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ABSTRACT 

Detailed study of the  h i s to ry  of fo r e s t  t r e e  growth by 
tree-ring analysis is  used t o  assess  the  e f f e c t  of acid 
precipi ta t ion.  The pa t te rn  and h i s t o r i c a l  trends of acid  
prec ip i ta t ion  deposition a re  compared with growth trends 
from mature fo re s t  stands i n  New Hampshire and Tennessee. 
No c l ea r  indicat ion of a regional,  synchronized decrease 
i n  t r e e  growth was found. The res idual  var ia t ion of 
r e l a t i ve  t r e e  growth responses, a f t e r  removal of varia- 
t i on  due t o  weather, shows no recent time-dependent trend. 
Due t o  the unknown i n i t i a t i o n - d a t e  of acid prec ip i ta t ion  
and t o  the large var ia t ion of t r e e  growth estimates,  a 
corre la t ion of fo r e s t  growth and acid prec ip i ta t ion  i n  
eastern North America cannot be established a t  the  present 
time . 

INTRODUCTION 

Although the  in te rac t ion  between acidic  p rec ip i ta t ion  and ac tua l  
fo r e s t  growth i s  complex, involving many types and extents  of i n t e r -  
act ion,  it is useful  t o  look a t  f o r e s t s  f o r  several  reasons. F i r s t ,  
they a re  widespread and constantly exposed, second, they contain a 
growth h i s to ry  i n  tree-rings,  and t h i r d ,  they a re  economically and 
biological ly  important. I have studied t r e e  growth i n  order t o  
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determine i f  ac id ic  p rec ip i ta t ion  and f o r e s t  growth h i s t o r i e s  are  
correla ted (see Jonsson and Sundberg 1972, Whittaker e t  a l .  1974). The 
nature of the  interact ion i s  undefined, but  could involve depletion of 
s o i l  nu t r ien t s  (Overrein 1972), f e r t i l i z a t i o n  e f f ec t s ,  fol iage leaching 
(Eaton e t  a l .  1973), metabolic disruption i n  leaf  t i s sue  (Wood and 
Bormann 19741, and/or other e f fec t s .  

SITES AND METHODS 

Two fo re s t  s i t e s  were care fu l ly  selected fo r  old  aged, mature 
stands with a minimal h i s to ry  of disturbance. A New Hampshire s i t e  was 
located i n  the  Bowl Natural Area of the  White Mountain National Forest. 
Boring f o r  tree-ring analysis  ( F r i t t s  1961) was carr ied out i n  August 
1972 by W. B. Leak i n  the  northern hardwood p l o t s  described i n  Leak 
(1973). A Tennessee s i t e  was i n  the  Great Smoky Mountains National 
Park and increment cores were taken i n  June 1973 i n  the  spruce-fir  
f o r e s t  around Newfound Gap. Both s i t e s  are  i n  mountainous areas ,  on 
acid s o i l s ,  and i n  i so la ted  areas removed from loca l  sources of 
pollution.  Yearly growth chronologies f o r  the  dominant species were 
derived from increment cores obtained from scat tered t r ee s  i n  each 
stand . 

One s i t e  ( the Bowl) is  near the  center of the acid  prec ip i ta t ion  
region while the  other  s i t e  (Smokies) i s  a t  the periphery of the acid  
pat tern .  The Bowl s i t e  was probably ac id i f ied  (pH <4.52) sometime 
before 1955 and today has an average ac id i t y  i n  p rec ip i ta t ion  of pH 
4.10. Meanwhile, the  Smokies s i t e  has become ac id i f ied  from an annual 
average pH of about 5.2 i n  1955 t o  a present-day pH of 4.4 (Cogbill and 
Likens 1974). 

Response indices  ( r a t i o  of yearly growth t o  previous 10 year 
average) give an indicat ion of r e l a t i ve  growth of a stand ( F r i t t s  1961). 
These ind?ces are  then used a s  the  dependent variable i n  a multiple 
stepwise l i n e a r  regression against  p rec ip i ta t ion  and temperature 
var iables  i n .  the  growing season. The res idual  var ia t ion  of these 
regressions indicate  growth trends not accounted f o r  by weather 
variables.  

RESULTS 

The r a d i a l  growth chronologies f o r  beech (Fagus grandifol ia) ,  
b i rch (Betula l u t ea ) ,  and maple (Acer saccharum) a t  the  Bowl a r e  shown 
i n  Figure 1. Beech growth shows a maximum i n  the  19401s, possibly i n  
response t o  re lease  by the  hurricane of September 1938. Growth i n  
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Figure 1. Tree-ring chro- 
nologies a t  the Bowl. 
The number of t r e e s  inclu- 
ded i n  the chronology is 

i n  parentheses. 
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beech was s ign i f ican t ly  decreasing (p<.001 f o r  a l i n e a r  f i t )  from 1940 
t o  1970, but  not  s ign i f ican t ly  d i f f e r en t  from 0 slope (p>.05) from 
1950 t o  1970. Birch had f a i r l y  consis tent  growth with s ign i f ican t  
increases (pc.05) both from 1940 t o  1970 and from 1950 t o  1970. Maple 
had i r regula r  growth which was not s ign i f ican t ly  decreasing (p>.05) 
from 1940 t o  1970, but  was s t a t i s t i c a l l y  decreasing (p<.05) from 1950 
t o  1970. 
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The inclusion of d i f f e r en t  s i ze  t r e e s  i n  chronologies and the  
general tendency t o  decrease r a d i a l  increment a s  a t r e e  becomes older  
and la rger  somewhat biases  trends gleaned from r a d i a l  increment curves. 
Since basal-area increment is  a f a i r  estimate of t o t a l  productivity 
regardless of t r e e  s i z e ,  the  basal-area increment chronologies f o r  the  



Bowl a r e  shown i n  Figure 2 .  A l l  spec ies  show a genera l  increase  i n  
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Figure 2. Basal a r e a  growth 
a t  the  Bowl. 
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basal-area increment with time, a s  a l l  t r e e s  a r e  growing i n  s i z e .  
Recent i r r e g u l a r  growth has no c o n s i s t e n t  breakpoint ,  p a r t i c u l a r l y  
any downward s h i f t  o r i g i n a t i n g  before 1955. 

The chronology f o r  red spruce (P icea  rubens) i n  t h e  Smokies 
(Figure 3 )  is  s i m i l a r  t o  those seen i n  t h e  Bowl, p a r t i c u l a r l y  on 
b i rch .  I r r e g u l a r  decreasing growth i s  s t a t i s t i c a l l y  s i g n i f i c a n t  
(p<.05 d i f f e r e n t  from 0 s lope)  from 1910, 1940, and/or 1950 t o  1970. 
Despite being a f fec ted  by ac id  p r e c i p i t a t i o n  s ince  1955, t h e r e  seems 
t o  be no unusual change i n  growth p a t t e r n  a f t e r  t h i s  t i m e .  

Although both t h e  magnitude and t i m e  sequence of a c i d  deposi t ion  
vary from New York t o  Tennessee no s u b s t a n t i a l  d i f f e rence  i n  f o r e s t  
growth was found. A t  n e i t h e r  s i t e  was t h e r e  a r e s i d u a l  downward t r end  
i n  the  response indic,es  a f t e r  reduction of weather variance by 
mul t ip le  regress ion  techniques. The auto-corre la t ion  of these  
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Figure 3. Tree-ring chronology for spruce in 
the Smokies. The number of trees included in 

the chronology is in parentheses. 

residual indices were not significant (p>.05), indicating that no 
unaccounted for time-dependent variable was left after growth response 
and weather variance were taken into account. 

CONCLUSIONS 

No regional, synchronized decrease in radial increment growth was 
evident in the two mature stands studied in the eastern United States. 
Despite different acid precipitation regimes, these two stands dis- 
played similar growth patterns. Slight recent decreases in basal area 
increment in the mature stands were neither dramatic nor without 
precedent, but acid precipitation cannot be eliminated as their cause. 
Weather, stand dynamics, and determination error are probable 
contributory causes. Thus, due to the unknown initiation date of acid 
precipitation and to the large variance of tree growth estimates with 
no breakpoint, a correlation of forest growth and acid precipitation in 
eastern North America cannot be established at the present time. 



REFERENCES 

Cogbill, C. V. and G. E. Likens. 1974. Acid precipitation in the 
northeastern United States. WATER RESOUR. RES. 10:1133-1137. 

Eaton, J. S., G. E. Likens, and F. H. Bormann. 1973. Throughfall and 
sternflow chemistry in a northern hardwood forest. J. ECOL. 
61:495-508. 

Fritts, H. C. 1971. Dendroclimatology and dendroecology. QUAT. 
RES. 1:419-449. 

Jonsson, B. and R. Sundberg. 1972. HAS THE ACIDIFICATION BY 
ATMOSPHERIC POLLUTION CAUSED A GROWTH REDUCTION IN SWEDISH 
FORESTS? Institution for Skogspoduktion, Stockholm, Res. Notes, 
Nr. 20. 46 pp. 

Leak, W. B. 1973. SPECIES AND STRUCTURE OF A VIRGIN NORTHERN HARD- 
WOOD STAND IN NEW HAMPSHIRE. Northeast Forest Experiment Station. 
USDA For. Serv. Res. Note. NE-181. 4 pp. 

Overrein, L. N. 1972. Sulfur pollution patterns observed; leaching 
of calcium in forest soil determined. AMBIO. 1:145-147. 

Whittaker, R. H., F. H. Bormann, G. E. Likens, and T. G. Siccama. 1974. 
The Hubbard Brook ecosystem study: Forest biomass and production. 
ECOL. MONOGR. 44:233-252. 

Wood, T. and F. H. Bormann. 1974. The effects of an artificial acid 
mist upon growth of Betula alleghaniensis Britt. ENVIRON. POLLUT. 
7:259-268. 




