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concerned with acidity of water." He naotes that bog ~ a t t m  (pa~%iculasly from sphagnum 
s), floods after droughts, and spring snt~wmelts are especially acid, resulting in the 

coagulation of fish mucus. 

At the same time, %)ah1 (19.21) noted that  
For a considerable time trout and salmon hatcherim in southweatem No 
themselves confronted with grave: difficulties in rearing a R D I  The waters of 
are obvisudy very acid, and very srmnall al.terations in the acidity may be sufficient to 
render them acid to a degree dwn emus to fish life ... variations in acidity occur 
according to seasons or aecntding to the rainfall ..-. It is also well known that a 

rently fine forest brooks in this region of wssds and peat Bogs m e  
e been entirely devoid of trsut .... we know that the soia of this 

granite district i s  very acid p n . .  There i s  every xason for study of the subject [the 
survey and correlation of soil arid water]. 

The statements of KenddP (19%) and Dah1 (192%) belie the corninonly he1 
transient acid riins~lf events and ass~cisted fish kills are strictly ~ , ~ i ~ - ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~  
phenomena, Recently, Noggle et  nL (1984) showed that  leachate from acid sail wa8 the 
probable cause of a fish kill involving rainbow trt.sut, They suggest that the OH" 
SOWE soils have an adequate binffering capacity to be relatively unchanged by 
from the atmosphere, They concluded that  the 50- d increase in hydro en ions and the 
7-fold increase in aluminum ions which they shserv in  runoff \vater or water collected 
from special lysimeters was prinmcipally ca by the release of ions from the uppermost 
acid soil horizons during storm events, which had come in contact with less acid 
subsoils and underlying g e ~ l ~ g i c  materials was not toxic to fisk, nor did i t  have high levels 
of aluminum ions. 

While literature exists regarding natural acidification and hydrologic ~~~~~~~~~, little 
research has Been done to examine the relative effeeta ob acidification by natural process 
and those efhcts  caused by acid rain, ~~~~~~~~~~~y in the context of the spatial 
variations of the prohlem. The following sections briefly discuss some of the litemture. 

Of the five interactive soil-forming factoli.s......clirnnate, biology, geology, topography, and 
tilltlle-man has definitely influenced elimatc (Le., ~ ~ $ ~ ~ ~ ~ l ~ ~  through acid pre 
has also affected the factors of time and biolo by repeatedly distinrbi 
forested ~a~~~~~~~ through clearing, cutting, and burning. In recent years, 
recovery from this earlier disturhsnee has beemi ~~~~~~~~~~~" 1J.S.. Forest S 
(1982) indicate that stan ing wood is ~~~~~~~~~~ faster than the removal rat 
mortality, so that, in th New England, Mid-Atlantic, and Great Lakes stat 

y 61.4% between 1952 and 1977. 
While? on an overall basis these increases are shared eqnnally between conifer ( s ~ f  

and deciduous (hale 
the volanme of stan 
sof &woods in the mid-Atlantic states, This large i~~~~~~~ in hardwo 
of forests in Pennsylvania, which has the greatest vohme of hardwood of any 
country (Powell and Considine 1982). The overall i~icrease also reflects the early 
by New York to preserve the Adirondscks, which conatsin much of the ssftw 

species, there are differences by region and state. For if? 

ects the recovery 
in t 
tsk 
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2.4 TIQN LTI 

etlasnds exert a disproportionate1 
of ~~~~~ flows through e 

and recovery of wetland ~ c ~ ~ y $ t ~ ~ ~ $  may play a 

one with remote sensing 
1963, MaeConnell 9975, Sims et al. 1982). Using ae 

An examination of the history of settlem 

cut over, and they have been re 

yclical changes in? climate 

the reintroduction of the beaver caused the formation of at least 970 hectares of beaver 
ponds and an uns ecified amount of wetlands between 1951 and 1971 in ~ ~ s ~ a ~ ~ u ~ ~ ~ ~ ~ .  

Reforestation and maturation of forests in wetland areas tends to promote the gro 
Changes in wetlasn 3 may have profound effects on water chemistry and hydrolo 
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0 0.4 0.2 0.3 

Po 

along with the Great ~~~~~~~~~~. The post-Second Worlr War popu,ation boom w m  I 

rural, ~lo~ifarm po ulation resulting in very little area of land used per unit popu$. 
A-2). 

erecting a low earthen dam ibcrom Hurricane Brook along the lines of a 1-0 

sometime after 1911. Much of the land flooded by the dam was a 

The Civilian ConservstioKn Corps (@@e) create Emmomas Pond be 
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dead and decomposin sphagnum intersperse 
summer of 1983. sts a %year perio 
community. Finally, 
has expanded out b 
Other sphagnum lawn areas along the stream 

It is possible that sphagnum lawns existed in th  
the floods of 1955 and that Emmons Pond wil, 
however, is related to proliferation of sphagnum after the dr 
ended. Given the present condition of the watershed, establishe 
survive drought years such as 1978, 1980 
sampled Emmons Pond), and 1981 (Fig. 3). 
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From the Emmons Pan Id be eo conduct 
h historical a n ~ ~ y $ e $  o 

dy to repeat the intensive 

far  too small to quantitatively investigate the variety of causal 
studied. 

for hundreds of lakes 
as part of the National Acid and other studies. 
Unfortunately, none of the currently published data b 
that  are most likely to influe ce natural a c i ~ i ~ i c ~ t i ~ n  
collected for many lakes, but land use is an economic and cultural. conce It that  reveals little 
about key physical features such mposition of 8 forest, the depth of humus 
on a forest floor, the extent of velopment, or the nature of biochemical 
processes in soils and water. 

The conceptual approach ado 

At the opposite extreme, exte sive data bases are bei 

capture the landscap 
esses, Land use d 

in this study lies ~~~~~~~ the two extre 
s to develop and analyze a data base o 
@uses specifically on landscape element 

general, the app 
lakes. The data 

related to natural acidification processes. The rstudy also relies on existing data, bases, such 
as ACID (Mendry e t  al. 1983), for additional information on Bake chemistry. Data base 
development i s  accomplished through remote sensing, examination of historical documents, 
and site visits- 

An important objective of this project is to investigate the potential of Landsat spectral 
data to aid in identifying landscape elements which may in amence lake acidification. Digital 
remote sensing from satellites offers the advantages of synoptic, large area covera 
frequent, repetitive observations, but there are disadvantages as well. Satellite obser 
go back only to 1972; further historical analysis requires additional i ~Q~~~~~~~ frSrrPl 
sources such as soil surveys, wetlands inventories, maps, aerial photo hs, and written 
documents, 

considerations ob time and cost limited thi ion to a single 
multispectral s ~ a ~ ~ e ~  (MSS) scene in southern 
mapper (TM) scenes in the Adiro 
of Emmons Pond in the southern New 
desirable for comparative analysis. The scene c 

sat tapes are a ~ a i l a b l ~  for 

future. The Adi 
includes the aci 

the large concentra 
be essential to rem 
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3.4 

“ground truth,’? task was carried out dur 
ld teams were ii-nvolvd to verify the apect 

the ~~~~~~~ of September 22-23, 
signatures ~~~~~~ from the initial 

quantitative ~ e ~ s ~ r ~ ~ ~ ~ t ~  
classification effort. In all but two of the ponds investi ere were vabrying areas of 

num moss or herbaceous wetland vegetation. Althe, 
were made, it was noted that  
wetland were positively correh 

dead conifers. 

e acidity and amou 
(Table I). ”he two 

e and New Long ponds) were located in eastern ~ a s s ~ ~ ~ ~ ~ ~ t ~ ~  in an area of 

3.4.2 Acidity 

The pH values for lakes examined in southern New Engla 
high, Six of the 16 headwater lakes had p 
values between 5 and 6; and the ~ ~ ~ ~ i n ~ n ~  six lakes had p 
lake-Wilbur-t e a v ~ ~ a ~ ~  pH was less than 4. 

watershed was inversely related to the pH. EIowever, i t  is recsgn 
is, at best, a “guesstimate,” and a more accurate evaluation wo 
which are measure in a more precise manner. Nevertheless, even with this cursory 
inspection, there we estions of opposite situations bein 

in general, relatively 
ater than 6; four had 
less than 5. For one 

mount of sphagnum moss within a tively noted that, in general, the 
that such an evaluat 

depend on ather fact 

Forest communities are the dominant cover within the w ~ ~ ~ ~ ~ ~ e ~ ~ ~  of the inspected lakes. 
In none of the situations inspected was the forest cover original; dell sho 
cutover, and in so e cases the eutover sections were of recent origin 
watersheds, some forest cover was enclose by stone fences, indicati 
been used for agrieulttira‘l purposes. The 
disintegration, indicatin that  the land may not have been use 

The tree species in the forest varied; some ere coniferous and 
maple, ash, alder, and white ced 
were dominated by sweet pepperhush, blueberry, viburnum, cinnamon fern, and royal fern. 
Sphagnum and other mosses were located in some of the wetter re ions. With the exception 
of Carr and Whitmans ponds, i t  was 
were associated with an opening in the 
be killed off as the sphagnum lawns grew. 

Conifers tended to occupy upland and drier sites, The do 
the eastern white pine; however, in isolate locations spruce 

ed that  as “sphagmuma lawnsf9 developed 
ears that  some of the trees tend 

n t  conifer encountered was 
emlock were found. 





these latter two conifers were found, there 
t of distinctive albie and s~~~~~ soil horizons. 

tive community @ha 
re basically as they were 

eastern ~ a s ~ a c h u s e t ~ ~ ~  large areas of eastern white pine were observe 
kich were remo 

n these areas were frequently convert 
~ a r t i ~ ~ l ~ r l ~  cranberry bogs. 

All of the w ~ t e ~ s h e d s  inspected had been covered by gl ets in their recent 
ologic past. In some locales there \vas e ~ ~ d ~ r m ~ ~  of 
e area ~ ~ ~ d ~ r ~ ~ ~ ~  glacial deposition. In general, up1 

untered. The till 
nd boulders were 

bedrock outcrops were apparent s. In moat wat 
cia1 till was loose and unconsolidated. ~ ~ ~ q ~ e r m t l y ,  the texture 

lar, gravel-like in texture and particle-si 
by glacial outwash deposits which contain stratified 
and clayey. 

relief features, In a few situations, the waters 
in the field OF on tops aphic maps. The majority of 1 
hectares to a few ten f hectares; none 
lake size, but the smallest lak 
within their respective watesshe 

The ~~~f~~~ confimration of the: majority 

s in the watershed me 
~ ~ t ~ r s h e d  size is corm 

e most diverse surface configurations 

All of the lakes field inspected in the: southern New 
headwater areas. This was one of the criteria use 
incorporation in the Haines study (Haines e t  al. 1983). Fourteen of the si 

originally to select these lakes for 

first- or second-order streams. At  
round sources, with no apparent surf 

kes were fed mainly from 
All of the lakes had some 

stream outflow, although many of these were dry at the time of fie1 
apparent for some of the lakes that  a portion of the outflow was via u 
especially those with sandy beds; 

A major differentiating distinction among the lakes was the amount of aquatic 
vegetation. Shallow, small, and old lakes (some of the lakes obviously were recently created 
by damming since they were not present recent topographic maps) had varying amounts 
of vegetative growth. One lake was completely covered with wate 
to distinguish water from vegetation in the Landsat pixel which IP esermted this lake. Other 
lakes of this category had some portion of the surface area w 
aquatic plants. All of the lakes with floating vegetation also d 
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major process in niost of the Bakes inspected. X l e ~ ~  than half (6 of 16) of the lakes had pH 
values less than 5 ,  Acid damage in. water, Band, or vegetative biota was not rea 
The data, both from the field and that  ~~~~~v~~ via remote serasing techniques, did not 
match public perceptism of the destruction attributed to ~eporte eidification processes. 

The landscape characteristics, pels 88, in? southern New Engl were imre marginal and 
transitional than expected from earlier rep~i.ts. 'Isolation and primitive and natural 
conditiams were nonexistent. Man's impact on the s~~~~~~~ New England area i s  pervasiure. 
Although the landscape elements are typical of the whole in other areas of New England, 
intense and direct populatioai pressures on Band and water can he witnessed in what are the 
most inaccessible areas of southern New England. Such situations may not exist in  other 
sections of New EngBamd more rex~aoved from the large metropolitan centers. 

in Sect, 2, it Pias been known far some 
ion have had ~~~~~~~~~s problems in the for 

in stocking p r o ~ s m s  that date back at least to the early 
24, J O ~ ~ I S Q ~  1927). More recent ~ R I V ~ S  

ship ~~~~~~~ lake acidity and the abs 
elieved to be cause 

el? of natussl processes as 
activities, hut not directly associated with ~~~~~~~~~~~~ acid depos 
the acidification of surface waters in this region. This is consistent 
Krug and Frink (29 

It is ~ i ~ ~ ~ ~ ~ ~ ~ ~ t  
and spruce, now has but 13% of  its area 
resulted in the transformation of the Adira 
some conifers mixed in with the ]bard 

w volume ob ~~~~ per acre 
Most of the forest has 
Davis 1954). Only ab 
Adirsndack Park have not been cu 

with little or no ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ n  for maintenance of  a high quality forest, Consequently, 
Adirsndsck forests am ""unhealthy"; moat of the woo 
Davis 1954, '1e"hompson 19 

ators have docu 

t the Adirsmidack re OU8 for its prodmetion of white pine 
8 forest. Disturb nee By man has 
predomi wlately h 

2)" Early lumbering practicess, and even most recent Ilumheaaing, 

ed ox" deformed (Perree an 

inger et al. 1983, Everett e t  al. 1982)., Sphagnum 
communities am favored by low nutrient envirlui~rraae ts, Everett et al. (1 
bedrock of the western Adirsndacks has abs alb the calcium c 
eastern part. Likewise, the calcium content ob western Adirondack 

t one-half that of equivalent soil types of the eastern part @lei 
more acid than pH 5 are concentrated in the western part sf the Adir 
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4. CONCLUSIONS 

A review of the literature pertinent to landscape and lake acidification relationships, 
although not clearly establishing a causal relationship between landscape change and lake 
acidification, does indicate that such a relationship exists and encourages further studies to 
investigate this relationship. 

The observations at Emmons Pond show that changes in the landscape are occurring in 
the general time frame in which the pond has become more acidic. These observations also 
indicate that the presence of sphagnum moss in the watershed is contributing to the 
acidification. These results offer further encouragement to investigate landscape/lake 
acidification relationships. 

The Landsat/ground truth investigations in southern New England, although 
preliminary, do suggest that  satellite imagery can be useful in identifying types of ground 
cover important to landscape/lake acidification relationships. 

Our general conclusion is that  there is a landscape and lake acidification relationship 
and that  remote sensing, such as Landsat imagery, can be useful in investigating this 
relationship. We intend to continue this investigation and extend the studies in the 
Adirondack region. 
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