 5.51 0.78 5492 29.19 0.99 0.01
N 3 - - - - 3 3 3 3 3 3 3 3 3 3
C.E£.C.: catlionic exchange cagac]fy:
- values column A: exchangeable catlons (Ca*Z, Mg*2, k¥, A1+3)
- values column B: exchangeable cations (Ca+2, Mg+2, Kty + totai acidity

BS: bases - saturation rate:
- column A: Xrexchangeable cations (Ca+2, Mg+2, K*) x 100
_ CeE+Ce (column A)
- column B: Z exchangeable cations (CatZ, Mg*2, Kt) x 100

CeEaCe (column B)
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nutrients and minerals in an ecosystem. For
the 1983-1984 hydrological vyear, wet aimo-
spheric fallout for all components was
29 kg/ha, inciuding 17 kg/ha-yr attributabile
to suifates (Tabte 10}« This value Is close
to the maximum of 20 kg/ha-yr recommended by
+he Canada-United States working groups (1982)
for the protection of aquatic enviromments
that are moderately sensitive to acldifice-
tion.

Study of the hydrochemical balance
provided a basis for classification of major
Tons In three categories:

- substances for which atmospheric Inputs are
greater than exported mass (H*, NO;~, NH,*);

- substances for which atmospheric inputs are
approximately equal to exported mass (Ci7,
804‘2); and

- substances for which atmospheric Inputs are
much smatier than the mass exported to the
outiet (Ca*2, Mg*2, Na*, K*, HCO3™).

Examination of time variation, over the
meit perlod, in pH, calcium, bicarbonate, and
suf fate concentrations (Fig. 5), and aluminum
speclation (Fig. 6) permit+s identification of
certain important processes which take place
during the spring thaw. The substantial drop
In blicarbonates (from 168 to 27 uEq/L) which
ocaurs throughout the ascendent phase of the
spring runoff hydrograph (Aprii -4 to May 9)
I ndicates that the neutralization capacity of

the Cassette River watershed |Is barely
sufficlient In springtime when inputs of
meitwater and raln are receiveds The drop In

pH, although less proncunced, follows +the
decrease In blcarbonates. The two minimum
vaiues (6.0 units) were obtained at the time
of the first flood pegk, on Aprii 29 and May 2
(Fige. 5).
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On the basis of the compliementary study
conducted by Campbell et aj. (1984), it would
appear that organic + adsorbed atuminum is the
predominant form of +the metal during the
spring meit (Fig. 6). The authors suggest
that the siight increases in aluminum levels
observed over +the spring Indicate that the
basin must contain an atuminum "reservolr"
which reacts quickly during the high water
period. The upper layer of soli, which
contains water with high aluminum and organic
matter content, could serve as the aluminum
reservoirs The observed peak concentration
for total atuminum (176 ug/L) could be due to
Increased Input of sediments In suspension
(particulate Al) rather than geochemical mobi-
}ization of dissoived aluminum. For monomeric
fnorganic atuminum (dlatyzable and extractable
atuminum), the anlonic form AI(OH), =~ clearily
predaminates over the other forms (hydroxyt,
suifate, and fluoride compiexes).

Time variation In sulfate concentrations
(Fige 5) differs from +that observed for
calclium, bicarbonates, and pH. The maximum
(75 uEg/L) was reached at the very beginning
of the melit period. Subsequentiy, levels
tapered off gradually to about 50 uEq/L until
the start of May.

Analysis of seasonal varlation in atmo-
spheric inputs and exports of sulfates
(Fige 7) yields a better understanding of the
clraiiation of this anion and its Importance
in acidification processes. We saw above that
on an annual basis atmospheric sulfate inputs
are practically equal to exports. We can
deduce from this observation that geologlcal
Inputs are negliigibie and that, on an annuaf
basis, the sulfate anion Is not trapped In the
watershed. Over the spring, the quantity
exported becomes twice as high as the atmo-
spheric inputs This suifate deficlt s
greater than the surplus acaumulated over the
winter in snow. A relatively high proportion
of the sulfates refeased into surface waters
should therefore come from sulfates accumu-
fated In the solil over the summer and falt.
This analysis of seasonal variation In sulfate




Table 9. Physicochemical composition of precipitation and ground snow from clearing and forest {ocatlons. (from Brouard and
Lachance 1986).

In clearing Under forest cover
Local Ground snow Local Ground snow
precip= precip-
Parameters Itation mean value itation Mean value
(mean (mean
Winter) 13/12 27/03 17/04 Winter) Winter 13/12 27/03 17/04
07/02 03/04 25/04 07/02 03/04 25/04
Winter 06/03 10/04 02/05 06/03 10/04 02/05
HY (uEq/L) 40.30 11.40 15.20 14.30 5.23 43.50 12.60 17.70 8.99 7.59
Conductivity (uS/cm) 17.70 6.28 7.80 7.92 3.60 30.50 8.47 9.62 11.00 5.40
N0§ (UEq/L) 21.30 6.89 7.80 9.87 3.63 17.00 5.73 8.38 5.10 4.42
Ci~ (HEq/L) 6.91 4.04 3.74 4.67 4.12 39.30 8.86 7.38 13.30 6.40
30;2 (LEq/L) 23.10 7.31 8.06 10.20 4,12 74.90 13.30 14.60 20.50 6.20
NH: (pEq/L) 5.67 2.19 1.99 2.50 2.32 3.30 3.44 2.32 5.80 2.32
Nat (uEq/L) 7.74 3.96 3.56 4.27 4.43 27.20 8.21 8.08 11.00 6.07
Kt (uEg/L) 0.95 0.88 0.64 0.88 1,10 22.10 7.78 3.18 16430 3.83
ca*? (MEq/L) 5.38 3.40 1.90 5.42 2.95 25.70 8.94 4.20 18.60 4.25
Mg+2 (MEq/L) 3.03 1.98 2.20 1.95 2.10 20.60 4.59 4.94 7.88 1.65
Z catlons (MEg/L) 62.6 23.6 25.3 29.1 18.1 142.0 40.5 40.5 68.4 25.7

Z anlfons (UEq/L) 51.4 18.5 19.9 25.0 12.0 133.0 30.8 30.8 52.9 18.7

€¢
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Tabie 10. Hydrochemical balance of the Cassette River watershed
(from Brouard and Lachance 1986) .

Paraneters Afmospheric1 Quanfifyl Balance
_Taput (kg/ha) (kg/ha)
(kg/ha)
H* 0405 00024 =0,40
HCO3 - 44,7 44,7
N=NO3 2,33 0,58 ~1.75
ci= 3,90 3,03 -0.87
5052 16.81 16.28 -0.53
N=NH 1.38 0.252 -1.13
Na* 2.28 3.93 -1,65
K+ 0.59 2,23 1.65
cat? 1.09 15.70 14.60
Mg*+2 0.30 2.32 2.02
Totali 29,1 89.0 59.9

1 Equations reliating to the calculation of atmospheric input and of quantity
exported are presented by Brouard and Lachance (1985).

2 For NHK, the mean concentration of 0,04 mg/i is from by Brcuardfﬁ;gl: (1982)
for the Des Escoumins in 1981.
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inputs and exports thus brings to Iight a new
phencmenon. The refatively high concentra=-
tions of sulfates found 1in surface waters
during the spring melt period would appear to
be due not only to tlarge-scale release of
sui fates accumulated in snow reserves but aiso
to a substantial contribution accumuiated In
solis and vegetation over the precedling summer
and falle The Importance of thls phenamenon
and 1ts ecologicatl Impllications for expiaining
springtime shodk should be examined in future
studies.

In sum, the specific river studies have
ted to clearer Iidentification of the spatio-
temporatl dynamics of the surface water acidi-

fication phenomenon and the abillity of
watersheds to tolerate atmospheric acld
I nputse Examination of variations in the

physicochemical quality of surface waters over
the spring has permitted monitoring of the
meit phenomenon and ion migration. I+ has
aiso been shown that organic + adsorbed
atluminum 1s the predominant form during the
mett perlods The approach of monitoring the
atmospheric Inputs and exports of a watershed
has enabled identification of some of the
Important processes taking pilace within the
watershed, primarily during the spring thaw.
Suifate accumutation In soils over the summer
and fall appears to play an important rote In
the physical chemistry of waters during the
melt period.

BIOLOG ICAL CHARACTERISTICS OF
AQUATIC COMMUNITIES

I NVERTEBRATES

In order Yo determine whether aquatic
coanmunitlies in Quebec are affected by acid
precipitation, DFO-Quebec has conducted
surveys and specific studlies In lake environ-
ments (cf Table 1). A number of the lakes
sampled for physical chemistry were surveyed
in 1981 (Langlols et al. 1983) and 1982
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(Pinel~Alioul and Méthot, 1985; Ciupka-Luzzl,
1983) to obtaln basic data on Invertebrate
communities (Table 11). These data Included
species composition and reiative abundance of
phytoptankton, zooplankton, and benthos
communtitiese A more speclfic survey was aiso
conducted to detect regional and temporai
Influences. In 1983, +he effects of acid
precipitation on +rophic refationships In lake
ecosystems were compared for an area wlth high
acld fallout (Manlwaki: 26 takes) and areas
with 1low acid faltout (Schefferville:
13 takes; Gagnon: 5 takes; Sept lles: 6
takes) (Pope et al. 1985). Variations in the
structure and composition of zooplankton
communities (Pinei-Alloul et Codin-Blumer
1984) and phytoplarkton communities (Dasilets
1984) were also studied on a temporal basis
correfations do not reflect a cause and effect
relationship between the two types of descrip-
tors (phytoplankton and morphometry) since the
morphometric parameters act only during the
summer of 1983 In two groups of lakes in the
OQutacuals region (Maniwaki).

th+ogl ankton

The biotic components that are {ikely to
react to acidification Include phytoptankton
communlties, which can be directly affected by
lowered pH and increased levels of certaln
metals or Indirectly influenced by the effect
of aclidiflication on macroscopic communities
(fish, benthos, etc).

I'n Canada, according to Harvey et al.
(1981), phytoptankton biomass and productivity
do not vary significantly between acid and
non-acid takes. This could be explained In
part by the Increase In photic depth In acid
iakess For all phytopiankton groups, diversi-
ty Is reduced by acldification, particularly
where pH drops beiow 5.6 (Harvey et al. 1981;
Dillon et at. 1977; Atmer et al. 1978).

The survey of 176 ltakes in 1981 permitted
identification of 47 taxons In five major
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graups: Chiorophyta, Chrysophyta, Cyanophyta,
Pyrrophyta, and Euglencphyta (Richard, 1983).
Generic diverslity of phytoplamkton drops off
in the study area as acidity Increases
(Langiols et al. 1983). The average number of
genera Is 13.2 in lakes of pH between 4.5 and
5.0 and 17.0 where pH is between 7.5 and 8.0
(Fige 7)o

Total abundance also seems to be affected
by take pH. The highest mean total abundance
ocairs at pH between 6.0 and 7.0 (Fige 8).
According to Langlols et al. (1983, it
appears that the composition of phytopiarkton
communities In these lakes exhlibits a popula=-
tion structure quite simitar Yo that of
enviromments undergoing acldiflication. This
assertion must be considered with reserva-
tions, however, since a flash survey conducted
on only one occasion in each lake cannot yield
a true portralt of the phytoplankton communi+ty
(which is known to vary substantiatily over the
summer, both qualitatively and quantitati-
velyl.

The results of the phytoptarkton survey
of 54 lakes in 1982 show gradual repiacement
of Cyanophyta, which are dominant in the
western portions of the province (Maniwaki),
by Chrysophyta, which are more abundant on the
North Shore. Chlorophyta are rarely dominant
except In the lakes of the Némiscau area and
certain lakes on the North Shore (Manicouagan,
Havre Saint Plerre). On the basls of +totai
cell abundance and number of taxons, Désilets
(1984) and Pinel-Aliocul and Méthot (1985)
fdentified three large homogenecus reglions:

- +the North Shore, characterized by iower
phytoplarkton density (1.1 to 1.9 x 10°
cellis/litre) and species diversity (17 to 24
taxons) than elsewhere;

- the western central reglion (ManIQaki, La
Tuque, Nemiscau, and Senneterre), represen~
ted by a very large number of taxons (26 to
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29) and very high phytoptarkton density (3.3
to 4.2 x 10° cellis/i1tre);

- the Chapals region, which exhiblts the
highest population density (4.9 to 8.7 x 10°
‘celis/litre) and the targest number of
species (30 to 42 taxons).

Pinet-Atiout and Méthot (1985) suggested
the exlstence of emplrical relationships
between phytoplankton species and morphometric
variables. I+ was also noted that the
abundance of Cyancphyta, Chiorophyta, and some
Chrysophyta couid be lirked to the longltudi-
nal gradient, trophic enrichment, shailownéss,
and smaill volume of I|akes. However,
Chrysophyta appear to be more abundant in the
deep lakes of the North Shore. The authors
specify that the suggested correlations do not
reflect a cause and effect relationship
between the two types of descriptors (phyto-
plarkton and morphometry) since the morphome-
tric parameters act onily indirectly by
conditioning nutrient Iinputs and biotogical
productivity In the |akes.

Moreover, the oprincipal component

analysis carried out by Pinei-Aljloul and
Méthot (1985) indicated that the fakes with
the highest leveis of mineralization and

alkalinity supported the phytoplankton commu-
nities with +the highest densities for
Cyancphyta and Chiorophyta. In contrast, acid
lakes with high aluminum content show very low
diverslity and species abundance. In addition,
transparent lakes have very iow phytoplankton
productivity while coloured lakes with high
fron and organic carbon levels contain more
phytoplankton, in particuliar Chrysophyta and
microfiagel lates.

On the whole, the muitidimensional analyslis of
phytopiankton variablitity in terms of physico-
chemical vartations in the water confirmed
certaln emplirical retatlionships already noted
by other authors l.e. deciining abundance and
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Tabie 11: Number of lakes sampled for phytoplankton (PH), zooplancton (Z0), benthos (BE)
and fish (FI) (surveys and specific studies 1981-1983).

Surveys Specific
Studies
Quebec regions 1981 1982 1983 © 1983
*PH Z0 BE FI PH Z0 BE FlI PH ZO BE F1 PH 20
Sheffervilie 13
Bianc-Sablion 2 2 2
Natashquan 2 2 2‘
Havre Saint-Plerre 0 2 2 6
Sept-!les 2 1 2 4 6
Baie~Comeau 2 2 2
Manicouagan 2 2 2 8
Gagnon 2 1 2 5
Chute-des-Passes 3 2 2 6
Al ma 1 2 2
Roberval 2 2 2
La Tuque 4 4 4 6
Québec 2 2 2
Man fwak i 5 3 4 7 26 7
Senneterre 2 2 2 5
Chapais 4 4 4 6
Nemi scau 2 2 2 6
TOTAL 176 37 35 38 54 50 7

* The distribution among regions of 176 iakes sampled for phytoplankton
is similar to that for the lakes samplied for physicochemical quality
(cf. Table 3).
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species diversity with Increasing acidity in
the enviroment.

The 1983° survey of 50 takes in +he
Maniwakl, Sept llies, and Schefferviile areas
was conducted In order to obtain a qualitative
description of the plankton, benthos, and fish
communities 1lving Tn lakes which are not only
sulted to sport fishing and wildfowl but are
also likely to be subjected or have been
subjected +to acidificatlon of natural or
anthrepic origin (Pope et al. 1985, As a
complement, +the study also examined the
structure of plarkton and benthos communities
fn non-acid {akes In order to verify the
Infiluence of predation by fish. In addition,
it Included an assessment of the probable
impact of aclidification on the food chain by
camparing acid lfakes with neutral lakes. For
phytoplankton, Pope ot al. (1985) showed that
species diversity and cell density are gener-
ally higher In the southwest of Quebec than in
the northeast. In the Manlwaki area and the
northeast, acid takes contain fewer species
than alkaline takes. Highily aclid lakes in the
Scheffervilie area (pH 3.0 to 4.2) have iower
species diversity than moderately acid lakes
(pH 4.8 to 6.1) in the Sept lles area.

The mzan number of species and cell
densifties for Chliorcphyta and Cyancphyta
deciine going from east to west In Quebec as
acidity rises. The apparent sensitivity of
Chiorophyta to acldity seems to be consistent
with the conclusions drawn by Pinei=Alloul and
Méthot (1985) but inconsistent with those
drawn by Langlols et al. (1983), who Indlcate
that Chliorophyta are relatively tolerant of

aciditye. Differences In sampling dates
(September-October: Richard, 1983, and
Langlois et al. 1983; July-August: Pineli-

Allcul and M&thot 1985, and Pope ot al. 1985)
may explaln the observed differences between
studles with regard to taxonamical structures,
since water temperatures are higher in the
west (22 to 26°C) than In the east (10 to
12°C) and poputations therefore develop
differentiye.
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Désilets (1984) Identified phytop!lankton
samwples taken from two groups of lakes in the
Outaocuais region over the summer of 1983. The
author noted that the best-represented groups
were (in declinling order) Cyanophyta,
Chiorophyta, and Chrysophyta. The pH value
beiow which species diversity is reduced is
6.8; this Is a very high vatue In view of the
fact that acidity leveis generally considered
criticatl in other studies are In the vicinity
of pH 5 (Déslilets 1984). In studying variabl-
tity within the two lake groups in the area,
it was noted that the species diversity of
samples differed quite consliderably. This
leads us to question the relevance of studyling
phytoplankton abundance and diversity In
connection with enviramental monitoring of the
effects of acid precipitation on blotic
camponents of the ecosystem, especlally since
physicochemical variables are not the only
factors which are likely to have an Influence
on the abundance, structure, and diversity of
phytoplankton populations in lakes of the
Canadian Shield. Inputs of nutrients caused
by leaching of soiis (Van Dam ot al. 1981,
the abundance and nature of herbivoraus
zooplarkton (Lynch 1980), and the abundance
and productivity of bacterioplankton (Currie
and Kalff 1984) are ai{ factors which can
fnfluence wvariability in the abundance,
diversity, and structure of phytoplankton
communities.

Zooplankton

The zooplankton community can be affected
by a number of physical and biological fac-
tors: pH, metal concentrations, predation,
phytoplankton  composition, climate, etce.
White 1+ Is difffecult +o Isolate changes
specifically related to acid preclpitation,
many researchers have examined the relation-
ship between aclidity and zooplankton In Canada
and elsewhere In the world (Aimer et 2ale 1978;
Aliborn and Fair 1981; Henr‘lk;)_n et ale.
1980) . -




In 1981, DFO—~Quebec +tock samples of
zocplarkton itn 37 fakes distributed aimost
uniformly over +the bases of operations
employed for the physicochemicat survey of 198
fakes In the Canadlan Shieild. In afi, 35
species were recorded (13 Rotifera, 13
Ciadocera, and 9 Copepoda). Flive species are
present In more than 70% of the lakes, and the
most abundant of these species is the copepod
Leptodiaptanus minutuse. Langlois et ai.
(1983) noted that the diversity of zooplarkton
communites declines with Increased pH
(Fige 9o At pH over 5.5, the observed
average was 11.3 species per lake while, at pH
beiow 5.5, +he number of species drops
gradually to an average of 8.7 in lakes with
pH under 5.0. Cliadocerans and cyciopoid
copepods are the most sens!itive to pH drops:
the average number of speclies is 1.8 at pH
below 5.0 and 4.8 at pH over 7.0.

Among the cladocerans, the genus Daphnia

contains the species most sensitive to {ow
pH: no species from this group are encoun~
tered at pH under 5.0. Other studles
conducted In Canada and Sweden (Sprules, 1975;
Raddum et ale. 1980) conflrm these resuits for
cladocerans. Specles of the calanoid copepod
group appear to be falrly resistant +to
acidltye. The main specles of +this group,
Leptodiaptomus minutus, accounts for 40% of
the popuilation in more than 46% of the lakes
studied. These results are supported by
Harvey et al. (1981), who noted that this is
one of the commonest species In acid lakes of
the Canadian Shieids For rotiferans, relative
abundance increases considerably In acid lakes
while that of ciadocerans and cyclolid copepods
decreases (Fig. 10).

During the 1982 national survey, a total
of 50 zooplarkton species were Identifled (21

Rotifera, 17 Cladocera, and 12 Cocpepoda) by
Pinel-Aliaul and Codin-Blumer (1983). These
authors noted Increased species diversitfy

among these communitles follawing a tongitudl-
nal east-west gradient. The takes with the
highest zooplankton counts (100 x 103 org/m3)
are located 1In the northwest (Chapals,
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Ném!scau, Senneterre), while the iakes with
the towest counts (20 x 103org/m3) are
generally In the southwest (Manlwakl), +he
centre (La Tuque and Chute des Passes), or the
east (Manlcouagan and Havre Saint-Pierre) of
the study area. In terms of morphometry,
Pinel-Alioul and Méthot (1985) cbserved that
smail, shallow lakes with high mineralization
feveis In the west produced high zooptankton
biomass densities and malinly harboured commu=-
nities dominated by copepods (Leptodiaptemus),
while the deep, oligotrophic lakes of the east
(Havre Saint Plerre, Sept Illes, and
Manlcouagan) contained zoopiankton communities
with low density and blomass dominated by
rotiferans. Overalt relationships between
physicochemical and zooplarktonlic varliabies
did not permlt identification of a relation-
ship between environmental acidity and
zooplarkton density or blomass except In the
case of c¢yclopoids, for which popuiations
decrease in the acld lakes of the northeast,
and rotiferans, for which abundance Increases
In coloured, acld lakes (Pinei-Alfoul and
Méthot 1985) .

During the 1983 survey, 24 specles of
pelaglc zooptankton were identifled in the 50
{akes sampled. Most of the =zooplankton
comminities encountered, In both acid and

non-acid takes, were dominated by a single
species of herbivorous calanoid copepod,
Leptodlaptomus minutus, which probably

recelves quite iittie predation pressure from
the various flsh species (Pope of al. 1985).
Except In one lake, the authors did not
observe displacement of thls species by a
larger herblvorcus copepod when predation by
fish was Inexistent or {imited. This
contrasts with the European experience wherse,
according to Erikson et al. (1980), large
herbivorous copepods dominate acid lakes that
have lost their fish. Pope et al. (1985)
showed that zooplankton communities in lakes
of the Maniwaki area bear a closer resemblance
to those of neutral and alkaline lakes than to
those of acid lakes In the Sept lles area. It
was also noted that contrary to the predic~
tions of most trophic models (Browks and
Dodson 1965; Zaret 1980) zoopiankton
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communities In which large cladocerans are
abundant are more closely assoclated with
iakes contalning fish than with fishless
t akese

Benthos

The Influence of acid precipitation on
benthos has been studied malnly in Norway,
Sweden, and the United Kingdoms The dlrect
causes of changes noted in benthic communities
have not been ciearly established; i+ is most
commoniy believed that pH exerts an Indirect
effect on avallabliity of food, predation, and
competition (Harvey et ai. 1981).

In the 1981 national survey, the absence
of semples taken at various depths and times
of the year encouraged Langlois et al. (1983)
to proceed with caution In interpreting the
resuits obtained for the 35 Jakes sampled
(Ménard 1982). None the less, the results did
permi+ identification of certain trends with
regard to the infiuence of the physicochemical
qual ity of water on the composition of benthic
conmunitiese Moreover, examination of benthos
in relation tfo the physicochemical composition
of sediments did not yield any significant
correlation (Langiols et al. 1983). However,
total number of organisms and biomass varied
significantly with pH (Fige 11). The highest
number of organisms and greatest biomass were
found in jakes of pH between 5.5 and 6.5 On
efither side of this interval the corresponding
values are distinctly Jower, a situation which
appears 1o be In agreement with the findings
of other researchers (Raddum 1980; Nielsen
1980). Contrary to what other authors have
observed (Flance 1978; Beli 1971), abundance
of Ephemeroptera did not seem to deciine with
pHe Another significant finding was the total
absence of +the amphipod Gamarus, which Is
common in iakes with pH over 6.4 (Okland
1969) . With regard to the survey of 54 |{akes
conducted 1n 1982, Clupka=Luzzi (1983) noted
that the sampling was not representative of
the environmment surveyed In view of the
technical and analytic approach employede The
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same author therefore feels it would be
misteading to attempt to Interpret the resuits
obtained In 1982 in reiation to the physico-
chemical quality of the |akes sampied.

After the sampliing of 50 lakes In 1983,
Pope ot al. (1985) summed up the reiatlonship
between the structure of benthic communities
and acidity and predation levels In the
follawing manner:

= the crustacean Hyatella azteca may be a good
indicator of take acidiflication, since It is
clearly less abundant in acid |akes;

-~ with regard to aquatic Insects, data collec~
ted on ephemera are in keeping with observa-
tions in the sclentific titerature to the
effect that they are scarce in acld lakes.
However, density measurements for Odanata
are the 'same In acld and non-acld lakes
except in the Schefferviile area, where they
are not present in most lakes. The pelagic
species Chaoborus, a predator Insect which
Is In turn subject to predation by fish, Is
more abundant in fishiess lakes, at least
when the pH Is over 4.5. Simitarly,
Hemiptera and Coleoptera, which are active
swimming predators, show a slight tendency
to be more numercus In fishiess lakes, while
epibenthic herblivorous Cladocera are
significantly more abundant in fishless,
moderately acid lakes than In neutral or
altkaline lakes.

= gastropod mol fusks are eliminated from acid
lakes while pelecypods exhibit a siight drop
under moderately acid conditions but disap-
pear in the Scheffervilie area when acidity
becanes extreme.

< Hirudinea tend +to disappear from acld
waterse The absence or shortage of prey in
these lakes (fish, amphibians, Invertebra-
tes) is very likely the determining factor,




since their population consists mainly of
carnivoraus predators, blood suckers, and
parasites.

In sum, the results obtalned from the
surveys and specific studles of 1981-1982 show
a clear drop in the abundance and diversity of
Invertebrate communities In acld environments.
However, +this drop could be due to factors
other +than acidiflication, such as blogeo~
graphicat isolation, morphometric and physico-
chemical features, or the range of the species
involveds On the whole, the results make it
possible to characterize Quebec lakes in terms
of biology on the basis of the regfon-to-
region aclidity gradient within the Canadian
Shields None the less, the knowledge acquired
to date Is still Insufficient to permit us to
measure with certainty the repercussions of
acld precipitation on invertebrate communi-
tTies. In our opinion, the spatial sampling
effort for biological components was
sufficltent; however, only spot sampies were
taken, and this sets strong constraints on
interpretation In view of the great seasonal
variations that occur among phytoplankton,
zooplankton, and benthos Invertebrate popula-
tions.

FIsSH

Between 1981 and 1985, DFO-Quebec conduc=-
ted several surveys of the flish community In
Quebec lakes (Table 1). Among the lakes
sanpled for physical chemistry, subsamples of
38 lakes (Langlois et ale 1983) and 54 jakes
(Pinei~-Alloul and Méthot 1985; Nadeau 1983)
were surveyed in 1981 and 1982 respectively to
obtain basic data on the fish community. In
addition, a study to compiement the biological
surveys was carrled out to assess the indirect
impact of iake acldiflication on the food chain
for fish of interest for sport fishing in an
area that receives heavy acid fallout
(Maniwak{) and areas that receive less aclid
faltout (Schefferville, Gagnon, Sept |les)
(Pope et al. 1985). A flash survey of a
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number of arctic char habitats was conducted
in the late summer of 1983.

Moreover, specific In sltu and |aboratory
studies (cf Tables 1 and 2) were carried out
with salmonids. In lakes, the in situ studles
dealt primarily with brodk trout egg and fry
mortal ity (Leclerc 31;;?_‘_' 1984; Lecierc 1982),
while studies in river enviromments Involved
bioassays using Atiantic salmon eggs and fry
(Brauard and Lachance 1986). Compiementary
laboratory work included development of a
biochemical dating +technique for dead eggs
(Chagnon 1984; Leclerc g‘l_'__a_i_. 1984) and
studies Into the toxic effects of aluminum and
manganese on saimonid eggs, fry, and juveniles
(Van Coillie _e_a_‘f;_g_l_. 1982; Brouard and Lachance
1986) «

Characterization of the fish community

During the fish survey of 1981, a total
of 13 species were identifiede The commonest

species Is the brock trout (Saivelinus

fontinalis), which 1Is found In 53% of +the

{akese Two other specles, the white sucker
(Castostamus commersoni) and the northern pike
(Esox lucius) are present in 26% and 21% of
the lakes respectively (Langlois et al. 1983).
The results of experimental fishing indicate
that the mean pH of the flve (5) lakes with a
fishing yield of zero is 5.2 (ranging from 4.6
to 5.7). Langiols et al. (1983) noted that
the average flishing yield and species diversi-
ty of the lakes sampled tends to drop with pH
(Fige 12). |t was also noted that brock trout
are present at pH below 5.0, whereas the white
sucker does not appear uniess pH is over 5.0.
The absence of the latter species in some
takes could be due to envirommental acidity,
since Baker and Schofield (1980) showed that
Castostomus commersoni Is more sensitive to

acidification than Salvelinus fontinalis
regardiess of development stage. I+ must be
stressed, however, that factors other than the
physicochemical quality of the water can
explain the absence of all fish or a glven
specles In lakes, since ranges vary from




40

n = number of lakes

®
£ 1201 _
2 n=6 n=9g
=
@ 100+ '
ey
2 8o
o
€ 60+
£
g 40 3
. n:
: n=3 8
] - n=
é 20 n=5§
4.5 5.0 5.5 6.0 6.5 7.0 7.5
pH

600- n=9
o~
g 5004
o
E 4007 n=6
S 300
H

200+ n=8 __
- . n=3
- ng
9 100 n=5

4.5 5.0 5.5 6.0 6.5 7.0 7.5
pH
Filge 11: Benthose Total number of organlsms and blomass {(dry weight) as a

function of pH (from Langiols et ai. 1983).




species to speclies and It would appear that
many lakes are naturally fishiess (Langlois
et al. 1983), The latter situation Is
apparently very common on +the North Shore,
| Ikely because of the lnaccessiblliity of lakes
at the heads of watersheds.

The results of +the 1982 survey
(Pinei=Allcul and Méthot 1985; Nadeau 1983)
Indicate that the species diversity and total
abundance of fish populations seem |ittie
affected by pH variability. These data are
difficulit to Interpret since species range and
blogeographical Isofation may play a more
important role than the physical chemistry of
the waters at least Insofar as species
diversity of fish populations in the |akes of
the Canadian Shield is concerned (Pinel~Allouli
and M&thot 1985).

Nadeau et al. (1984) interpreted resuits
on metal and major lon content in the fiesh of
fish harvested during the 1981 survey. They
were unable, however, to establish a correla-
t+ion between metal content In flesh and metal
concentrations 1in water and sediments.
Phillips (1977) notes with respect fo this
subject that concentrations In flsh muscle
tissue may vary not only according to the
relative abundance of metals In the environ-
ment but also, depending on species, as a
function of age, sex, slze, weight, feeding
habits, and water temperature. Moreover,
examination of fiesh metal content for several
fish species as a functlion of pH class and
aikalinity did not reveal any correiation
(Nadeau et al. 1984). Similarly, In a study
conducted by Scruton (1983) in lakes of
Newfoundiand, it was not possibie to establish
a correlation between aluminum and manganess
content in ouananiche (Salmo salar) and brock
traut flesh and parameters Indicative of
acidification (pH, alkalinity, colaur, total
aluminum, and total manganese). For mercury,
on the other hand, Schnelder et ai. (1979)
found that In walleye (Stizostedion vitreum)
concentrations were higher in lakes exhibiting
fow alkaiinity.
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The study of 54 Jakes in the Maniwaki,
Sept lles, and Schefferviile areas conducted
in 1983 shows that the Wisconsin glacliation
had considerable Iinfluence on lake coloniza-
tion by flsh in areas of rugged topography and
that a number of head lakes are fishiess or
have fish communities consisting of only a few
species (Pope et al. 1985). The study also
confirms +hat the number of species drops and
the number of fishless lakes Increases with
altitude. In the Manlwaki area, low—aitltude
lakes are characterized by species such as
yellow perch (Perca flavescens), northern
pike, and centrarchids. Higher altitude lakes
are characterized by cold-water species (le:

brock trout and lake trout (Salvelinus

namaycush)) often associated with white sucker
and minnows of the genus Chrosomus. According
to Pope et ai. (1985), altitude appears to be
a better indicator than lake order for predic-
+ing speclies diversity. In the Maniwakl and
Sept |les areas, water quality Is also linked
to altitude, since all high-altitude fishiess
lakes but one have a pH between 4.6 and 5.3.
In +this area, all lakes below 230 m are
alkaline while most of the acid lakes are
above 330 me Pope et al. (1985) note that
blogeographical isolation Is the primary
factor governing diversity of fish communities
in the Maniwaki, Sept |les, and Gagnon areas.

The study was however unable to show that
fish communlities are negatively affected by
the Impact of acidification on the food chaln
for Invertebrates because of insufflicient
sampl ing effort and, as a result, inadequate
representativeness.

Verreault and Langlols (1984) collected
basic data on the brock trout population of
Lake Laflamme over the fall of 1982 and the
summer of 1983 (cf Table 1). Results for
growth and fertility did not differ signifi-
cantiy from those obtained for other popula-
tions in the Laurentides wliidiife reserve.
According to the same authors, the massive
mortal ity of more than 500 fish in the spring
of 1981 produced a drop In the number of
organisms in the young age classes of the

;»
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popul ation. The authors feel that the acidity
of the water (minimum pH = 4.6), anoxia at
depths exceaeding 1 m (O € 1.5 mg/L), and high
total aluminum concentrations (240 ug/L) may
be the causes of this mortality. A study on
brock trout egg and fry survival is currently
In progress in Lake Lafiamme and should permit
confirmation of whether +t+he conditions
observed in the lake can Influence the sur-
vival of the early development stages of this
specles.

In order +o obtain a summary characteri-=
zation of arctic char (Salveiinus alpinus)
habitats in southern Quebec, Le Jeune et al.
(1984) +tock limnological samples over the
summer of 1983 (cf Tabie 1) In 13 lakes in
four Quebec Reglons: Outacuals, Laurentides,
Gaspé, and North Shore. For each of the lakes
selected, experimental fishing was carried out
and physicochemical analyses were performed.
The summer hablitat preferred by the arctic
char (hypolimnion) regularly exhibits a pH
jower than that of the surface layers
(epitimnion). In view of +the relatively
{imited sampling efforts, no cause and effect
relationship can be estabiished between the
presence of arctic char and the acldity of the
surveyed |akes.

Survival of salmonid eggs and fry In situ

In 1981-1982, Leclerc (1982) conducted a
study of brok trout egg mortality in Parke
lLake 1n the Portneuf reserve. Over the study
period (fali 1981 - spring 1982) barely 1.7%
of the eggs placed using Whitliodck-Vibert boxes
in the small inlet of Parke Lake survived
until May 5, compared with 9.5% in the main
outlet of the same lake. Leclerc (1982) was
able to westablish a relationship between
instantanecus mortality and pH at the smail
infet of Parke Lake (Fig. 13), where pH
dropped fairly rapidly from April 21 to a
minimum of 4.9 on April 30, 1982.
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The study begun in 1981-1982 on Parke
Lake in the Portneuf reserve was continued in
1982-1983 in +the Charlievoix region (Des
Martres controliled harvesting area (ZEC)).
The tributaries of Bariey and Robbé iakes were
selected as experimental sites, the first
because of low pH and alkalinity (summer pH:
4.4-4.8; aikalinity: 0-10 Eq/L), and the
second as a control group (summer pH: 6.7-6.9;
alkalinity: 90-110 uEgq/L).

At the time of the flrst measurement of
egg mortality on October 26, 1982 (day 35
after fertillization), i+ was noted, as shown
in Table 12, that total mortaiity patterns
were practicaily the same In the acld and
control environments. In fact, there are
greater differences between the tributary and
outiet of the sane lake than between the acid
enviromment and the control environment.
According fo Leclerc et al. (1984), mortality
under acid conditions is primarily of ablotlic
origine It would appear to be mainly attrib-
utable +o pH, with the possible further
contribution of a synergy effect involving
metais. According to +the same authors,
residual abiotic mortality was 15% in the
control enviromment (pH = 6.8) and up to 100%
in the acid enviromment (pH = 4.8). Ablotic
mortal ity would seem to begin in the Initial
cleavage stages, reaching 30% at pH 4.8 and
60% at pH 4.4. |t then appears to drop off to
nearly zero during the embryo stages and rise
to 100% at the time of hatching at pH 4.8
(Fig. 14},

In view of the high rate of bliotic morta—
lity in the control enviromment, new embryonic
eggs were placed In the outlet on December 15,
1982 (Table 12). From this date on, it Is
difficult, we fsel, to accurately Interpret
observed mortality In the acld environment in
terms of that in the control enviromment
since, in the control enviromment, the egg
batches were Introduced at a less wulnerable
stage and had been kept earlier under more
favourabie physicochemical conditions.




With regard to +tissue concentrations,
sodiun Is at least twice as abundant In the
control enviromment as 1In the aclid environ-
ment. Chioride concentrations are simitar in
both enviromments In October (day 35) but
appear to be higher in the acld enviromment at
the time of hatching (Februaryl. For copper,
concentrations are more than ften times higher
among organlsms In the acid enviroment (13.2
versus 1.0 ug/g) over the month of February
(days 135 to 149 . Iiron concentrations are
higher In the acid enviromment than In the
control enviromment at both +imes.

Embryo development was more rapid in the
control enviromment than Tn +he acid environ-
ment, but the less~develcped organisms In the
acid environment contain more cytoplasmic pro-
teins, indicating, according to Leclerc _el_a_l_-
(1984) that the eggs are adjusting to environ-
mental conditions.s A similar protein increase
had previcusiy been noted in rainbow *troaut
(Saimo gairdnerii) affected by organic pollu-=
tion (Wieser and Hinterleltner 1980).

The method for biochemical dating of dead
eggs ‘that was develcped in connection with
thls study Is worthy of special attention in
view of Its potentlal usefulness for monito-
ring networkse Using the fechnique of
Isoelectric focallizatlion, the dating method
applied to brok trout (Leclerc et ai. 1984)
makes it possible to determine the period of
mortality for eggs and fry 1Iin natural
sattings. Malate dehydrogenase (MDH) enzyme
activity and total soluble protein (PROT) were
measured. Temporal assessment of these two
paraneters led to development of a biochemical
egg mortallty dating model which, after
testing In a natural enviromment, was used to
determine mortality perlods between sampling
dates.

L.aboratory experiments show +that the
relative level of MDH enzyme activity deciines
with time after death In brok trout eggs. In
contrast, the total solubie protein concentra-
Tlon increases with time or remains ciose to
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the initial jevel (Leclerc et al. 1984) .,
These observations provide—é basis for
proposing the following ruies of Interpreta—
tion with regard to the post-mortem period:

< 1f {og [MH] is equal to or greater than 65%
of the Initial value, the eggs have been
dead for 15 days or less;

= 1f log [PROT] Is greater than I+s Initial
value, the eggs have been dead for a period
of between 15 and 25-30 days;

= {f log [MDHI Is low (< 45% of Initlal value)
and fog [PROT] is significantly iower than
its inftial value, the eggs have been dead
for more than 25-30 dayse.

The dating model adapted to Atiantic
salmon eggs by Chagnon (1984) makes use of
three enzymes (i{actates, malate dehydrogenase,
and gilutanate-oxaiacetate transminase) +o
determine on a statistical basis the follawing
mortal Ity periods: under 2 days, between 2
and 8 days, between 11 and 12 days, and
between 14 and 24 days. Chagnon (1984) notes
that this method is valiid over a period of 24
days and could be extended to cover longer
periods after further study. Vaiidation of
the model s necessary before utilization.

An Integrated study of biotic and abiotic
components in the watershed of a tributary of
the Des Escaumlns River (Cassette River) was
conducted between November 1982 and October
1984. By using semi-natural incubation
apparatus (incubator troughs) to eliminate a
good deal of the badckground nolse attributable
to biotic mortaiity (primarily due to preda-
tion and fungi), Brouard and Lachance (1986)
were able Yo show that ablotic mortality
(primarily due to the physicochemical quality
of the water) Is approximately 3% for the
entire incubation period (200 days) (Fig. 15).
Total cumulative mortaiity (biotic and
ablotic) was assessed at 8% in the control
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Tabie 12. Summary of operations and results obtained during in sifu incubations conducted
‘by Leclerc et al. (1984).

Total mortaifty (%) *

Measurement Time of
date deve iopment acid enviroment (Bariey) control environment (Robbe)
(day)
Tributary Outiet Tributary Outiet
26 Oct. 1982 35 60 * 15 37 12 71 25 35 L 41
9 Dec. 1982 79 experiment 33 £ 12 most of the most of the
discontinued eggs died eggs died
(freezing) (infestation) (infestation)
15 Dec. 1982 - - - - eggs replaced
in boxes
hatching
3 Feb. 1983 135 - hatching in - accompiished
progress with tow mortality
79 £ 17
10 Febe. 1983 142 - 97 £ 3 - 0
17 Feb. 1983 149 - 100 - 0
25 Feb. 1983 - - - - -
fry leave the
15 May 228 - - - Incubation boxes

* The mortallty is expressed as the mean * standard deviation calculated for n = 10.
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groupe Moreover, Brouard and Lachance (1986)
demonstrated that instantanecus mortality
rates, primarily of ablotic origin, exhibit a
positive correlation with dissoived atuminum
levels in surface waters and a negative corre~
jation with descriptors associated with
mineral ization of waters and the presence of
fron. With regard to biocaumuliation of
aluminum and manganese, while It Is not
significant in natural enviromments (< 5 ug/g
for Al and Mn), complementary |[aboratory
experiments (see Toxic effects of metais)
reveal accaumulation of aluminum particulariy
in the post-fertilized egg stage under
slightly acid conditions when organic matter
is not presents In +he light of these obser-
vations, the prevalling physicochemical condi-
tions during the Inaubation period in the
Cassette and Des Escoumins rlivers would not
appear to be «caurrently hampering Atiantic
salmon recruitment In the lower portions of
these water caurses. However, the marked drop
in alkalinity observed in the Cassette River
during the spring suggests the possibitity of
a sharp pH drop that couid be braught on by a
set of spring enviromental conditions more
criticatl than those encountered over the study
period.

In sum, the results obtained to date are
Insufficlent to assess whether lake fish
communities are affected by the acidification
processe There are too few existing data on
fish to doaument the disappearance of certain
species In acid lakes as has been observed in
Scandinavia, New Engiand, Ontario, and Nova
Scotia. However, Quebec lakes exhiblt the
sane trends with regard to deciines in +the
dlversity of communities at acidic pHe For
rivers, It has been noted that prevalling
physicochemical conditions In the Cassefte and
Des Escoumins rivers (Upper North Shore) do
not currently affect the survival of Atlantic
saimon eggs and fry, at least in the lower
portions of the water coursese On the North
Shore as a whole, however, the watershed of
the Des Escoumins River Is among the least
sensitive +to acldification. Accordingly,
there fs strong justification for extending
In situ biocassays to other much more sensitive
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rivers to obtain a true portralt of the situa-
t+ion for +the entire North Shore of the
St Lawrence River.

Toxic effects of metals

Acld precipitation encaurages the reiease
of metals from relatively acid soll and
subsoll into the aquatic environment. The
metal lons which are thus caused to enter the
waters of streams and rlvers can reach concen=
+rations that are toxic for flishe However,
toxicity varies greatly according to pH and
the different lonic forms of the metal
considered. Among the metals likely to be
mobitized by the acidification process,
atuminum is the one for which concentration in
aclidified water courses Is the most potential-~
ly toxice

In a taboratory study, Van Colitle et al.
(1983) assessed the toxicity of aluminum in
salmonids by simulating the physicochemical
conditions found in Canadian Shield waters
affected by acid precipitations The experi-
ments Invoived Atlantic salmon and brok trout
aged 17 and 2. Lethal and subiethal concen-
trations were determined for both species and
certain physlologlical responses of the fish
were recorded during the bioassays.

The results show that totat aluminum
toxicity for Atlantic saimon is at least three
times as high at pH 4.6 and twice as high at
pH 5.5 as for brock troute The ilethal concen-
tration for Atiantic salmon (LC for 50% of
organisms after 7 days at 10°C) ranges from
100 +o 650 ug/L, depending on experimental
conditions; for brock +trout, +the range Iis
between 480 and 945 ug/L under the same condi=-
tions. Preference and detection tests
conducted with saimonlds showed +that the
sublethal concentration (effective concentra-
tion producing behavicural response in 50% of
organisms after 30 minutes at 10°C) ranges
from 120 to 1220 ug/L, depending on experimen-
+al conditlonse Under inorganic conditions,
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the biologically exchangeable and potentially
toxic labile form of aluminum Iis +the most
abundant. However, the presence of organic
matter in waters can partiaily neutralize the
toxic effect of aluminum. The physiological
effects on the fish Included biocacaumulation
of atuminum in the giils, which should lead to
a substantial Increase In oxygen consumption
under acid stress conditionse In the |ight of
the {ethal and sublethal aluminum toxicity
levels for +the +two species studied, the
authors (Van Coillie et ail. 1983) suggest that
the value of 100 ug/L total aluminum could
serve as a standard Indicator of aluminum
toxiclity for saimonids in +the very soft
inorganic waters +that are typical of the
rivers and streams of the Canadian Shieid,
aithough the organic matter in these waters
cauld attenuate this toxicity.

Data collected during the study on mor-
tality and bloacaumulation under laboratory
conditlions (Brouard and Lachance 1986) made it
possible to establiish that iowering pH values
to near 5.7 units over a short period (i5
days) does not significantly Infiuence the
mortal ity rate of post-fertiiized and embry-
onic salmon eggse The various Inaibation
conditions encountered during the experiment
Indicate that the process of aluminum accumu-
lation In salmon eggs Is governed by ablotlc
and blotic factors.

The presence of humic matter attenuates
the aluminum TIncorporation process by more
than a factor of four regardiess of Incbation
metal concentrations. Accumuiation of ajumi=-
num s also Influenced by exposure concentra-
tion: the concentrations of this metal In
eggs appear to be proportlional to +the
concentration origlinalty found In the environ-
ment, which could expiain the relatively rapid
establiishment of an equiiibrium state and the
very limited temporal variatlons in this
parameter noted during In situ incubation.
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The three experimental phases carried out
in the laboratory made 1t possibie to show
that the embryo development stage Influences
the aluminum accumulation processe Determined
for ail biologlcal tissue, aluminum Is prefer-

entlaily accumulated as follows: post=
fertilized eggs > embryonlc eggs > sacfry.
This Is In agreement with the gradient

obtained for cadmium In Salmo salar (Rombough
and Garslide 1982). The same authors noted
that cadmium levels In fry just after hatching
are much |{ower than the levels in eggs,
although they are directiy proportionai.

It Is thus possible that the aluminum and
manganese detected In the eggs were |lnked to
the chorion rather than the embryo. However,
the detection threshoid for these metais was
certainly too high (2 ug/g for Af, 1 ug/g for
Mn) to show any bioaccumuiation phenomenon in

. sacfry.

Other metais are Isached by acid precipi=
tatlon and may reach potentially toxic concen-
trations for fish (manganese, cadmium) «
However, Brouard and Lachance (1985) showed
that in the {aboratory aluminum accumulates
more rapldly and clearly more significantly
than manganese in salmon eggs. The toxicity
of these metals has not received much study to
date, and there Is very |ittie knowledge of
metal toxiclty for specles other than salmo~
nids either in Quebec or elsewhere In Canada.

CONCLUSION

Analysis of the data gathered from Quebec
iakes and rivers has shown +that, over the
whole of the study area (Canadlan Shieid south
of +the 52nd paraltel), acid atmospheric
deposition s exerting a slignificant Influence
on the physicochemical quality of surface
waterse This influence Is particularly strong
in southwestern Quebec (Outacuais, Mauricie,
Abitibi=James Bay) and manifests Itself




primarily in the form of displacement of
natural bicarbonates In lake water by sulfates
of atmospheric origin.

1+ has been noted that sensitivity +to
aclidification, assessed on the basis of
mineralizatlon of surface waters, gradually
Increases from the southwest to the northeast,
with a maximum on the Middie and Lower North
Shore. At the same +time, there 1Is an
atmospheric suilfate deposition gradient
running in the opposite direction +to +the
sensitivity gradient. Examination of
alkalinity/sulfate ratios In lakes shows that
the combined effect of these itwo factors fis
felt to differing degrees right across Quebec.
Thus, takes In the vicinlty of the Robervai,
Alma, Chute des Passes, and Manicouagan bases,
while they receive less acid deposition, are
affected as much as or more than more
sautherly lakes because of thelir greater
sensitivity. In over 80% of +the lakes
consldered wlthin this zone, the HCO3"/SO,_,,"'2
ratio is less than unity. The corresponding
zone on the North Shore, which recelves atmo-
spherlc faliout of on the order of the target
figure of 20 kg/ha-yr, Is also affected; 50%
of the lakes and 43% of the rivers sampled In
this zone exhibit a ratlo under unity.

In the rivers of the North Shore, as a
whole, significant pH drops are observed
during the spring meit period; water pH
deciines to under 5.5 in many cases. These
rivers are primarily located In the eastern
portion of the Upper North Shore (Trinite and
Aux Rochers), on the Middie North Shore
(Matanec, Pigou, Tortue, Aux Grafnes, A la
Chaloupe, and Jupitagon), and on the Lower
North Shore (Musquaro, O{omane, and Du Gros
Mécatina). The seasonal fluctuations,
combined with high metal content (total
aluminum concentrations In excess of 200 ug)
can become critical for the develcpment and
hatching of Salmo salar eggs. The toxic
potential of aluminum must still be deter-
mined, however,' since I+ depends on |ocal
chemical speciation.
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The specific studies conducted In the
watersheds of the Cassette and Des Escoumins
rivers (Upper North Shore) have made !+ possi-
blte to monitor the meiting and ion migration
phenomenon and assess Its Importance with
regard to springtime acid shock. During the
spring perlod, organic + adsorbed aluminum
proved to be +the predominant forme The
resul+s of the hydrochemical balance estab-
lished for the watershed of the Cassette River
have brought to tight a new phenamenon. The
relatively high concentrations of sulfates
found In surface waters during the meit period
would appear to be due not only to massive
release of suffates accumulated in snow
reserves but also to a substantial contribu-
tion of suifates accumulated in solls and
vegetation over the preceding summer and fall.
The scope of this phenamenon and its ecologi~
cal repercussions in terms of explaining
springtime acid shodk should be examined In
future studies.

Resuits from the bliophysical surveys of
fake enviromments show a drop in the abundance
and diversity of Invertebrate communities
(phytopiarkton, zooplankton, and benthos) as a
function of envirommental acidity. Since It
is difficuit at this stage to dlistinguish
between the relative contributions of naturat
and atmospheric sources of acidity, we cannot
measure with certalnty the repercussions of
acid rain on lake invertebrate conmunities In
Quebec.

For fish communitles, *he iake surveys
have not made it possiblie to show a cause and
effect reiationship between atmospheric
deposition and observed declines In abundance
and diversity under acid conditlions. More-
over, several groups of Invertebrates that are
Important in fish diets continue to survive
under acld condltions at densities comparable
to those for neutral and alkalline conditions.
I+ is therefore difficult ‘o explaln +the
absence of fish in these acid lakes in terms
of a negative Impact of acldification on the
Invertebrate community. The observed trends




may be attributable in large part to the
effect of blogeographical isolation.

With respect to river enviromments, I+
has been shown that the currently prevaillng
physicochemical conditions in the Cassette
(min pH: 6.0) and Des Escoumins (min pH:
S5.6) rlvers do not affect the survival of
Atiantic salmon eggs and fry; the observed
mortailty rates in the Inabation +roughs
ranged from 3% (abiotic) to 8% (biotlic and
abioticle

OUTLOXK

In 1981, under i+s mandate for the con-
servation, restoration, and development of
fish habltat and the Canadlian program of study
on the repercussions of Long-Range
Transportation of Airborne Pollutants (LRTAP),
DFO began a vast program of research Into the
imact of acld precipitation on aquatic
enviroments. The primary objective of DFO in
connection with a program of this type Is to
provide full relevant scientific data for the
preparation of an international agreement
(Canada-USA) on f{imitation of atmospheric
poliution sources.

In order to provide a visual representa-
tion of how DOFO energies have been deployed,
we have prepared Flg. 16, which gives an
arbitrarily grouped breskdown of 1981-1985
monetary resources allocated to +the various
areas of activity to which DFO has devoted
special attention. The figure also gives a
summary projection of the future breskdown of
resources for the 1986-1990 period.

With the facts now established in Quebec
regardlng the chemical deterioration of
aquatic habitats in the salmon rivers of the
North Shore and lake enviromments primariiy in
the Laurentide, Mauricle, and Maniwak! areas,
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and the ldentification of high potential risks
for aquatic organisms (particularly Atlantic
salmon, broc&k *trout, and walleye), the need
has arisen for the Fish Habitat Division of
the Department of Fisheries and Oceans to make
proviston In the short and medium-term for
corrective action and to orlent the imp | emen-
tation of such action through the immediate
estabiishment (1985) of an ecological monitor-
ing network covering (a) the salmon rivers of
the North Shore and (b} the {ake enviromments
most representative of the current situation
in Quebece.

1+ is therefore understandable that the
effort primarily dedicated to surveys during
the 1981-1985 period shouid now be shifted to
ecologlcal monitoring of lakes and rivers
(Fige 16V This means that while seasonal
physicochemical monitoring of the most
representative aquatic enviromments will be
maintained, addlitlonal emphasis will be given
to fdentification and validation of biologlcal
Indicators of present and future acid stress.
Here as well, specific ﬂ.,f_'_t‘.‘. and in vitro
research will help to Improve our understand-
Ing of cause and effect relationships
involving chemical deterioration of aquatic
habitats versus the lethal or subiethal
responses of the exposed aquatic organismse.
The "naturai acidity versus acidity of atmo-
spheric origin" aspect also remains a major
point of interest for future vyears of
researche

SALMON RIVERS ON THE NORTH SHORE

Over 1985 and 1986, I_n_s_aﬂ_ mon{toring of
the development and survival rate of saimon
eggs and sacfry was carried out to confirm the
actual damage associablie with the critical
physicochemical condlitions Identified in four
rivers of the North Shore (Laval, Trinite, Aux
Rochers, and McDonald) .

This work will continue with the addition
of the Jupitagon and Matemec rivers on the




Middle North Shore. While fInvolving pre-
summer or fall catches of spawners, _Ilil_jl
effort wilt focus on springtime acld shock
corresponding with the most critical time for
organisms in +the early development stages.
Ajuminum bloacaumuiation and heavy metal
concentrations in eggs and sacfry and aluminum
speciation In surface waters and interstitial
enviromments are the main chemical considera-
tions that will receive special attention in
connection with the 1986-1990 ecological
monitoring network.

Research will also be directed at In situ
and In vitro identiflication and vaildation of
physiological and/or blochemical indicators of
acid stress felt by juveniles and parr iiving
In enviroments that are currently acld on the
North Shore. Atl these research components
will contribute +to optimization of the
scientific yield (develiopment of technlcal
capabliity and acquisition of new scientific
knowiedge) expected from an ecologlical
monitoring network.

In addition to the studies on salmon,
DFO-Quebec intends to deveiop and vaiidate a
series of biological indicators that will be
more sensitive to the gradual modifications
characteristic of temporal acidification of
aquatic enviromments. These Indicators could
serve as warning signs and woutd be useful for
beginning possible corrective action +o
minimize the Impact on current salmon popula-
tionse  Accordingly, study of the structures
of macrobenthic communitiies and measurement
of resplratory activity among bacteria and
fung! communities were undertaken in 1984-1985
and should be extended in coming years to
cover the entire North Shore ecologlical
monitoring networke. The short-term objective
is to construct an easy-to-use Impact grlid
taking the variocus trophic levels into account
and stressing chemical deterioration indice-
tors for aquatic habitats associable with pH
drops (acldocphobes/ acidophiles) or toxic
metal (heavy metal) concentration Increases in
the enviromment. In combination with suble~
thal stress Indicators to be deveioped for
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Indigencus Juvenlles and parr, this approach
witt enhance the anticipated scientific yield
from the river ecologlcal monitoring networke.

LAKE ENVIRONMENTS

Determination of satisfactory standards
for the effective protection of aquatic
habitats Is the final product that DFO expects
from i+s research program into the effects of
acid precipitation. Identification of the
current chemical status of Quebec [akes and
subsequent determination of the anticipated

potential risks for aquatic organisms have
been (chemical surveys, 1981-1982) and will
continue to be (temporal monitoring, 1986-

1990) essential preliminary steps toward the
estabiishment of such standards.e Since it has
also been aware of the need fo validate the
various chemical status results obtalned, DFO
has been working since 1981 on the analysls
and development of blological tools permitting
In situ comparison of responses by aquatic
communities to the varloaus sets of chemical
conditions observed.

From interpretation of results from the
1981-1982 blological surveys, a need has
become apparent to adjust protocols and orient
sclentific effort In the following manner:
(1) {imiting of <chemical and blological
sampiing to the spring period; (2) concentra—
tion of temporal sampliing effort within one or
two experimental areas, preferably the
Mauricie and North Shore reglons; (3) focus~
sing of the acquisition of technical capabili-
ty primarliy on the search for aclidophoblc~
acidophific ptankton Indicators and the
monitoring of eggs and sacfry of saimonids,
perclds, and cyprinids.

Traditional studles of fish population
structures requiring exhaustive sampling
effort can be carried out on a i{imited number
of lakes selected beforehand as representative
of the reglonal acidification gradient. Lake
Laflamme 1Is currentiy belng used in a pliot
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project (1985-1986) for vaiidation of the use
of in situ bioassays as Indicators of the acid
stress actually feit by sacfry In the spring.
Determination . of physiologlical indicators
(gtil deformation, opercula metal levels) In
the juvenile and adult stages of saimonlds,
perclds, and cyprinids wiil aiso be a major
camponent of specific I1n situ research.
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