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EFFECTS OF GLOBAL ATMOSPHERIC PERTURBATIONS ON FOREST ECOSYSTEMS: PREDICTIONS OF 
SEASONAL AND CUUJLATIVE EFFECTS; R.W. Tlnus, USDA-Forest Service, Rocky Mountain Stat ion,  
Flagstaf f ,  Arizona, and D.J. Roddy, U.S. Geoiogicai Survey, Flagstaf f ,  Arizona 

The physical e f fec ts  of cer ta in  large events, such as g iant  impacts, explosive volcanism, or 
combined nuclear explosions, have the  potent ia l  of  inducing global catastrophes i n  our 
t e r r e s t r i a l  environment I1,2,3,4,5,6,71. Such highly energetic events can i n j e c t  substant ia l  
quan t i t i es  of  material i n t o  t h e  atmosphere I8,91. I n  turn, t h i s  changes the amount of  sunl ight  
reaching the Earth's surface and modif ies atmospheric temperatures t o  produce a wide range of  
global effects. One consequence i s  t h e  introduct ion of  serious stresses In  both p lants  and 
animals throughout the Earth's biosphere 15,6,71. For example, recent studies p red ic t  t h a t  
f o res t  lands, crop lands, and range lands would su f fe r  s p e c i f i c  physical and b i o l o g i c a l  
degradations i f  major physical and chemical d isrupt ions occurred i n  our atmosphere 16,71. 

9 7 2  
Forests, which cover over 4 X 10 hectares (4 X 10 km ) o f  our planet, o r  about 3 t imes t h e  area 
now cu l t i va ted  f o r  crops, are c r i t i c a l  t o  many processes I n  the  biosphere. Forests con t r i bu te  
heavi ly t o  t h e  production of  atmospheric oxygen, supply t h e  major volume of  biaress, and provide 
a s i g n i f i c a n t  percentage o f  p lant  and anlmai habitats. 

Recognition o f  t he  serious consequences of major disrupt ions of  global f o res t  ecosystems has 
prompted increased research i n  these areas I5,61. For example, studies i n  the  growth f a c i l i t y  of 
t h e  USDA Forestry Sciences Laboratory a t  Flagstaf f ,  Arizona, permit predict ions o f  some of t h e  
e f fec ts  of sunl ight  and temperature perturbat ions on several major t r e e  species and t h e i r  f o res t  
re lat ions.  Drawing on these and other data, and assuming t h a t  a large event, such as a g i a n t  
Impact, can cause global atmospheric pol  l u t l o n  wi th  sun1 ight  reduced by 4 0 s  and atmospheric 
temperatures lowered by -15 'C, we p red ic t  a number of  negative consequences f o r  f o r e s t  
ecosystems. For s imp l i c i t y ,  we fur ther  assume t h a t  t h e  atmospheric perturbat ions occurred i n  
temperate zones dur ing only two seasons, winter and spring; t h e  atmospheric e f f e c t s  a re  
considered t o  l as t  on the  order o f  3 t o  9 months. 

years; the plants are exposed continuously t o  t h e i r  local environments throughout a i l  seasons. 
However, t h e  vu lne rab i l i t y  of  f o res t  t rees i n  temperate zones var ies great ly  and i n  complex ways 
when stresses a re  imposed during d i f f e r e n t  seasons. For example, global p o l l u t i o n  would cause 
t h e  least  damage i n  t h e  winter when t h e  trees a re  dormant. Cold hardiness i s  usual ly more than 
adequate f o r  any temperatures tha t  the t rees a re  l i k e l y  t o  encounter, except a t  t he  northern 
l i m i t s  of  t he  temperature range of  a species. I n  winter, when temperatures a re  high enough, 
evergreens normally use sunl ight  f o r  photosynthesis, but  sunl ight  I s  not necessary f o r  t h e i r  
surv iva l  i f  winter pe rs i s t s  f o r  less than a year; deciduous trees are unaffected even by t o t a l  
darkness i n  winter. With reduced atmospheric gas exchange, most t rees would have minimal 
s u s c e p t i b i l i t y  t o  noncorrosive a i r  poi lut ion.  
remain dormant as long as cold and darkness persisted. However, when budbreak f i n a l l y  d id  occur, 
low l i g h t  In tens i ty  would be detrimental, because it would impede accumulation o f  food reserves 
during the shortened growing season. 
winter  would be t h a t  it would leave t h e  t rees h lgh ly  starved and poorly ab le  survive t h e  
fo l lowing fa1 I and winter. 

underway and food reserves and cold hardiness a re  a t  a minimum. 
damaged or k i  I led by f rost ,  resu l t i ng  i n  t h e  loss of  a t  least  a year's grarth. The damaged 
t i ssue  would be invaded by pathogens t h a t  would cause addi t ional  dieback. Deciduous fo res t  t rees 
would be h u r t  more than evergreens because t h e  e n t i r e  year's normal growth o f  f o l i age  would be 
lost. 
Because o f  low food reserves, t h e  next f l ush  of  growth would be meager, although new fo l i age  
would be be t te r  adapted t o  low l i g h t  i n tens i t i es  than previous foliage. A i r  p o l l u t i o n  would 
ser iously shorten the  useful l i f e  of  fo l iage; such pol lu t ion,  combined w i th  low l i g h t  in tens i ty ,  
would prevent recovery of  food reserves. The longer t h a t  such adverse condi t ions pers is ted I n t o  
summer and fa1 I, t h e  greater t he  degree of damage. 

i n  general, forests  a re  composed of  perennial p lants  whose l i f e t imes  a r e  measured i n  tens of  

During a period o f  3 t o  9 months, t he  t rees would 

One serious consequence of  atmospheric p o l l u t i o n  I n  t h e  

The most severe consequences o f  global p o l l u t i o n  would occur i n  spr ing when new growth i s  
New growth would be severely 

Species denanding high l i g h t  would su f fe r  more damage than those t o l e r a n t  of shade. 

Most t rees would not  be ab le  t o  co ld harden 
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I n  a t lmely  mnner and would d l e  durlng ear ly  f a l l  freezes. Severe atmospheric p o l l u t l o n  caused 
by events occurrlng I n  e i t he r  summer o r  f a l l  would have e f f e c t s  intermediate between those 
descrlbed above f o r  winter and sprlng. 

acute doses envlstoned here. The attendant but  c r I t 1ca I  e f f e c t s  o f  reduced I l g h t  l n tens l t y  on 
rates of  photosynthesis, both I n  t r e e  growth chambers and I n  f l e l d  s l t w t l o n s ,  a r e  a lso  well 
documented f o r  some specles. The sparsest data a re  on temperature perturbatton ef fects.  Growth 
as a funct lon o f  day and n igh t  temperature i s  known f o r  only a dozen o r  so commercially Important 
spectes. General i n f o r m t l o n  on mxlmum cold hardlness I n  wlnter Is known f o r  perhaps 300 
species and h o r t l c u l t u r a l  cu l t ivars .  However, ra tes and degree o f  onset and loss o f  co ld  
hardlness durlng the  annual growth cycle a r e  poorly known. 
emerges f o r  global catastrophes I n  fo res t  ecosystems, addl t lonal  research I s  needed on subJects 
such as atmospherlc physlcal and chemlcal overloading, sustalned Increases and decreases I n  
sunl lght  and temperature, d i f f e r e n t  seasonal condl t lons and stress duratlons, l a t l t u d e  
varlations, atmospheric global c i r c u l a t i o n  modeling, and In teract ion among b l o l o g l c  spectes. 
Where posstble, such research should Include data on stress resu l t s  from growth laboratory and 
f te ld  studles. 

The e f f e c t s  o f  a l r  po l lu tants  a re  moderately we1 I known f o r  mny specles, b u t  not a t  t h e  

Before any comprehensive pbcture 
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