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FOREWORD 

The UNESCO intergovernmenta l  program on Man .and t h e  Biosphere (MAB) 

inc ludes a  Global Environmental Mon i to r i ng  System (GEMS), and assess- 

ments o f  t rends i n  man's ecosystem and technologies.  Among nongovern- 

mental i n t e r n a t i o n a l  o rgan iza t ions ,  t h e  S c i e n t i f i c  Committee on Problems 

o f  t h e  Environment (SCOPE, o f  t h e  I n t e r n a t i o n a l  Counci l  o f  S c i e n t i f i c  

Unions, ICSU) has prov ided exper t  guidance on the  needs and meaning o f  

environmental mon i to r ing .  . . 

The Uni ted States o f  America con t r i bu tes  t o  these Biosphere a c t i v i -  

t i e s  i n  Environmental Mon i to r i ng  and Assessment o f  t h e  Biosphere. The 

U.S. Department o f  I n t e r i o r  (DOI) and/or the Energy Research and Devel- 

opment Admin i s t ra t i on  (ERDA) p rov ide  t h e  1  eadership and coopera t i  on 

w i t h  t he  U.S. Department o f  A g r i c u l t u r e  ( e s p e c i a l l y  the  Fores t  .Serv ice) ,  

TVA, o ther  agencies, u n i v e r s i t i e s ,  and i n d i v i d u a l s .  

This  r e p o r t  deals w i t h  t he  establ ishment  and i nven to ry  o f  permanent 

vegeta t ion  p l o t s  w i t h i n  t h e  Great Smoky Mountains Nat iona l  Park: The 

i n fo rma t i on  c o l l e c t e d  represents the  accurate d e s c r i p t i o n  o f  c u r r e n t  

vegeta t ion  cond i t i ons .  They w i l l  form t h e  beginning o f  a  s e r i e s  o f  

benchmark s tud ies  t o  mon i to r  changes i n  the  vegeta t ion  and the  envi ron-  

ment. Th is  e f f o r t  seeks t o  coord ina te  con t i nu ing  s tud ies  o f  a  Southern 

Appalachian Biosphere Reserve C lus te r  l i n k i n g  the  f u l l y  p ro tec ted  con- 

se rva t i on  reserves l i k e  those o f  t h e  Great Smoky Mountains Nat iona l  Park 

benchmark s i t e s  w i t h  o ther  experimental  reserves and reserch  s t a f f s .  

Th is  p r o j e c t  may c o n t r i b u t e  base l i ne  i n fo rma t i on  towards t h e  MAB p r o j e c t  

8 (Biosphere Reserves), p r o j e c t  2 (Temperate and Mediterranean Fo res ts )  

and o ther  p r o j e c t s  o f  i n t e r n a t i o n a l  s i g n i f i c a n c e .  

The present r e p o r t  represents f i e l d  work o f  the  sumners of 1976 

and 1977 by D r .  Rudol f  W .  Becking under a  subcontract  w i t h  t h e  Oak 

Ridge Nat iona l  Laboratory -(ORNL) t o  re loca te ,  r e i n v e n t o r y  and perma- 

n e n t l y  mark t h e  w e l l  p u b l i c i z e d  vegeta t ion  p l o t s  o f  D r .  Robert  H. 

Whi t taker  and Rudolf  W. Becking. D r .  J e r r y  S. Olson ORNL coord inated 

these research e f f o r t s .  The permanent p l o t s  are we l l  s u i t e d  f o r  

b i o l o g i c a l  mon i to r ing  and e a r l y  assessment o f  any environmental  changes 



i n  t h e  . f o r e s t  environment of t he  Smoky Mountains. O f  spec ia l  i n t e r e s t  

w i  11 be the '  e a r l y  assessment o f  t h e  hypothesis  t h a t  t he  h igh -e leva t i on  

r e l i c  s p r u c e - f i r  f o r e s t  communities and/or some o f  i t s  r a r e  o r  endemic 

species might  be th rea tened w i t h  e x t i n c t i o n  when c l i m a t e  warming takes 

p lace .  It' i s  a n t i c i p a t e d  t h a t  w i t h i n  the  nex t  cen tury  cl imate-warming 

may occur as a byproduct  o f  the cont inued increase i n  atmospheric C02 

f rom acce le ra ted  bu rn ing  o f  f o s s i l  f u e l s .  The evidence and 

i m p l i c a t i o n s  o f  such inc rease of g loba l  C02 and temperature have been 

reviewed r e c e n t l y  by Baes e t  a l .  (1976).  These assessmen.ls dr-e p a r t  o f  

a p r o j e c t  on The Global Carbon Cycle and C l i m a t i c  Risks,  supported by 

t h e  ERDA D i v i s i o n s  o f  Environmental Research and Technology Overview. 



PREFACE AND CONCLUSIONS , 

I f  the  accelerating burning o f  f o s s i l  f ue l s  produces enough 

increase i n  atmospheric carbon dioxide t o  r a i s e  the mean surface temp- 

erature o f  the ear th  several degrees, very important ecological and 

soci  a1 consequences are ant ic ipated (Baes e t  a1 . 1977). Vegetation and 

animal l i f e  depend upon cer ta in  narrowly defined environments or niches 

t o  succeed and grow t o  f u l l  matu r i t y  and complete t h e i r  l i f e  cycles. 

Studies and c l ima t i c  monitoring throughout the  1 ow elevat ional  areas o f  

the United States w i l l  focus upon s h i f t s  i n  crop zones and ag r i cu l t u ra l  

r i sks .  Shi f ts o f  storm tracks and even temporary heating or c h i l l i n g  

can upset many environmental adaptations r a t  her suddenly. 

The present p i l o t  study concentrated on a complementary aspect o f  

concern, namely the slow but d ras t i c  s h i f t i n g  o f  f o res t  zones, 

especi a1 l y  i n  mountainous regions. The h i  gh-a1 t i t u d i n a l  f o res t  eco- 

systems o f  the Great Smoky Mountains, i n  pa r t i cu la r  the spruce- f i r  

forests,  have been much-studied and admired as r e l i c  fo res ts  (Cain 

1935, 1943; Whittaker 1956) (Fig. 1) .  The purpose o f  t h i s  study i s  t o  

estimate and eventual ly measure the magnitude o f  potent i  a1 vegetational 

s h i f t s  i n  undisturbed natura l  vegetation i n  the absence o f  the many 

other complicating impacts of man, 

Results from two sumners (1976 and 1977) suggest t ha t  even compara- 

t i v e l y  small temperature increases o f  1°C (1.8O~) could indeed lead t o  

bo tan ica l l y  s i gn i f i can t  changes i n  the spruce- f i r  f o res t  communities of 

the  southern Appal achi an mountai ns . These fo res ts  are famous f o t  many 

p lant  species endemic t o  these sumnits - species o f  l i m i t e d  ranges and 

on ly  narrow niches. Increased temperature (o r  var iab i  1 i t y )  of t o t a l  

cl imate would increase the p r o b a b i l i t y  o f  ex t inc t ion,  o r  of narrowing 

r e l i c s  t o  very is01 ated spots. I f  increases o f  3' t o  5 ' ~  o r  more should 

occur as predicted, changes may e l iminate the Fraser f i r  fo res ts  f i r s t  

and then red spruce, or a t  l eas t  change the spruce- f i r  f o res t  from a 

l o c a l l y  dominant ecosystem t o  a I i re l i  c." Successional adjustments would 

be expected t o  a subs t i t u t i on  o f  ce r ta in  hardwoods and/or hemlock for  

the now predominantly spruce- f i r  coniferous forests  o f  the crest  of the 



Fig.  1. V i r g i n  Red Fraser sp ruce - f i r  f o r e s t  (here w i t h  understory o f  s t r l p e d  
maple and rhododendron, on the B u l l  head T r a i l  t o  M t .  LeConte) pro- 
vides unique s c i e n t i f i c  and aesthet ic  character t o  the Great Smoky 
Mountains National Park (September 2, 1976, R. W .  ~ e c k i n g ) .  



Great Smoky Mountains National Park and s im i l a r  areas along the  Blue 

Ridge Parkwa-y. With or wi thout a po ten t ia l  c l ima t i c  warming, the  Fraser 

fir forests are already prone t o  attack by the balsam wooly aphids (see 

be1 ow). This attack may eventual ly e l iminate the Fraser fir at  a more 

rap id  r a t e  than otherwise i f  projected c l ima t i c  warming indeed occurs 

(Fig. 2). The 20 permanent bench mark p lo t s  establ ished i n  1976 and 

1977 and evaluated i n  t h i s  repor t  should help t o  document regional  and 

global changes i n  the human environment. 

Hypotheses o f  mountain landscape changes are based mainly on the 

ex i s t i ng  a l t i t u d i n a l  d i s t r i b u t i o n  and stand character is t ics  o f  the 

forests,  documented on a r e l a t i v e l y  small number o f  vegetation p lo t s  

measured f i r s t  i n  1959. I n  most p lo ts ,  the stand changes by 1976-1977 

d i d  not yet  suggest tha t  a d i s t i n c t  a l t i t u d i n a l  (temperature) s h i f t  i n  

1 i f e  zones has started. However, there have been weather-re1 ated d is-  

turbances, most notably blowdown by wind near the Mount LeConte Lodge 

and shel ter .  A t  t h i s  h igh e levat ion (% 1900 m) t o t a l  spruce- f i r  stand 

destruct ion has been fol lowed by dense regenrations o f  1 t o  2 m fir, 

w i th  no aphid encroachment y e t  v i s i b l e .  Local observations between M t  . 
LeConte and Brushy Mountain (1500-1700 m) indicated conspicuous dying 

o f  Fraser fir near i t s  lower a l t i t u d i n a l  l i m i t ,  poss ib ly  re la ted  t o  the 

unusual drought i n  l a t e  sumner 1976. 

Observations ( inc lud ing those o f  Ronald Hay) i n  the  Park do i n d i -  

cate r a p i d  spread o f  the balsam woody aphid since 1959. M o r t a l i t y  i s  

ac tua l l y  caused by a fungus i n t r o d u c d  by the  aphid. Around M t  . 
Mi tche l l ,  northeast o f  Ashevi l le, N.C., aphid i n fes ta t i on  had already 

s tar ted i n  1959 and has since el iminated many o f  the o lder  fir forests 

below 1600 m. M t .  M i t che l l  fir fo res ts  above 1600 m have not ye t  

suf fered so severely despite the 1 ocal prox imi ty  o f  i n fes ta t i on  sources. 

This suggests tha t  c l i m a t i c  warming changes might re in fo rce  the damage 

from pest in festa t ion,  i n  add-it ion t o  creat ing unfavorable s h i f t s  o f  

the physiological  and ecological  adjustments o f  several h igh-a l t i tude 

t rees and herbs. The general increase i n  temperature would be accom- 

pan i ed by increased evapotranspi r a t i  on. This may we1 1 become fu r t he r  



Fig. 2 .  Spruce-fir survives in relatively isolated Appalachian peaks, 
a1 ready is01 ated by warming climates sf postgl aclal time. 
A. Cl ingman's Dome (September 16, 1976). B. M t .  LeConte, 
Myrtle Point overlook and heath bald (September 3 ,  1976, 
R .  W .  Becking). 



aggravated by less  p r e c i p i t a t i o n  (o r  less  r e l i  a b i l  i t y  o f  r a i n  and snow) 

and/or more f requen t  wind des t ruc t i on .  A weakened c o n d i t i o n  o f  t h e  

high-a1 t i t u d i n a l  vegeta t ion  would make i t  more prone t o  i n s e c t  a t tacks  

and diseases. I t s  regenera t ion  p o t e n t i  a1 may be d r a s t i c a l l y  impaired. 

Therefore, the  combined impact o f  c l i m a t i c  changes cou ld  be substan- 

t i a l l y  more d r a s t i c  and sudden than might  be guessed f rom a mere a l t i t u -  

d i n a l  s h i f t  o f  the  e x i s t i n g  c l i m a t i c  zones. 



THIS PAGE 

LEFT BLANK . 

0 



ABSTRACT 

BECKING, R. W., and J. S. OLSON. 1977. Remeasurement o f  permanent 
vegeta t ion  p l o t s  i n  the  Great Smoky Mountains Nat iona l  Park, 
Tennessee, USA, and the  i m p l i c a t i o n s  o f  c l i m a t i c  changes on 
vegetat ion.  ORNL/TM-6083. Oak Ridge Nat iona l  Laboratory,  
Oak Ridge, Tennessee. 118 pp. 

This  r e p o r t  sumar i zes  f i e l d  work over two summers (1976 and 1977) 

t o  re1  ocate, monument and r e i  nventory permanent vegeta t ion  p l o t s  i n  t h e  

Great Smoky Mountains Nat iona l  Park. These p l o t s  were f i r s t  es tab l i shed  

by t h e  senior  author and R. H. Whi t taker  i n  1959-62. The i n v e n t o r y  

r e s u l t s  are discussed i n  terms o f  vegeta t ion  changes i n  h i g h - a l t i t u d i n a l  

f o r e s t  ecosystems, i n  p a r t i c u l a r  t h e  s p r u c e - f i r  f o r e s t s ,  and t h e  f ac- 

t o r s ,  c l ima te  s h i f t  and b i o t i c  and a b i o t i c  agents, b r i ng ing .  about vege- 

t a t i o n  change. A second aspect o f  t h e  r e p o r t  s u m a r i z e s  experience and 

o f f e r s  recommendations f o r  es tab l  ishment o f  permanent vegeta t ion  p l o t s  

f o r  t h e  purpose o f  p r o v i d i n g  a  mon i to r i ng  t o o l  w i t h  which t o  measure 

long-term eco log i ca l  change. 

x i i i  
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1. INTRODUCTION 

The o b j e c t i v e s  o f  a  1976-77 experiment i n  b i o l o g i c a l  mon i to r i ng  

were : 

(1 )  To measure and sumnarize changes i n  c e r t a i n  southern h i g h .  

a1 t i t u d e  ( s p r u c e - f i r  and beech) f o r e s t s  s ince  e a r l i e r  studi.es i n  t h e  

Great Smoky Mountains by R.  W.  Becking. 

(2 )  To p r o j e c t  vegeta t iona l  impacts t o  be a n t i c i p a t e d  .from 

c l i m a t i c  change ( i n c l u d i n g  lo t o  5OC warming over t he  nex t  cen tu ry ) .  

(3 )  To advise ORNL and cooperat ing organ iza t ions  on f e a s i b l e  ways 

t o  p r e d i c t  and moni tor  ecosystem changes i n  f o r e s t s  ( s u i t a b l e  f o r  

Biosphere Reserves 1  i k e  t h e  Great Smoky Mountains .Nat ional  Park) .  

I n  1959, R .  W .  Becking and Robert H. Whi t taker  conducted i n t e n s i v e  

s tud ies  es t ima t i ng  the  biomass and p r o d u c t i v i t y  o f  the.  major  p l a n t  com- 

mun i t ies  o f  the Great Smoky Mountains. I n  t he  sumer  o f  1962, Becking 

expanded t h e  vegeta t ion  sampling o f  t h e  s p r u c e - f i r  f o r e s t  communities 

t o  i nc lude  s i t e  v a r i a t i o n s  and successional stages o f  f o r e s t .  vegeta t ion .  

T h e - p r i n c i p a l  task o f  t he  1976-77 f i e l d  work was t o  use a  r e i n v e n t o r y  

of a  few h igh  e l e v a t i o n  vegeta t ion  p l o t s  as a  t e s t  o f  r e l a t i v e l y  i n ten -  

s i  ve p l o t  procedure f o r  mon i to r i ng  b iosphe r i c  changes. Changz i s  pre-  

d i c t e d  from s h i f t s  i n  g loba l  c l ima te  o r  more l o c a l  weather- re lated .. ' 

d is turbances o f  ecosystems (Baes e t  a1 . 1976). These e f f o r t s  were 

coord inated as much as poss ib le  w i t h  ongoing research work noted below, 

as background f o r  us ing  t h e  Great Smoky Mountains as a  Biosphere Reserve 

(see Se r i  es Forword ) . 

1.1 REPORT CONTENT 

The f o l l o w i n g  work covered the  main o b j e c t i v e s  . o f  Beck ing 's  subcon- 

t r a c t  f rom Oak Ridge Nat iona l  Labora tory  and r e f l e c t s  j o i n t  ERDA/ 

I n t e r i o r  Department i n t e r e s t  i n  a  Southern Appalachian Biosphere Reserve 

c l u s t e r  (Johnson e t  a l .  1977). 

(1) Permanent monumentation o f  t he  1959-1962 Whit taker-Becking 

p l o t s  o f  h igh  a l t i t u d e  ecosystems w i t h i n  t h e  Great Smoky Mountains . 

Na t iona l  Park and a  i n v e n t o r y  o f  t.rees and vegetat ion,  as a  base l ine  

f o r  mon i to r i ng  o f  f u t u r e  change. 



(2 )  Report ing o f  vegeta t iona l  o r  environmental changes i n  t h e  

r e i n v e n t o r i e d  p l o t s  or  surroundings s i  nce 1959. 

( 3 )  Using c l i m a t i c  g rad ien ts  w i t h  ' a l t i t u d e  i n  t h e  Smoky Mountains 

f o r  es t ima t ing  the  p o t e n t i  a1 impact upon the  s p r u c e - f i r  f o r e s t  communi- 

t i e s  f rom a  p l a u s i b l e  g loba l  warming o f  reg iona l  or  g loba l  c l ima te  

( e . g . ,  r e l a t e d  t o  Cop burned from f o s s i l  f u e l s ) .  

( 4 )  Recommendations f o r  permanent monumentat i o n  and mon i to r i ng  o f  
- mountai nous f o r e s t  ecosystems f o r  t h e  Southern Appal achi an Reserve c l  us- 

t e r  i n  which the  Great Smoky Mountains and the  Oak Ridge Reservat ion are 

complementary pa r t s .  

( 5 )  Use of NASA remote sensing o f  ERTS (LANDSAT) S a t e l l i t e  imagery 

f o r  t h e  de tec t i on  and extended mapping o f  f o r e s t  comnunities and f o r  t he  

mon i to r i ng  o f  vegeta t iona l  changes o f  the s p r u c e - f i r  and o ther  f o r e s t s  

o f  t he  Smoky Mountains. 

( 6 )  Tests o f  the FORET computer program (Mie lke ee a1 . 1977) f o r  

stand growth p r o j e c t i o n s  o f  t he  s p r u c e - f i r  f o r e s t  comnunities o f  t he  

~moky.Mounta ins  i n  a  mod i f i ed  form t o  p r e d i c t  d r a s t i c  popu la t ion  changes 

due t o  c l ima te  and/or i n f e s t a t i o n  o f  f ir f o r e s t  by balsam woo l l y  aphids. 

Tests on (1 )  and ( 6 )  r e i t e r a t e  the importance o f  coup l ing  the  

emp i r i ca l  mon i to r i ng  o f  ecosystems and o f  c l ima te  w i t h  the  l a t e s t  

advances i n  computer ana lys is  o f  environmental pa t te rns  i n  space and 

t rends i n  t ime. 

2. PERMANENT PLOT ESTABLISHMENT AND OBSERVATIONS 

I n  1948 Whi t t a k e r  e s t a b l  ished composite t ransec ts  and s i t e  samples 

f o r  a  frequency count o f  t r ees  by diameter classes and species. These 

t ransec ts  were se lec ted  t o  p rov ide  f o r  e l e v a t i o n  and/or moisture g rad i -  

ents.  The frequency data o f  the stands were c o l l e c t e d  by t a l l y i n g  

about 100 t rees  a t  s t a t i o n s  regu l  a r l y  spaced a t ,  50 t o  150 m apar t  a1 ong 

the  t r a n s e c t .  These s t a t i o n s  were not  permanently marked nor were t rees  

t a l l i e d  w i t h i n  a  measured area. The purpose o f  these t r e e  i n v e n t o r i e s  

was t o  determine r e l a t i v e  dens i t i es  and the  d i s t r i b u t i o n  o f  t r e e  species 

a1 ong the  selected environmental g rad ien ts .  



The 1959-1961 vegeta t ion  p l o t s  were d e f i n i t i v e  i n  s ize ,  20 x  50 m 

(0.1 ha) i n  area. A 100% t r e e  i nven to ry  per one-inch DBH c lasses was 

done t o  p rov ide  mensurat ional  data as t o  stand s t r u c t u r e  and dens i ty ,  

basal area, and p r e l i m i n a r y  est imates o f  t r e e  volumes and biomass. 

Because these p l o t s  were no t  permanently and p r e c i s e l y  marked i n  t he  

f i e l d  i n i t i a l l y  i t  was impossib le t o  d u p l i c a t e  these i n v e n t o r i e s  

e x a c t l y  i n  1976 and 1977. Therefore, a  permanent p l o t  p r o p e r l y  monu- 

mented a l lows f o r  f u t u r e  p r e c i s e  r e l o c a t i o n  o f  p l o t  boundaries and 

i nven to r i es .  These i n v e n t o r i e s  o f  1959 and 1976/77 w i l l  be analyzed i n  

t h i s  repo r t .  

The f i e l d  work o f  1959-1961 by Whi t taker  and Becking and 1962 by 

Becking r e s u l t e d  i n  t h e  i n v e n t o r y  o f  some 184 p l o t s  of vary ing  i nten- 

s i t y .  Species l i s t s  ( re levees)  are d i s t r i b u t e d  over the  main f o r e s t  

types as f o l l o w s :  

Sp ruce - f i r  f o r e s t s  82 p l o t s  o f  which 14 p l o t s  have s o i l  p r o f i l e  

i n fo rma t i on  and 23 p l o t s  have stand i n v e n t o r y  

data 

Oaks and Oak Heath 21 p l o t s  o f  which 8 p l o t s  have s o i l  p r o f i l e  

i n fo rma t i on  and 2  p l o t s  have stand i n v e n t o r y  

data 

Heaths and Pine 27 p l o t s  o f  which 7  p l o t s  have s o i l  p r o f i l e  

i n fo rma t i on  and 1 p l o t  has a stand i n v ~ n t . o r y  

Cove Hardwoods and 27 p l o t s  o f  which 6  p l o t s  have s o i l  p r o f i l e  

Hem1 ock Forests  i n fo rma t i on  and 4 p l o t s  have stand i n v e n t o r y  

data 

Beech Gaps and 27 p l o t s  o f  which 5 p l o t s  have s o i l  p r o f i l e  

Beech Fores ts  i n fo rma t i on  and 5  p l o t s  have stand i n v e n t o r y  

da ta  



I n  t h e  course o f  1976-77 f i e l d  work 20 p l o t s  were monumented, 7  

p l o t s  were o f  the s p r u c e - f i r  f o r e s t  type, 3  were h igh-e levat ion  beech 

gap f o r e s t s ,  5  were cove hardwoods-hemlock fo res ts ,  one was an Oak- 

Heath f o r e s t ,  two were p ine  heaths and two were open heath p l o t s .  A l l  

these vegetat ion p l  o ts  were approximate re inven to r i es  o f  p rev ious l y  

es tab l i shed  vegetat ion p l o t s .  The phy tosoc io log ica l  re inven to r i es  and 

s o i l  p r o f i l e  i n fo rma t ion  w i l l  be sumnarized i n  a  separate r e p o r t .  

The monumentati on procedures have been judged p r a c t i c a l  and s a t i s -  

f a c t o r y  t o  serve as a  model o r  example f o r  f o r e s t  ecosystems i n  aoun- 

ta inous  Biosphere Reserves. On the  average i t  requ i res  some 8 man 

hours f o r  a  3-person crew t o  monument, re inven to ry  t h e  stand, re inven-  

t o r y  the  f l o r i s t i c  composit ion, and descr ibe the  s o i l  p r o f i l e  i n  the  

f i e l d .  An a d d i t i o n a l  t h ree  hours are needed t o  compute basal areas and 

stand dens i t i es  and t o  analyze the s o i l  f o r  co lo r  and pH per s o i l  h o r i -  

zon. Vegetat lur.~ p l  uts w i t h  s o i l  p r o f i l e  and basal area (BA/hectare) 

determinat ions r e q u i r e  approximately f o u r  hours f o r  a  3-person crew, 

w h i l e  vegetat ion p l o t s  w i t h  o n l y  a  f l o r i s t i c  i nven to ry  can be executed 

w i t h i n  a  2-hr pe r iod  by a  t r a i n e d  phy tosoc io log i s t .  

Most f o res t  re levees showed a  remarkable s t a b i l i t y  i n  species and 

cover est imates t o  date. E f f e c t s  o f  d e s t r u c t i v e  biomass sampling have 

become t o t a l l y  unnot iceable.  M o r t a l i t y  has increased s l i g h t l y  i n  some 

stands b u t  there  i s  ve ry  l i t t l e  change i n  t r e e  s t r u c t u r e  and f l o r i s t i c  

composit ion f o r  most. However, c e r t a i n  except ions have been noted i n  

2.4 fo r  M t .  LeConte. 

2.1 INVENTORY PROCEDURES 

The inven to ry  procedures used have the  pr imary  o b j e c t i v e  t o  mark 

and record  permanently the  present  f o r e s t  stand and t o  make a  f u t u r e  

remeasurement o f  the i d e n t i c a l  f o r e s t  stand poss ib le .  There was 1  i tt l e  

t o  no f l e x i b i l i t y  i n  p l o t  l o c a t i o n  s ince t h e  main purpose was t o  remea- 

sure the  f o r m e r l y  es tab l i shed  research p l o t s .  These p l o t  l oca t i ons  are 

p l o t t e d  on USGS 7.5 minute quadrangle sheets t o  f a c i l i t a t e  t h e i r  re loca-  

t i o n .  I n  add i t ion ,  each p l o t  i s  surveyed t o  a  nearby permanent land- 

mark t o  f a c i l i t a t e  t h e i r  p rec i se  l o c a t i o n  on the  ground. These land 



markers have been inc luded i n  t he  p l o t  l o c a t i o n  sketch map. The l i n e  

survey was executed w i t h  s t a f f  compass and i s  an open-ended uncorrected 

survey l i n e  w i t h  no perrnanently marked s t a t i o n s .  The survey i s  i n  t h e  

m e t r i c  system. 

The adopted s i z e  o f  the  i nven to ry  p l o t  i s  20 x  50 m. The p l o t  

dimensions and the  bear ing  of t he  center  l i n e  are surveyed. For  conven- 

ience, the i n v e n t o r y  p l o t  i s  subdivided i n t o  t en  10 x  10 m quadrants 

and s t e e l  p ipes are p l  anted a t  each o f  t h e  corners. A l l  t he  t rees  are 

i n d i v i d u a l l y  tagged w i t h  aluminum numbers and an aluminum n a i l  a t  DBH 

l e v e l  or a t  1.30 m above the  ground. The i r  diameter was recorded by 

measurement w i t h  a  diameter tape j u s t  above t h e  n a i l  and recorded t o  

t he  nearest 0.1 i nch  f o r  t h e  1976 i n v e n t o r i e s  and t o  t he  nearest  0.1 

cent imeter  f o r  the  1977 i nven to r i es .  I n  add i t i on ,  approximate t r e e  

l o c a t i o n s  are mapped per 10 x  10 m quadrant and upcoming young t r e e  

regenerat i on i s  a1 so mapped. 

A l i m i t e d  amount o f  sample t rees  are c a r e f u l l y  se lec ted  t o  rep re -  

sent each species by diameter range. These se lec ted  t rees  are cored 

f o r  t h e i r  past  20-year DBH increment and f o r  t h e i r  age, and the  t o t a l  

t r e e  he igh t  i s  measured w i t h  a  tape and a  c l inometer  i n  meters. 

P e r i o d i c  remeasurement o f  these sample t r e e s  can i n d i c a t e  growth r e  1  a- 

t i onships between t rees  and t h e i r  environment . A l l  i n v e n t o r y  i n f  orma- 

t i o n  has been deposi ted f o r  f u t u r e  reference.  

2.2 INDIVIDUAL PLOT DISCUSSION 

Each i n d i v i d u a l  p l o t  w i l l  be discussed and observat ions w i l l  be 

made as t o  l oca t i on ,  p l o t  i nven to ry  i n fo rma t i on  and i nven to ry  and/or 

vegetat i .on changes s i  nce the  i n i t i  a1 es tab l  l shment i n  1959-1962. P l o t  

data are sumnarized i n  Tables 1 through 4. 

2.21 SPRUCE-FIR FOREST COMMUNITIES 

The Spruce-f i r f o r e s t  commun i t i es are 1  i m i  t e d  t o  e leva t i ons  above 

1400 m (4200 Feet )  and reach t h e i r  most sou the r l y  1  i m i t  around 

Clingman's Dome. W i t h i n  t h e i r  e l e v a t i o n  zonat ion they  are in te rspersed 

w i t h  heath balds and beech gaps. 



PLOT H1 590607 & 760807 Mingus Lead South Slope 

P l o t  Locat ion  and S i t e  

Th i s  p l o t  i s  surveyed from the  Ind ian  Gap park ing  l o t  and i s  c lose  t o  

f o r e s t  edge. The Appalachian T r a i l  (AT)  touches t h i s  p l o t  on i t s  lower 

and upper boundary. Human impact i n  the  form o f  small sho r t cu t  t r a i l s ,  

i l l e g a l  f i r e  p i t s  and camping are a lso  ev ident .  Although the  x e r i c  

cond i t i ons  are more or  l ess  un i fo rm the  lower p a r t  o f  t h i s  p l o t  i s  

d i s t i n c t l y  more mo is t  than t h e  upper p a r t .  Because o f  t he  p r o x i m i t y  o f  

t h e  f o r e s t  edge, t he  gap e f f e c t  and the  human impact t h i s  p l o t  i s  not  

rep resen ta t i ve  f o r  a south exposure s p r u c e - f i r  f o r e s t  comnunity. 

Veget a t  i on Compos i t i  on 

A r e l a t i v e  recent  invas ion  has taken p lace by such p l a n t  species 

l i k e  Amelanchier l aev i s ,  Sorbus americana, Viburnum a l n i f o l i u m ,  I l e x  

montana, and Rubus canadensis. Greater 1 i g h t  i n t e n s i t i e s  are r e f l e c t e d  

by the  presence o f  such species as Eupatorium rugosum, Angel ica 

t r i qu ina tum,  and Dennstaedt ia punct i loba.  There have been no major 

changes y e t  i n  t h e  moss composit ion. 

Th is  p l o t  i s  not  t y p i c a l  f o r  the south slope sp ruce - f i r  communi- 

t i e s  because it 1 acks a dominance o f  herbs or  mosses. I n  f a c t ,  t he  

p l o t  area (has always been) r e l a t i v e l y  bare i n  1959 and now i n  1976 

t h e r e  i s  more evidence o f  heavy f o o t  t r a f f i c  and i l l e g a l  campfires. It 

i s  loca ted  j u s t  above the  Appalachian t r a i l  i n  the  f i r s t  S-curve and 

o f t e n  h i k e r s  w i l l  make sho r t cu ts  towards the  park ing  l o t  through the  

p l o t  area. I n  addit. ion, t h i s  p l o t  has several  species o f  the cove 

f o r e s t  environment which are q u i t e  unusual f o r  t h e  t y p i c a l  spruce- f  ir 

f o r e s t  communities. P lan ts  which have pe rs i s ted  from 1959 t i l l  1976 i n  

t h e  stand are M i t c h e l l a  repens, Smilax herbacea, and Rhododendron 

maximum . 

Stand Inven to ry  

As expected w i t h  the  normal stand development f r e e  dens i t y  dec l ined 

w i t h  approaching m a t u r i t y  w h i l e  t he  basal area s tock ing  increased. The 

o n l y  s i g n i f i c a n t  t r e e  m o r t a l i t y  observed i s  among.the smal lest  diameter 



classes w i t h  espec ia l l y  a sharp increase i n  m o r t a l i t y  o f  Abies. There 

i s  an increase i n  diameter growth o f  the 1 arger and dominant t rees as 

expected f o r  mature spruce- f i r  stands approaching greater matur i ty .  

Generally Picea may l i v e  a t  l e a s t  twice as long as the Abies under 

normal natura l  condit ions. With the advance o f  the wool ly  aphid the 

spruce may be even the only su rv iv ing  t r ee  species. This p l o t  has a 

heavy wool ly  aphid i n f es ta t i on  and f r ee  r o l l  among the mature f o res t  

trees. 

PLOT H2 590609 81 760910 Mingus Lead East 

P l o t  Location and S i t e  

This p l o t  i s  located on a spur r idge  w i t h  an East slope along the 

t r a i l  between Indian Gap parking l o t  and Newfound Gap. The p l o t  i s  on 

the f i r s t  r i dge  where a sharp curve bends the t r a i l  towards the nor th  

i n t o  the f i r s t  small beech gap. It i s  surveyed from a large spruce 

t ree.  The p l o t  i s  u p h i l l  from t h i s  t r e e  and above the t r a i l .  It i s  a 

t y p i c a l  spruce- f i r  f o r e s t  f o r  a south exposure o r  more xe r i c  condit ions. 

Veget a t  i on Compos i t  i on 

This stand has demonstrated a considerable breakdown i n  the Abies 

t r e e  layer  (Fig. 3A). There i s  evidence o f  a heavy wool ly  aphid at tack 

dat ing back as f a r  as f i v e  years ago on most o f  the mature Abies trees. 

This stand may be the f i r s t  and the o ldest  aphid at tack a t  t h i s  loca t ion  

and a t  t h i s  e levat ion w i t h i n  the Park section. 

Over the past f i v e  years a very dense reproduction o f  young Abies 

has developed i n t o  a dense shrub understory which has become almost 

impenetrable (Fig. 3B). I n  the 1 arge openings created by the death of 

the mature fir, addi t iona l  shrub species have invaded the p l o t  area: 

Vaccinium erythrocarpum, Rubus canadencis, Betul  a a1 leghaniensis, and 

Sorbus americana. This dense shrub understory has d r a s t i c a l l y  decreased 

the herb cover due t o  intense shade. Therefore, the re  i s  a s i g n i f i c a n t  

reduc t i  on i n  cover and abundance o f  Dryopter i  s campyloptera/intermedi a 

and Senecio ruge l  lii , and an increase i n  the  herb 1 ayer o f  Vaccinium 



Fig. 3. Recent balsam wooly aphid infestat ion on p l o t  (760910, September- 13, 1976, F:. W .  Eie~king),  
A. K i l l e d  f i r  t rees breaking gown. B. RegeneratEm i n  canopy openlngs. 



erythrocarpum, Lycopodium lucidulum, and Oxal i s  acetosel l a .  I n  the moss 

layer  Bro there l la  recurvans, Thuidium delicatulum, Bazzania t r i l o b a t a ,  

and Lepidozia reptans increased i n  cover. 

Stand Inventory 

This stand i l l u s t r a t e s  t y p i c a l l y  the establishment o f  a second 

age-cl ass o f  young Abies under a mature and o lder  age Picea canopy 

(Table 1) .  There i s  a considerable increase i n  stand dens i ty  o f  fir i n  

the smallest diameter classes whi le the spruce overstory remained about 

the same. Due t o  heavy m o r t a l i t y  among the 1 argest Abies t rees there 

has been a reduct ion i n  basal area stocking since 1959 although there  

has been considerable basal area growth among the remaining spruce 

t rees due t o  the e l im ina t ion  o f  the competi t ion o f  the mature f i r s  

(Tab1 e 2). 

P l o t  H4 590611 & 760704 & 760801 M t .  Co l l i ns  NE slope 

P l o t  Location and S i t e  

This p l o t  i s  located o f f  the nature t r a i l  on M t .  Co l l i ns .  The 

exact loca t ion  o f  t h i s  p l o t  could not be d e f i n i t e l y  v e r i f i e d  but t he  

establ ished p l o t  i s  reasonably close. Already i n  1959, t h i s  p l o t  was 

not homogeneous i n  s i t e  condi t ions since w i t h i n  the p l o t  area a t  l e a s t  

one m i  nor drainage was crossed creat  i ng var iab le  moisture condi t ions . 
The p l o t  i s  w i t h i n  the older-age pa r t  o f  the present stand. 

Veget a t  i on Compos i t i on 

This p l o t  has p r a c t i c a l l y  not changed i n  species composition from 

the 1959 inventory. One la rge  overmature Abies t ree  has f a l l e n  due t o  

o l d  age w i t h  no evidence o f  any wool ly  aphid at tack.  Because of t h i s  

canopy opening there i s  somc increase i n  Viburnum a l n i f o l  iiun, R I I ~ I I ~  

canadensis, Betula alleghaniensis, Drypoter is campylopteralintermedia, 
Senecio r u g e l l i i ,  and Aster acuminatus (Fig. 4 ) .  This p l o t  i s  i n  a 

genera l ly  moist s i t e  w i t h  the corresponding increase i n  Rhytidiadelphus 

t r iquet rus,  Hylocomium umhratllm, Hylocomium splendens, Lophozia - incisa,  



Fig. 4. =raser fir (Abies f r a s e r i )  n a t u r a l - y  regenerates i t s e l '  i n  some h igh summit p l o t s  t h a t  are  
p r a c t i  ce l  l y  unchanged between 1959 end 1976. A. Smooth t rees on south slope o f  C l  ingman's 
Dome, m a r  r ad i o  t ~ w e r  ( P l o t  760806, August 26, 1976). B. Ferns t h r i v i n g  i n  moist opening 
around cead t r ee  01 M t .  Co1 l i n s  (PYctt H4, P l o t  760704, August 25, 1976% R. W. Becking). 



Jungermani a 1 anceol a t a ,  Blepharostoma tricho'phyl 1 a,  and Bazzani a 

t r i l o b a t a  in the moss layer.  

Stand Inventory 

Tree density increased in the lowest diameter c lasses  in the  

spruce, while the stocking of f i r  and yellow birch remains almost the  

same. Si 'gnificant morta l i ty  occurred in the two lowest diameter 

c lasses  among the f i r .  

PLOT RWB #20 590614 & 760802, 760803, 760804 Mt. Collins 

Pl o t  Location and S i t e  

This plot was established t o  represent a young and t h r i f t y  

spruce-f i r  stand with a predominance of Abies. I t  has been surveyed 

from the intersection of the Nature Trail  with the Appalachian T ra i l .  

The 1959 vegetation survey was homogeneous b u t  no t r e e  inventory was 

made a t  tha t  time. However, in  1976 i t  was impossible t o  f i t  the young 

spruce-fir  stand within a homogenous 20 x 50 m inventory plot  s i ze .  

Therefore, the most southerly part  of t h i s  p lot  i s  in an older stand 

with mature spruce and there  are d i f fe ren t  drainage and more moist s i t e  

conditions in tha t  part of the stand. For the stand inventory and 

vegetation composition these diverse conditions have been recognized .in 

the  records. 

Vegetation Composition 

Due t o  the r e l a t i ve ly  young age of the main f i r  stand there  i s  

p rac t ica l ly  no shrub cover. The herb layer i s  dominated by Dryopteris 

campyloptera/intermedi-a and Senecio rugel 1 i i and a complete moss 

layer.  There i s  very l i t t l e  vegetation change in t h i s  p lot  since 1959. 

Stand Inventory 

This i s  a young stand predominantly of f i r  with some spruce mixed 

in .  I t  i s  r e l a t i ve ly  even-aged, and probably originated some 50 years 

ago follow.ing a windthrow. Part of the older spruce stand i s  s t i l l  



remnant i n  the sou the r l y  p o r t i o n  o f  t h i s  i nven to ry  p l o t .  There i s  one 

l a r g e  dead Abies due t o  a l i g h t n i n g  s t r i k e .  There i s  no evidence y e t  

o f  a woo l l y  aphid a t t a c k .  

P l o t  #RWB 21 590618 & 760806 C l  i ngmans Dome SE Slope 

P l o t  Locat ion  and S i t e  

This  p l o t  was es tab l i shed  near t he  r a d i o  tower on Clingmans Dome 

but  no 1959 stand i n v e n t o r y  i s  ava i lab le .  It i s  c h a r a c t e r i s t i c  f o r  t h e  

h igh  e leva t i on  s p r u c e - f i r  f o r e s t  communities and i s  on a gen t l e  SE 

s lope next  t o  t h e  r a d i o  tower. There i s  no evidence o f  s i t e  d i s t u r -  

bance w i t h i n  the p l o t  area caused by the  cons t ruc t i on  o f  the radiotower.  

There are several windthrows below and ou ts ide  the  p l o t  area. I n  t he  

resurvey  o f  the 20 x 50 m p l o t  area s i z e  i t s  nor thern  boundary p r a c t i -  

c a l l y  touches t h e  inst rument  b u i l d i n g  o f  t h e  r a d i o  tower. 

Veget a t  i on Compos i t i on 

Th is  p l o t  shows p r a c t i c a l l y  no change i n  species composit ion. It 

i s  c h a r a c t e r i s t i c  f o r  t h e  unusual predominance o f  Athyr ium asplenoides 

over Dryopter i  s campyloptera/ intermedi a. Since 1959, t he re  i s  some 

decrease i n  cover o f  C l i n t o n i a  b o r e a l i s  and Senecio r u g e l l i i .  This  

p l o t  i s  a lso  dominated by Abies and i s  probably t y p i c a l  f o r  a h igh  

e l e v a t i o n  south s lope s p r u c e - f i r  stand. 

Stand Inven to ry  

Th is  stand i s  o f  a r e l a t i v e l y  young age and e x h i b i t s  a good r a t e  

o f  diameter growth. (F ig .  3A). There i s  no evidence o f  a woo l l y  aphid 

a t tack  upon the f i r  w i t h i n  t h i s  stand, al though below it along the  

pa rk ing  l o t  and t h e  parkway road f i r s  have been dying from a woo l l y  

aph id  a t tack  f o r  t he  l a s t  two years. 



PLOT RWB #22 590617 & 760805 Glingmans Dome Nor th  Slope 

P l o t  Locat ion  and S i t e  

Th is  p l o t  has been surveyed i n  f rom the  observat ion tower on t o p  

o f  Clingmans Dome and i s  s i t u a t e d  j u s t  o f f  t h e  AT on t h e  n o r t h  s lope.  

The p l o t  area f o l l o w s  a mior  spur r i d g e  and ends j u s t  above rock  ledges 

t h a t  c rea te  t he  summit area. 

Veget a t  i on Compos i t i  on 

The dominance o f  Abies on t h i s  exposed n o r t h  s lope p o s i t i o n  has 

been severe ly  a f f e c t e d  by windthrow and/or o l d  age o f  t h e  overmature 

t rees .  This  has r e s u l t e d  i n  a corresponding increase i n  Viburnum 

a l n i f o l i u m  and Rubus canadensis i n  t h e  shrub l a y e r .  This  p l o t  i s  more 

mo.ist than others by the presence o f  Chelone l y o n i  i. The r u n o f f  o f  the 

paved area around t h e  observa t ion  tower i s  dra ined i n t o  t h i s  p l o t .  

Mosses t h a t  increased i n  cover are B r o t h e r e l l a  recurvans bu t  Hylocomium 

splendens. For  t h e  remainder t he re  i s  remarkably 1 i t t l e  vegeta t iona l  

change. 

PLOT RWB #23 590619 & 760907 Clingmans Dome Parkway East Slope 

P l o t  Locat ion  and S i t e  

This  p l o t  i s  loca ted  below the  parkway on a spur r i d g e  west of the 

Nolan D i v i d e  on an East s lope.  I t  i s  l oca ted  w i t h i n  t h e  mature spruce 

stand w i t h  a windthrow j u s t  below and east  o f  i t .  The p l o t  was not  

i n v e n t o r i e d  i n  1959. The p l o t  area i s  l a i d  ou t  p a r a l l e l  t o  t h e  r i d g e  

l i n e  and ends a t  t he  windthrow. 

Vegetat ion Composit ion 

The vegeta t ion  has changed by an increase i n  the  shrub cover due 

t o  t h e  increases i n  l i g h t  f rom t h e  nearby windthrow areas. The o l d  and 

overmature Abies have d ied c r e a t i n g  smal l  openings i n  t he  stand. Simi-  

1 ar increases i n  herb and shrub cover have occurred i n  Vaccinium 

erythrocarpum and Abies f r a s e r i ,  - Picea --- rubens, and Be tu la  



a l l eghan ien iens i s .  Due t o  t h e  increase i n  shrub cover t he re  i s  a  

decreasing herb cover.  Most no tab ly  a f fec ted  was Senecio r u g e l l i i  and 

Hylocomium splendens. I n  t h e  moss l aye r ,  B r o t h e r e l l a  recurvans, 

Thuidium de l i ca tu lum and Plagiothecium elegans increased. 

Stand Inven to ry  

This stand i s  charac ter ized by the  predominance o f  the  l a r g e  and 

overmature spruce t rees .  The incoming wave o f  new spruce and f ir 

regenera t ion  w i l l  e v e n t u a l l y  compete w i t h  t h i s  spruce overs tory .  

2.211 DYNAMICS I N  SPRUCE-FIR STAND STRUCTURES 

The s t a b i l i t y  o f  t he  vegeta t ion  and stand composit ion o f  the 

sampled spruce f ir comnunit ies i s  remarkable f o r  the  pe r iod  o f  1959 t o  

1977. The on l y  observed m o r t a l i t i e s  were from na tu ra l  causes l i k e  o l d  

age and massive windthrows o r  l i g h t n i n g  s t r i k e s .  I n  1976 there was 

o n l y  one inc idence o f  t he  woo l l y  aphid i n f e s t a t i o n  i n  P l o t  Hz causing 

changes i n  stand s t r u c t u r e .  So f a r ,  t h e  woo l l y  aphid has attacked o n l y  

t h e  i r a s e r  F i r  (Abies f r a s e r i ) ,  a l though the  same woo l ly  aphid species 

has been known t o  a t tack  Norway spruce i n  Europe. 

The stand dynamics f u r t h e r  reveal  t h a t  t he  successional s ta tus  of 

t he  f ir i s  s h o r t - l i v e d  when compared t o  spruce. Therefore, o f t e n  two 

o r  even th ree  generat ions of t he  Fraser  fir may recyc le  themselves 

under one generat ion o f  the spruce. Natura l  regenerat ion w i l l  r e a d i l y  

e s t a b l i s h  . i t s e l f  even under p a r t i a l  canopy cover and the re  seems t o  be 

an abundance o f  seed. The f i r  regenerat ion seems t o  p r e f e r  the  more 

open areas, o f t e n  forming dense impenetrable t h i c k e t s .  There i s  a 

g rea t  m o r t a l i t y  i n  the  lowest diameter c lasses.  

Yel low b i r c h  a l so  favo rs  t.he more open areas n f  windthrow w h i l e  

spruce regenerat i on becomes more compet i t i  ve i n  the more shaded areas. 

Under f u l l  canopy c losu re  most t r e e  regenerat ion w i l l  remain stunted 

f o r  decades. Fo l lowing any opening o f  the dense t r e e  canopy the re  are 

corresponding increases i n  shrub and.herb cover and a  s h i f t  i n  species 

domi nance . 



2.212 WOOLLY APHID INFESTATION 

The cur ren t l y  known expansion pa t te rn  o f  woolly aphid i n f es ta t i on  

fo l lows r idges upward from the eastern North Carol ina side o f  the Great 

Smoky Mountain range. By 1976 on ly  one o f  the monumented p l o t s  was 

a f fec ted s i g n i f i c a n t l y  by the balsam woolly aphid (Adelges piceae). 

The damaged trees indicated t ha t  the wool ly  aphid at tack was not o lder 

than f i v e  years. Observations on Mt. Mi t che l l  suggest t h a t  the balsam 

wool ly  aphid w i l l  eventua l ly  k i l l  a l l  young t o  mature fir t rees a t  

e levat ions o f  1 ess than 1500 m (Q 5000 f t )  , whi le  fir regenerat i  on o f  

less than 1 m and larger  t rees above 1700 m e levat ion remain f r e e  from 

attack. It i s  very l i k e l y  t h a t  the stands on Clingman's Dome (Fig. 3 ) ,  
M t .  Co l l ins ,  and M t .  Mingus w i l l  be most affected. More changes i n  

t r ee  species composition w i l l  then take place other than those caused 

by windthrow. The present monumentation and inventor ies  may we l l  

document such envi ronmental catastrophes. 

No wool ly  aphid attacks have ye t  been observed high on M t .  LeConte 

(Fig. 4). Yet Fraser f i r s  were seen dying, apparently w i t h  a fungal 

disease, a t  lower a l t i t udes  [e.g., along the T r i l l i u m  Gap - M t .  LeConte 

t r a i l  around 1500 t o  1600 m (4800 - 5300 f t )  elevation] . There i n  

m i  xed spruce-f i  r - y e l l  ow b i r ch  stands many o f  the smaller and mature f ir 

trees had been k i  11 ed recent ly,  s t  i 11 holding dead redbrown needles. 

Prolonged 1976 sumner drought may have hastened death o f  fir t rees 

a t  these low elevations. A f u t u r e  c l ima t i c  warming could f u r t h e r  

enhance such r i s k  o f  warming, desiccation, and s u s c e p t i b i l i t y  t o  pest 

attack. These changes i n  species composition and stand s t ruc tu re  can 

be monitored by these permanently marked p l o t s  . However, sampl i ng 

should be expanded i n t o  the M t .  Guyot and M t .  S t e r l i n g  areas t o  

represent be t te r  the spruce-f i  r f o r e s t  comnunities w i t h i n  the Park. 

2,213 CATASTROPHIC DESTRUCTION I N  SPRUCE-F I R  FORESTS 

The most spectacular exceptions t o  the general s t a b i l i t y  o f  the 

spruce- f i r  f o r e s t  comnunities were the p l o t s  v i s i t e d  i n  September o f  

1976 on M t .  LeConte. These ill ustra ted the essenti  a1 l y  complete 

dest ruct ion o f  former stands (Fig. 5A and 58). Apparently, h igh winds 



Fig. 5. Catas t raphic  d e z t r ~ c t i o n  of f i r  f o r e s t s  north of Nt. L~Conre  Lodge i s  r e l a t e d  t c  na tura l  
weather d i s t u r b ~ n c e  plus kurnan dis'urbance. A. Total blowdcw~ of f i r  s tand alcng Tr i l l ium 
Gap Trai 1 hy 1958-1969 wirds, fol-owed by new f i r  seedling establishment. B. h a t e r  erosion 
from t o r r e n t i a l  r a i n s ,  aggravated by water channeled along paths of Tra i l  and salvage 
logging a f t e r  t r e  blowdowr (Septenber 3, 1976, R. 6. B~cking) .  



i n  t h e  w i n t e r  o f  1968-1969 caused massive blowdown o f  t r e e s .  Since t h a t  

w i n t e r  t h i s  blowdown p a t t e r n  has expanded i t s e l f  w i t h i n  o r  ad jacen t  t o  

vege ta t i on  p l o t s  es tab l i shed  i n  t h e  sumner o f  1959. 

The vege ta t i on  composi t ion has d r a s t i c a l l y  changed i n  such wind- 

blown areas because t h e  e n t i r e  t r e e  canopy has been suddenly e l im ina ted .  

Succession increases f i r e  c h e r r y  (Prunus. pennsylvanicum) w i t h i n  wind- 

blown areas. Mountain ash (Sorbus americana) r esp rou t s  f rom the  damaged 

t r unks  and tends t o  be l o c a l l y  dominant. A few remain ing suppressed.  

spruce and f i r s  p e r s i s t ,  b u t  a new wave o f  spruce and f ir regene ra t i on  

i s  a c t u a l l y  t h e  predominant invader  of t h e  area. 

Because o f  abundant l i g h t  and t h e  f a s t e r  growth r a t e s  o f  t he  f ir, 

t h e  young f i r s  tend t o  predominate t h e  area s t r u g g l i n g  w i t h  hardwoods 

l i k e  f i r e  cher ry ,  mounta in  ash and y e l l o w  b i r c h .  Fraser  f i r  regenera- 

t i o n  and r e e s t a b l  ishmnet by even-aged waves f o l l o w i n g  windthrows may be 

t h e  common p a t t e r n  o f  c y c l i c  r egene ra t i on  w i t h i n  t he  s p r u c e - f i r  zone o f  

t h e  Smoky Mountains.  Th is  p a t t e r n  i s  a1 so d i s c e r n i b l e  i n  t h e  younger 

stands i n v e n t o r i e d  i n  1959 and 1976-77 where t he  f i r  t r e e s  tend  t o  be 

represented o n l y  w i t h i n  a narrow range o f  diameter and age c lasses .  

The o l d e s t  and l a r g e s t  t r e e s  are r e d  spruce [ (P i cea  rubens) ] .  F u r t h e r -  

more due t o  deeper and more widespreading r o o t  systems, r e d  spruce 

tends t o  r e s i s t  windblow. I n d i v i d u a l  o l d  spruce t r e e s  are p r o b a b . 1 ~  

r e s i  duals  f rom 01 der stands. These spruces s u r v i v e d  w i  ndbl  ows and have 

grown t o  1 arger  s i zes  as compared t o  t h e i r  accompanying f i r  popu la t i ons .  

2.214 EROSION HAZARDS I N  SPRUCE-FIR FORESTS 

Observat ions o f  the  s o i l s  w i t h i n  w i  ndthrown areas have i nd i ca ted '  

l o c a l l y  severe sheet and g u l l y  eros ion,  coupled w i t h  t h e  t o t a l  removal 

o f  su r face  o rgan i c  ma t te r  ( F i g .  5B). Apparent ly ,  removal o f  t he  f o r e s t  

canopy r e s u l t e d  i n  g r e a t e r  su r f ace  r u n o f f  and movement o f  . s o i l  mater-  

i a l s .  R e l a t i v e l y  unweathered bedrock was exposed, c r e a t i n g  d i f f i c u l t i e s  

f o r  t h e  rees tab l i shment  o f  new t r ees .  Where su r f ace  r u n o f f  f rom camp 

s i t e s  and t r a i l s  has been d i v e r t e d  i n t o  such windthrow areas, severe 

e ros ion  has c rea ted  new g u l l i e s ,  approaching 1 m deep (F ig .  58) .  The 

main conc lus ion  f rom the  observed s tand  changes i s  t h a t  h i gh -e leva t  i on 



fir f o r e s t s  are vu lnerab le  t o  windthrow and other  impacts o f  weather. 

Th is  i s  p a r t i c u l a r l y  t r u e  f o r  f i r  f o r e s t  above 1800 m e levat ion ,  

e s p e c i a l l y  where such f o r e s t s  are adjacent t o  or  s i t ua ted  i n  gaps i n  

t he  mountain chain.  The presence o f  beech f o r e s t s  i n  such gaps below 

1800 m has been a t t r i b u t e d  t o  severe wind and i c e  storms (Russel l  1953). 

On M t .  LeConte the  vegeta t ion  p l o t s  are p o t e n t i a l l y  sub jec t  t o  

other '  human impact. U n t i l  r e c e n t l y  dead t rees  have been a c t i v e l y  

logged f o r  lumber and f i r e  wood f o r  the heat ing  needs o f  the LeConte 

1 odge. Spruce wood was p r e f e r r e d  f a r  stove wood over y e l l  u w  l~ irsct~ arid 

f ir. Because of i t s  w o r k a b i l i t y  f ir was used f o r  lumber i n  the  con- 

s t r u c t i o n  o f  cabins. The l ogg ing  impact i s  very s i g n i f i c a n t  i n  t h a t  

l o g s  were skidded downhi l l  over the f o r e s t  f l o o r  by horse, he lp ing  t o  

s t a r t  g u l l i e s  t h a t  deepened through subsequent recent  eros ion (F ig .  5B). 

Some p l o t s  cou ld  be use fu l  t o  document environmental changes due t o  

t r a f f i c ,  i n c l u d i n g  v i s i t o r  a c t i v i t i e s ,  w h i l e  o ther  p l o t s  should be f r e e  

o f  such added compl ' icat ions. 

2.22 BEECH GAP FOREST COMMUNITIES 

The beech gap f o r e s t s  occupy a s p e c i f i c  environmental n iche a t  the  

same e leva t i ons  as the  s p r u c e - f i r  f o r e s t  cornnunities. The stand s t ruc -  

t u r e  and species composit ion prov ide  f o r  one o f  the most d r a s t i c  and 

s t r i k i n g  con t ras t  among spruce and beech fo res ts  and type boundaries 

are ve ry  abrupt.  General ly ,  the fo res ted  gaps are dominated by beech 

and buckeye. 

PLOT L3 590904 & 590907 & 760911 Newfound Gap South Slope. 

P l o t  Locat ion  and S i t e  

This  p l o t  i s  surveyed i n  from the  Newfound Gap park ing  l o t  along 

t h e  Appalachian T r a i l  northward. It i s  s i t u a t e d  between the  r i d g e  

c r e s t  and the t r a i l  and i s  p a r a l l e l  t o  the  AT f o r  i t s  e n t i r e  length .  

I t  i s  r e a d i l y  accessib le f rom t h e  AT as we l l  as from a minor t r a i l  

along the  r i d g e  c r e s t .  Several sho r t cu t  t r a i l s  have developed i n t o  the 

p l o t  area and t r a i l  eros ion i s  ev ident .  The s i t e  i s  t y p i c a l  f o r  a h igh  



elevation southern exposure of a beech gap f o r e s t .  Because of frequent 

and intense human t r a f f i c  there i s  no evidence of any pig o r  h o g  darnige 
in the area. 

Veget a t  i on Compos i t i  on 
There has been prac t ica l ly  no change in species composition nor in  

species cover. This p lot  i s  in a r e l a t i ve ly  dry well-drained s i t e  typi-  
f i ed  by the predominance of Carex ea s t i va l i s .  Sl ight  increases in 

species cover were noted f o r  Aster macrophyllus, Angelica ' t r iqu ina ta ,  
Eupatorium rugosum, Solidago caesia,  and Athyrium asplenoides. Mosses 

on the  soi l  subst ra te  are qu i te  uncommon while the  epiphytic t r e e  
lichen cover i s  prominent. Towards i t s  western part there  are older 
and larger  beech t rees .  

Stand Inventory 
This i s  a r e l a t i ve ly  young beech gap fo r e s t  as indicated by the 

increase in stand density, with only minor changes in basal area stock- 

ing. I t  appears tha t  the stand i s  stagnated in i t s  growth. 

Plot  L4 590901 & 590902 & 760912 Newfound Gap North Slope 

Plot Location and S i t e  
This plot has been l a id  out paral le l  to  the ridge on ' the  north 

' 

slope opposite L3 t.n i1lustrat .e  the s t r i k ing  vegetation differences 
between the d i f fe ren t  exposures. The plot i s  surveyed in from the L3 

plot  corssing the ridge. Within i t s  20 x 50 m extent the L4  p lot  ' ' - - '  

. . area i s  not homogenous because there  i s  a more' moist area in i t s  
western portion which can be distinguished by vegetation analysi's. 
Generally, the downhill s ide  of the plot  i s  moremoist than the uphi'll 
s i  de. There has heen evidence of mi nor human impact in the  form of 
i l l ega l  camping within the area.  

Vegetati on Composi t i  on 
This plot i s  in the d r ie r  part  of the North slope beech gag 

fo r e s t .  There i s  very l i t t l e  vegetation change from 1959 t o  1976. A 



few species l i k e  Disporum lanuginosum, Epifagus v i r g i n i a n u s ,  and 

Euonymus obovatus were no t  observed i n  the  1976 i nven to ry .  

Stand Inven to ry  

Due t o  the l i m i t e d  ex ten t  o f  the beech gap i t s  eastern p a r t  

encroaches i n t o  t h e  s p r u c e - f i r  f o r e s t  c o r n u n i t i e s  as i n d i c a t e d  by t h e  

presence o f  many suppressed spruce t r e e s  i n  t h i s  sec t i on  of the  p l o t .  

There has been a no tab le  inc rease o f  spruce i n  t h e  smal lest  diameter 

c l a s s .  Beech e x h i b i t e d  good diameter growth i n  the  m idd le  diameter 

c l  asses as does t h e  buckeye (Aesculus octandra)  . Acer pennsylvanlcurn 

and Sorbus americana showed up f o r  the  f i r s t  t ime  i n  the  1976 t r e e  

i nventory.  Other woody p l  ants remained p r a c t i c a l  l y  unchanged. 

PLOT L5 590903 & 760913 Newfound Gap Nor th  Slope, 1 ower s lope 

P l o t  Locat ion  and S i t e  

The exact l o c a t i o n  o f  t h e  1959 p l o t  cou ld  no t  be e x a c t l y  r e l o -  

cated.  The p r e s e n t l y  marked L5 i s  some 40 m downh i l l  and p a r a l l e l  t o  

t h e  L4. It r e f l e c t s  t he  more mois t  s i t e  cond i t i ons .  Drainages have 

d e f i n i t e l y  become more d i s t i n c t  w i t h  g u l l i e s  s o i l  removal and eros ion .  

Vegeta t ion  Composit ion 

The more mo is t  and she l t e red  s i t e  i s  r e f l e c t e d  i n  the  increase of 

Acer saccharum and Aesculus octandra. I n  t he  shrub l a y e r  hemlock 

(Tsuga canadensis) i s  occu r r i ng  and a t  t h i s  p l o t  l o c a t i o n  i t  may have 

reahed i t s  h ighes t  known e l e v a t i o n  o f  occurance (1615 m o r  (5300, f e e t ) ,  

w i t h i n  t he  Park. Vegetat ion remained p r a c t i c a l l y  unchanged f rom t h e  

1959 i nventory. 

Stand I n v e n t o r y  

There have been sharp reduc t ions  i n  stand d e n s i t y  i n  most o f  t he  

t r e e  species l i k e  beech and spruce w h i l e  Acer saccharum increased. 

Correspondingly  the  basal  area s tock ing  increased i n  the 10 - 19 i n c h  



diameter classes due t o  normal stand development. For the remainder 

t h i s  p lo t ,  inventory  remained p r a c t i c a l l y  unchanged. 

2.221 DYNAMICS OF THE BEECH GAP FORESTS 

Very l i t t l e  i s  known about the dynamics o f  the beech gap fo res ts  

and t h e i r  successional pat terns.  Towards lower e levat ions these beech 

gaps gradual ly  merge w i t h  cove f o r e s t  types predominantly composed o f  

beech, yel low b i r c h  and sugar maple w i t h  a heavy admicture o f  hemlocks. 

The inventor ied p l o t s  are a l l  located i n  the Newfound Gap area and d e f i -  

n i t e l y  beech gaps o f  other areas should be inventor ied and monitored f o r  

a be t te r  understanding o f  the dynamics. 

I n  the southern pa r t  o f  the Park around Spence F i e l d  and Mineral 

Gap, nor th  slope beech gap fo res ts  have been heav i l y  impacted by hogs 

(Sus - scrof  a) o r i g i n a l l y  i ntroduced from Europe f o r  hunting purposes i n  

the lowlands (Figs. 6A and 6B). Since about 1959 the w i l d  boar has been 

invading high e levat ion beech gap f o res t s  i n  the Cades Cove area. The 

almost complete destruct ion o f  the vernal beech gap f l o r a  has changed 

vegetation pat terns d r a s t i c a l l y  (Fig. 6A). Also i n  the win ter  time, 

low e levat ion cove fo res ts  and yel low pine r idges are heav i l y  a f fec ted 

by the uprooting by the w i l d  boar. The current  beech gap p l o t s  do not 

ye t  show signs o f  hog damage (Fig.  6B). How hog damage w i l l  a f f e c t  the 

natural  processes i n  these f o res t s  i s  y e t  uncertain. Current p r e l  i m i  - 
nary studies ind ica te  t ha t  w i t h i n  p i g  enclosures i n  a damaged beech 

gap, the normal natural  vegetat ion tends t o  res tore  i t s e l f  i ns ide  the 

enc 1 os ure . 

2.23 THE COVE FOREST COWUNITIES 

These f o res t  types are often wide ly  divergent i n  species composi- 

t i o n  and dominance and mixture i s  the comnon r u l e  ra ther  than the 

exception. They a l l  have i n  common t h a t  they are l i m i t e d  i n  t h e i r  

extent  t o  va l l ey  f l o o r s  and steep shel tered slopes. They cover a wide 

range o f  e levat ion.  The current  p l o t  ser ies has been establ ished i n  

the Greenbriar area and therefore, cannot be representat ive f o r  the 

e n t i r e  Park. 



Fig. 6. Fecent damage t o  grcund cover i s  c a ~ s e d  by r o o t i n g  o f  European w i l d  boar [Sus s c r o f a l  i n  
teech gaps. .1. Nt. Mingus ( S e p t m t e r  12, 1976). B= Newfound Gap p l o t  Lmeptember 12, 
l97E i shows e ~ s e r ~ t i a l  l y  un i fo rm appearance of beec l  zlverstory and numerous r o o t  sprouts o f  
beech (Fagus grand i f01  i d ) .  



The s i t e s  charac te r i s t i c  f o r  the  cove fo r e s t s  are a concave topo- 
graphy, . ~ abundant subsoil moisture or often even flowing creeks,  a 
shel tered 'and often a shaded posit ion,  colluvial  or a l luvia l  s o i l s  with 
a great  amount of boulders and rocks. Especially, the cove hardwood 

fo r e s t s  are very r i ch  in species composition. 

PLOT B 1  590701 & 770706 Porter Creek Fl a t  

Plot  Location and S i t e  
. .The exact 1 ocat i on and some remnant f 1 agg i ng was found on t h i s  

p lot  enabling the  relocation of the  plot  center l ine  within an accuracy 
of one meter. The plot was surveyed i n  from the Forter Creek footbridge 

crossing.  The plot  pa r a l l e l s  the  t r a i l  t o  the  primitive camping area 
above the  f i r s t  hairpin curve of the t r a i l  and i s  on a gent le  slope with 
scat tered rock outcroppings. The area i s  typical  f o r  a mature virgin 
hardwood cove fo r e s t  with an extreme.1~ diverse vegetation and many sea- 
sonal species . 

Veget a t  i on Compos i t i on 
Vegetation patterns have been intensively studied by Bratton (1976) 

and cove hardwood fo r e s t s  have been described from vegetation analysis 
of t h i s  par t i  cul ar p lot .  The vegetation composition has remained 
remarkably constant from 1959 t o  1977. There are some increases in 
species cover fo r  Halesie carnl iniana and T i  1 i a  heteropbylla b u t  these 
changes are ins ign i f ican t .  There has been no pig damage in t h i s  plot  

ye t ,  although adjacent cove fo r e s t s  already show signs of pig ac t i v i t y .  
Many of the ear ly  spring f l o r a l  components cannot be l i s t e d  in the  sum- 
mer inventories . 

Stand Inventory 
The stand inventory remained surpr is ingly  unchanged although cer- 

t a in  t r ee s  have increased well i.n t h e i r  diameter growth. Mortal i ty was 
limited t o  the lowest diameter c lasses .  



PLOT E l  .770721 T r i l l i u m  Gap T r a i l  

P l o t  Locat ion  and S i t e  

Th i s  p l o t  was es tab l i shed  by Whi t taker  on J u l y  4, 1960 t o  represent  

t h e  hemlock-rhododendron cove fo res t .  The p l o t  i s  surveyed i n  f rom t h e  

main creek c ross ing  o f  the T r i l l i u m  Gap Fork and the  t r a i l  a t  the  3800 

ft e l e v a t i o n .  The t r a i l  crosses f i r s t  a  s i de  creek and p a r a l l e l s  t h e  

main T r i l l i u m  Gap Fork f o r  some 250 meters before c ross ing  it. Th is  

c ross ing  i s  marked w i t h  a 5  meter wide creek bed, w i t h  l a r g e  rock 

boulders i n  i t .  Upstream from the  c ross ing  severa l  l a rge  t r e e  t r u n k s  

are p a r a l l e l  w i t h  t h e  c u r r e n t  i n  t h e  creek bed. The p l o t  i s  l oca ted  up 

t h e  t r a i l  some 80 meters and incorpora tes  a  very  l a r g e  o ldgrowth 

hemlock t r e e  w i t h  a DBH of 157.5 cm. The exact  former p l o t  l o c a t i o n  

cou 1  d  no t  be determi ned . 

Vegeta t ion  Composit ion 

The t r e e  l a y e r  i s  dominated by o l d  growth hemlock (Tsuga 

canadensis) w i t h  a  reasonable admixture o f  Magnol i a  f r a s e r i  and B e t u l a  

a l l eghan iens i s .  I n  t he  south p a r t  o f  the  p l o t  severa l  l a rge  hemlock 

t r e e s  have f a l l e n  because o f  r o t  and o l d  age. The p l o t  area i s  

dominated by Rhododendron maximum w i t h  a  v e r y  sca t te red  herb l aye r .  

Stand Inven to ry  

The stand i s  cha rac te r i zed  by mature and overmature hemlock w i t h  

no new i ncomi ng hem1 ock regene ra t i  on under t h e  dense rhododendron shrub 

l aye rs .  Rhododendrons up t o  10 cm DBH are no t  in f requent  bu t  t he  l a r g e r  

rhododendrons are 1  aye r i  ng on t h e  ground. 

PLOT E2 707 10 Surrey Fork Area 

P l o t  Loca t i on  and S i t e  

This  p l o t  was es tab l i shed  i n  J u l y  o f  1960 a t  about 2800 f e e t  

e l e v a t i o n  along t h e  Nature Motor Route back o f  Gat l inburg .  The 

o r i g i n a l  p l o t  d e s c r i p t i o n  c a l l e d  f o r  a  n o r t h  s lope on Surrey Fork b u t  

f l e l d  reconnaissance e l  i m i  nated t h i s  l o c a t i o n .  One p iece  o f  organ 



f l a g g i n g  was f i n a l l y  l oca ted  on an unnamed s ide  creek. The survey 

s t a r t s  a t  a  wooden br idge c ross ing  o f  a  creek 0.7 m i l es  from the  Gro t to  

F a l l s  Park ing l o t  towards Ga t l i nbu rg  or about 0.8 m i l es  above Ephraim 

Bales Place. The USGS Quad sheet i s  i n  e r r o r  by p l a c i n g  the  creek 

beyond the  b r i dge  c ross ing  towards t h e  west o f  t h e  paved road w h i l e  

a c t u a l l y  the main creek p a r a l l e l s  the  road towards the eas t .  From the  

f l  agged Rhododendron i t was impossib le t o  develop t h e  20 x  50 m p l o t  

u p h i l l  on the n o r t h  slope be fore  h i t t i n g  the  oak heath f o r e s t .  A 'much 

c lose r  approximation o f  t h e  o r i g i n a l  i n v e n t o r y  was ob ta ined by o r i -  

e n t i n g  the  p l o t  eastwards along t h e  creek i n  the  g e n t l e  s l o p i n g  v a l l e y  

r a t h e r  than on the  steep n o r t h  slope. The 1960 i n v e n t o r y  records a l so  

i n d i c a t e  problems i n  the r e i n v e n t o r y  because L i r i odend ron  t r e e s  cou ld  

no t  be re loca ted .  The p r e s e n t l y  marked p l o t  i s  t h e  bes t  poss ib le  

compromise f o r  the  1960 i nven to ry .  

Vegetat ion Composit ion 

This  p l o t  i s  t y p i c a l  f o r  a  r i p a r i a n  hemlock-rhododendron cove 

f o r e s t  w i t h  an admixture o f  beech (Fagus g r a n d i f o l  i a ) ,  Magnol ia 

f r a s e r i ,  Be tu la  a l leghan iens is ,  B e t u l a  len ta ,  Ha les ia  c a r o l i n i a n a ,  

T i l i a  he te rophy l l a  and Acer saccharum. The f l o r i s t i c  composit ion i s  

c h a r a c t e r i s t i c a l l y  poor. Heavy m o r t a l i t y  e x i s t s  among the  l a r g e r  over- 

mature Tsuga, Acer saccharum and Fagus g r a n d i f o l i a .  Th is  m o r t a l i t y  

even surpasses i n  basal area t h a t  o f  the  l i v e  t r e e s .  There are seepage 

or  s p r i n g  areas w i t h i n  t he  p l o t ,  w h i l e  i t s  SW corner  i s  i n  t h c  crccl<bcd. 

There i s  a  lack  o f  incoming t r e e  regenera t ion  due t o  t he  massive and 

dominant shrub l a y e r  o f  Rhododendron maximum. 

PLOT M2 770801 Upper hardwood Cove Fores t  T r i  1  1  i um Gap 

P l o t  l o c a t i o n  and S i t e  

This  p l o t  i s  loca ted  i n  t he  best o f  the  smal l  hardwood coves a t  

t h e  4300 f e e t  l e v e l  along t h e  T r i l l i u m  Gap t r a i l .  The t r a i l  develops a  

ve ry  sharp h a i r p i n  by c l imb ing  on the  r i d g e  and the  s lope f o r  t he  f i n a l  

approach t o  T r i l l i u m  Gap. FIeyond that. h a i r p i n  nne c l imbs u p h i l l  and 



passes f i r s t  through a small hardwood cove with many 1 arge boulders and 
then again through dense hemlock-rhododendron fo r e s t s .  A t  about 10-15 
minutes climb from the  former hairpin curve one comes to  a t r a i l  portion 
with s teep  bare rock c l i f f  walls before entering the  M p  cove. The 
plot  i s  downhill from the  t r a i l  and i s  surveyed to  large specimen t r ee s  
along the  t r a i l .  The exact location of M2 was ascertained by discov- 
er ing remnants of p l a s t i c  col lect ing bags l e f t  behind in 1960 a t  the 
base of the  plot .  The area i s  typical  f o r  such high elevation cove 
f o r e s t s .  

Veget a t  i  on Compos i t i  on 
The hardwood cove characterized by boulders and rock s l ides  in 

drainage pat terns  are cha rac t e r i s t i c a l l y  very r i ch  i n  species compo- 
. . 

s i t i o n .  I t s  vegetation has a f f i n i t i e s  with the  high elevation beech 
gap f o r e s t s  and there  was no pig damage within the  plot  area. A larye 
record specimen t r e e  of Prunus serot ina  was adjacent t o  the plot and 
several 1 arge sized buckeyes dominate loca l ly .  On both sides of the  

p lo t ,  in termit tent  small creeks flow in  minor drainages a f t e r  a heavy 
, show. Normally there  i s  no perennial flow within the  plot  area. In 

more open areas Acer spicatum predominates the  shrub layer together 
with some large Cornus a l t e r n i f o l i a .  

Stand Inventory 
This stand represents a mature hardwood cove fo r e s t  with large 

t r ee s  of Aesculus octandra, T i l i a  heterophylla and smaller t rees  of 
Acer saccharurn, Acer pennsylvanicum, - Acer --- spicatum, Fraxinus americana 
and a spr inkl ing of small hemlocks ( T s u s  --- canadensis). The absence of 
regeneration of Aesculus octandra i s  noteworthy. No Fagus grandifol ia  
was observed. 

PLOT P 1  770806 Liriodendron Cove Forest Trillium Gap 

Plant  Location and S i t e  
This plot was established by Whittaker in July of 1960 a t  about 

2400 f e e t  elevation above t he  Hiking Club cabin on t he  Trillium Gap 



t r a i l .  The exact p l o t  l o c a t i o n  could no t  be ascer ta ined because promi- 

nent landmarks l i k e  stone w a l l s  were miss ing  o r  no t  observed i n  1960. 

The bes t  poss ib le  compromise f o r  t h e  1960 i n v e n t o r y  was found i n  a  

former a g r i c u l t u r a l  f ie . ld  on a  smal l  spur r i d g e  between two minor d ra in -  

ages. The p l o t  has been surveyed t o  t he  j u n c t i o n  o f  t h e  H i k i n g  Club 

Cabin t r a i l  w i t h  t he  main T r i l l i u m  Gap t r a i l .  It i s  rep resen ta t i ve  o f  

t h e  successional stages o f  lower e l e v a t i o n  cove f o r e s t s  dominated by 

L i r i odend ron  t u l i p i f e r a .  

Vegetat ion Composit ion 

The t r e e  l aye r  r e f l e c t s  a f f i n i t i e s  w i t h  cove f o r e s t s  bu t  i t s  domi- 

nance by L i r iodendron and Acer rubrum i s  c h a r a c t e r i s t i c .  A lso charac- 

t e r i s t i c  are the  abundance o f  c l imbers and v ines l i k e  Parthenocissus 

q u i n q u e f o l i a  and V i t i s  species. A  t r e e  unders to ry  develops o f  small 

Ha les ia  ca ro l i n i ana ,  Tsuga canadensis, Cornus f l o r i d a  t r e e s  w i t h  an 

occassional Rob in ia  pseudo-acacia and even Juglans r e g i a .  The herb 

l aye r  i s  an admixture o f  weedy species and f o r e s t  i nhab i tan ts .  There 

was considerable p i g  damage i n  t he  herb l a y e r  a t  t h e  t ime o f  t h e  vege- 

t a t i o n  i nven to ry  (Aug. 5, 1977). There were p r a c t i c a l l y  no mosses on 

t h e  ground except on l a r g e  boulders and t h e r e  was h a r d l y  any e p i p h y t i c  

l i chen .  L i r iodendron e x h i b i t e d  the  f a s t e s t  growth r a t e s .  

Stand Inven to ry  

The stands e x h i b i t s . f a s t  i n i t i a l  growth r a t e s  o f  L i r i odend ron  bu t  

many o f  t h e  l a r g e r  L i r i odend ron  t rees  have b o l e  de fo rm i t i es ,  f o r k e d  

boles, broken tops and o f t e n  c l imbers  t o  t he  t o p  o f  t h e i r  crowns. Due 

t o  t h e  f a s t .  growth and dominance o f  L i r i odend ron  t h e r e  i s  heavy mor ta l  - 
i t y  among the  smal les t  diameter classes o f  Acer ruburm and Ha les ia  

c a r o l i n i a n a  w h i l e  many Rob in ia  pseudo-acacia are beginning t o  d i e .  

This  i s  the  f i r s t  f o r e s t  growth f o l l o w i n g  t h e  abandonment o f  a g r i -  

c u l t u r a l  p rac t i ces .  The herb 1  ayer i s  prevented f rom f u l l  development 

by the '  c o n t i  nuous up roo t i ng  by p igs .  



2.231 DYNAMICS OF. THE COVE FORESTS 

The m idd le  and low e l e v a t i o n  cove f o r e s t s  are r e p r e s e n t a t i v e  o f  

v e g e t a t i o n  p l o t s  w i t h i n  t h e  Greenbr ie r  va l ley . .  I t  i s  very  d i f f i c u l t  t o  

genera l  i ze dynami c  p a t t e r n s  f rom m o n i t o r i n g  these  p l o t s .  They represen t  

a  reasonable c r o s s s e c t i o n  o f  e x i s t i n g  f o r e s t  t ypes  w i t h i n  t h a t  dra inage 

b a s i n  b u t  t h e y  have no t  been s u f f i c i e n t l y  d u p l i c a t e d  t o  make them rep re -  

s e n t a t i  ve. Genera l l y ,  t h e  predominant f o r e s t  t y p e  i s  t h e  hemlock- 

rhododendron f o r e s t  t y p e  cove r i ng  most o f  t he  s teep  canyon w a l l  s  as 

w e l l  as t h e  a l l u v i a l  r o c k y  f l o o d  p l a i n s  o f  t h e  many smal l  c reeks.  

T h e i r  success ional  p a t t e r n s  a re  no t  c l e a r  b u t  t h e y  t end  t o  reproduce 

rhododendron t h i c k e t s  w i t h  Tsuga ove rs to r y .  Hardwoods w i l l  o n l y  

e s t a b l i s h  themselves f o l l o w i n g  f i r e s ,  l and  s l i d e s  o r  o the r  c a t a s t r o p h i c  

d i s t u rbances .  

Rocky a l l u v i a l  o r  c o l l u v i a l  s i t e s  w i t h  v e r y  l i m i t e d  t o p  s o i l  tend  

t o  produce hardwood f o r e s t s  w i t h  a  r i c h  vege ta t ion .  The success ional  

p a t t e r n s  a re  no t  c l e a r  b u t  g e n e r a l l y  t h e  more t o l e r a n t  hardwoods t end  

t o  dominate even tua l l y ,  e s p e c i a l l y  Acer saccharum, Fagus g r a n d i f o l i a  

and B e t u l a  a l l eghane iens i s  o r  Be tu la  l e n t a .  Some form o f  d is tu rbance  

seems t o  be necessary t o  regenera te  cove f o r e s t s .  

2.24 MIXED OAK PINE HEATH FOREST COMMUNITIES 

These Mixed Oak and P i n e  Heath Fo res t s  represen t  a  l a r g e  group o f  

m i d d l e  and low e l e v a t i o n  f o r e s t  types i n  x e r i x  t o  mesic s i t e s .  U s u a l l y  

t hese  f o r e s t s  occupy exposed r i dges ,  r ocky  south exposures and s h a l l  ow 

r o c k y  s i t e s .  Many a re  t r a n s i t i o n a l  i n  na tu re  and o f t e n  h e a v i l y  

d i s t u r b e d  i n  t h e  recen t  pas t .  

PLOT F2 770701 V i r g i n i a  Pine-White P ine T r a n s i t i o n a l  Fo res t  

Cades Cove 

P l o t  Loca t i on  and S i t e  

Th i s  p l o t  has been surveyed from t h e  Henry Whitehead Cabin on t h e  

Large Pop la r  Road i n  Cades Cove. It i s  s i t u a t e d  on t h e  SE s l ope  f rom 

about t he  r i d g e  c r e s t  towards t he  base o f  t he  s lope.  There are 



d i s t i n c t  mo i s tu re  d i f f e r e n c e s  f r om t h e  r i d g e  t o p  t o  t h e  base o f  t h e  

s lope.  The hemlock and wh i t e  p i ne  components as w e l l  as t he  unde rs to r y  

o f  Kalmia l a t i f o l i a  and Rhododendron maximum g r a d u a l l y  increases f rom 

r i d g e t o p  t o  base of the  s lope.  There i s  no way t o  separate s i t e  d i f -  

ferences p r o p e r l y  w i t h  t h i s  p l o t  o r i e n t a t i o n .  P l o t s  p a r a l l e l  t o  t h e  

r i d g e  and the  base o f  the  s l ope  are needed b u t  these  have n o t  been 

executed . 

Veget a t  i on Compos i t i on 

Pinus v i r g i n i a n a  and Pinus ech ina ta  dominate on t he  more x e r i x  

r i d g e  p o r t i o n s  o f  t h e  p l o t  w h i l e  Pinus s t r obus  and Quercus a l b a  domi- 

nate t he  more m o i s t  s i t e s  a t  t he  base o f  t he  s lope.  The Kalmia heath 

unders to ry  i s  almost absent on t o p  o f  t h e  r i d g e  and h e a v i l y  mixed w i t h  

Rhododendron maximum a t  t he  base o f  t he  s lope.  Vaccinium species a re  

most abundant i n  t h e  herb 1  ayer.  

Stand I n v e n t o r y  

Th i s  i s  a  young s tand w i t h  l i m i t e d  m o r t a l i t y  and p redominan t l y  o f  

sma l l -s i zed  t r ees .  Most o f  t h e  m o r t a l i t y  i s  i n  t h e  Pinus v i r g i n i a n a  

t r e e s  due t o  compe t i t i on .  The s tand i s  r e l a t i v e l y  even-aged. 

PLOT 52 590707 & 770819 Table M t .  P ine  Heath T r i l l i u m  Gap 

P l o t  Loca t i on  and S i t e  

Th i s  p l o t  i s  l oca ted  on an exposed p ine  heath r i d g e  on a  sou th  

s lope  a t  t h e  1200 m (3600 f e e t )  l e v e l  on t h e  T r i l l i u m - G a p  t r a i l .  The 

p l o t  i s  surveyed f rom a  rock  ou t c rop  which t h e  t r a i l  crosses a t  around 

1200 m  e l e v a t i o n .  Th i s  rock ou tc rop  p rov ides  a  panormaic view across 

Cannon Creek towards The Boulevard and t h e  c r e s t  w i t h  t h e  Appalachian 

T r a i l .  The p l o t  i s  l o c a t e d  above t h e  second ma jo r  rock ou t c rop  a long  

t h e  t r a i l  on a  v e r y  s teep south s lope.  The exac t  boundaries o f  t he  

1959 p l o t  cou ld  not  be l o c a t e d  w i t h i n  t h e  dense Kalmia heath.  The 

present  marked p l o t  con ta ins  more Quercus p r i n u s  than t h e  o r i g i n a l  1959 

t r e e  i n v e n t o r y  but  d e f i n i t e l y  represen ts  t h e  average s tand c o n d i t i o n s  



o f  t h e  Pinus pungens heath f o r e s t  t ype  b e t t e r .  Adjacent and ma:.(? east-  

ward a'more un i fo rm Pinus pungens stand has been l a r g e l y  k i l l e d  by bark 

b e e t l e  i n f e s t a t i o n s  bu t  t h e  m o r t a l i t y  o f  Pinus pungens w i t h i n  t he  p l o t  

i s  l i m i t e d .  

Veget a t  i on Cornpos i t i  on 

The predominance o f  Kalmia l a t i f o l i a  i n  the  shrub and herb l aye rs  

i s  c h a r a c t e r i s t i c  f o r  these Table M t .  p i ne  heaths. The most predomi- 

nant smal l  t r e e  i s  Nyssa s y l v a t i c a  w i t h  - Acer rubrum. There i s  a  

s u r p r i s i n g  amount o f  li ve s p r u t i n g  chestnut  (Castanea denta ta )  w i t h i n  

t h e  stand. The cu r ren t  m o r t a l i t y  i s  mos t l y  Pinus pungens i n  the  lower 

d iameter  c lasses due t o  bark b e e t l e  i n f e s t a t i o n  and compet i t ion.  This  

p l o t  had the  1  argest  number o f  t r ees  tagged, w e l l  over 450 t r e e s !  

There i s  very l i t t l e  change i n  species composit ion. 

Stand I n v e n t o r y  

The Pinus pungens o v e r s t o r y  i s  f u l l y  mature and p a r t l y  dy ing.  It 

i s  g r a d u a l l y  being replaced by a  hardwood understory ma in l y  of Nyssa 

s y l v a t i c a  'and Acer rubrum. There are sca t te red  Quercus p r i n u s  and 

Quercus cocc inea t r e e s  i n  t h e  mois te r  draws. Most o f  t h e  t a l l  Kalmia 

heath i s  a l so  dy ing  probab ly  due t o  overmatur i t y .  Otherwise, t h e r e  has 

been l i t t l e  change i n  t h e  t r e e  o'verstory s ince 1959. 

PLOT C3 770805 Chestnut-Chestnut Oak Fores t  T r i l l i u m  Gap 

P l o t  Locat ion  and S i t e  

This  p l o t  was es tab l i shed  by Whi t taker  i n  1960 bu t  h i s  d e s c r i p t i o n  

o f  landmarks l i k e  a  g i a n t  Quercus p r i nus  t r e e  on t h e  l e f t  s i de  o f  t h e  

t r a i l ,  a  c a i r n  o'f stones and the e l e v a t i o n  cou ld  no t  be v e r i f i e d .  The 

o n l y  p o s s i b i l i t y '  i s  an open Quercus p r i n u s  r i d g e  p a r a l l e l  l i n g  t h e  t r a i l  

a t  2425 f e e t '  e l e ' va t i  on i n  which stand b lazed t rees  o f  the  center  1  i ne' ' 

cou1d"be found as we l l  as t h e  l a r g e  dead Castanea snag. Th is  p l o t  i s  

s" rveyed. f rom the  l a s t  creek c ross ing  i n  t he  T r i l l i u m  Gap t r a i l  p r i o r  

t o  t h e  ' t r a i l  cu rv ing  southward and westward up -the h i l l .  Th is  p l o t  



l o c a t i o n  could a l so  be i d e n t i f i e d  f rom t h e  lone small hemlock t r e e  i n  

the  midd le  o f  the t r a i l  and from the  c u t - o f f  o l d  chestnut  logs  a longside 

t h e  t r a i l .  Th is  r i d g e  i s  t h e  second and l a s t  r i d g e  w i t h  a  predominant 

Gaylusackia u r s i n a  herb l a y e r  and the  o n l y  r i d g e  where t h i s  Gaylusackia 

herb 1  ayer appears west o f  t h e  t r a i l  . 

Veget a t  i on Compos i t i on 

The vegetat ion i s  r e l a t i v e l y  poor i n  species composit ion p robab ly  

because o f  past  s i t e  d is turbances l i k e  f i r e s  and logging.  The predomi- 

nance o f  ~ a ~ l u s a c k i a  u r s i n a  i s  s t r i k i n g .  i n d i c a t i n g  mesic cond i t i ons  bu t  

t he  stand i s  re1 a t i  v e l y  open. There are severa l  very  1  arge specimen 

t r e e s  o f  Quercus p r i n u s  and Quercus b o r e a l i s  i n  t h e  area. The p l o t  i s  

l oca ted  on a  small spur r i d g e  w i t h  a  creek runn ing  wes te r l y  o f  i t. The 

vegeta t ion  i s  t y p i c a l  f o r  t he  l o c a l  Quercus p r i n u s  heath f o r e s t s .  

Stand Inven to ry  

This  i s  a  young stand w i t h  remnant mature Quercus p r i n u s  bu t  no 

new Quercus p r i nus  regenerat ion.  The unders to ry  t r e e s  are predomi- 

n a n t l y  Acer ruburm, Oxydendron arboreum and a  f a i r  amount o f  Castanea 

sprouts.  Successional pa t te rns  tend t o  f a v o r  hardwoods t y p i  ca l  f o r  

more mesic s i t e s .  

2.+241 DYNAMICS OF THE MIXED OAK PINE HEATH FORESTS 

Very 1 i t t l e  i s  known about t h e  dynamics o f  t h e  mixed oaks and t h e  

p ine  heath f o r e s t s .  Various admixtures o f  oaks do occur and succes- 

s iona l  stages in t roduce p ines i n t o  t h e  oak f o r e s t s .  The x e r i c  p i n e  

heaths are more s t a b l e  f o r e s t  communities on extreme and exposed 

s i t e s .  The cu r ren t  evidence i s  t h a t  past  d is turbances l i k e  f o r e s t  

f i r e s ,  land  c l e a r i n g  and/or logg ing  has created the  present species 

combinations. No v i r g i n  oak f o r e s t  remains a t  lower e leva t i ons  w i t h i n  

t he  Park t o  study successional and regenera t ion  pa t te rns .  The c u r r e n t . 1 ~  

es tab l i shed  Becking - Whi t t a k e r  vegeta t ion  p l o t s  are t o t a l l y  inadequate 

t o  g a i n  an j n s i g h t  i n t o  t h i s  complex. Many a d d i t i o n a l  samples a t  lower 

e leva t i ons  must be co l l ec ted .  Even t h e  p ine  heath fo res t s .may  need. 



c a t a s t r o p h i c  d is tu rbances  l i k e  l i g h t n i n g  f i r e s  t o  propagate n a t u r a l l y  

t h e  Pinus pungens f o r e s t s  w i t h  t h e i r  sero t inous  cones. 

2.25 HEATH COMMUNITIES 

On extreme s i t e s ,  exposed r i dges  a t  h igh  e l e v a t i o n  heath species 

dominate and severa l  endemic heath species are known f o r  t h e  Smoky 

Mountains. I n  genera l ,  t h e  s i t e s  have extreme x e r i c  cond i t ions ,  a  very  

sha l low s o i l  mant le  and extreme exposure t o  t he  elements. Fores t  t r ees  

r a r e l y  p e r s i s t  under these cond i t i ons  and a shrubby dense heath 

developed. Occasional ly ,  grassy ba lds  develop bu t  w i t hou t  g raz ing  and 

f i r e s  t h e y  +.end t n  develop i n t o  heath balds  Qr the f o r e s t  rega ins  the  

areas. 

For the heath p l o t s  t h e  sampling s i z e  was reduced t o  20 x 25 m. 

Spec ia l  procedures have been developed t o  i n v e n t o r y  heath species by 2 

x  2 m quadrants and f o r  t he  dense balds by 1 x 1 m quadrants. These 

quadrants are p laced a t  t h e  edge or  borders o f  t h e  p l o t .  Every shrub 

species and t r e e  seed l i ng  i s  tagged w i t h  an aluminum tag  i n d i v i d u a l l y .  

The main stem i s  g e n e r a l l y  tagged and i t s  diameter i s  measured a t  ground 

l e v e l  t o  the nearest  0.1 cent imeter  i n  diameter.  For the sprou t  clump 

a t a l l y  by one-cent imeter diameter c lasses i s  mai n t a i  ned separated i n t o  

l i v e  and dead stems. For ve ry  smal l  seedl ings the  t a g  i s  wrapped around 

t h e  main stem f o r  i d e n t i f i c a t i o n .  I n  add i t i on ,  a  map o f  t h e  quadrant 

i s  drawn w i t h  t he  approximate l o c a t i o n  o f  each tagged shrub o r  seed l i ng  

or  clump. I n  general ,  these so-ca l led  heath p l o t s  are spaced a t  10 m 

i n t e r v a l s  along t h e  borders o f  t he  p l o t  w i t h  none o f  t he  p l o t s  along 

t h e  center  l i n e .  Damage t o  t he  heath p l o t s  i s  avoided as much as 

p o s s i b i e  i n  ga in ing  access t o  t he  i n v e n t o r y  s i t e .  

PLOT W7 590703 & 770709 Brushy M t .  Summit 

P l o t  Locat ion  and S i t e  

Th is  p l o t  i s  surveyed from markers a t  the  t o p  o f  Brushy Mountain. 

I t s  l o c a t i o n  i s  w i t h i n  t h e  approx imate ly  l e v e l  summit area o f  Brushy 

~ o u n t a i n  w i t h  a ve ry  low heath. The p l o t  area has been repea ted l y  



sampled and several  minor f o o t  t r a i l s  go through the  p l o t  area. The 

open and bare spots w i t h i n  t h i s  heath are places where i n  t he  past  t he  

t o t a l  vegeta t ion  p lus  so i 1 has been removed f o r  research. 

Veget a t  i on Compos i t  i on 

The vegetat ion composit ion has been remarkably constant  f rom 1959 

t o  1976. Vegetat ion changes are exceedingly  slow and by consequence 

recupera t ion  or regenera t ion  o f  the  heath i s  very  slow too. The area 

should be p ro tec ted  f rom f u r t h e r  d e s t r u c t i v e  sampling because of i t s  

1  i m i  t e d  ex ten t .  

Stand Inven to ry  

There were no measurable t r e e s  w i t h i n  t he  20 x 25 m p l o t  s i z e  

a1 though the re  i s  regenera t ion  o f  t r e e  species, mos t l y  Acer ruburm and 

Aron ia  melanocarpa. 

PLOT W8 590704 & 770712 Brushy M t .  summit 

P l o t  Locat ion  and S i t e  

This  p l o t  i s  surveyed from land marks on the  Brushy Mountain summit 

and i t s  survey i s  connected w i t h  t h a t  o f  P l o t  W7. The p l o t  i s  l oca ted  

on the  south exposure below the  sumnit downh i l l .  There i s  a d e f i n i t e  

g rad ien t  o f  inc reas ing  s i z e  o f  heath shrubs f u r t h e r  downh i l l  towards 

the  more mesic s i t e  cond i t i ons .  I n  general ,  the  shrub cover va r i es  

f rom about 1 t o  3 meters i n  he igh t  uphi  11 downhi 11. 

Veget a t  i on Compos i t i on 

The cu r ren t  p l o t  demarcation inc ludes the  lone smal l  Pinus r i g i d a  

at, t he  summit w h i l e  t he  1959 p l o t  apparent ly  j u s t  missed t h a t  t r e e .  

There i s  reasonable t r e e  regenera t ion  w i t h i n  the  p l o t ,  mos t l y  of Acer 

rubrum, Aron ia  melanocarpa, Amelanchier l aev i s ,  and Viburnum 

cassinoides.  The upper p a r t  of t he  p l o t  has a dominance o f  Kalmia \ 

l a t i f o l i a  and Rhododendron catawbiense w h i l e  i n  t he  more mesic lowest  

p a r t  of the  p l o t  Rhododendron maximum and - I l e x  -- montana begin t o  appear. 



For  the  remainder the  vegeta t ion  composit ion o f  t h i s  p l o t  has been 

remarkably s t a b l e  s i  nce 1959. 

Stand Inven to ry  

There are very  few t r e e  i n d i v i d u a l s  o f  - Acer rubrum, Aronia 

melanocarpa, Amelanchier l a e v i s  and Viburnum cassinoides present .  

2.251 DYNAMICS OF THE HEATH BALDS 

From a l l  t h e  evidence i t  seems t h a t  heath vegetat ion does not  

change and t h a t  regenera t ive  processes are exceedingly slow. It i s  

u n l i k e l y  t h a t  t h e  t rees  w i l l  even tua l l y  take over due t o  the  extreme 

s i t e  cond i t ions .  

3. PREDICTING ECOSYSTEM CHANGES FROM CLIMATIC CHANGE 

The example o f  Fraser  fir i l l u s t r a t e s  a  species t h a t  may e i t h e r  be 

e l im ina ted  or e l s e  become severe ly  narrowed i n  i t s  d i s t r i b u t i o n ,  due t o  

c l i m a t i c  change, pes t  a t tack ,  or  more l i k e l y  a  combination o f  both-- 

each f a c t o r  enhancing the  impact of the o ther .  U n t i l  work on the  carbon 

c y c l e  and c l i m a t i c  p r e d i c t i o n  i s  f u r t h e r  developed and combined, we 

cannot s t a t e  the  p r o b a b i l i t i e s  o f  the  c l i m a t i c  change being r e f l e c t e d  

i n  c e r t a i n  increase ( o r  decrease) o f  mean temperature or  o f  other  c l  i- 

m a t i c  parameters. I n  the  meantime, however, we can o u t l i n e  a , se t  o f  

p l  ausi b l e  outcomes f o r  whi ch a  c o n d i t i o n a l  probabi 1  i t y  may even tua l l y  

be est imated ( i  .e., - i f  warming equals or  exceeds a  c e r t a i n  increment, 

then c e r t a i n  l i f e  zone s h i f t s  have increased odds o f  occu r r i ng ) .  - 
F i r s t  we rev iew s tud ies  o f  the prev ious c l i m a t i c  measurements i n  

t h e  Great  Smokies Na t iona l  Park. Then we s h a l l  consider some p o s s i b i l i -  

t i e s  t h a t  might  p l a u s i b l y  f o l l o w  - i f  the l i f e  zones s h i f t e d  by the equiv- 

a l e n t  o f  +1, +3 and + 5 " ~  (+ 1.8, 5.4 and 9°F). 

3.1 CLIMATE CHARACTER1 ZATION 

The Great Smoky Mountains make a  r e l a t i v e l y  low range o f  mountains, 

r i s i n g  up t o  peaks over 2000 m along the  border o f  Tennessee and Nor th  



Caro l ina .  : They are no t  s u f f i c i e n t l y  h igh  t o .  b lock wes te r l y  winds and 

t o  change c l  imate.s . d r a s t i c a l l y  from the  'windward .towards ' t h e  leeward. ' 

s ide  .of t h e  mountain .range as do most :western mountains. l i k e  t h e  . . .' 

S ie r ras ,  Cascades, and t h e  Rocky Mountains. According t o  t h e .  . 
Thornthwai t e  (1948) c l  ass i f  i cat ions ,  t h e  1  ow e leva t i ons  o f  t h e  Smoky. 

Mountains have humid mesothermal c l imate,  and t h e  h igh  .e,l.evati.ons per-. 

humid m i  crothermal ; i ntermedi a te  e leva t i ons  have been named. . d i f f e r e n t l y  

as the  c l a s s i f i c a t i o n  evolved (Shanks 1954). Annual p r e c i p i t a t i o n  . . 

ranges. gene ra l l y  f rom 127-152 cm (50-60 i n . )  i n  t h e  lower va l l eys  t o  ..' 
more.than 200 cm (80 i n . )  a t  h igh  e leva t ions ,  i s  one o f  t h e ' h i g h e s t  : 

p r e c i p i t a t i o n  regions o f  t h e  USA. 

The p r e c i p i t a t i o n  i s  bo th  o f  orographic  and. c y c l o n i c . o r i g i n ;  I 

Dur ing t h e  sumner, thunderstorms caused by t h e  r i s e  o f  humid a i r  f rom 

the  v a l l e y s  advance along the  r i dges  o f t e n  d ischarg ing  l a r g e  ,amounts o f  

r a i n  i n  re1  a t i v e l y  s h o r t  per iods  o f  t ime. Mo is tu re  and'energy o f  most 

reg iona l  cyc lon i c  storms o r i g i n a t e  over the Gulf o f  Mexico. I n  some . 

years hurr icanes f rom t h e  At1 a n t i c  Ocean or  t h e  Carr ibean reg ion  move 

n o r t h e r l y  and/or westward over t he  cont inent ,  causing grea t  amounts o f  

p r e c i p i t a t i o n  and h igh  wind v e l o c i t i e s  along t h e  Appalachian Mountains. 

Two d i s t i n c t  maxima o f  p r e c i p i t a t i o n  occur, one i n  w in te r  and, t he  o ther  

i n  sumner (Ward 1925, Kendrew 1937, Whi t taker  1956, Stephens 1969). 

The l o g i s t i c  problems o f  tend ing  c l i m a t e  s t a t i o n s  i n  remote and1 

rugged mountains have 1  i m i t e d  a c q u i s i t i o n .  o f  c l i m a t i c  i n f o r m a t i o n  on 

t h e  l o c a l  c l imates o f  the  Smoky Mountains. Most weather s t a t i o n s  are 

near popu la t i on  centers and a t  low e leva t i ons .  C l i m a t i c  data f romtsuch 

s t a t i o n s  are no t  a p p l i c a b l e  t o  nearby mountainous reg ions .  For tun-  

a te l y ,  t he  Great Smoky Mountains Nat iona l  Park area has been t h e  sub jec t  

o f  f a i r l y  d e t a i l e d  c l ima te  s tud ies  repor ted  by Shanks 1954, Tanner 1963, 

Smallshaw 1953, Be r r y  1964, and e s p e c i a l l y  sumnarized by Stephens 1969. 

The f o u r  weather s t a t i o n s  are loca ted  a long a  n o r t h  t o  south 

t ransec t  i n  t h e  Ga t l i nbu rg  area o f  t he  Great Smoky Mountains Nat iona l  

Park. The 445-m (1460- f t )  e l e v a t i o n  s t a t i o n  i s  t he  Park Headquarters 

s t a t i o n  and i s  T.V.A. S t a t i o n  209. The 1180-m (3850- f t )  e l e v a t i o n  

s t a t i o n  i s  loca ted  a t  the  Alum Cave B l u f f  Park ing  Area i n  the  draw 



th rough which t h e  West Prong o f  t h e  L i t t l e  Pigeon R ive r  f lows.  The 

1525-m (5000 - f t )  e l e v a t i o n  s t a t i o n  i s  loca ted  near the  Newfound Gap 

Park ing  Area i n  a  gap a long t h e  c r e s t  o f  t h e  mountains. The f o u r t h  

s t a t i o n  a t  1920 m (6300 f t )  e l e v a t i o n  i s  loca ted  i n  t he  Clingman's Dome 

Park ing  Area. The f i r s t  t h r e e  weather s t a t i o n s  are l oca ted  i n  Sev ie r  

County of Tennessee, t h e  f o u r t h  s t a t i o n  i n  Swain County, Nor th Caro l ina .  

Resu l ts  o f  Shanks (1956, 1954) and Tanner (1963) used a  combina- 

t i o n  o f  a i r  and s o i l  temperatures t o  i n d i c a t e  changes i n  mean tempera- 

t u r e  lapse r a t e  of 3.86"C per  1000 m o r  2.23"F 1  apse r a t e  per  1000 m 

 O OF per 1000 f t )  r i s e  i n  e leva t i on .  Tanner (1963) repo r ted  a  lapse 

r a t e  o f  3.1 t o  7 . 9 6 " ~  per  1000 m f o r  J u l y  and found no l i n e a r  regres-  

s i  on o f  the  temperature decrease w i t h  e l e v a t i o n  increase.  European 

s tud ies  o f '  temperature 1  apse r a t e s  i n  Cent ra l  European mountains i n d i -  

ca te  3.4 t o  3 . 5 ' ~  per 1000-m r i s e  i n  e l e v a t i o n .  

C l i m a t i c  m o n i t o r i n g  tapes f o r  s t a t i o n s  surrounding t h e  Park were 

ob ta ined from t h e  NOAA o f f i c e s  i n  Ashev i l l e ,  Nor th  Caro l ina .  Computer 

ana l ys i s  o f  these data w i l l  be needed t o  develop w ide l y  app l i cab le  

regress ions  o f  a i r  temperature and o the r  va r i ab les  on e l e v a t i o n  and 

1  o c a t i  on. Such analyses now underway f o r  Tennessee and Nor th  Caro l ina,  

and weather s t a t i o n s  should be extended from V i r g i n i a  t o  Georgia along 

t h e  Appalachian mountain cha in  i n  order t o  apply  t h e  f o l l o w i n g  ana l ys i s  

over a  wider  area than the  Great Smokies. 

Stephens (1969) has g i  ven the  most compl e te  c l  i m a t i c  c h a r a c t e r i  za- 

t i o n  o f  t he  Great Smoky Mountains, near t he  Ga t l i nbu rg  NOAA s t a t i o n .  

He sumnarized 1947-1950 da ta  from e leva t i ons :  445, 1160, 1525, and 

1920 m (1460, 3850, 5000, and 6300 f t )  us ing  d a i l y  and .hour ly  tempera- 

t u r e  record ings  made by TVA and Park Serv ice  personnel .- Conclusions on 

c l i m a t  i c  t rends  w i t h  e l e v a t i o n s  are: (1 )  Cloudiness increases g e n e r a l l y  

w i t h  r i s e  . i n  e l e v a t i o n  and t h e  months o f  February, May and October are 

t h e  l e a s t  c loudy a t  a l l  e leva t ions ;  f o g  a l so  increases w i t h  e l e v a t i o n .  

( 2 )  Steady temperature lapse ra tes  w i t h  e leva t i ons  were shown t o  vary 

w i t h  seasons and e leva t i ons  . Stephens used t h e  445-m (1460- f t )  s t a t i o n  

(Sugar1 ands V i s i t o r  Center, GSMNP) as t h e  independent va r i ab le .  L inear  

regress ions  were computed f o r  the month ly  mean, mean maximum, and mean 

m i  n  imum temperature and h i  gh c o r r e l  a t  i ons were found . 



Stephens (1969) s tud ied  t rends i n  mean monthly temperature v a r i -  

ables (Table 5)  and h o u r l y  temperature v a r i a t i o n s  per day and per month 

(Table 6 ) .  For t h e  Appalachian Mountains January i s  genera l l y  t he  

co ldes t  month, bu t  i n  the  pecu l i a r  f o u r  years o f  the s tud ies  by Shanks 

(1954) and Stephens (1969) January averaged unusual l y  warm and February 

was normal ( s l i g h t l y  co lder  than January). Other months were coo ler  

than normal f o r  t he  surrouding region.  .Ju ly  i s  genera l l y  s l i g h t l y  

h o t t e r  than August. Average d a i l y  f l u c t u a t i o n s  o f  7 "  - 8 . 5 " ~  + (13" - 
1 5 " ~ )  between mean temperature and mean maximum or  mean minimum tempera- 

t u res  were observed. Ranges (2  x ampl i tude) are shown on F i g .  7. The 

co lder  months had wider temperature f l u c t u a t i o n s  w h i l e  t h e  J u l y  tempera- 

t u r e  f l u c t u a t e d  over a  smal ler  range. Lower e leva t i ons  showed more 

f l u c t u a t i o n  than h igher  e leva t ions ,  on a  monthly and d a i l y  basis .  

Temperatures a t  the h ighest  e leva t i on  f l u c t u a t e d  l e a s t .  I n f l u x  o f  c o l d  

a i r  drainage and wind p r o t e c t i o n  o f  the  GSM Park Headquarters C445-m 

(1450 f t )  s t a t i o n  1 presumably enhanced the f l  u c t u a t i  ons there.  Drain-  

age o f  co ld  n i g h t  a i r  f rom the  peaks, and daytime c loudiness ( e s p e c i a l l y  

i n  sumner) d im in i sh  the  temperature . f l u c t u a t i o n s  on the summits h 9 2 0  m 

(6300 f t )  near Clingman's Dome]. Month'ly mean temperature v a r i a t i o n s  

seasonal ly  f o l l owed  about the same p a t t e r n  f o r  a l l  f o u r  e l e v a t i o n  bu t  

t h e  445-m (1460- f t )  s t a t i o n  mean at Ga t l i nbu rg  was w ide ly  separated 

from s ta t i ons  a t  the o ther  e leva t ions .  

Re la t i ve  humid i ty  i s  high; dur ing 42 out  o f  t h e  48 months o f  c l i -  

mate observat ions, more than 50% o f  the h o u r l y  readings were 100%. 

R e l a t i v e  a i r  humid i ty  i s  not  a  d i r e c t  measure f o r  e f f e c t  on vegeta t ion  

growth, bu t  t h i s  h igh  l e v e l  presumably helps the abundant e p i p h y t i c  

growth o f  l i chens and mosses on t r e e  t runks .  Vapor pressure d e f i c i t s  

(F ig .  8)  are genera l l y  considered b e t t e r  i n d i c a t o r s  f o r  t he  atmospheric 

moisture demand than r e l a t i v e  humidi ty .  Ste.phensl evapot ransp i ra t ion  

c a l c u l a t i o n  showed the  h ighes t  d e f i c i t  values f o r  the 445-m (1460- f t )  

e l e v a t i o n  wh i l e  t h e  1920-m (6300- f t )  e l e v a t i o n  s t a t i o n  showed the  next 

h ighest  i n  9  ou t  o f  the 12 months. The months o f  A p r i l  and May 

i ndi  cate the  greates t  d e f i c i t s .  Corre l  a t i  ons o f  vapor pressure 

d e f i c i t s  among s t a t i n n s  w i t h  d i f f e r e n t  e leva t ions  were very poor 



ORNL-DWG 77-21096 

F ig .  7. 

J F M A M J  J A S O N D  

MONTH 

Month1 mean temperature range f o r  1947-1950 a t  t he  1460 ft. 7 ,  3850 ft. (----- (- ) ,  5000 ft. (--), and 6300 ft. 
(-. .-) s t a t i o n s  (Stephens 1969). 
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Fig. 8. 

J F M A M J  J A S O N O  

MONTH 

Monthly mean vapor pressure  d e f i c i t  (mm Hg) a t  t h e  
1460 f t .  (- ) , 3850 f t . (----- ) ,  5000 f t .  (--), 
and 6300 f t .  (--7) s t a t l o n s  f o r  1947-1950 
(Stephens 1969). 



between t h e  445-m and o the r  s t a t i o n s  r2 = 0.195) b u t  are reasonable 

f o r  t he  1920-m e l e v a t i o n  s t a t i o n  ( r 2  = 0.779). 

Table 7 shows how p r e c i p i t a t i o n  increases w i t h  e l e v a t i o n  (Small shaw 

1953). Co r re la t i ons  are no t  s t rong between any s t a t i o n s  bu t  t h e  two 

i n te rmed ia te  ones, which are c l o s e s t  t o  one another (Table 8 ) .  There 

are two d i s t i n c t  maxima a t  a l l  e l eva t i ons ,  one i n  January and one i n  

August. Snowfall i s  v e r y  l i m i t e d  and snow i s  recorded as p r e c i p i t a t i o n .  

Snowfal l  tends t o  occur i n  t h e  l a t e  f a l l ,  w in te r ,  and e a r l y  s p r i n g  a t  

h ighe r  e leva t i ons  bu t  commonly me l ts  between storms i n  a l l  bu t  the  

shad ies t  h a b i t a t s .  Because of t he  nature o f  orographlc  and c y c l o n i c  

storms d u r i n g  the  sunmer, p r e c i p i t a t i o n  can be h i g h l y  v a r i a b l e  from one 

r i d g e  t o  another. 

P o t e n t i  a1 evapo t ransp i ra t i on  and s o i l  mo is tu re  balances presumably 

i n d i c a t e  c l o s e r  re1  a t i onsh ips  o f  c l i m a t e  w i t h  vegetat ion.  Fo l l ow ing  

Thornwaite (1957) f o r  s i m p l i c i t y ,  s o i l  mo is tu re  f i e l d  capac i t y  was 

c a l c u l a t e d  as 31 cm (12.00 i n . )  us ing  independent methods f o r  month ly  

means (Table 10,12) and f o r  d a i l y  means (Tables 9 , l l ) .  It i s  

i n t e r e s t i n g  t o  no te  t h a t  t h e  445-m (1460- f t )  e l e v a t i o n  s t a t i o n  has 

g rea te r  s o i l  moisture d e f i c i e n c i e s  than the  1920-m (6300 - f t )  e l e v a t i o n  

s t a t i o n .  Th is  i s  p r i m a r i l y  due t o  t he  h igher  a i r  temperatures a t  lower 

e l e v a t i o n ,  a l though t h e r e  i s  a lso  more p r e c i p i t a t i o n  a t  h igh  

e l e v a t i o n s .  S o i l  mo is tu re  d e f i c i e n c i e s  reach t h e i r  r e l a t i v e  peak i n  

J u l y  and are at  t h e i r  lowest  i n  October, w i t h  another minimum i n  May 

and June. 

"Growing seasons" have been v a r i o u s l y  i d e n t i f i e d .  Most commonly 

a p p l i e d  i s  t he  d e f i n i t i o n  o f  t h e  t ime p e r i o d  between t h e  l a s t  and t h e  

f i r s t  k i l l i n g  f r o s t  (commonly approximated by 3 2 ' ~  = o'c). However, 

Stephens (1969) has a1 so c a l  c u l  ated growing seasons between t h e  36'F 

and 4 0 ' ~  l i m i t s  (Table 13) .  I f  one accepts the  e f f e c t i v e  growing 

season t o  correspond w i t h  t h e  2'C (36'F) l i m i t ,  t h e  1920-m (6300 - f t )  

s t a t i o n  corresponds c l o s e s t  t o  t he  445-m (1460- f t )  s t a t i o n  i n  growing 

season days. It i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  1525-m (5000 - f t )  

s t a t i o n  i n  a  beech gap has a  d i s p r o p o r t i o n a l l y  long growing season f o r  

t h e  5'~ ( 4 0 ' ~ )  l i m i t .  



3.2 CLIMATIC COOLING 

Spruce-f i  r f o r e s t s  reached a1 1  e leva t i ons  o f  the  Southern 

Appal achi an mountains and f u r t h e r  south dur ing major con t i nen ta l  

g l a c i a t i o n s  (Watt 1970, 1975). Several thousand years i n  the  fu tu re ,  

changes i n  so la r  o r b i t  and d e c l i n a t i o n  are again expected t o  repeat  

s i m i l a r  c o l d  c l imates  perhaps .5 t o  8OC co lder  than now. Fraser f i r  and 

red  spruce may again march down the  a1 t i t u d i n a l  g rad ien t  r e l a t e d  t o  

t h i s  c o o l i  ng - - i f  they  have not  become e x t i n c t  du r ing  the  warm pe r iod  i n  

t he  meantime. 

From 1940 t o  the e a r l y  1970s much o f  the  nor thern  hemi sphere has 

cooled a  f r a c t i o n  o f  1°C, a f t e r  t he  e x t r a o r d i n a r i l y  warm (and droughty) 

cond i t i ons  o f  the 1930s. Broecker (1975) p red i c ted  t h i s  t rend  would be 

reversed by e a r l y  i n  t he  1980s, w h i l e  others con jec ture  the  c o o l i n g  may 

become more severe ( a t  l e a s t  i n  the eastern USA) f o r  several  decades 

before  again warming (perhaps very suddenly! ) because o f  i ncreased 

g loba l  C02 and r e l a t e d  c l i m a t i c  mechanisms. 

It i s  too e a r l y  t o  judge whether spruce invas ion  i n  c e r t a i n  beech 

gaps r e f 1  ects a  m i  nor t rend  r e l a t e d  t o  the recent  coo l ing .  The perma- 

nent p l o t s  should help t o  document any such trend, i f  and w h i l e  it 

las ts ;  the  p l o t s  should be ready t o  record  the  dec l i ne  o f  cool-zone 

species i f  s t imu la ted  by warming and/or d ry ing  or other  d i s r u p t i o n .  

Meanwhile, i c e  and f reeze damage from c o l d  t rends  ( l i k e  windthrow 

a1 ready ev ident  on M t .  LeConte) may a1 so become i d e n t i f i e d  among t h e  

other  sources o f  m o r t a l i t y .  Un rave l l i ng  o thcr  f a c t o r s  i n  eco log i ca l  

succession w i l l  be requ i red  i n  order t o  keep from confus ing these w i t h  

c l i m a t i c  succession i n  any d i r e c t i o n .  

3.3 CLIMATIC WARMING 

C l i m a t i c  warming caused by i n d u s t r i a l  p o l l u t i o n  and carbon d iox ide  

increases i n  t he  atmosphere have been under considerable study (Baes e t  

a1 . 1976, NAS 1975). . A c r i t i c a l  review o f  the  temperature increases 

has be'en undertaken by Schneider (1975) and others.  He found tha t ,  

s imu la t i on  models o f  c l imate  change and o f  the  g loba l  carbon c y c l e  

i t s e l f  (Woodwell and Pecan 1973) might conceivably p r e d i c t  temperature 

increases o f  0.7 t o  9.6OC. Schneider (1975) expects upon c r i t i c a l  



ana lys i s  a temperature increase of 1.5 t o  3 " ~  per doubl ing o f  the C02 

concen t ra t i on  i n  t he  atmosphere. The 1974 atmospheric g loba l  C02 

content  was near 330 ppm at  the  Mauna Loa mon i to r i ng  s t a t i o n .  An 

annual increase averaging about 0.8 ppm over the preceding 16 years had 

been measured. Several models a t  Oak Ridge Nat iona l  Laboratory and 

elsewhere i n d i c a t e  an important  p o s s i b i l i t y  o f  the g loba l  C02 content  

doub l ing  by e a r l y  i n  the  nex t  century  and con t i nu ing  t o  increase i f  

f o s s i l  f u e l  burn ing accelerates.  As a p a r t  of t h i s  r e p o r t  i t  i s  t i m e l y  

t o  exp lore  vegeta t iona l  responses o f  the s p r u c e - f i r  zone t o  such c l i -  

m a t i c  changes as might  occur w i t h  e i t h e r  low, medium, or  h igh  sensi -  

t i v i t y  o f  temperature t o  each doubl ing o f  C02. The increases 

considered below cover a range o f  p o s s i b i l  i t i e s - a n d  may we l l  inc lude 

t h e  most probable outcome. 

1 " ~ .  Increase 

Between 1500 and 1920 m (about 5000 and 6300 ft, near the  present 

lower and upper l i m i t s  o f  t h e  main fo res ts  dominated by spruce and f ir 

fo res ts ) ,  the  month ly  mean temperatures d i f f e r  by o n l y  0 . 7 " ~  i n  Ju ly ,  

November, and December, 0.8 t o  1°F i n  October and August, and 1.2" t o  

3 . 5 ' ~  (0.7 t o  2 ' ~ )  i n  o ther  months. We recognize, o f  course, the  

p o s s i b l e  importance o f  many aspects o f  t he  temperature l lsignall l  besides 

the  va r iab les  l i s t e d  i n  the  tab les  above. Also many o ther  environmental 

va r i ab les  are d i r e c t l y  or  i n d i r e c t l y  re1  ated t o  temperature. The main 

p o i n t ,  however, i s  t h a t  these temperature cont ras ts  now observed between 

t h e  above h igh  and low e l e v a t i o n  s p r u c e - f i r  c l i m a t i c  s t a t i o n s  w i t h i n  

the  Great Smoky Mountains Nat iona l  Park match the  f a i r l y  modest tempera- 

t u r e  i ncreases-near the  1 ower p red i c ted  range o f  p o s s i b i  1 i t i e s  c u r r e n t l y  

considered for  recent  models i f  CO, and c l i m a t i c  change. Other c l i -  
L 

m a t i c  var iab les ,  and the  inherent  c a p a b i l i t y  o f  species t o  r e s i s t  

a t t ack  and disease, may be changing along w i t h  temperature. 

One s i m p l i f i c a t i o n  thus f a r  i n  j n t e r p r e t i n g  the  s i g n i f i c a n c e  o f  

temperature impacts i s  t h e  neg lec t  o f  ensuing moisture i n  such humid 

areas a t  these a l t i t u d e s  i n  the  Great Smoky Mountains. The p o s s i b i l i t y  

of increased moisture s t ress  i s  considered l i k e l y ,  based on phys ica l  



grounds. Concei vably, increased g loba l  ~ a i r  temperature may increase 

m a r i t  t ime  evaporat ion and hence p r e c i p i t a t i  on--suff  i c i e n t l y  t o  balance 

increased vapor pressure d e f i c i t s  and evapotranspi rat ion,  i f  o n l y  f o r  

p a r t  o f  the year. However, i t  seems even more l i k e l y ,  i n  view o f  the  

c l i m a t i c  pa t te rns  a l ready suggested by the  tab les ,  t h a t  t he  i n t e n s i t y  

and du ra t i on  o f  moisture s t ress  would increase, more f r e q u e n t l y  s t r e s -  

s ing ecosystems now adapted t o  a moisture surp lus.  

Since vegetat i on responds t o  temperature gradients,  an upward 

displacement o f  species d i s t r i b u t i o n s  should then f o l l o w .  But such a 

s imple displacement i n  a l t i t u d e  cannot always take p lace r e a d i l y  as 

m ig ra t i on  takes t ime and a v a i l a b i l i t y  o f  h a b i t a t .  Competi t ion depends 

on many phys io log i ca l  adaptat ions; genet ic  pa t te rns  may r e q u i r e  cor res-  

ponding changes t o  make the  species '  s u r v i v a l  probable a t  t h e i r  new 

s t a t i o n s .  For these and o ther  reasons, a seemingly small s h i f t ,  if 

sudden and then sustained, seems l i k e l y  t o  have more impact than might  

be expected a t  f i r s t  from a s t a t i c .  displacement o f  c l i m a t i c  zones. 

For example, a 1°c (1.8'~) i n  mean temperature over t he  next 100 

years could lead t o  a s i g n i f i c a n t  narrowing o f  the a l ready l i m i t e d  

d i s t r i b u t i o n  o f  endemic species i n  t he  s p r u c e - f i r  l i f e  zones. Such 

r a r e  endemics as Ceum r a d i  atum and Cal amagrostis c a i n i  on M t .  LeConte 

(near F ig .  28) may become e x t i n c t  w i thout  a g reat  change i n  c l ima te  

because they  e x i s t  i n  very  few r e l i c  stands. Increased a i r  tempera- 

t u res  could 1 ead t o  unfavorable r e s p i r t i o n ,  photosynthesis ba l  ances f o r  

several  cold-zone species. Fraser f i r  may become l i m i t e d  by t h i s  k i n d  

o f  adaptat ion, as we l l  as by pests which are most vigorous a t  t he  1 ower 

e l e v a t i o n  o f  the f i r ' s  'range, as discussed f u r t h e r  below. 

3°C Increase 

A c l i m a t i c  change near t o  3OC  O OF) warmer would have prompt' and 

more s i g n i f i c a n t  e f f e c t s .  As can be seen from the  seasonal temperature 

t rends  and other  c l ima te  cha rac te r i za t i ons  t h i s  increase i n  average a i r  

temperature would correspond rough ly  w i t h  an a1 t i t u d i  nal  d i f f e r e n c e  

near 500 m (over 1600 f e e t ) .  This  would mean t h a t  vegetat ion types and 

t r e e  speci es cur ren t  1 y  domi n a t i  ng these 1 ower e l  e v a t i  ons and common 1 y 



r e f e r r e d  t o  as t h e  "nor thern  hardwoods" would tend t o  invade the  h igher  

e l  e v a t i  ons as warmi ng progresses. For example, beech (Fagus 

g r a n d i f o l  i a )  i n  i t s  c u r r e n t  montane ecotype may move upward and be 

r e p l  aced elsewhere by lowland ecotypes o f  beech; Magnoli a  f raser  i , and 

Be tu la  a l l eghan iens i s  are l i k e l y  t o  increase i n  dominance on h igh  but  

mo is t  l oca t i ons .  

Upward displacement o f  zones suggests replacement f i r s t  o f  Abies 

f r a s e r i  which i s  t h e  most vu lnerab le  t r e e  species. Obser'vations showed 

t h a t  Fraser  f i r  i s  a l ready under heavy a t tack  by the woo l l y  aphid 

(Adelges p iceae) ; opening o f  the  stand encourges r a p i d  hardwood o r  

spruce invasion,  even w i t h o u t  any c l i m a t i c  changes. Red spruce (Picea 

rubens) might  be able t o  main ta in  on l y  a  r e l a t i v e  subordinate ra the r  

than dominant p o s i t i o n  a f t e r  c l i m a t i c  warming and cou ld  become 1  i m i t e d  

t o  r e l i c s  on i s o l a t e d  peaks. Eastern hemlock (Tsuga canadensis) may 

move upward on a c i d  humus w h i l e  decreasing a t  low elevations-maybe 

d isappear ing ou ts ide  t h e  h igher  mountains. 

Some unders tory  species also may change d r a s t i c a l l y  or  disappear. 

Species l i k e  Oxa l i s  montana, C l i n t o n i a  b o r e a l i s ,  Viburnum a l n i f o l i u m ,  

D r y o p t e r i s  sp inu losa var.  intermedia, Dryopter is  sp inulosa var.  

ans t r iaca ,  Athyr ium f e l i x - f e m i n a  and Athyr ium t h e l y p t e r i s  have been 

found today t o  be nar rowly  l i m i t e d  t o  the  s p r u c e - f i r  zone. Conse- 

quent ly ,  they may be r e p l  aced by other  vegetat ion, perhaps even by 

x e r i c  vegeta t ion  w i t h  Rhododendron, Lyonia, and Kalmia species on 

exposed r i dges .  

Grassy balds are a l ready  being invaded by hardwoods and brush 

species l i k e  Rhododendron and Kalmia. The above changes may take p lace 

w i t h o u t  any s i g n i f i c a n t  changes i n  p r e c i p i t a t i o n ,  cloudiness, p o t e n t i a l  

evapot ransp i ra t ion  and re1  a t i  ve humid i ty  s ince these c l i m a t i c  va r i ab les  

demonstrate l i t t l e  change from 3850 f t  e leva t i on  t o  6300 f t  e leva t i on .  

S i m i l a r  s h i f t s  i n  f o r e s t  vegetat ion w i l l  occur on M t .  M i t c h e l l ,  

Roane M t . ,  and Grandfather Mountain and genera l l y  i n  t he  Blue Ridge 

reg ion .  Concei vably, an i ncrease o f  3°C (5OF) may mean the  e l  i m i  na t i on  

o f  the  Fraser f i r  i n  almost a l l  o f  i t s  bo tan i ca l  range. On M t .  

M i t c h e l l ,  Fraser  fir under a t tack  s ince the  e a r l y  1960's have been 



v i r t u a l l y  e l i m i n a t e d  f rom t h e  t r e e  canopy below 1680 m  (5500 f t ) ;  i t  

remains t o  be seen i f  the  r e l i c  stands above 1830 m  (6000 f t )  and t h e  

a l r eady  es tab l i shed  young fir regene ra t i on  w i l l  s u r v i v e  t h e  w o o l l y  aph id  

a t t a c h  w i t h i n  t he  nex t  decade. I f  the  young f i r  i s  a l so  a t tacked  t h e  . ,  

spec ies may w e l l  become almost e x t i n c t ,  l i k e  t h e  American ches tnu t  

(Castanea .dentata)  . 
Attempts t o  i n t r oduce  some 32 d i f f e r e n t  p a r a s i t e  spec ies f o r  con- 

t r o l  aga ins t  t h e  w o o l l y  aphids have a l l  f a i l e d .  The U.S. F o r e s t  Se rv i ce  

has abandoned f u r t h e r  research  on t h e  Fraser  f i r  and i t s  s u r v i v a l .  As 

" t h e  n a t i o n ' s  Christmas t r e e "  i t s  importance has s h i f t e d  t o  h i g h  q u a l i t y  

ornamental and h o r t i c u l t u r a l  use. Such uses a l s o  may become l i m i t e d .  

5 ' ~  Inc rease  

The h y p o t h e t i c a l  inc rease  o f  about 5'C ( 9 ' ~ )  would be devas ta t i ng  

t o  many o the r  t r e e '  and herb spec ies o f  t h e  no r the rn  hardwoods. It 

would mean t h a t  an a l t i t u d i n a l  s h i f t  o f  species equ i va len t  t o  1000 m 

(more than  32000 f t ]  would t ake  p lace .  Th i s  cou ld  enable low1 and 

hardwoods o f  the  500-760 m  (1500-2500 f t )  e l e v a t i o n  zone t o  invade the  

h i ghe r  e l e v a t i o n s .  Yet many o f  these would be p o o r l y  adapted t o  summit. .  

s o i l s  and wind c o n d i t i o n s .  The a t t r a c t i v e  s p r u c e - f i r  ecosystem cou ld  - 

have vanished compl e t e l y .  Many heath ba lds  would be rep1 aced. by 

Vaccinium species, C l e t h r a  acuminatus, Kalmia l a t i f o l i a  and Pinus 

spec ies.  Among t h e  most p r e v a l e n t  hardwoods would be ches tnu t  oak 

(Quercus coccinea, Quercus r u b r a  - h igh1  and v a r i e t y  bo rea l  i s  d i s p l  aced 

by t h e  . l  owl and v a r i e t y )  and w h i t e  oak (Quercus a l b a ) .  

However, such a  d r a s t i c  change i n  glo.ba1 temperature may a f f e c t  

and change worldwide c l i m a t i c  p a t t e r n s  as w e l l .  A  d i f f e r e n c e ,  o f  about 

5 ' ~  i n  average g l o b a l  a i r  temperature approaches t he  mean d i f f e r e n c e  

between a  g l  ac i  a1 and i n t e r g l  ac i  a1 pe r i ods  . Under t h e  i ncreas i  ng heat 

s t resses  and mo i s tu re  d e f i c i t s  many o f  t he  s teep  s lopes and r i d g e s  w i t h  

t h e i r  sha l low s o i l  mant les w i l l  no t  even be l i k e l y  t o  be. ab le  t o  suppor t  

c losed  f o r e s t s ;  some open and s c r u b l i  ke  and pine-oak heaths and p i n e  

f o r e s t s  are l i k e l y  t o  take  t h e i r  p lace,  i n c r e a s i n g l y  s u b j e c t  t o  burns 

a f t e r  l i g h t n i n g  storms. Cove hardwoods would s u r v i v e  i n  some nf t . h ~  



more p r o t e c t e d  sma l l e r  v a l l e y s  and would no t  be so widespread a t  1 ower 

and m i d d l e  e l e v a t i o n s  as today.  Species 1  i ke basswood ( T i  1  i a  

he te rophy l  l a ,  s i l  v e r b e l l  ( H a l e s i a  montana), Magnol ia  f r a s e r i ,  S t e w a r t i a  

ovata,  yel lowwood. ( C l a d a s t r i s  l u t e a )  may become r e l i c s .  Other spec ies 

more adap.ted t o  d r i e r  s i t e  c o n d i t i o n s  l i k e  b l ack  l o c u s t  (Rob in i a  pseudo- 

acac ia ) ,  y e l l o w  p ines  (P inus  v i r g i n i a n a  and Pinus ech ina ta )  may w e l l  

t a k e  over  where r i c h e r ,  more p r o d u c t i v e  and d i v e r s i f i e d  ecosystems 

t h r  i ve today .  

3.4 .IMPACTS ON HETEROTROPHS 

A r e l a t i v e  minor  temperature inc rease  o f  ' 1°C may have l i t t l e  

impact upon most o f  t h e  1  a rger  mamnal popu la t i ons  i f  s u f f i c i e n t  cover 

and f ood  remain f o r  t h e i r  maintenance. However, c u r r e n t l y  t he  spruce- 

f ir zone i s  cha rac te r i zed  by severa l  r a re ,  endemic and endangered 

sa'l amander spec ies m o s t l y  s f  the  genus P le thodor~ .  Ttiehe s d l  arnander 

spec ies  r e q u i r e  h i g h  r e l a t i v e  humid i ty ,  coo l  a i r  temperature and a  

t h i c k  d u f f  l a y e r  f o r  t h e i r  l i f e  cyc les .  Upon t he  disappearance o f  t h e  

mature  s p r u c e - f i r . . f o r e s t s  as such t h e  h a b i t a t  o f  these  salamander 

spec ies may be s i g n i f i c a n t l y  and n e g a t i v e l y  a f f ec ted .  Temperature 

changes o f .  3" .or even 5 " ~  can o n l y  f u r t h e r  acce le ra te  t h e  e x c l u s i o n  o f  

these  spec ies f rom the.Smoky Mountains.  L i t t l e  i s  known about t h e  

i n s e c t  popul  a t i o n s  b u t .  s t ud ies  by Wh i t t ake r  (1948) have i n d i c a t e d  t h a t  

there .a re  severa l  groups o f  i nsec t s  e s p e c i a l l y  adapted t o  these h i g h  

e l  evati.ons. These i nsec t  popul a t i  ons may a1 so become e x t i n c t  if t h e y  

cannot adapt t o  t h e  c l i m a t i c  warming o r  w i t hs tand  t h e  i nvas ion  o f  o the r  

i n s e c t  ,. species.  Probab ly  some o the r  i n v e r t e b r a t e s  l i k e  s n a i l s  have no 

o t h e r  con t iguous  areas t o  mi g ra te  t o ,  and may become e x t i n c t  because o f  

a  1  oss. o f  h a b i t a t .  Some counte rpar ts  may p e r s i s t  where spruce-balsam 

fir. 9forests .move norkhward across Canada. 

C i  t t l e  i s  known ab.out f unga l  comnuni t i e s .  However, severa l  

.! i n t e r e s t !  ng f u n g i  have been .recorded t h a t  are r e s t r i c t e d  t o  t h e  

s p r u c e - f i r  zone exc l .us i  ve l y .  I t i s  t h e r e f o r e ,  . no t  u n l i k e l y  t h a t  these  

f u n g i  may subsequent ly  disappear sou th  o f  West V i r g i n i a  ( o r  New York) 

i f  t h e  ma jo r  t r e e  components of t h e  s p r u c e - f i r  f o r e s t s  d isappear .  



4. BIOSPHERE RESERVE CONSIDERATIONS 

That c l i m a t i c  changes coupled w i t h  i n d u s t r i a l  o r  t echno log i ca l  

carbon d iox ide  p o l l u t i o n  are i n e v i t a b l e  seems t o  be a f a c t  hard f o r  

many people t o  contemplate o r  accept. The. above p r e d i c t i o n s  and 

cont ingencies may o r  may no t  occur w i t h i n  these ecosystems. Assuming 

no o ther  d i s t u r b i n g  o r  l i m i t i n g  fac to rs ,  l i k e  lack  o f  r a i n f a l l ,  the  

cu r ren t  ecosystems can never thel  ess be pu t  under s i gn  i f  i cant s t ress  by 

increased a i r  temperature alone. Current eva lua t ions  o f  c l  im'at i  c 

change are s t i  11 i n s u f f i c i e n t  t o  p r e d i c t  c l i m a t i c  impact on vegetat ion,  

animals and man. I n  the  Southern Appalachian Mountains an o p p o r t u n i t y  

now e x i s t s  t o  de tec t  f u t u r e  change by e a r l y  mon i to r i ng  which considers 

and s t r i v e s  f o r  a ho locoenot ic  t reatment  o f  n a t u r a l  and managed eco- 

systems. Computer mode 1 i ng o f  ecosystem responses would r e q u i r e  

p e r i o d i c  and more p rec i se  assessment o f  c l i m a t i c  va r i ab les  and o f  

observed and p red i c ted  b i o l o g i  ca l  responses t o  these c l  i m a t i c  changes. 

New p l  ant and/or animal species .may invade. The i r  popu 1 a t  i on response 

t o  the  changing.environment o f f e r s  unique chal lenges t o  p r e d i c t i v e  

ecology. This  may lead towards mon i to r i ng  t o  t e s t  hypotheses f o r  a 

b e t t e r  understanding of t he  ecosystem dynamics. Successional pa t te rns  

cou ld  be monitored over t ime.  Transient  cond i t i ons  can c rea te  

imbal ances o f  p roduc t ion  and c y c l i n g  processes w i t h i n  t h e  environment .. 

Increased d r y i n g  may d i s p r o p o r t i o n a l l y  inc rease the  r i s k  o f  w i l d  

f i r e s .  Therefore, t h e  Great Smoky Mountains area cou ld  serve as a 

benchmark study area where such impacts and new successions (e.g., 

ba lds)  are t o  be measured and monitored. 

For use of reconnaissance and p lann ing  o the r  benchmark s tudy s i t e s  

such l o c a l i z e d  changes must account f o r  t he  broad reg iona l  ( o r  g l o b a l )  

s h i f t s  i n  1 i f  e zones. The experiences gained w i  t .h monumentat i on, moni- 

t o r i n g  and c l a s s i f i c a t i o n  o f  ecosystems i n  t h e  Smoky Mountains (see 

below) may be useful  fo r  t he  Biosphere Reserve c l u s t e r  a l ready be ing  

developed i n  t h e  Appal achi ans (Johnson, Olson and Rei ch le  1976). We 

advocate the  establ ishment  o f  con t i nu ing  benchmark s tudy s i t e s  w i t h i n  

t he  Great Smoky Mountains Nat iona l  Park t o  ga in  experience f o r  a more 



de t i l ed  and integral  biological  monitoring fo r  a global environmental 

monitoring system. This monitoring program should experiment with the 
most intensive and deta i led study of permanently monumented research 
p lo t s ,  even if t h i s  kind cannot be numerous. Establishment of l ess  
deta i led permanent or even temporary p lo t s  may a1 so be required in 
order t o  co l lec t  the  needed environmental information over many 
combi nations of conditions. A strong commitment of time and manpower 
i s  needed to  successful l y  meet overall monitoring goals. The balance 
between the  in tensiv  and extensive sampling may be governed as much by 
local  and regional h i s to ry  as i t  will be by standards eventually 
es tab l  i s  hed in te rna t iona l ly .  

A s ign i f ican t  consideration in se lec t ing  any sample s i z e  or design 
i s  the  consideration of repeated monitoring or dest ruct ive  sampling f o r  
biomass. If samples are  t o  be taken seasonally or monthly there  will 
be human impact upon the  sample area. Repeated access t o  observation 
points may create  s i gn i f i c an t  trampling e f f ec t s  and introduction of 
exo t ic  weeds i n to  the  sampling s i t e .  If the  sample area i s  to  be 
preserved in i t s  natural  s t a t u s ,  periodic monitoring and dest ruct ive  
sampling must have s u f f i c i e n t  areas around the  permanent p lots  to  
accomodate them. 

4.1 CHOICE OF SAMPLE LOCATION, SIZE AND DESIGN 
The choice of sample locat ion,  sample s ize  as well as of what t o  

measure will  determine the l imi ts  of i n t e rp re t ab i l i t y  of the data 
col lected.  No matter  what s t a t i s t i c a l  manipulations are performed the  
qual i  t y  and va l i d i t y  of the data cannot be improved beyond the qual i t y  
of the  f i e l d  work. In general any sampling consideration must 
r a t i o n a l l y  resolve the following questions and make the  corresponding 

choices as a consequence: 

WHY? What i s  the purpose of the sampling, short-term versus long-term 
sampling? What i s  the  main problem to  be investigated? 

Purposes of the 1976 f i e l d  sampling were ( a )  t o  detect  
whether disturbances affected any of the  p lo t s  established in 



1959, and ( b )  t o  p r o v i  de d e f i n i t e  boundaries and pr:)r:ecli~res 

f o r  mon i to r i ng  e i t h e r  d r a s t i c  o r  s u b t l e  changes which may be 

a n t i c i p a t e d  i f  our hypotheses o f  c l i m a t i c  change prove t r u e .  

WHAT? What a t t r i b u t e  w i l l  be best  measured? W i l  1 the measurement o f  

t h i s  a t t r i b u t e  f i n a l l y  answer t he  main ques t ion  under 

i n v e s t i g a t i o n ?  To .what accuracy must t he  a t t r i b u t e  be measured t o  

warrant a meaningful  i n t e r p r e t a t i o n ?  

Prec ise measurements o f  t r e e  d i  m e t e r s  ( p r e f e r a b l y  t o  2 mm or  

0.1 i n c h  a t  he igh ts  marked by n a i l s )  on d e f i n i t e l y  bounded 

areas are needed f o r  n o t i n g  s h i f t s  i n  v i go r ,  which u n d e r l i e ,  - 
compet i t ion  and s u r v i v a l  among i n d i v i d u a l s  and species i n  t h e  

course o f  c l  imat i c o r  o ther  gradual successional change. 

Less r e f i n e d  measurements may s u f f i c e  i n  areas known t o  be 

undergoing sudden impacts (e.g., w i  ndthrow, aphid 

i n f e s t a t i o n ) ,  and may permi t  a broader sampling o f  e x i s t i n g  

cond i t i ons  and new reproduc t ion .  

WHERE? Where should t he  samples be bes t  l oca ted  t o  develop t h e  answer 

t o  the  problem? How many r e p l i c a t i o n s  are needed? 

. Samples ( l i k e  those repor ted  here) w e l l  w i t h i n  t y p i c a l  stands 

o f  a c l i m a t i c  zone should remain c e n t r a l  f o r  documenting long  

term changes l i k e  we p r e s e n t l y  expect f o r  t he  s p r u c e - f i r  zone 

i n  the  Appalachian Mountains. However, a d d i t i o n a l  samples 

near t he  a1 t i t u d i n a l  l i m i t s  o f  s p r u c e - f i r  may show e a r l i e r  

evidence o f  t h i s  ecosystem's d e t e r i o r a t i o n ,  o r  o ther  s h i f t s .  

WHEN? When would be the  most advantageous t ime p e r i o d  t o  c o l l e c t  t h e  

most meaningful  measurements'! Wou l d the dormant season or  t he  

growing seasnn he the  hes t?  

Sumer proved s a t i s f a c t o r y  f o r  spruce and f i r  f o r e s t s .  

However, beech and some o ther  deci  duous f o r e s t s  w i t h  w i  n t e r  

annuals would r e q u i r e  a d d i t i o n a l  observat ions f o r  

completeness i n  record ing  t h e  non-tree composi t i  on and t h e  

a c t i v i t i e s  o f  he te ro t roph i c  organisms ( f u n g i ,  an imals) .  



WHO? Who would do the  measurement o f  the  a t t r i b u t e s ?  This would 

determine d i r e c t l y  the  instruments t o  be used, data c o l l e c t i n g  

techniques and- t he  p r e c i s i o n  o f  t he  measurements. 

An experienced e c o l o g i s t  or f o r e s t e r  should supervise the  

b i o l o g i c a l  mon i to r i ng  work and remain a l e r t  t o  aspects or  

explanat ions o f  change which may not  a1 1  be reduced t o  

r o u t i n e  data record ing .  Two add i t i ona l  crew persons make t h e  

d i v i s i o n  o f  work e f f e c t i v e  f o r  complet ing p l o t s  o f  

considerable d e t a i l  i n  1 day's t ime, on average. 

C i r c u l a r  versus Rectangular P l o t  Shape 

The c i r c u l a r  and rec tangu lar  p l o t  shapes have been commonly used 

i n  vegeta t ion  research. Both p l o t  shapes have t h e i r  own advantages and 

d  isadv'antages: 

CIRCULAR PLOT SHAPE RECTANGULAR PLOT SHAPE 

One center stake def ines  the  -- 
p l o t  perimeter 

P l o t  per imeter  i s  t h e  sho r tes t  -- 
b u t  curved r e q u i r i n g  f requent  

measurement f o r  i n c l u s i o n /  

e x c l  u s i  on o f  per imeter  

t rees  - perhaps o p t i c a l l y  

Nested c i r c l e s  o f  d i f f e r e n t  - - 
areas have one common center 

~ t . a k ~  

Subdivis ' ion o f  c i r c u l a r  p l o t  -- 
can be best done by p i e -  

shaped segments subtendi ng 

an equal degree angle 

Four corner stakes or  center-  

l i n e  stakes def ine  the  p l o t  

boundaries 

Assessment o f  i n c l u s i  on/excl u- 

s ion  o f  perimeter t rees  can be 

o p t i c a l l y  done because o f  

1  i near i t y  o f  boundary 

Nested quadrats are e a s i l y  l a i d  

out  w i t h  the  p o s s i b i l i t y  o f  

random l o c a t i o n  o f  nested 

quadrats 

Subdiv is ion i n t o  smal ler  

quadrants i s  much eas ie r  



- - Upon des t ruc t i on  o f  p a r t  o f  - - Upon p a r t i  a1 d e s t r u c t i  on.: the-: 

t he '  p l o t  it i s  ' d i f f i c u l t  

t o  remeasure and analyze 

da ta  f o r  the Femai nder of 

t h e  p l o t  area 

Loss o f  the center  s take  w i l l  -- 
jeopard ize  the  e n t i r e  p l o t  

per imeter  

P l o t  s i z e  can be increased - - 
w i t h  a  m i  nimum extensi  on 

o f  r a d i a l  d is tances f rom 

the  center  s take 

remainder o f  t he  pJot  can be 

r e a d i . 1 ~  measured i n  terms o f ' . :  
. . 

s u r v i v i n g  subplots  .': .. . :  

Loss o f  even two corner  stakes 

w i l l  no t  s i g n i f i c a n t l y  jeop- 

a rd i ze  the  p l o t  per imeter  

P l o t  s i z e  increases would add 

t o  r e l a t i v e  d is tance increments 

away f rom t h e  p l o t  cen ter  w i t h  

the  r i s k  o f  i nc reas ing  envi ron-  

mental i nhomogeneity 

A1 though c i r c u l a r  p l o t s  .have been w ide l y  used we recornen3 .. . t he  . . use 

o f  the  rec tangu la r  p l o t s  f o r  i n t e n s i v e  b i o l o g i c a l  mon i to r ing .  
. . 

. . 

Ho r i zon ta l  .Area and Slope Cor rec t ions  

Considerable d iscussions among f o r e s t e r s  have centered around the  

problem o f  c o r r e c t i n g  s lope s u r f  ace area - t o  h o r i z o n t a l  area. Maps and 

cadas t ra l  surveys' o n l y  represent  the  h o r i z o n t a l  p r o j e c t i o n  o f  t he  ,... . . 

t e r r a i n .  Fores t  y i e l d s  'on slopes. are a f f e c t e d  by many add i t iona l .  

compl icat ions l i k e  slope exposure, aspect, depth t o  bedrock, mo is tu re  

seepage and parent  m a t e r i a l s .  Cor rec t ions  t o  h o r i z o n t a l  s u r f  aces are 

s imple bu t  o f  f a r  less  importance than the ..above environmental  

va r i ab les .  General ly,  s lope co r rec t i ons  have. been o f  no concern . i n  . . .. 
. . . .  .. ,. .. 

phy tosoc io log i ca l  work. 

We recommend e s t a b l i s h i n g  p l o t  si'ze e,xact ly  as t o  sur face  area on 

whatever s lope angle may e x i s t .  Varying degrees o f  s lopes may occur 

w i t h i n  one sampling s i t e  r e q u i r i n g  a  der ived  average s lope co r rec t i on ,  . . 

I f  t h e r e  i s  need t o  read jus t  r e s u l t s  f rom t h i s  bas i s  t o  a  t r u l y  
. : 

h o r i z o n t a l  basis,  e.g., i n  r e l a t i o n  t o  remote sensing area covered, 

then a  c o r r e c t i o n  f a c t o r  must be est imated Prom the  .cos ine  o f .  t h e  

-. area 's  e f f  e c t i  ve mean slope. 



General Summary 
No unique se t  of plot c r i t e r i a  and procedures would f i t  a1 1 vegeta- 

.ti.on types and environmental conditions. Each vegetation type w i 11 re- 
quire speci al considerations . For the e f for t s  of the Biosphere Reserve 

Program, sampling designs can be categorized according to  sampling 

in tens i ty  and sampling e f fo r t .  The various needs of the Biosphere 
Reserve or other Environmental Monitoring Program would require f lex i -  
b i l i t y  as to  choice bf intensi ty  of sampling and expenditure of sampling 
e f f o r t s .  Schematically, the following sampling designs are ranked in 
terms of the i r  sampling intensi ty  and sampling ef for t :  

. . Expenditure of time, manpower and e f fo r t  

Intensity of 
Sampl i ng 

Intensive 

Medi urn 

CFI circular  
p1 ota 

high 

ZM re1 eveeb+sol l+BA/acre 
Decking 1959-1 962 

20x50 m plot 
Whi t taker  & Becking 

1959-1 976 

transects 
Whi t taker 1956 

ZM releveeb 
Becki n y  1959-76 

Extensive 

vegetation type maps 
. . Frank M j  11 er 1940 

a~~~ = continuous fores t  inventory 

b~~ = Zurich-Montpellier plant sociology l i s t s ,  or relevee - a l i s t  of 

species cover classes and codes for "sociabi 1 i ty" or  clustering . 



. 4.2 ESTABLISHMENT OF A HEATH PLOT 

I n  f o r e s t  stands w i t h  a dense unde rs to r y  o f  Rhododendron o r  Kalmia 

spec ies and i n  open heaths g r e a t  d i f f i c u l t i e s  a r i s e  when a t r e e  inven-  

t o r y  w i  11 be made accord ing  t o  t he  f o r e s t  p l o t  i n v e n t o r y  procedures. 

It i s  meaningless t o  t a l l y  stems a t  DBH l e v e l  f o r  a heath shrubs s ince  

t h e y  a l l  come f rom the  same r o o t  crown and o f t e n  branch many t imes  

b e f o r e  reach i  ng t h e  DBH 1 eve1 . Theref  ore, t h e  f 01 1 owing procedures 

have been adopted t o  e s t a b l i s h  a permanent i n v e n t o r y  p l o t  i n  a heath 

community. Th i s  i n v e n t o r y  a p p l i e s  o n l y  t o  heath spec ies and heath 

p l o t s .  

I n v e n t o r i e s  f o r  f o r e s t  heaths and open heaths w i l l  be l i m i t e d  t o  

quadrats  o f  20 x 25 m s i z e  and t h e i r  co rners  w i l l  be permanent ly marked. 

Because p e n e t r a t i o n  i n t o  t he  heath w i l l  l ead  t o  d e s t r u c t i o n  . o f  heath 

p l a n t s  t h e  i dea  was abandoned t o  e s t a b l i s h  sample p l o t s  a long t h e  

cen te r  l i n e .  The 20 x 25 m quadrat  w i l l  be d i v i d e d  i n t o  5 x 10 m 

b locks  f o r  mapping and i n v e n t o r y  purposes. 

It i s  v i r t u a l l y  imposs ib le  and i m p r a c t i c a l  t o  execute a 100% heath 

i nven to ry .  The f i r s t  m o d i f i c a t i o n  i s  t h a t  stem d iameters  are t o  be 

measured a t  ground l e v e l  o r  as c l o s e  t o  ground l e v e l  as f e a s i b l e .  Th i s  

would e l i m i n a t e  t ed ious  measurments a t  any o the r  l e v e l .  The main stem 

o f  each clump i s  t o  be measured t o  t he  neares t  0.1 cen t imete r  i n  

d iameter  and it i s  tagged w i t h  a numbered aluminum tag .  A frequency 

count i s  then made o f  a l l  the  stems a r i s i n g  f rom t h e  same sp rou t  clump 

hy one-cent imeter c lasses  separated i n t o  l i v e  and dead stems. These 

counted stems are no t  i n d i v i d u a l l y  tagged. A l l  herb spec ies and seed- 

l i n g s  are t o  be tagged. I f  t h e  stem i s  t oo  smal l  t o  n a i l  t h e  t ag  i n t o  

t he  stem, t h e  aluminum t a g  i s  wrapped around t h e  stem. The t a g  i s  

p laced  a t  ground l e v e l  f a c i n g  ou tward ly  ou t  o f  t h e  p l o t  f o r  easy recog- 

n i t i o n .  

The heath p l o t  s i z e  adopted i s  a quadrat  o f  2 x 2 m o r  i n  dense 

heath a quadrat  o f  1 x 1 m. The approximate l o c a t i o n  o f  t h e  tagged 

specimens i s  mapped f o r  each quadrat  t o  f a c i l i t a t e  f u t u r e  r e l o c a t i o n .  

Dead stems are recorded bu t  are no t  tagged. 

The l o c a t i o n  and o r i e n t a t i o n  o f  t he  2 x 2 m o r  1 x 1 m quadrat  i s  

t h a t  i t s  co rner  i s  t o  c o i n c i d e  w i t h  t h e  o u t e r  corners o f  t h e  heath p l o t  



( F i g .  9). The most Nw co rne r  o f  t h e  heath p l o t  w i l l  have Heath .Quadrat 

#I, heath  quadrat  # 2  w i l l  a t  the  10 m s t a t i o n  and heath quadrat  #3 a t  

t h e  20 m s t a t i o n .  Con t i nu ing  a long i t s  eas te rn  border: heath quadrat  #4 

w i l l  be a t  t he  25 m s t a t i o n ,  heath quadrat #5 a t  t h e  15 m s t a t i o n  and 

hea th  quadra t  #6 , a t  t h e  5 m s t a t i o n .  . 

Th i s  w i l l  s y s t e m a t i c a l l y  d i s t r i b u t e  t h e  heath p l o t s  over t he  e n t i r e  

hea th  p l o t  and t h e r e  i s  no need f o r  acces and d e s t r u c t i o n  o f  t h e  heath 

p l o t .  It i s  hoped t h a t  f u t u r e  remeasurements o f  tagged specimens w i l l  

r e v e a l  growth r a t e s  and m o r t a l i t y  o f  heath spec ies.  Considered heath 

spec ies  a re  t he  f o l l o w i n g :  

Rhododendron m a x i m  Gay Zusackia baccata , 

flli~id~&i~d.t*cir~ uu Lc.udi.tt?r~s.u Guy Zusuckiu LWS-L~LU . 
Rhododendron caro Zimwn 

Pieris j8Zoribun& 
Ka Zmia Zati fo Zia 

~y onia Zigus tr ina 
~Le thra  acwninata 

Vacciniwn cons table i  
Vacciniwn corymboswn 
Vacciniwn stmninewn 
Vacciniwn erg throcarpwn 
Vacciniwn vacci Z Zans 
Vacciniwn hirsutwn 

4.3 PLOT RECOMMENDATIONS OF R. W .  BECKING 

(1 )  A  rec tangu l  ar p l o t  s i z e  of 20 x  50 m i s  bes t  s u i t e d  f o r  

i n t e n s i v e  sampl ing. The l onges t  p l o t  ax i s  should be o r i e n t e d  t o  f o l l o w  

con tour  l i n e s  o r  areas w i t h  t h e  g r e a t e s t  homogeneity un less t h e r e  i s  a  

p a r t i c u l a r  reason t o  do o therw ise .  The cen te r  l i n e  should be l a i d  o u t  

f i r s t  and i t s  magnet ic  b e a r i n g  be read. A t  each end p o i n t  t h e  

d i s tances  o f  10 m on e i t h e r  s i de  o f  t he  cen te r  l i n e  should be l a i d  o u t  

and marked. Subsequent ly t h e  d i s tance  between these end p o i n t s  shou ld  

be checked f o r  t h e  exac t  d i s t ance  o f  50 m l e n g t h  and minor  adjustments 

shou ld  be made. The cen te r  l i n e  a t  l e a s t  and t h e  corners  ( o r  l onges t  

s i des  i f  p o s s i b l e )  shou ld  be marked w i t h  s t e e l  p ipes  a t  eve ry  10 m 

d i s tance .  A l l  d i s t ances  shou ld  be measured as s lope  d is tances  o f  10 m. 

The e f f e c t i v e  s l ope  shou ld  be measured. 
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Sta in less  s t e e l  p ipes should be used f o r  t he  permanent marking o f  

t he  corner  po in t s  and the  10 m dis tance po in t s .  S ta in less  s t e e l  rods 

of approximately 1.2 m ( 4  f t )  l eng th  are t o  be dr iven i n t o  the  s o i l  

u n t i l  they  o n l y  p ro t rude about 50 cm (20 inches) .  The f o l l o w i n g  p ipe  

numbering system was adopted un i fo rm ly  i n  1976 (see F ig .  10). The 

numbering system always s t a r t s  at the most n o r t h e r l y  end o f  the center 

l i n e  and cont inues f rom t h e  most nor thwester ly  corner southwards and 

again northwards u n t i l  it reaches the most n o r t h e a s t e r l y  corner .  Small 

co lo red  s t r i p s  o f  good q u a l i t y  p l a s t i c  f l a g g i n g  are t i g h t l y  wrapped 

around the  t i p  o f  each p i p e  f o r  easy i d e n t i f i c a t i o n .  General ly,  the  

p ipes are dr iven i n t o  the  ground u n t i l  they  are f u l l y  covered by the  

normal herb i ayer . 
( 2 )  A l l  the t rees  w i t h  a DBH o f  one cm and up are tagged w i t h  an 

aluminum numbered small t ag  a t  t he  DBH l e v e l  f a c i n g  the  center l i n e .  

Aluminum n a i l s  o f  5 t o  7 l eng th  are used t o  a t tach  these aluminum tags 

t o  t h e  t r e e .  The aluminum n a i l s  are d r i ven  i n t o  t h e  t r e e  f o r  about 1 

un at  a downward s l a n t .  The aluminum tag  i s  then pushed towards the 

t i p  o f  t he  n a i l  i n  a v e r t i c a l  p o s i t i o n .  Dead standing t rees  are not  

tagged b u t  are measured f o r  t h e i r  DBH. 

(3 )  A l l  t r e e  DBH values are t o  be read w i t h  a diameter tape 

read ing  t o  the nearest  m i l l i m e t e r .  The diameter tape i s  t o  be t i g h t l y  

wrapped around t h e  t r e e  t runk  but the  tape pressure should not  unduly 

compress the  bark. The tape i s  t o  be placed h o r i z o n t a l l y  around the  

t r e e  i n  such a manner t h a t  one end o f  t he  tape w i l l  go d i r e c t l y  below 

the  aluminum n a i l  and the  o ther  tape end d i r e c t l y  above the  aluminum 

n a i l .  The aluminum n a i l  thus forms t h e  permanent marking p o i n t  f o r  

f u t u r e  remeasurement o f  the  DBH. I n  case the  aluminum n a i l  i s  mis- 

p l  aced i n  DBH 1 eve1 on the  t r e e  the  aluminum n a i l  should not be moved 

b u t  t he  remeasurement o f  the  DBH should proceed a t  t h a t  l e v e l  i n  the  

same manner as i n d i c a t e d  above. 

( 4 )  Upon r e i n v e n t o r y  and remeasurement o f  the DBH's o f  the t rees ,  

the  new DBH should be a t  hand a lso.  I n  case the re  i s  a discrepancy i n  

t he  DBH values between the  former and the present remeasurement, t h i s  

d iscrepancy should be imnedi a t e l y  resolved i n  the  f i e l d .  Proper notes 
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shou ld  i nd i  cate how these reco rd  adjustments have been r e s o l  ved and 

what t he  l a t e s t  DBH reco rd  i s .  I n  case the  aluminum n a i l  i s  m iss ing  

upon remeasurement t h e  exac t  DBH l e v e l  i s  t o  be rees tab l i shed  by d i r e c t  

measurement o f  1.3 m o r  1.37 he igh t ,  whichever was o r i g i n a l l y  used. 

The bark a t  t h a t  l e v e l  should be c a r e f u l l y  inspected t o  de tec t  t he  

former n a i l  hole. I f  it i s  found the  new aluminum n a i l  should be 

d r i v e n  i n t o  the  bark o f  t h e  t r e e  w i t h i n  t he  former n a i l  hole. Other- 

wise, a  new aluminum n a i l  should be placed i n  t he  t r e e .  

( 5 )  The t r e e  i n v e n t o r y  should proceed per b lock and records are t o  

be separated by b lock .  A  sketch map w i t h  t h e  numbered t r e e s  per 10 x  

10 m b lock  i s  t o  be prov ided.  This  sketch would a i d  s i g n i f i c a n t l y  i n  

r e l o c a t i n g  the  numbered t r e e s  and t o  i d e n t i f y  any miss ing  t r e e  numbers. 

I n  t h e  ske tch  a l so  the  upcoming t r e e  regenera t ion  o f  50 cm t o  130 cm i s  

t o  be sketched i n  as t o  i t s  r e l a t i o n s h i p  w i t h  t he  o v e r s t o r y  t r ees .  Any 

p l o t s  f o r  ground cover o r  spec ia l  study should be loca ted  p r e c i s e l y  on 

t h e  map. D e t a i l s  on such ground p l o t s  were beyond t h e  scope o f  1976 

work . 
( 6 )  Any new incomi ng regenera t ion  o f  t he  t r e e  species w i l l  be 

numbered and tagged as soon as i t s  DBH l e v e l  reaches one cm i n  

d iameter .  This  new ingrowth  would be s i g n i f i c a n t  i n  determin ing the  

p o p u l a t i o n  dynamics o f  t h e  t r e e  species. 

( 7 )  Each t a l l i e d  t r e e  should be recorded as t o  i t s  species, i t s  

DBH and i t s  crown c lass .  Crown c lasses are t o  express t h e  r e l a t i v e  

dominance o f  the i n d i v i d u a l  t r e e  i n  r e l a t i o n  t o  i t s  immediate neighbors. 

Th i s  reco rd  would help i n  t h e  i n t e r p r e t a t i o n  o f  growth pa t te rns  among 

domi nant , codomi nant , i ntermedi ate and suppressed t rees .  A1 so the  

m o r t a l i t y  by crown c lass  can be s i g n i f i c a n t  f o r  f u t u r e  growth 

p r o j e c t i  ons . 
(8 )  Representat ive t r e e  specimens represent ing  a l l  the  major t r e e  

species should be se lec ted  f o r  a d d i t i o n a l  measurements. These so- 

c a l l e d  sample t r e e s  are t o  be e q u a l l y  d i s t r i b u t e d  among a l l  crown 

c lasses .  A  minimum o f  t e n  sample t rees  o f  a l l  species combined are t o  

be se lec ted .  The samp.le t r e e  should be a  normal t r e e  devoid o f  any 

d e f o r m i t y  o r  abnormal i t y  and should w e l l  represent  t h e  average t r e e  o f  

i t s  DBH and crown c lass .  The f o l l o w i n g  measurements are t o  be made on 



each sample t ree :  Species, crown c lass ,  t ag  number, DBH, t o t a l  he igh t  

t o  the  nearest meter, t o t a l  age a t  DBH l e v e l ,  the  measurement o f  i t s  

r a d i a l  increment a t  DBH l e v e l  f o r  t h e  f i r s t  10-year pe r i od  and t h e  next  

10-year per iod,  and i t s  bark th ickness .  Radia l  increments and bark 

th ickness  should be measured t o  t he  nearest 0 .1  mi l1, imeter.  Upon f i e l d  

measurement o f  the  DBH core, t h e  core should be r e i n s e r t e d  i n t o  t he  t r e e  

t o  avoid any poss ib le  i n f e c t i o n .  . W i t h i n  a  few weeks t h e  core becomes 

w e l l  sealed i n t o  t he  t r u n k  w i t h  a  minimum o f  b leed ing  and damage. I n  

other  cases, t he re  may be a  need t o  examine the  y e a r l y  pa t te rns  f o r  

ana lys is  o f  c l i m a t i c  pa t te rns  i n  which case increment cores must be 

r e t a i  ned and preserved. 

Upon remeasurement o f  a  sample t r e e  o n l y  i t s  he igh t  and DBH are t o  

be remeasured and i t s  crown c l a s s  i s  t o  be checked. No a d d i t i o n a l  t r e e  

c o r i n g  i s  t o  be done. Upon remeasurement, an a d d i t i o n a l  minimum of f i v e  

new t rees  are t o  be cored as new sample t rees  and t h e  data recorded as 

above. The s e l e c t i o n  o f  these a d d i t i o n a l  and new sample t r e e s  may 

improve t h e  i n fo rma t i on  o f  t h e  then p reva len t  crown c lasses.  

( 9 )  Incomi ng seed1 i ng regenera t i  on o f  t he  major t r e e  species are 

t o  be measured f o r  t h e i r  t o t a l  he igh t  and age. Genera l ly ,  i t w i l l  be 

r e l a t i v e l y  easy t o  measure the  t o t a l  t r e e  he igh t  t o  t he  nearest c e n t i -  

meter.  The t r e e  age should be recorded as t h e  age above DBH l e v e l  and 

the  number o f  years up t o  DBH l e v e l ,  e.g., based on whorls.  Th is  k i n d  

o f  in fo, rmat ion may g i ve  an i n s i g h t  i n t o  t h e  time-spans i nvo l ved  f o r  

t r ees  t o  reach DBH l e v e l s .  A minimum o f  about f i v e  young seed l ings  per 

major  species would be des i rab le .  . 

(10) A s o i l  p r o f i l e  d e s c r i p t i o n  should be made near t he  center  

l i n e  o f  t h e  sample p l o t .  I t s  l o c a t i o n  should be noted on t h e  b lock  

sketch as we l l  as the  nearest  numbered t r e e s  should be noted. The 

sputograrn technique* should be use fu l  t o  develop an app rec ia t i on  o f  t h e  

*Becking developed t h i s  technique i n  1950. Using semi-bleached ground- 
wood note-pad paper small amounts o f  s o i l  are rubbed or smeared on t h e  
paper mixed w i t h  s a l i v a .  Each hor izon  i s  smeared on separa te ly .  The 
note pad i s  then a i r - d r i e d  and t r e a t e d  w i t h  f i x a t i v e  f o r  p rese rva t i on  
o f  t he  s o i l  co lo rs .  Sputograms are glued on heavy weight paper and 
can be f i l e d  i n  a  standard r i n g  b inder .  The f i e l d  i ~ i f o r m a t i ~ t i  atid 
p r o f i l e  d e s c r i p t i o n  copied on the  same sheet w i l l  supplement t he  
mounted Sputogram. 



s o i l  f o rma t i on  t rends .  Each s o i l  hor izon  should be checked f o r  i t s  d ry  

and wet c o l o r a t i o n  u t i l i z i n g  the  Munsell S o i l  Color Chart .  The de ter -  

m ina t i on  o f  i t s  pH would be des i rab le .  A d d i t i o n a l  analyses as t o  

n u t r i e n t  content ,  t e x t u r e  ana lys is ,  e tc . ,  are d e s i r a b l e  bu t  no t  neces- 

sa ry  f o r  a l l  t he  sample p l o t s .  The s o i l  development should be checked 

a t  t h e  s t a r t  and a t  t he  end o f  the  center  l i n e .  t o  determine i f  s u f f i -  

c i e n t  v a r i a t i o n  e x i s t s  i n  t h e  s o i l  t o  make two s o i l  p r o f i l e s  and t o  

s t r a t i f y . t h e  t r e e  i n v e n t o r y  and s u b t o t a l  the  vegeta t ion  ana lys is  accord- 

i n g l y .  

The sputogram should be p r o p e r l y  mounted and preserved f o r  f u t u r e  

reference. Upon remeasurement of t h e  sample p l o t  a  new s o i l  p r o f i l e  

near t h e  former l o c a t i o n  should be descr ibed and analyzed t o  determine 

any changes i n  p r o f i l e  c h a r a c t e r i s t i c s .  

(11) A  vegeta t ion  reco rd  should be made f o l l o w i n g  t h e  ZM metho- 

dology o f  a  100% i n v e n t o r y  o f  a'l ' l vascular  and cryptogram p l a n t  spec ies.  

Upon remeasurement a  new vegeta t ion  record  should be made and compared 

w i t h  t h e  former one t o  determine i f  any f l o r i s t i c  changes have taken 

p lace  i n  t h e  i n t e r v a l .  I f  u n c e r t a i n  as t o  s p e c i l s  i d e n t i f y  voucher 

specimens are t o  be r e t a i  ned f o r  f u t u r e  i dent i f  i cat ion .  

(12 )  A d d i t i o n a l  vegeta t ion  sampling methods can be app l ied  a t  t h e  

same f o r  o r d i n a t i o n  or  g rad ien t  ana lys is .  Appropr ia te  records as t o  

methodology and p l o t  dimensions are t o  be mainta ined i n  the  f i e l d  notes 

f o r  f u t u r e  reference.  The design o f  t h e  subp lo ts  are t o  be i n d i c a t e d  

by a  sketch w i t h  re fe rence t o  the  numbered p ipes.  

(13) The BA/hectare i s  t o  be determined by t h e  B i t t e r l i c h  method 

us ing  j u s t  the  re lascope.  T o t a l  basal area per species i s  t o  be 

determined f o l l  owing t h e  recomnendations o f  Becking (1960, 1976) us ing  

two independent BAF' s. The p o i n t  sampling i s  t o  be done f o r  each o f  

t h e  s i x  numbered p ipes  o f  t h e  center  l i n e .  Upon p l o t  remeasurement t h e  

same s t a t i o n s  are t o  be used f o r  BA/hectare determinat ions.  Only  t he  

basal area o f  l i v e  t r e e s  i s  t o  be determined. Only recognized and 

i n v e n t o r i e d  t r e e  species are t o  be inc luded,  no shrub species. 

(14) The center  l i n e  o f  t he  sample p l o t  should be connected w i t h  a  

surveyed 1  i ne t o  t he  nearest  bench marker o r  permanent i d e n t i f i c a t i o n  



p o i n t .  Th i s  would s i g n i f i c a n t l y  a i d  i n  t h e  f u t u r e  r e l o c a t i o n  of t h e  

sample p l o t .  Upon remeasurement o f  the  sample p l o t  t h i s  survey l i n e  

should be rechecked and m o d i f i e d  i f  necessary i n  o rder  t o  update t h e  

resu rvey  and t o  mod i f y  i t s  course i f  necessary. 

The above i s  f o r  t h e  most i n t e n s i v e  and complete sample p l o t  

y i e l d i n g  t he  maximum amount o f  i n f o r m a t i o n  on t he  vege ta t ion .  I n  t h e  

Biosphere Program t h e r e  may be a d d i t i o n a l  needs f o r  l e s s  i n t e n s i v e  

sampl ing o f  vege ta t ion .  Two l e v e l s  o f  decreas ing i n t e n s i t y  i n  t i m e  and 

e f f o r t  are suggested: (1 )  t h e  ZM vege ta t i on  p l o t  w i t h  s o i l  p r o f i l e  

d e s c r i p t i o n  and BA/hectare de te rmina t ion ,  and ( 2 )  t h e  ZM vege ta t i on  

p l o t  a1 one. 

For t he  ZM vege ta t ion  p l o t  w i t h  s o i l  p r o f i l e  and BA/hectare de te r -  

m ina t i ons  f o l l o w  t h e  above (10);  (11);  (13) ;  and (14) .  The p l o t  

mark ing should be done by two s t a i n l e s s  s t e e l  p ipes  p o s i t i o n e d  10 m  

apa r t  i n  t h e  center  o f  t he  sampled area and t h e  s o i l  p r o f i l e  should be 

e x t r a c t e d  midway between these  p ipes .  These two cen te r  p ipes  a re  a l s o  

t o  be used f o r  t h e  BA/hectare de te rmina t ions .  The survey  l i n e  shou ld  .. 

r un  f rom the  most n o r t h e r l y  o r  n o r t h w e s t e r l y  p i p e  t o  a  known and 

permanent bench mark. 

For t he  s imp le  ZM p l o t  f o l l o w  f rom the  above (11)  and (13) .  A  

s i n g l e  s t a i n l e s s  s t e e l  p i p e  i s  t o  mark t h e  p l o t  cen te r .  

4.4 Resource A l l o c a t i o n s  and Time 

The present  f i e l d  work exper ience has i n d i c a t e d  t h a t  under normal 

weather and t r a v e l  c o n d i t i o n s  and u t i l i z i n g  a  crew o f  3  persons p l u s  a  

p r i n c i p a l  i n v e s t i g a t o r  a  sample p l o t  can be comple te ly  established, 

i nven to r i ed ,  analyzed f o r  s o i l  and vege ta t i on  and BA/acre o r  BA/hectare . 

w i t h i n  approx imate ly  8 hours.  I f  longer  than one hour t r a v e l  i s  needed 

toward and f rom t h e  sample p l o t  t h i s  e x t r a  t ime  should be added t o  t h e  

above t i m e  expendi ture.  A  w e l l - t r a i n e d  p l a n t  e c o l o g i s t  f a m i l i a r ' w i t h  

t h e  ZM methodology and t h e  l o c a l  f l o r a  and cryptogams can f i n i s h  t h e  

100% f l o r i s t i c  i n v e n t o r y  o f  t he  20 x  50 m  p l o t  i n  approx imate ly  one 

hour. An a d d i t i o n a l  hour i s  needed t o  complete t h e  s o i l  p r o f i l e  

d e s c r i p t i o n  p l u s  sputograms. 



Normal ly ,  these  a c t i v i t i e s  can be d o v e t a i l e d  i n t o  t h e  stem inven- .  

t o r y  procedures. The de te rm ina t i on  o f  t h e  BA/hectare would r e q u i r e  a t  

l e a s t  one -ha l f .  hour perhaps much more i f  t h e r e  are many small s a p l i n g s .  

An es t ima te  o f  t h e  l i n e  survey  t o  t he  neares t  bench marker o r  permanent 

marker i s  hard t o  g i v e  depending upon t h e  d is tances  i nvo l ved .  However, 

under normal f i e l d  c o n d i t i o n s  approx imate ly  200-300 meter can be 

recorded  and surveyed w i t h i n  h a l f  o f  an hour.  Th i s  depends a l s o  on t h e  

o b s t a c l e s  invo lved ,  t h e  steepness o f  s lopes, and o the r  aspects o f  

t e r r a i n  and cover.  A heath p l o t  i n v e n t o r y  depends upon t h e  d e n s i t y  o f  

t h e  hea th  b u t  g e n e r a l l y  would r e q u i r e  about 4 hours.  

It would be i d e a l  t o  have a  r e i n v e n t o r y  and remeasurement o f  t h e  

sample p l o t  eve ry  f i v e  years .  Normal ly,  i t  would, be more f e a s i b l e  t o  

r e i  nven to ry  every 10-year pe r i od .  However, t h e  s h o r t e r  i n v e n t o r y  

p e r i o d s  w i l l  g e n e r a l l y  y i e l d  b e t t e r  da ta  and a  good chance o f  co r rec -  

ti ng fo rmer  obse rva t i on  e r r o r s .  I n  young success ional  stages even 

s h o r t e r  than  f i v e - y e a r  i n t e r v a l s  may be d e s i r a b l e .  However, p r i o r i t i e s  

f o r  e a r l y  years are l i k e l y  t o  r e q u i r e  new p l o t s  i n  geographic areas and 

ecosystem types no t  covered s u f f i c i e n t l y  by any e x i s t i n g  p l o t s .  For 

such coverage, medium and ex tens i ve  p l o t  technique r a t h e r  than  t h e  

i n t e n s i v e  d e t a i l  o u t l i n e d  here may a l s o  have p r i o r i t y  over t he  same 

expend i t u re  on i n t e n s i v e  p l o t s .  
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Table 1:  Stand i n v e n t o r y  summary ( N  t r e e s l h e c t a r e ) ,  Great Smoky Mountains '1959-1976 and 1977** 

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 . 
( i n c h )  1 -'3 10-19 20-29 30-100 T o t a l  1-9 10-19 20-29 30-100 To ta l  

H1 P l o t  590607 Inven to ry  6-16-59 Mingus Leed S 

iDicea 
A b i ~ s  
Eettila 
Fagtis 

To ta l  101 0 460 - - 1470 440 - - - ' 440 

H1 P l o t  7608Q7 Inven to ry  8-27-76 Mingus Leed S 

P i c ~ a  
Abies 
Be t u  la 
Fagus 
Sorbus 

T o t a l  610 570 - - 1190 320 - - - 320 

H2 P l o t  590609 

Ficea 560 
Abies 390 
Betu la e 0 
Fagus 150 
Acer spicatlorr - 
Sorbus - 

Tota l  1160 

H2 P l o t  760910 

Picea 300 
Abies 1480 
Betula 80 
Fagzcs - 
Acer spicatum 10 
Sorbus 10 

To ta l  1880 

I n v e n t o r y  6-17-59 Mingus Lead E 

I nven to ry  8-27-76 Mingus L e l d  E 

" I "  



Table  1. (zont inued)  

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-1'3 20-29 30-100 To ta l  1-9 10-19 20-29 30-100 T c t a l  

H4 P l o t  59061 1 Inven to ry  6-19-59 M t .  C o l l i n s  

Picea 6 0 5 0 80 - 190 21 0 10 10 - 2 30 
Abies 390 170 - - 560 190 2 0 - - 21 0 
BetuZa - 20 - - 20 - - - - - 

Acer spicaiam 4 0 - - - 40 10  - - - 10 

To t a  1 490 240 P' 0 - 81 0 41 0 30 10 - 450 

H4 P l o t  59C611 / 760704, 760301 Inven to ry  8-1 5-76 M t .  C o l l  i n s  

Picea 230 40 4 0 2 0 330 - 0 10 - 10 
/.bigs 350 11 0 10 - 470 230 40 10 - 280 
Betula 130 2 0 - - 150 10 - - - 10 
Ac'er s p i c a t m  1 1  0 - - - 110 - - - - - 

T o t a l  820 1708 5 0 20 1160 , 2 4 0  4 0 2 0 - .  300 

RWB#20 P l o t  59061 4 / 760802, 760803, ?63804 Inven to ry  9-1 6-76 

Picza 190 30 10 - 230 100 20 - - 120 
Lbizs 630 280 - - 91 0 940 3 0 - - 970 
Bets~Za 160 2 0 10 - 190 ' 40 - - - 4 0 

T o t a l  980 330 2 0 - 1330 1080 5 0 - - 1 1 30 

RWB#21 P l o t  590618 / 760806 Inven to ry  8-25-76 

Picea 80 40 10 - 130 - - - - - 

Abies 400 430 - - 830 320 6 0 - - 380 
Be tu la  10 - - - 10 - - - - - 
Sorbus 5 0 2 C - - 70 - - - - - 

T o t a l  540 49C 10 - 1040 320 6 0 - - 380 



Table  1. ( con t i nued  

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 73.9-254 11.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-1 9 20-29 30-100 T o t a l  1-9 13-1 9 20-29 30-100 T o t a l  

RWB#22 P l o t  59061 7 / 760805 I n v e n t o r y  8-25-76 

Picea 10 20 - - 3 0 - - - - - 
Abies 41 0 260 - - 670 180 140 - - 320 '--, 

'8 80 2 0 - 200 10 - - - - 10 
. - 

Sorbus 
Betu7.z - - - - - - - - 10 10 

To ta l  6 00 300 - - 900 200 140 - - 340 

RWB#23 P l o t  59061 9 / 760907 I n v e n t o r y  8-26-76 

Picea 30 7 0 130 - 230 - - 20 - 
- 

2 0 
Abies 1490 100 20 1610 410 40 - - 

- - 
450 

Betula 10 - 10 - - - - - 
Sgrbus 10 - - - 10 30 - - - 30 

To t a  1 1540 170 150 - 1860 440 4 0 2 0 - 500 0 

L3 P l o t  590904 / 590907 I n v e n t o r y  9.-2-59 Newfound Gap 

Picea 4 0 20 10 - 7 0 - - ; 0 - 10 
ASies 1 e.00 90 - - 1890 ' 220 2 0 - - 

- - 
240 

BztuZa - - - - - - - - 
Arne Zanchier 130' - - - 130 - - - - - 
Azer saccharwn 10 - - - 10 - - - - - 

T o t a l  1980 110 10 - 2100 220 20 i 0 - 2 50 

L3 P l o t  760911 I n v e n t o r y  9-14-76 Newfound Gag 

Picea 40 - - - 4 0 - - - - - 

Fagus 2490 190 - - 2680 130 - - - 130 
Be t u  Za - 10 10 - 20 - - - - - 
Zmelahchier - 10 - - 10 - - - - - 

Acer S a c z h a m  - 20 10 10 4 0 - - - - - 
T o t a l  2530 2 30 2 0 10 2790 130 - - - 130 



L i v e  Trees Dead Trees 

(cm) 1.3-23.3 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23'.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-1 9 20-29 30-100 T o t a l  1-9 10-1 9 20-29 30-100 T o t a l  

L.3 Suppl . P l o t  590904 / 590907, 76091 1 I n v e n t ~ r y  9-2-59 Newfound Gap South Slope 

Picea 30 - - - 30 10 - - - 10 
Fagus 3790 21 0 - - 4000 5 0 2 0 - - 7 C 
Eetula 10 2 0 - - 3 0 - - - - - 
Arne Zanchier 150 - - - 150 10 - - - 

- 
10 

Acer saccha:wm 20 30 - 50 - - - - - 
Acer spicatwn 10 - - - 10 - - - - - 
Aescu Zus - - 10 - 10 - - - - - 

T o t a l  3990 2 50 4 0 - 4280 70 20 - - 90 

L4 P l o t  590301 / 590902 Inven to ry  8-19-59 Newfound Gap 

Ficea 7 0 
Fagtis 1220 
EettiZa 190 
Acer saccha-an - 
Acer s p i c a t m  4 80 
AescuZus 30 
Acer pensy Z g a n i m  - 
Sort-us - 

T o t a l  1990 

1.4 P lo? 760912 Inven to ry  9-1 5-76 Newfound Gap 

Picea 350 
Faghs 500 
EethZa 2 0 
4,cer s a c c h a m  - 
Acer spicatim 210 
AescuZus 20 
Acer pensy Zoanicwn 120 
Sort us 10 

T o t a l  1230 



Tab1 e 1 . (cont inued)  

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 13.9-42.5 43.5-74.9 74.9-254 
( i n c h )  - - 9  10-19 20-29 30-100 To ta l  1-9 10-19 20-29 30-100 To ta l  

L5 P l o t  590903 

Picea 200 
Fagus 1970 
BetuZa 60 
Acer saccharm 4 0 
Acer spicztum 7 0 
Acer e p n s y i o a ~ i c w ~  30 
kesculus 10 

Inven to ry  '3-9-59 Newfound Gap 

40 10 - 250 10 20 - - 30 
110 - - 2080 7 0 10 - - 89 
2 0 2 0 - 100 40 - - - 

- 
4 $9 

- 10 - 50 - - - - 
- - - - - - - - 70 
- - - - - - - - 3 0 
10 10 - 30 - 10 - - 1 f) 

T o t a l  2380 180 50 - 2610 120 40 - . - 160 

L5 P l o t  760913 Inven to ry  9-16-76 Newfound Gap 

Ficea 60 10 - - 70 - - - - - 

Fagus 660 8 0 - - 740 30 - - - 
- - 

3 0 
Eetula 180 30 10 - 220 10 - 10 4 

80 50 - - 130 - - - - - N 
h e r  s a c c h a m  

T o t a l  980 170 10 - 1160 4 0 - - - 40 

B-1 P l o t  590701 

Halesia 500 
Aesnu Zus 120 
T i  Zia 40 
Fagus 190 
Fraxinus .mericar.a 10 
Acer s a c c h a m  10 
Liriodendron 10 
Magnclia .zcwm'nata - 
Tsqacanzdens is  50 
BetuZa alleghan- 

i ens i s  - 

Tota l  930 

Inven to ry  7-2 R 6-59 
- - 530 
- 10 130 
- - 60 
- - 200 
10 - 2 0 
10 10 6 0 
- 10 2 0 
- 10 10 
- - 50 



Tab1 e 1 . (cont i ,nued) 

L i v e  Trees Dead Trees 

(cn) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-19 20-29 30-100 To ta l  1-9 10-1 9 20-29 30-100 T c t a l  

C-3 Pl13t Noie Inven to ry  J u l y  1960 

Quercus pri:mr 10 10 3 0 2 0 70 - 10 . 2 0 20 5 0 
Castanea deizkata - - - - - 120 2 0 6 0 30 ,230 
Acer mbmun 1270 10 - - 1280 140 10 10 - 

- 
160 

14riodendro;z 2 0 - - 20 - - - - - 
Oqdendron 460 - - - 460 110 - - - 110 
Comus f lorfda 60 - - - 60 - - - - - 

Halesia 140 - - - 140 70 - - -- 7 0 
Cuereus borealis 50 - 10 - 6 0 - - 10 - 10 
Pag~ol ia  frirseri 50 10 - - 6 0 40 10 - - 5 0 
Fagxs 2 0 - - - 20 - - - - - 
Acer pensy Zamicwn 1 0 - - - 1 0 10 - - - 10 
Il'yssa 3 0 - - - 3 0 10 - - - 10 
Sassafras 10 - - - 10 - - - - - u 

10 - - - - - - - - 10 
W 

Robinia 

T o t a l  21 50 3 0 40 2 0 2230 500 50 100 50 7 00 

E-1 P l o t  None Inven to ry  7-4-60 

Tsuga canadensis 20 10 2 0 6 0 110 10 - 50 - 6 0 
Betula 

a2 leghaniensis - - - 10 10 -- - - - - 
Pagnolia frczseri 100 1.0 - - 110 - - - - - 

T o t a l  120 2 0 29 70 230 10 -. 5 0 - 60 



Table 1. ( con t i nued )  

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254---- 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  - -9 10-19 20-29 30-100 T o t a l  1-9 10-19 20-29 30-100 T o t a l  

E-2 P l o t  None 

Tsug.2 canadensis 340 
Magn9Zia f rcser i  10 
Palesia 200 
Acer s a c c h a m  3 0 
Fagus 370 
T i  2i.z 10 
BetuZa a t l e ~ h a n -  

i e q s i s  2 0 
Petula Zentc 3 0 

Inven to ry  J u l y  1260 
- 370 100 
- 10 - 
- 21 0 40 
- 110 2 0 
- 41 0 8 0 
- 10 - 

T o t a l  . 101 0 120 10 - 1170 270 80 40 3 0 420 

F-2 P l o t  None 

Pinus strobus 1860 
Pinus virginiana i 60 
Pinus r ig idc  20 
&?uerzus coccinea 50 
Querzus p r i ~ u s  20 
2uerzus atbc 120 
Yyssa 31 0 
Acer rubrun L20 
9xydzndron 240 
Castanea 10 
IZex montana 10 
Tsuga canadensis 20 
Sassafras - 

Tota l  2350 

I n v e n t o r y  8-21 -59 
- 1880 
- 320 
- 5 0 
- 
- 

7 0 
20 

- 120 
- 31 0 
- 420 
- 240 
- 10 
- 10 
- 2 0 
- - 

- 3470 



T e b l e  1 . (cont ' inued)  

L i v e  Trees Dead Trees  

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-19 20-29 30-100 T o t a l  1-9 10-19 20-29 30-100 T 3 t a l  

5 - 2  P l o t  590707 I n v e n t o r y  7-13-59 

Pinus pungens 191 0 19Cl - - 21 00 2 0 2 0 - - 
- - 

40 
Nyssa 370 - 370 1 0  - - - 

- - - - - 
1 0  

Acer r u b m  9 0 9 0  - - - 
Scssafras 4 0 - - - 4 0 - - - - - 
Ccstanea dentata 20 - - - 2 0 - - - - - 
Rokinia 1 0  - - - 1 0  - - - - - 

T o t a l  2440 1 9 0  - - 2630 30 2 0 - - 5 0 

M-2 P l o t  None 

Aesculus 4 0 
T i  l i a  10 
Acer sacckarwn 320 
Acer pensy :vanicurnllO 
Tsuga canadensis 40 
Prunus serotina - 
Betula 

a Z Zegkanbensis 30 
Comus a l t e m i -  

folia. 2 0 
Acer spicatwn' 670 
Fraxinus mericuna 50 

T o t a l  1290 

I n v e n t o r y  8-8-60 



Table 1. (cont inued)  

L i v e  Trees Deac Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 8.3-23.9 23.9-43.5 42.5-74.9 74.9-254 
( i n c h )  , 1-9 10-1 9  20-29 30-100 To ta l  1-9 10-1 9  20-29 30-100 T o t a l  

P-1 P l o t  None 

Siriodendron 7  0  
axyde~dron . 230 
Acer rubrwn e l  0  
Balesia 170 
A?obinia 7  0  
Acer pensy lvanicm 20 
Frax?:r.us americana 20 
Sassafras 20 
Zornas florida 10 

Inven to ry  J u l y  1950 
- 300 20 
- 2 30 - 
- 830 130 
- 2 00 60 
- 80 290 
- 20 - 
- 20 - 
- 20 - 
- 10 - 

Tota l  1420 280 10 - 1710 500 - - - 500 

k'-7 and W-8 

* Rounded t o  nearest  f u l l  u n i t .  

- N o  present  i n  1i959 and 1976 i n v e n t o r i e s  

No i n v e n t o r i e s  a ~ 3 i l a b l e  f o r  J u l y  1959 

** The 1976 i n v e n t o r i e s  recorded t r e e  diameters i n  n iches w h i l e  t h e  1977 i n v e n t o r i e s  recorded t h e  t r e e  diameters 
i n  cent imeters .  



Table 2. Stand i n v e n t o r y  summary. The 1959-1976 i n v e n t o r i e s  a r e  i n  basal area f t . 2 / h e c t a r e  and t h e  1977 inven-  
t w i e s  are  i n  basal area m2/hectare. Great Smoky Mountains 1959-1976 and 1977. 

L i v e  Trees Dead Trees 

( cn )  1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-19 20-29 30-100 To ta l  1-3 10-19 20-29 30-1 00 Tc-tal 

H1 P l o t  590607 Inven to ry  6-16-59 Minguc Lead S 

Ficea 138 135 - - 273 12" - - - 
- - 

12 
Abies 97 252 349 2 1 - - - 2 1 
BetuZa t . 20 - - 2 0 t - - - t 
Fagus - - - - - 3 - - - 3 

T o t a l  235 407 - - 642 3 6 - - - 36 

HI P l o t  760807 Inven to ry  8-27-76 Mingus Lead S 

130 338 22 - 490 2 0 - - - 2 0 Picea 
Abies 28 178 - - 2C)6 11 - - - 

- - 
11 

Petula 1 - 1 - - - - - 
Fagus - - - - - - - - - - 

Sor6us 1 - - - 1 - - - - - 
T o t a l  160 51 6 22 - 698 3 0 - - - 3 0 

H2 P l o t  590609 Inven to ry  6-1 7-59 Mingus Lead E 

Picea 44 
Abies 57 
Be t u  la 11 
Fagzts 5 
Rcer sp ica tm - 
Sorbus - 

T o t a l  11 7 

ti2 P l o t  760910 Inven to ry  8-27-76 Mingus Lead E 

Picea 8 
Abies 5 2 
BetuZa . 3 
Faps  - 
Acer sp ica tm t 
Sorbus t 

To ta l  6 3 



Table 2. (cont inued)  
- 

L i v e  Trees Dead ' ~ r e e s  

(cm) 1.3-23.9 23,9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 33.5-74.9 74.9-254 
( i n c h )  1-9 10-1 9 20-29 30-100 T o t a l  1.-9 10-1 9 20-29 30-100 T o t a l  

. . 

H4 P l o t  59061 1 Inven to ry  6-1 9-59 ,M t , .  C o l l  i n s  

Picea 10 7 1 382 - 364 19 8 4 3 - 
- - 

70 
Abies 5 7 133 190 12 17 - - 

- - - - 
29 

Be t u  La 28 28 - - - - 
Acsr spicatwn + - - - t t - - - + 

T o t a l  68 231 382 - 582 31 25 43 - 9 9 

H4 P l o t  760704, 760801 Inven to ry  8-1 5-76 M t .  C o l l  i n s  

Picea 15 5 0 116 108 289 - - 4 0 - 
- 

4 0 
Abies 3 2 131 2 4 187 25 5 5 3 7 - 

- 
117 

Betu La 8 17 140 165 - - - - - 
Acer spic.ztwn 2 - - - 2 t - - - t 

T o t a l  5 7 198 '380 108 635 25 55 77 - 157 w 
CO 

RWB#20 P l o t  590614, 760802, 760803, 760804 Inven to ry  9-16-76 

Picea 15 4 2 24 - 81 6 16 - - 
- 

2 3 
Lbies 128 247 - 375 68 20 - - 

- 
88 

Be t u  La 17 2 5 2 6 6 5 2 - - - 2 

T o t a l  160 31 4 5 0 - 524 76 3 6 - - 112 

RWB#21 P l o t  590618, 760806 Inven to ry  8-25-76 

Picea 
Abies 
Betuia 
Sorbus 

To ta l  9 4 418 2 6 - 539 35 4 0 - - 75 



Table 2. ( con t i nued)  

. .  . 
L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9143.5 43.3-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-19 20-29 30-100 To ta l  1-9 10-19 20-29 30-100 To ta l  

RWB#22 P l o t  590617, 760805 Inven to ry  8-25-76 

Picea 
Abies 
Sorbus 
BetuZa 

To ta l  8 3 225 . - - 337 3 9 107 - - 146 

RWB#2? P l o t  590619, 760907 Inven to ry  8-26-76 

Picea 8 81 432 - 521 - - 65 - 
- 

65 
Abies 120 54 5 5 230 29 3 6 - - 

- - 
64 

Betw Za + 18, 18 - - - - - 
Eor3us t - - - t 1 - - - 1 

To ta l  129 152 4 88 - 768 3 0 3 6 65 - 130 u 

L3 P l c t  59Cl904, 590907 Inven to ry  9-2-59 

Picsa 2 26 27 - 54 - - 3 7 - 
- 

3 7 
Fag-ds 156 7 1 . - 227 11 2 7 - - 

- - - - - - 
38 

BetxZa - - - - 
- ArneZanchier 13 - - - 13 - - - - - 

Acer saccharwn 3 - - - 3 - - - - - 
, . 

To ta l  179 9 7 27 - 298 11 27 3 7 - 7 5 

L3 P l o t  760911 Inven to ry  9-14-76 

Picoa 2 3 - - - 2 3 - - - - - 
Fagus 132 , 168 - - 301 4 - - - 4 
Betula - 16 22 - 38 - - - - - 
Arne Zanchier - 7 - - 7 - - - - - 
Acer sacchamun - 30 . 31 49 111 - - - - - 

Tota l  156 221 5 3 49 479 4 - - - 4 



Table  2. (cont inued)  

L i v e  Trees Dead Trees 

(cm) -.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-228.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-1 9 20-29 30-100 To ta l  1-9 10-1 3 20-29 30-100 To ta l  

L3 Suppl . P - a t  590904, 590907, 76091 1 Inven to ry  9-2-5s 

Picea t - - - t 1 - - - 1 
Fapa 141 167 - - 308 9 14 - - 23 
Betula 4 19 - - 23 - - - - - 
Ams lmchier  15 - - - 15 t - - - t 
Acsr s a c c h a m  - 14 77 - 91 - - - - - 
Acsr spicatwn t - - - + - - - - - 
Aescdlus - - 3 2 - 32 - - - - - 

T o t a l  161 200 1 OE. - 469 10 14 - - 24 

L4 P l o t  590931, 590902 Inven to ry  8-1 9-59 

Picea 1 
Fa~ua 95 . 
FetuZa 3 
P.cer saccharm - 
Acer spica5wn 8 
Aesc~ lus  -t 
P.cer pensy Ivarzicm - 
Sorbzts - 

T o t a l  107 151 - - 258 1 - - - 1 

L4 P l o t  760912 

Piceir 15 
Fagus 40 
Be tu  la  4 
Acer s a c c h a m  - 
Acer sp ica tm 5 
Aerc-d Zus 4 
Acer pensyZvanic&n 2 
Sorbxs + 

To ta l  70 

Inven to ry  9-1 5-76 
- 15 
- 1 98 
6 7 7 8 
- - 
- 5 
- 5 9 
- 2 
- 14 

6 7 371 



Table 2. :cont inued) 

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  1-9 10-19 20-29 30-100 To ta l  1-9 10-1 9 20-29 30-100 T o t a l  

L5 P l o t  590903 Inven to ry  9-9-59 

Picea 12 5 3 43 - 108 2 19 - - 
- - 

2 1 
Fagus 84 80 164 2 6 - - 

- - 
8 

Betu Za t 23 61 84 5 - - 
- 

5 
Acer s a c c h a m  2 29 - 3 1 - - - - - 
Acer spica5wn + - - - + - - - - - 
Acsr pensy Zvanicwn + - - - + - - - - - 
AescuZus + 1 i 31 - 44 - 14 - - 14 

T o t a l  9 9 1 6E. 164 - 431 10 38 - - 48 

L5 P l o t  760913 Inven to ry  9-1 6-76 

Picea 1 - - - 1 - - - - - 
Fagus 42 8 i - - 125 3 - - - 

- 
3 

Be t u  la 11 3 7 26 7 5 3 - - - 
- - 

3 
Acer saccharwn 9 7 €. 8 5 - - - - - 

T o t a l  6 3 196 26 - 285 7 - - - 7 

B-1 P l o t  590701 

HaZesia 21 
Aescu Zus 6 
T i  Zia t 

Fagus 1 
Frminus americana - 
Acsr sachharwn - 
Liriodendron 1 
E!apoZia acwninata - 
Tsxga canadensis 2 
BetuZa aZZeghan- 

i ens i s  - 

Inven to ry  7-2 & 6-59 
- 5 0 2 

147 151 - 
- 22 1 
- 17 t 
7 22 + 
9 6 167 - 
63 64 - 

T o t a l  29 101 5 3 377 566 4 19 29 - 5 1 



T a b l e  2. ( c o n t i n u e c )  
- -- 

L i  v f  T rees  Dead Trees  

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1 . 3 - 2 3 . 9  23,9-43.5 43.5-74.9 74.9-254 
( i n c h )  1 - 9  10-19 20-29 30-100 T o t a l  1 -9  10-19 20-29 30-100 T o t a l  

C-3 P l o t  non I n v e n t o r y  J u l y  1963 
Quercus prinus t 
Castanea dentata - 
Acer rubrwn F 8 
Liriodendron t 

Czydenciron 2 1 
Cornus floriok 1 
Iialesia 1 0  
Cuercus borealis 1 
l tagnoliufraseri  1 
Fagus 2 
Acer pensy lvaaicton 1 
Pys sa t 

Sassafras , t 
liobinia 4 

T o t a  1 111 2 9 127 8 2 349 50 36 305 31 6 707 

E-1 P l o t  none I n v e n t o r y  7-4-60 

Isuga canadensis 4 2 0 77 438 539 1 - 166 - 167 
Betula 

alleghaniensis - - - 5 6 5 6 - - - - - 
9 - - - 13 - - PagnoZia fraseri 3 - - 

T o t a l  7  29 7 7 494 607 1 - 8 66 - 167 

E-2 P l o t  none I n v e n t o r y  J u l y  1963 
Tsuga cznadensis 
Magno Liz fras 2ri  
Halesia 
Acer saccharm ' 
Fagus 
T i  l i a  
Betula aZZeg.4an- 

s iens is  
Eetula lenta 

T o t a l  



T a b l e  2. ( c o n t i n u e d )  

L i v e  T rees  Dead T r e e s  

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9-  74.9-254 
{ i n c h )  1 -9  10-1 9 20-29 30-100 T o t a l  1 -9  10-1 9 20-29 30-1 0 0  Tot.al  

F-2 P l o t  none I n v e n t o r y  8-21 -59 

Finus strobus 
Finus virginiuna 
Finus rig<da 
Cuercus eoccinea 
Guercus prinus ' 
Guercus aEba 
iVyssa 
Acer rubnun 
Cxydendrcz 
Cas tanea 
.I lex montana - 

Tsuga ca~zadensis 
Sassafras 

T o t a l  179 11 72 2 2 - 373 ' 12  - - - 12 

5 - 2  P l o t  590707 I n v e n t o r y  7-1 3-59 

Finus P. 4 B85 - , - 269 5 13 - - 1 9  
Nyssa 3 - - - 3 + - - - t 
Acer rubnun 1 - - - 1 - - - - - 
Sassafras t - - - t .  - - - - - 
Castanea dentnta + - - - + - -.. - - - 
Robinia t - - - t - - - - - 

T o t a l  8 8  085 - - 274 5 13 - - 19 



Table 2. ( con t i nued)  

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 
( i n c h )  - -9 10-19 20-29 30-100 To ta l  1-9 10-19 20-29 30-100 To ta l  

M-2 P l o t  none 

AescuZ;ls 
N Zia 
Acer sacchurzun 
Acer pensy Zvanicwn 
Ysuga canadensis 
Pmnus serctfna 
3e t u  Za 

a2 leghaniensis 
 tornu us altemzifo Z i t  
Acer sp ica tm 
Praxiniis an;ericana 

I n v e n t o r y .  7-8-60 

232 403 - 5 3 
- 22 
- 6 
- 1 

110 . 142 

To ta l  34 145 162 343 684 1 - 40 106 146 

P-1 P l o t  none 

1,iriodsndrcn 10 
~?xydendron 12 
Acer rilbmcn; 34 
.FaZesiil 8 
>?obiniu 19 
Acer epnsy Zvanicwn + 
Fraxinils mericana + 
Sassa f~as  2 
Cornus fZorida + 

T o t a l  36 

- ~ ~ ~ - ~ p -  

I nven to ry  J u l y  1960 
- 251 1 
- 12 . - 
- 4 7 3 
- 3 0 2 
- 
- 

25 2 0 
t - 

- t - 
- 2 - 
- + - 

- 368 26 

W-7 and W-8 No i n v e n t o r i e s  a v a i l a b l e  f o r  J u l y  1559 

* Rounded t o  nea res t  f u l l  u n i t .  Add i t i ons  may n o t  add s ince  t h e  swmmations a r e  a l s o  rounded t o  nearest  f u l l  u n i t  value.  

- Not p resen t  i n  1959 and 1976 i n v e n t o r i e s .  

+ Present i n  i n s i g n i f i c a n t  amount (<0.50 ft. ' /hectare) .  



Table 3. Stand summary i n v e n t o r y  (N t r e e s l h e c t a r e ) .  Great Smoky Mountains 1959-1976. The 1976 i n v e n t o r y  as a ' 

percentage r a t i o  o f  t h e  1959 inven to ry .  The 1977 i n v e n t o r i e s  a r e  based upon t h e  m e t r i c  system and 
cannot be compared w i t h  t h e  1959 i n v e n t o r i e s .  

L i v e  Trees Dead Trees 
(cn)  1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 

( i n c h )  1-9 10-1 E 20-29 39-100 T o t a l  1-9 10-1 9 20-29 30-100 T o t a l  

HI P l o t  590607 / 760807 Inven to ry  8-27-76 / 6-16-59 

Picea 0.82 1.95 - - 1.12 1.79 - - - 1.79 
Abies 0.21 0.72 - - 0.41 0.25 - - - 0.25 
EetuZa 2.00 1 .OO - - 1 .OO - - - - - 

Fagus - - - - - - - - 0.00 0.00 
Sorbscs * * - - - ** - - - - - 

T o t a l  0.60 1.24 - - 0.81 9.73 - - - 0.73 

H2 P l o t  590609 / 760910 

Picea 0.54 0.67 
Abiea 3.79 0.91 
Be t u  Za 1 .oo ** 
Fagus 0.00 - 
Acer s p i c a t m  ** - 
S o r h s  ** - 

T o t a l  1.59 1 .OO 

I nven to ry  8-27-76 / 6-17-59 

2.50 T.50 0.64 0.00 - 0.00 - 0.00 
0.00 - 3.04 1.28 11.00 - - 1.79 
* * - 1.50 - - - - - 03 

Ln 
- - 0.00 0.00 - - - 0.00 
- - ** - - - - - 
- - ** - - - - - 

H4 P l o t  590611 / 760704, 760801 Inven to ry  8-1 5-76 / 6-1 9-59 

Picea 3.83 0.80 0.50 ** 1.74 0.00 0.00 1 .OO - 0.00 
P.bies 0.90 0.65 .A * - 0.84 1.21 2.00 ** - 1.33 
BetuLa ** 1 . 00 - - 7.50 ** - - - * * 
Acer spicatun 2.75 - - - 2.75 0.00 - - - 0.00 

To ta l  1.67 0.71 0.63 ** 1.43 0.59 1.33 2.00 - 0.67 

L3 P l o t  590904, 590907 / 760911 I n v e n t o r y  9-14-76 / 9-2-59 

Picea 1 .OO 0.00 0.00 - 0.57 - - 0.00 - 0.00 
Fagus 1.38 2.11 - - 1.42 0.59 0.00 - - 0.54 
Betuia - * * ** - *$: - - - - 

Arne Zcnchier 0.00 ** - - + - - - - - 

Acer sacchar i  0.00 * * ** ** 4.00 - - - - - 

Tota l  1.28 1.09 2.00 ** 1.33 0.59 ' 0.00 0.00 - 0.52 



Table  3. ( con t i nued)  

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 13.5-74.9 74.9-254 
( i n c h )  1-9 10-19 20-29 30-100 To ta l  1-9 10-1 9 20-29 30-1 00 To ta l  

L4 P l o t  590931, 590902 / 760912 

Picea 5.00 - 
Fagua 0.41 1.27 
Be t u  la  0.11 0.50 
Acer s a c c h a m  - 0.00 
Acer spicatwn 0.44 - 
Aesculus 0.67 3.00 
Acer pensy l van icm ** - 
Sorbus ** ** 

Inven to ry  9-15-;6 / 8-19-55 
- 5.00 0.00 
- 0.51 1.00 ** 0.19 ** 
- 0.00 ** 
- 0.44 0.00 
- 1.25 - 
- ** - 
- ** - 

T o t a l  0.61 1.26 ** ** 0.68 1.00 ** - - 1.20 

L5 P l o t  590503 / 760913 Inven to ry  9-1 6-76 / 9-19-59 

Picea 0.30 0.25 G.00 - 0.28 0.00 0.00 - - 0.00 
- - 03 

Fagtis 0.34 0.73 0,36 0.43 0.013 - - 0.38 m 
Bettila 3.00 1.50 0.50 - 2.20 0.25 - - - ** 0.25 
Acer s a c c h a m  2.00 0.00 - 2.60 - - - - - 

- - 0.00 - - - Acer spicatwn 0.00 - - - 
Acer pens9 Z.vanicwnO.00 - - - 0.00 - - - - 0.00 

0 .00 0.00 0.00 - 0.00 - 0.OCl - AescuZus - 0.00 

** New i n  1976 inven to ry ;  n o t  present  i n  1959 inven to ry .  

- Not present  i n  1959 and 1976 i n v e n t o r i e s .  

0.00 Present i n  1959 i n v e n t o r y  b u t  absent i n  1976 i n v e n t o r y .  

1 . O O  Present i n  1559 and 1976 i n v e n t o r i e s  i n  equal q u a n t i t i e s .  
t Present b ~ t  i n  i n s i g n i f i c a n t  amount (<0.01) .  



Table 4. Stanc. summary i nven to ry .  The 1976 i n v e n t o r y  as a percentage r a t i o  o f  t h e  1959 i n v e n t o r y  (basal  a r e a l  
hec te re ) .  The 1977 i n v e n t o r i e s  are  i n  t h e  m e t r i c  system and a re  n o t  comparable w i t h  t h e  1959 inven-  
t o r i  es. Great 'Smoky Yountai ns 1959-1 976. 

L i v e  Trees Dead Trees 

(cm) 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 1.3-23.9 23.9-43.5 43.5-74.9 74.9-254 . 
( i n c h )  1-9 10-19 20-29 30-100 To ta l  1-9 10-1 9 20-29 30-100 T o t a l  

HI P1,ot 590607 / 760807 Inven to ry  8-27-76 / 6-16-59 

Picea 
P.b<es 
Betula 
Fagus 
Sorbus 

To ta l  0.68 1 .?7 - - 1.09 0.83 - - - 0.83 
(X, 
4 

H2 P l 2 t  590609 / 760910 Inven to ry  8-27-76 / 6-17-59 

Picea 0.18 0.88 2.30 1.22 1.31 0.00 - 0.00 - 0.00 
Abies 0.91 0.79 0.00 - 0.67 4.67 4.91 - - 4.86 
Betula 0.27 *Y ** - 5.64 - - - - - 

Fagus 0.00 - - - 0.00 0.00 - - - 10.00 
Acer sp ica tm  ** - - - ** - - - - - 
Sorbus ** - - - * * - - - - - 

T o t a l  0.54 1.02 1.62 1.22 1.16 0.97 4.91 0.00 - 1.72 

H4 P l o t  590611 / 760704, 760801 Invef i to ry  8-15-76 / 6-19-59 

Picea 1.50 0.70 0.41 .) * 0.79 0.00 0.00 0.94 - 0.57 
A.bies 0.56 0. $8 + * - 0.98 2.08 3.24 ** - 1.03 
Betula ** 0.61 ** - 5.89 - - - - - 

Acer spicatzun 40.00 . - - - 40.00 1 .oo - - - 1 .oo 
T o t a l  0.84 O.E6 0.99 ** 1.09 0.81 2.20 1.79 - 1.59 



Table 4. (cont inu2d) 

L i v e  Trees Dead Trees 

(cm) 1 .3-23.9 23.9-43.5 43.5-74.9 74.9-254 . 1.3-23.9 23.9-43.5 45.3-74.9 74.9-254 
( i n c h )  1-9 10-1 9 20-29 30-100 T o t a l  1-9 - 0-1 9 20-29 30-100 To ta l  

L3 P l o t  590909 / 590907, 760911 Inven to ry  9-14-76 / 9-2-59 

Picea + - - - + ** - - - ** 
Fagus 1.07 0.99 - - 1.02 2.25 + * - - 

** 5.75 
BetuZa 1.19 0.00 - 0.61 - - - - - 
Arne Zanchier ** 0.00 - - 2.14 ** - - - ** 
Acer s a c c h a m  - 0.47 2.48 0.00 0.82 - - - - - 
k.cer spicatvm ** - - - ** - - - - - 
Aescu tks - - ** - ** - - - - - 

T o t a l  1.03 0.90 2.04 0.00 0.98 2.50 ** - - 6.00 

L4 P l o t  5909Cl1 / 590902, 760912 

Picea 15.00 - - 
Fagus 0.42 1.30 ** 
Betkla 1.33 0.35 - 
Acer sacchanun - 0.00 - 
Acer spicatum 0.63 - - 
Aesculus 4.00 3.44 - 
Acer pens3 Z~anicun ** - - 
Sorbus ** ** - 

T o t a l  0.65 1.40 ** 

Inven to ry  9-1 5-76 / 8-1 9-59 

L5 P l o t  5909113 / 760913 Inven to ry  9-16-76 / 9-9-59 
Picea 0.08 0.00 9. * - 0.01 0.00 0.00 - - 0.00 
Fagus 0.50 1.03 0.00 - 0.76 1.50 0.00 - - 

* * 0.38 
B e t u k  11.00 1.61 - 0.89 0.60 - - - 

** ** 0.60 
deer saccTmrwn 4.. 50 - 2.74 - - - - - 
Acer spicatwn 0.00 - - - 0.00 - - - - - 
Acer ponsy Zvanicwi0.00 - - - 0.00 - - - - - 
Aesctt 22s 0.00 0.00 + * - 0.00 - 0.00 - - 0.00 

To ta l  0.64 1.17 0.16 - 0.66 0.70 0.00 - - 0.15 

** New i n  1976 i rwen to ry ;  n o t  present  i n  1959 inven to ry .  1 . I 0  Present i n  1959 anc 1977 i n v e n t o r i e s  i n  equal 
- No present  i n  1959 and 1976 i n v e n t o r i e s .  q u c n t i  t- es. 

0.00 Present i n  1959 i n v e n t o r y  b u t  absent i n  1976 inven to ry .  + Present b u t  i n  i n s i g n i f i c a n t  amount (<0 .01 ) .  



Table 5. Monthly mean, mean maximum, and mean minimum temperatures (.degrees F) a t  f o u r  Great  Smoky 
Moustain c l i m a t e  s t a t i o n s  f o r  1947 - 1950 (Stephens, 1969 p.  35) 

- -- ~ - ~- 

Month Mean temp. Mean m a ~ .  temp. Mean min. temp. 

(m) 445 1180 1525 1920 495 1180 1525 1920 495 1180 1525 1920 
( f t . )  1 4  3850 5000 6300 1460 3850 5000 6300 1460 3850 5000 6300 

Jan. 42.7 37.0 35.0 33.2 54.7 46.0.  42.2 40.0 32.7 27.0 28.2 27.3 

Feb. 40.3 33.2 30.7 28.7 53.0 44.5 40.7 37.7 27.7 24.7 23.2 22.2 

Mar. 45.2 36.7 33.5 32.3 59.0 51.0 44.7 42.0 31.5 26.0 24.7 24.6 

Apr . 
May 
Jun. 

J u l  . 
Aug . 
Sep. 

Oct. 

Nov. 

Dec . 
Mean 



Table 6. Monthly maximum and minimum temperatures (degrees F)  a t  f o u r  
Great  Smoky Mountain c l  imate s t a t i o n s  f o r  1947-1 950 (Stephens, 
1969 p. 36) 

- -. - 
445 m 1,180 m 1,525 m 1,920 m 

1,460 ft. 3,850 ft. 5,000 ft. 6,300 ft. 
Month Max. Min. Max. Min. Max. Min. Max. Min. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

J u l y  

Aug . 
Sept.  

Oct. 

Nov. 

Dec. 



Table 7. Mean monthly inches o f  p r e c i p i t a t i o n  a t  f o u r  Great.Smoky Mountain 
c l ima te  s t a t i o n s  f o r  1947-1950 (Stephens 1969 p. 49) 

445 m 1,180 m 1,525 m 1,920 m 
1,460 ft. 3,850 ft. 5,000 ft. 6,300 ft. 

Month S t a t i o n  S t a t  i,on S t a t i o n  S t a t i o n  

Jan. 
Feb. 
Mar. 
Apr . 
May 
June 
J u l y  
Aug . 
Sept. 
Oct. 
Nov . 
Dec . 
Mean 

Table 8. C o e f f i c i e n t s  o f  de termina t ion  and regress ion  equat ions fo r  the  
monthly mean p r e c i p i t a t i o n  f o r  s i x  combinations o f  s t a t i o n s  f o r  
1947-1950 (Stephens, 1969 p. 51) 

Reg reess.ion 
equat ion 



Table 9. Annual s o i l  mo i s t u re  balance i n  inches a t  t he  445 m (1460 f t . )  
s t a t i o n  based on d a i l y  means f o r  1947-1950 (Stephens 1969, p .  64) 

Month Temp.  PET^ Prec. P- PET^ SMC M D ~  M S . ~  S M B ~  

Jan. 42.7 
Feb. 40.0 
Mar. 45.2 
Apr. 55.5 
May 63.5 
June 69.7 
J u l y  71.7 
Aug . 70.0 
Sep. 63.6 
0 c t .  55.7 
Nov. 42.0 
Dec. 37.0 

 able 10. Annual s o i l  moistur;c! Balance ill inches a t  t h e  4 4 5  m (1460 f t )  
s t a t i o n  based on month ly  means f o r  1947-1950 (Stephens 1969, p.60) 

Month Temp.  PET^ Prec. P- PET^ S M ~  M D ~  M S ~  S M B ~  

Jan. 42.7 
Feb. 40.0 
Mar. 45.2 
Apr. 55.5 
May 63.5 
June 69.7 
J u l y  71.7 
Aug . 70.0 
Sep. 63.5 
Oct. 55.7 
Nov . 42.0 
Dec. 37.0 

S um 

a~~~ = P o t e n t i a l  evapo t ransp i ra t ion .  

b ~ - ~ ~ ~  = P r e c i p i t a t i o n  minus p o t e n t i a l  evapo t ransp i ra t ion .  

'SM = S o i l  mo i s t u re  con ten t .  

*MD = Mo is tu re  d e f i c i t .  

e~~ = Mo is tu re  su rp lus .  

f~~~ = S o i l  mo i s t u re  balance. 



Table  11. Annual s o i l  m o i s t u r e  ba lance i n  i nches  a t  t h e  1920 m (6300 f t )  s t a t i o n  
based on. d a i l y  means f o r  1947-1950 (Stephens 1969, p. 67) 

Month Temp.  PET^ ~ r e c .  P- PET^ SM' M D ~  MS S M B ~  

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
J u l y  
Aug . 
Sep. 
Oct.  
Nov. 
Dec. 

S urn 

Tab le  12. Annual s o i l  m o i s t u r e  ba lance i n  i nches  a t  t h e  1920 rn (6300 f t )  s t a t i o n  
based on  mon th l y  means f o r  1947-1950 (Stephens 1969, p. 63) 

Month Temp.  PET^ ~ r e c .  P- PET^ SM' M D ~  Mse S M B ~  

Jan. 
Feb. 
Mar. 
Apr . 
May 
June 
J u l y  
Aug . 
Sep. 
Oct .  
Nov . 
Dec. 

S urn 

a~~~ = P o t e n t i a l  e v a p o t r a n s p i r a t i o n  

b ~ - ~ ~ ~  = P r e c i p i t a t i o n  minus p o t e n t i a l  e v a p o t r a n s p i r a t i o n .  

'SM = S o i l  m o i s t u r e  c o n t e n t .  

d~~ = M o i s t u r e  d e f i c i t .  

e MS = M o i s t u r e  s u r p l u s .  

f~~~ = S o i l  m o i s t u r e  ba lance.  



Tab le  13. Mean number o f  days between t h e  l a s t  occurrence i n  s p r i n g  and 
t h e  f i r s t  occurrence i n  f a l l  o f  32" F, 36" F, and 40" F as 

\ 

minimum temperatures and t he  average da te  o f  t h e  l a s t  and f i r s t  
occurrence o f  minimum, temperatures (Stephens 1969, p. 20) 

A1 ti tude  Number o f  Avy. da te  Avg. da te  
o f  s t a t i o n  consecu t i ve  o f  l a s t  o f  f i r s t  

Pe~~~per -d  lu i -e m f t  days ncclrrrence occurrence 

May 3 
May 4 
May 9 
Apr.  3U 

May 3 
May 28 
May 31 
May 14 

May 18 
June 11 
June 3 
June 4 

Oct.  7 
Oct. 4 
Oct.  4 
Oct.  2 

Oct.  7 
Sep. 30 
Sep. 25 
Sep. 27 

Sep. 17 
Sep. 13 
Sep. 16 
Sep. 8 
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