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Acid rain and birds: 

how much proof 
is needed? 
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HE DELETERIOUS EFFECTS OF ACID rain on aquatic habitats are well 
documented (Schindler 1988). 

The possibility that continued depo- 
sition of acid will result in further 
acidification and alteration of wa- 
tersheds has alarmed both the public 
and the scientific community. In large 
areas of geologically sensitive terrain 
in eastern North America, many lakes 
have lost over 40% of their original 
alkalinity. Acidic deposition has been 
shown to affect adversely phytoplank- 
ton, zooplankton, amphibians, and 
fish. It is logical to project that such 
adverse affects would ultimately harm 
many types of birds, but demonstra- 
tions of effects on broadly dispersed 
populations of highly mobile bird spe- 
des are difficult. Effects of acidifica- 
tion on birds are not direct. Though 
many species of birds may depend on 
aquatic systems, they are not trapped 
by them, unlike their fish or inverte- 
brate prey. Moreover, our ability to 
separate the specific effects of acid 
precipitation from the natural factors 
that affect wildlife populations or 
communities is limited. This limita~ 
tion is acute in the case of acid rain 

effects on forest ecosystems, where a 
host of subtle and interacting stress 
agents frustrate simplistic analyses 
(Addison and Jensen 1987). Despite 
the difficulties, there is now evidence 
that many birds, especially those de- 
pendent on aquatic systems, are being 
adversely affected. 

Research on the effects of acid rain 

on wildlife did not begin formally in 
North America until 1980. Because 

Common Loon (Gavia iraruer). Photo- 
graph/S. J. Lang/VIREO/LI 1/2/003. 
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Pacific Loon (Gavia pacifica). Photograph/D. 

of their feeding habits, attention has 
been concentrated on, but not limited 
to, waterfowl and loons. Studies have 
centered on changes in food abun- 
dance and food quality, and the effects 
of these on reproductive success. Di- 
rect effects of low pH or exposure to 
metals are important factors behind 
impaired reproduction and reduced 
numbers of fish, amphibians, and 
some groups of invertebrates, but the 
effects on avian predators of fish and 
invertebrate prey are still poorly 
understood (e.g., Stenson and Eriks- 
son 1989). 

Because of differing tolerances to 
acidity, decreases in pH alter prey 
abundance and diversity. The effect 
on avian predators varies according to 
the severity of the acidification and 
the foraging habits of the bird species 
(Blancher and McAuley 1987). Fish- 
eaters such as loons, mergansers, her- 
ons, bitterns, ospreys, eagles, and 
kingfishers are most obviously at risk 
from declining pH. 

Prey abundance for fish-eating birds 

Common Loons ( Gavia iraruer) re- 
quire large amounts of food during 
the breeding season (Parker 1988). 
Loons feed on small fish, prey that is 
sensitive to acidification, and the 

Roby and K. Brink/VIREO/R05/1/007. 

young remain on the natal lake for a 
long time. Results of studies of loon 
breeding success in relation to lake 
acidity have been mixed. In a major 
study of small lakes in northern On- 
tario, McNicol et al. (1987a) found 
that brood production of Common 
Loons and Common Mergansers 
(Mergus merganser) in northeastern 
Ontario was higher where most lakes 
have fish and are not acidic compared 
to an area where most lakes are acidic 

and fishless. Both species were equally 
abundant in the stressed and un- 

stressed areas during the nest initia- 
tion period. Similarly, Alvo et al. 
(1988) reported a significant positive 
relationship between successful breed- 
ing of loons and pH on 68 lakes near 
Sudbury, Ontario. (The area imme- 
diately surrounding Sudbury is ex- 
tremely acidified and contaminated 
with metals due to emissions from 

large nickel-copper smelters; the study 
area of Alvo et al. was over 30 kilo- 

meters away from Sudbury.) But Par- 
ker (1988) found no significant differ- 
ence between lake acidity and loon 
reproductive success in the Adiron- 
dack region of New York State, an- 
other area where many lakes have 
been acidified. One possible explana- 
tion is that the heavily acidified lakes 
of the Sudbury area were considerably 
more acidic (minimum pH 4.0) than 

the most acidic lakes (pH 4.7) studied 
by Parker (Alvo et al. 1988). Parker 
did note that dives for fish were 21% 

longer in the more acidic lakes. Loon 
chicks in the Adirondack area were 

fed newts, tadpoles, and aquatic in- 
vertebrates in the absence of fish; they 
may have had more non-fish prey 
sources available to them than did the 

loons near Sudbury (McNicol et al. 
1987a). Recent work by McNicol in 
northern Ontario has shown that the 

probability of both loon chicks fiedg- 
ing from two-chick broods was lower 
on lakes with pH <6.3 compared to 
less acidic lakes (D. McNicol pers. 
comm.). Lakes with low pH have 
fewer types of alternate, invertebrate 
prey. 

In Sweden, Eriksson (1987) found 
no relationship between breeding suc- 
cess and lake acidification in Arctic 

Loons (Gavia arctica). However, Arc- 
tic Loons fed their young aquatic in- 
vertebrates in addition to fish. Also, 
because success of diving birds at de- 
tecting fish prey is dependent not only 
on fish density but also on transpar- 
ency of water, Eriksson postulated 
that such birds derive a short-term 
benefit from the increased water clar- 
ity in acidified lakes. 

The only other piscivore whose 
breeding success has been studied in 
relation to lake acidity is the Osprey 
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Above.' American Black Ducks (Anas rubripes) Photograph/Steve Holt/VIREO/h21/unacc. 
Below.' Osprey (Pandion haliaetus) Photograph/N. Abel/VIREO/a05/2/010. 

(Pandion haliaetus; Eriksson et al. 
1983). In Sweden decreased produc- 
tion of young has occurred among 
pairs breeding in areas with many 

ø acidified lakes. Distances between oc- 

cupied nests have been shown to be 
,?.• shorter where large areas of nonacidi- 

fied lakes surround the nests (Eriksson 
'• • 1986). 

Prey abundance for non-fish-eating 
birds 

Waterfowl, shorebirds, and many 
passerines consume invertebrates 
caught in aquatic systems or flying 
emergent insects that have aquatic lar- 
val stages. Decreases in pH eliminate 
those invertebrate species that are in- 
tolerant. Most sensitive are mayflies, 
molluscs, crustaceans, leeches, some 
caddisflies, odonates and water stri- 
ders. Concern for acid rain effects on 

waterfowl has been popularized by the 
Izaak Walton League (Hansen 1987). 
Of particular concern is the status of 
the American Black Duck (Arias rub- 
ripes), which has declined signifi- 
cantly in the past 30 years. The Amer- 
ican Black Duck breeds over much of 
eastern Canada and the northeastern 
United States where soil and water are 
sensitive to acidification. Acidifica- 

tion of surface waters is disruptive 
to aquatic food chains (Bendell and 
McNicol 1987; Bendell 1986; Bendell 
1988) and may reduce food availabil- 

ity to waterfowl (Haines and Hunter 
1982). Furthermore, the decline of the 
American Black Duck has been coin- 

cident with the progressive decline in 
the pH of precipitation over the past 
30 years. 

Primarily herbivorous outside the 
breeding season, dabbling ducks such 
as the American Black Duck depend 
on protein from animal sources for 
reproduction. The need for protein is 
highest for females before and during 
egg-laying (for egg production) and for 
ducklings (for rapid growth). 

Slow duckling growth and low for- 
aging efficiency caused by competi- 
tion from fish for insect prey has been 
demonstrated in limited experimen- 
tal studies using imprinted American 
Black Ducks and Common Gold- 

eneyes, (Bucephala clangula; Des- 
Granges and Rodrigue 1986; Hunter 
et al. 1986). Eriksson demonstrated 
that the absence of fish provided some 
compensatory insect food availability 
for Common Goldeneyes due to re- 
duced competition (Eriksson 1979). 
DesGranges and Hunter (1987) con- 
cluded that, though competition from 
fish is a complicating factor, it does 
not negate the overall negative rela- 
tionship of acidity to American Black 
Duck duckling growth and survival. 
In Maine, McAuley and Longcore 
(1988a, 1988b) found that young 
Ring-necked Ducks (Aythya collaris) 
survival was lower on acidic wetlands 

than on wetlands with higher pH. The 
difference was observed among older 
ducklings, ages corresponding to 
feather growth and maximum weight 
growth. This study was not compli- 
cated by the question of competition 
with fish because all wetlands studied 
contained fish. 

In an initial study on man-made 
wetlands in Maryland, Haramis and 
Chu {1987) observed a reduced bio- 
mass of invertebrates in experimen- 
tally acidified wetlands compared 
to controls. American Black Duck 
broods on the acidified wetlands 

showed limited growth, altered behav- 
ior, and marked reduction in survival. 
Ducklings on the treated wetlands 
were more distressed, and spent less 
time foraging aquatically than did 
control ducklings. The authors sug- 
gested that reduced availability of in- 
vertebrate prey might be the cause of 
reduced growth and survival of juve- 
nile American Black Ducks on acidi- 
fied wetlands in the wild. 
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Birds reliant on flying insects that 
have aquatic larval stages might also 
be affected by increases in wetland 
acidity. In a study of Tree Swallows 
( Tachycineta bicolor) near Sudbury, 
Ontario, Blancher and McNicol 
(1988) observed a negative influence 
of wetland acidity on three aspects of 
reproduction: investment in eggs by 
laying females, size and growth of 
nestlings, and number of fledglings 
produced. Swallows breeding near 
wetlands where fish were present laid 
earlier, but had smaller eggs and 
clutch volumes, and slower growth 
of primary feathers, than swallows 
breeding near fishless lakes. 

The Eurasian Dipper (Cinclus cin- 
clus), an exclusively riverine species, 
has been shown to be scarce on Welsh 

and Scottish streams with low pH 
(Ormerod and Tyler 1987). Delayed 
elutch initiation, and significantly 
smaller dutch and brood sizes, were 
recorded in dippers breeding along 
acidic streams compared to those 
breeding elsewhere. Mayfly nymphs 
and caddisfly larvae are important 
during rearing of the young, and are 
espedally scarce in acidic waters (Or- 
roerod and Tyler 1986). 

Lastly on the topic of food abun- 
dance, special note should be taken 
that many of the studies cited above 
reported not only changes in the 
abundance of prey availability, but 
less diversity in prey species of birds 
feeding in acid-stressed environments 
(e.g., McAuley and Longcore 1988b; 
McNicol et al., 1987a; Blancher and 
McNicol, 1988). 

Food quality 

Irrespective of the abundance of 
prey, the nutritional value of available 
foods may be adversdy affected by 
a'ddification. Mineral-rich foods, es- 
pecially those high in calcium such as 
snails, clams, crayfish, and amphi- 
pods, are important for egg produc- 
tion and for rapid growth in young. 
But most of these organisms are 
highly intolerant to acidity. Blancher 
et al. (1987) found that snails, dams, 
or pans of crayfish were brought to 
Tree Swallow nestlings in most nests 
near circumneutral wetlands, but only 
to a few nests near acidic wetlands. 

Glooschenko et al. (1986) found thin- 
ner eggshells with lower caldum con- 

tent near acidic wetlands compared 
to buffered sites. Tyler and Ormerod 
(1985) noted that dippers breeding 
along calcareous tributaries in the 
southern Wye River in Wales are 
known to lay particularly large 
clutches. 

In Scotland and Wales, calcium lev- 
els in two insect orders [Stonefly 
Nymphs (Plecoptera) and Caddis lar- 
vae (Trichoptera)] increased signifi- 
cantly with pH (Ormerod et al., 1988). 
Calcium-rich prey were found only in 
circumneutral streams. Differences in 

pH accounted for some variance in 
egg mass. The authors related reduced 
egg-shell thickness to increased stream 
acidity. 

Toxicity of metals 

Concern has been raised regarding 
metal toxicity in birds feeding at or 
near acid stessed lakes, wetlands, and 
streams. Acidification increases the 

solubility and mobility of a range of 
highly toxic metals such as cadmium 
(Steinnes 1989), aluminum, and lead. 
Also, the biological availability of 
methylmercury is increased at low 
pH. Prey organisms for many birds 
have been found to accumulate var- 

ious metals in these perturbated en- 
vironments. Conversely, acidification 
of aquatic systems may reduce the 
concentration of essential elements 

such as selenium and calcium in prey, 
both of which may reduce the toxicity 
of metals (Wren and Stokes 1988). Of 
particular interest in the case of birds 
may be this reduction in calcium, 

Ringed Turtle-Dove (Streptopelia risoria). 

which could have impacts on egg pro- 
duction and growth of young. 

Aluminum 

Nyholm and Myherberg (1977) re- 
ported impaired reproductive capac- 
ity in the Pied Flycatcher (Ficedula 
hypoleuca) near an acidified lake in 
Sweden. Egg-shell quality, clutch size, 
hatching success, and incubation were 
poorer in nest boxes placed closer to 
the lake than nest boxes more distant. 

Similar impaired breeding was ob- 
served in the Bluethroat (Luscinia 
svecica), Reed Bunting (Emberiza 
schoeniclus) and Willow Warbler 
(Phylloscopus trochilus). Aluminum 
was found in the bone marrow of the 

affected Pied Flycatchers (Nyholm 
1981). However, Ringed Turtle- 
Doves (Streptopelia risoria) fed ele- 
vated aluminum levels in laboratory 
diets failed to exhibit impaired repro- 
duction or growth (Carriere et al. 
1986). This discrepancy may be ex- 
plained by differences in species re- 
sponse to aluminum or by higher con- 
centrations of phosphorus and cal- 
cium in the experimental diet than in 
the natural food organisms. Ormerod 
et al. (1988) found no evidence that 
aluminum in prey adversely affected 
dipper eggs in streams in Scotland and 
Wales. Moreover, aluminum concen- 
trations in invertebrates showed no 

relationship with stream acidity. 
D.W. Spafling (pers. comm. 1988) 

fed three-day old American Black 
Ducks and Mallards (Arias platyrhyn- 
chos) diets of varying concentrations 
of caldum, phosphorus, and alumi- 

B. Schorre/VIREO/S08/2/025. 
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num. Except for one concentration 
containing extremely high aluminum 
(10,000 ppm), all concentrations were 
derived from studies of aquatic inver- 
tebrates in Canada. All ducklings on 
the diet lowest in calcium and phos- 
phorus and 5000 ppm aluminum died 
w•thin two weeks. A diet of normal 

calcium and phosphorus but very high 
aluminum had 92% mortality within 
46 days. More American Black Ducks 
died on a greater range of diets than 
Mallards. Results indicate that both 

species are sensitive to aluminum, and 
that Black Ducks may be more sensi- 
tive to diets varying in these three 
elements than are Mallards. 

Mercury 

Althoughthe mechanisms are poorly 
understood, acidification of surface 
waters may enhance the accumulation 
of methylmercury, cadmium, and 
lead in fish (Wiener 1987). Methyl- 
mercury accumulates in the food 
chain, and dietary methylmercury is 
readily absorbed by birds. At the top 
of the food chain, birds can accumu- 
late toxic amounts of methylmercury. 

L. Alexander has recovered thou- 

sands of dead Common Loons along 
the Gulf coast of Florida since 1983, 
most of which have been found to 

have high mercury concentrations in 
their tissues (Mcintyre 1989). 

In Ontario, Bart (1986) related suc- 
cessful use of territories by breeding 
Common Loons and levels of mer- 

cury contamination in lakes along a 
100-mile downstream course from a 

major mercury source. His results sug- 
gest reductions in egg laying and in 
nest and territorial fidelity at mercury 
concentrations from 0.3 to 0.4 ppm 
in prey. 

Nesting Eastern Kingbirds (Tyran- 
nus tyrannus) from an acid-stressed 
area near Sudbury, Ontario, had 
higher mercury concentrations in the 
liver and feathers than populations 
breeding beside buffered lakes, and 
the rate of mass loss of eggs was faster 
on acid wetlands (Glooschenko et al. 
1986). 

Ringed Turtle-Doves (Streptopelia 
nsoria) subjected to chronic, low-level 
dietary exposure to cadmium, lead, 
and methylmercury had an increase 
in the percentage of infertile eggs in 
the highest dose group (representing 
maximum concentrations likely to oc- 

cur in prey organisms) and increased 
incidence of hatchling mortality 
(Scheuhammer 1987). 

Erikkson et al. (1989) compared 
metal contents in liver tissues of 42 

non-fledged Common Goldeneyes 
from acidic, circumnentral, and timed 
lakes in Sweden. They found no sig- 
nificantly different concentrations of 
any of the 12 metals analyzed between 
acidic and circumneutral sites. How- 

ever, though the mean concentration 
of mercury was low-intermediate, 
"single individuals from acidic lakes 
were so highly contaminated that the 
risk of behavioral disturbances is not 

negligible." 

Forest birds 

Evidence of the fact of forest de- 

clines and the roles of various air pol- 
lutants in those declines is mounting 
(MacKenzie and E1-Ashrey 1988). 
While many air pollutants have been 
implicated in effects observed in close 
proximity to point sources, there is 
substantial controversy over whether 
observed declines in remote sites can 

be attributed to anthropogenic agents 
either directly or indirectly (Mitchell 
1987). Trees are long-rived and sub- 
ject to a wide range of interacting 
biotic and abiotic stresses, the mech- 
anisms of which are poorly under- 
stood. The roles of various airborne 

pollutants in the decline of forests are 
complex and beyond the scope of this 
paper. 

As in the case of aquatic systems, 
changes in forest communities will af- 
fect bird populations (Schreiber and 
Newman 1988). The extent of forest 
decline in North America is thus far 

unknown, and few studies have been 
conducted on the effects of forest de- 

cline on bird populations. However, 
researchers at the University of Que- 
bec at Montreal are monitoring six 
passefine species as bio-indicators of 
the progression of maple dieback (P. 
Blancher, pers. comm.). 

What's missing? 

Due to the high costs of reducing 
pollutant emissions causing acid rain 
and related air pollutants, many crit- 
icisms have been made of evidence of 

acid-related effects on natural sys- 
tems. 

Most of the field studies reviewed 

here are largely correlative because 
causal relationships are difficult to 
document in the field. Experimental 
studies are easier to control and thus 

establish causal relationships. These 
studies have helped to identify mech- 
anisms of effects observed in the field. 

But extrapolation of their results to 
the wild must be reviewed with cau- 

tion. For example, though studies on 
experimental ponds yield important 
information on the sensitivity of 
American Black Ducks to pH, the 
ponds hardly resemble the natural 
breeding habitat of the species--often 
temporally flooded pools and ditches. 
Little is known about acid "pulses" in 
these ephemeral pools and shallow 
wetlands. Experimental studies must 
be carefully designed, and positive re- 
sults should serve to increase interest 

in and funding for related work in the 
field. 

Much of the most important work 
has been conducted in areas hardest 

hit by air pollution, Schindler's"sledge- 
hammer blows" (1987). They can not 
alone predict responses of ecosystems 
to chronic, increasing, low-level 
changes in soil and water chemistry 
Nevertheless, they are meaningful as 
they have: 1) established some of the 
mechanisms of acidification effects, 2) 
begun to define pH levels at which 
effects become apparent in some spe- 
cies, 3) prompted public concern, 4) 
justified increased monitoring, and 5) 
added to the bundle of arguments for 
abatement of air pollutant emissions 

Work to date certainly justifies con- 
tinued and increased study. A thor- 
ough understanding of tolerances of 
birds is not only important to idenU- 
fying what populations are at risk, but 
can also make these species useful 
as bio-indicators of ecosystem stress 
(e.g., McNicol et al. 1987b; Ormerod 
and Tyler 1987). This may be espe- 
cially true with respect to gaseous and 
particulate pollutants, little studied in 
relation to wildlife (Newman and 
Schreiber 1988). Will we one day have 
an avian/cadmium counterpart to 
fish/pH indicators--a modem canary 
in a coal mine? We won't know with- 

out more toxicological information 
Unfortunately, it is now impossible 

to compare data from studies of nat- 
ural "control" sites; no place is un- 
touched by atmospheric pollution 
Differences now are only of degree of 
perturbation. As one investigator put 
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xt, "the 'Grand Experiment' has been 
going on for at least 30 years." Science 
•s only now learning how to observe 
•t •n meaningful ways. 

Research priorities and current 
efforts 

Research efforts are underway to 
bufid on the correlative evidence for 
ac•d rain's effects on birds, to investi- 
gate the mechanisms behind observed 
effects, and to take a more holistic 
approach to observing ecosystem re- 
sponse to anthropogenic stress (Table 
1). 

The U.S. Fish and Wildlife Service 

ac•d rain program has two main com- 
ponents, research into biological ef- 
fects and mitigation (R. K. Schreiber, 
pers. comm.). Mitigation is done in 
cooperation with the states, and is 
largely restricted to liming of lakes 
and streams for protection of fishery 
resources. Research is divided into 
b•rd work conducted at Patuxent Na- 
tional Wildlife Research Center in 

Maryland and fish studies at the 
Columbia National Fishery Research 
Laboratory in Missouri. 

At Patuxent, researchers are contin- 
rang with original work, expanding 
the number of experimentally acidi- 
fied ponds. For example, Spafiing's 
prepared diet studies will be extended 
by lacing ponds with metals and al- 
lowing duck broods to feed on affected 
prey. C. E. Grue is feeding European 
Starlings (Sturnus vulgaris) the same 
chets used in Sparling's study. 

Several midwestern states are begin- 

ning to look at levels of mercury •n 
Common Loons. For example, work 
has been done in Minnesota to mon- 

itor mercury content of loon feathers 
(P. Strong, pers. comm.). 

Blancher •ers. comm.) outlines the 
approach taken by the Canadian 
Wildlife Service's Long-Range Trans- 
port of Airborne Pollutants Program. 
A team of biologists is developing a 
model designed to link lake acidity to 
waterfowl production in acid-sensitive 
regions of eastern Canada. In theory 
it will be able to estimate the impact 
of changes in acid emissions on the 
potential for waterfowl to produce 
young. A waterfowl reproductive 
study has been initiated, focusing on 
the breeding condition of Common 
Goldeneyes, and survival of marked 
broods in relation to wetlands acidity. 
Detailed work on the abundance of 

important waterfowl foods in relation 
to wetlands acidity and fish commu- 
nity type is continuing. 

Scheuhammer is continuing his 
work (1987) on toxic effects of dietary 
metals. A current study looks at repro- 
ductive effects of cadmium, lead and 
aluminum in combination with low 

levels of calcium. Another study to 
investigate effects of mercury in com- 
bination with low levels of selenium 

is planned. 
Finally, a program to monitor long- 

term trends in waterfowl production 
and status of important prey in three 
acid-stressed regions of eastern Can- 
ada is continuing. Waterfowl produc- 
tion is being assessed by aerial survey 
in almost 500 wetlands in Ontario, 
and an additional 40 lakes in Nova 

Table 1. Major ecosystem studies on the effects of air emissions in North America. 

Scotia. The Canadian Wfidhfe Service 

supports a volunteer-based loon mon- 
itoring program, the Ontario Lakes 
Loon Survey, organized by the Long 
Point Bird Observatory. Nearly 500 
lakes are surveyed yearly by volun- 
teers. 

Importance of monitoring 

The Ontario Lakes Loon Survey zs 
an example of public involvement m 
monitoring sometimes referred to as 
"citizen science" (Bolze and Beyea et 
a[. 1989). There is tremendous ama- 
teur interest in birds, which has often 
been organized to obtain invaluable 
information on number, distribution, 
and reproductive success. Similar bzrd 
surveys are conducted from New Eng- 
land to the Great Lakes, organized by 
groups such as the Loon Preservation 
Committee and supported in part by 
the North American Loon Fund. 

A similar "citizen science" initiative 

has recently been organized by the 
National Audubon Society. Monitor- 
ing precipitation rather than affected 
species, the Citizen's Acid Rain Mon- 
itoring Network depends on volunteer 
samplers across the United States. It 
was set up to bring acid rain into the 
public eye on a daily basis and to 
produce a nationwide groundswell of 
activism for the reduction of acid ram. 

Such large-scale, long-term moni- 
toring projects are critical in percezv- 
ing ecosystem response to chronic, 
low-level perturbations. But few gov- 
ernments are willing to dedicate suf- 
ficient resources to support such long- 
term monitoring. Schindler (1987) 

Name of study Ecosystem (location) Pollutant stress 

Experimental Lakes Area (ELA) 
Watershed Studies 

Turkey Lake Forest Watershed Study 
Dorset Watershed Studies 

Montmorency Experimental Forest Study 

Kej•mkujik Calibrated Catchment 
Program 

Kaybob Gas Plant Study 

San Bernadino Mountain Study 
Hubbard Brook Ecosystem Project 

Walker Branch Watershed Study 

Whitecourt Gas Plant Study 
Integrated Lake-Watershed Acidification 

Study (ILWAS) 

Northern coniferous forest (Ontario) 

Northern deciduous forest (Ontario) 
Northern forest (Ontario) 
Northern coniferous forest and associ- 

ated lakes (Quebec) 
Northern coniferous forest (Nova 

Scotia) 
Transition montane boreal forest 

(Alberta) 
Mixed coniferous forest (California) 
Northern mixed deciduous coniferous 

forest (New Hampshire) 
Mixed deciduous forest (TN) 

Mixed coniferous forest (Alberta) 
Northeastern deciduous forest (New 

York) 

Acid deposition 

Acid deposition 
Acid deposition 
Acid deposition 

Acid deposition 

S02 

Oxidants 

Atmospheric deposition including 
acid and tace element 

Atmospheric deposition, includ- 
ing acid and trace element 

SO2 
Acid deposition 

?rom Schreiber and Newman 1988 
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has noted that useful monitoring proj- 
ects for the future must be inexpensive 
enough to withstand vagaries in public 
funding. They must also be simple 
and verifmble, so that they are little 
affected by personnel changes. Most 
importantly, they must be highly sen- 
sitive to changes in ecosystems. To 
satisfy these demanding criteria it is 
important that monitoring be devel- 
oped as a science in its own right. 

Implications for public policy 

Clearly, much work needs to be 
done to document effects of acidifi- 

cation on birds, to establish the causal 
relationship, and to interpret these 
findings across broad areas and whole 
populations. But the evidence to date 
indicates negative effects, notably on 
spedes of high public appeal, espe- 
dally Common Loons and American 
Black Ducks. Though the extent and 
mechanisms of all pollutant effects are 
not known, there is certainly cause for 
concern. 

Unfortunately, uncertainty in one 
area is often used to argue postpone- 
ment of public policy action, no mat- 
ter how clearly indicated by evidence 
from other areas of knowledge. 

Evidence of indirect affects of at- 

mospheric pollution on birds adds to 
the proof of direct effects on aquatic 
environments, synergistic effects on 
forests and human health hazards to 

provide an overwhelming argument 
for emission abatement. 

For details on the extent of abate- 

ment minimally required see Schin- 
dler (1988). For a discussion of possi- 
ble mechanisms for abatement see 

Hardngton (1988). For a review of air 
pollution and birds in Europe see 
Goriup (1989). 
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