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ABSTRACT 

Ab o ve 1 , 3 7 0  m ,  spruc e - fi r  fo r e s t s  dominat e d  b y  P i c e a  

rub e n s  S a rg ent and Ab i e s  fra s e r i  ( Pursh)  Po i re t  form a 

ne arly cont inuo us b an d  a c r o s s  much o f  the l and s c ape o f  the  

Southe rn App alach ian Mount a ins . N e a rly pure s t ands  o f  

Ame r i c an b ee ch ( F agus gran d i foli a Ehrhart ) p ene t ra t e  into 

the  s p ruc e - f i r  fore s t  on s outh - fa c i n g  c oncave s lopes, n e a r  

the t ops o f  maj o r  r i d ge s . Frequently the b ound a ry b e twe en 

the s e  two c ommun ity t yp e s  is ve ry ab rup t . 

I mpo rt an t  fac t o r s  in the maint e n anc e o f  t he s e  s o­

c alle d "b eech gaps"  aga i n s t  r e d  s p ruc e invas i on were inve s t i ­

gated . S o il t empe r at ure , s o il mo i s tu re , and the  pre s en c e  of 

b i o t i c  t oxins  we re s tud i e d  in the r o o t ing env i ro nment o f  

p o t en t i ally invad ing s p ruc e s e e dlings.  

Dur ing the spring , wh ile t he b e e ch c anopy was s t i ll 

le a fle s s , d i urnal soil t empe ratu re ( 2  em) va r i at i on was 

cons i s t ently g r e at e r  in the b e e ch gap than in the ne ighb o r ­

ing s p ruce - fi r .  G r owth chamb e r  expe r imen t s  d emon s t ra t e d  

that g e rminat i on o f  r e d  spruc e  w a s  delaye d and s i gn i fi c antly 

r e duced by b e e ch gap so i l  t empe rat ure var i at i on .  

S o il mo i s t ure i n  the s e edling r o o t ing envi ronment was 

found to be cons i s t ently h i gher i n  the b e ech g ap t h an in the 

s p ruce-f i r . I t  i s  the re fore unli kely that de fi c i e nc i e s  in 

s o il mo i s ture in the b eech gap p revent the invas ion of red 

s p ruc e . 

i i i  
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Spru c e  s e e d  b i o a s s ays  o f  b e e ch l i t t e r ,  b ee ch r o o t , 

and b e ech g ap s o i l  ext ra c t s  reve a l e d  the p r e s ence  o f  p o ­

t ent i al inhib i t o rs . Ext ract s o f  fa l l  who l e  l e a f  l i t t e r , 

s umme r who l e  l e a f  l it te r , and summer fragment e d  l e a f l i t t e r  

d e layed sp ruc e ge rminat ion . The s e  ext rac t s  and ext rac t s  o f  

fa l l  s o i l  p r o duced the g r e a t e s t  r e d uc t i on s  i n  r ad i c l e  

e l onga t i o n .  The inc r e a s e d  t ox i c i ty i n  summe r l i t t e r  ex­

t ra c t s  may be  account ed for by t ox i c  pheno l s  g en e r at e d  b y  

mi c rob i a l  d e g radat i on o f  l i gn in . Pre l imin a ry chem i c a l  

ana l y s i s  o f  who l e  l e a f  l i t t e r  s ug ge s t e d  t h e  p r e s ence o f  

p - hydroxyb en z o i c , van i l l i c , ferul i c , and p - c o uma r i c  a c i d s . 

Art i f i c i al ove r - w int e r in g  e xpe r imen t s  in int act b e e ch 

g ap and s p r uc e - fi r  so i l  c o r e s  showe d a sma l l but s i gn i fi c ant 

inh ib i t i on o f  ge rm inat ion i n  b e e ch gap cores . Natura l ove r ­

w int e ri ng c ond i t ions o f  much l onger  dur at i on may p ro duc e 

even g re a t e r  i nh ib it i on o f  g e rminat i on .  Toxins l eached 

from the b e e c h  l it t e r  may b e  r e s p ons ib l e  for t h i s  inh ib it i o n . 

F i e l d  e xp e r imen t s  sugg e s t e d  that an imal d e s t ruct i on 

o f  s e ed s  i n  b e e c h  l i t t e r  c ont ribut e s  t o  s e e d  mo r t a l ity . 

Mo rt a l i ty o f  youn g  s e e d l ings a l s o  r e s u l t e d  from damp in g - of f .  

F rom the s e  inve s t igat ions , i t  appe ars that the h i gh 

e l e vat i o n  b e e ch gap s have b e en m a i nt a ine d a g a in s t  sp ru c e  

inva s ion by a c omb inat i on o f  int e r fe rence me ch an i sms . The s e  

me chan isms  p r o g r e s s ive l y  incre a s e spruce s e e d  and s e e d l ing 

mor t a l i t y  in the beech gaps. 



TABLE OF CONTENTS 

CHAPTER 

I .  

I I. 

I I I. 

IV. 

v. 

VI . 

INTRODUCT I ON . 

THE STUDY AREA . . • . . . • . . 

S it e  De s cr ip t i on and Locat i on 
Geo l ogy and S o i l s  . . . . . • . 

Prec i p i t at io n  and T e mpe ratur e  

. . . 

THE ENVIRONMENT OF THE SPRU CE SEED AND 
SEEDL I N G . . . . • . . . . . • . 

S o i l  T e mp e r at ure . . . . . . . . . . •  

S o i l  Mo i s ture . . • . . . . . . . . . 
T oxins in t he Env i ro nme nt . • 

Inh ib i t ion o f  g e rm inat ion . . . . .  
Toxi c i t y  unde r natura l cond i t i ons . 
E ffe c t s  on r ad ic l e  e l ongat ion . 
Po s s ib l e  inhib i t o rs . . . . . • . .  

GERMINAT I ON AND ESTAB L I SHMENT . • • . . • . . . 

Ge rminat i on in Pro g ramme d Envi ronment 
Chamb e r s . . . . . . . . . . . . . . . . 

S e e d l ing Growth i n  Pro gramme d Env i ro nment 
Chamb e rs . . . . . . . . . . . . .  

Es t ab l i s hment in Sp r ing Fie l d  Cores  . . . 
Mor ta l i t y  in Fal l Fie l d  Plo t s  . . . . • .  

MAINTENANCE OF THE BEECH GAPS I N  THE GREAT 
SMOKY MOUNTAINS . • . . . . . . . . . . . 

VEGETAT I ON DYNAM I CS AT THE BEECH AND 
SPRUCE - FIR ECOTONE. . . . • . 

V I I.  CONCLUS I ON S  . 

L I TERATURE C I TED . .  

VITA . . . . . . . . 

v 

PAGE 

1 

7 
7 
9 

1 0  

1 6  
1 7  
20 
23 
23 
25 
29 
3 1  

3 3  

3 3  

3 6  
4 0  
4 2  

4 8  

5 3  

5 6  

5 8  

6 5  



LIST OF TABLE S 

TABLE PAGE 

I .  B i oa s s ays  o f  Red Spru c e  Germinat i on ,  Exp r e s s e d  
a s  Pe rcent o f  Cont rol . . . • . . . • . . 2 6  

II. Ave r a g e  N umb e r  o f  Ge rminat ing  S e e d s  i n  S o il 
C o r e s a f t e r  Art i f i c i al Ove r - Wint e r in g  
T r e atment . • . . . . . . . . . • . . . . 2 8  

III . Fate  o f  S e e d s  in Growt h Ch amb e r  Germinat ion 
Exp e r iment (No . of  S e eds out  o f  1 0 0 ) . . . 3 7  

IV . Growth C h amb e r  Sp ruce Se e dling Growth a s  

v. 

Af fe ct e d  by S o il S ource . . . . • . . . . 3 9  

S e e d  Fat e i n  F i eld Germinat ion C o re s . 4 1  

VI . Se e d  Fate  i n  Ove r-Wint e r e d  Germ inat i on Plo t s . 4 5  

Vl 



LIST OF FIGURE S 

FIGURE PAGE 

1 .  The S t udy Ar e a .  • . . . . . . . . . . . . . . . . 2 

2 .  Monthly Pre c ip i t at i on at New found G ap , T en Ye ar 
Ave r a g e  . . . . . . . . . . . . . . . . . 1 2  

3 .  Monthly Pre c i p i t at ion at Newfoun d  G ap , 1 9 7 6  . 1 3  

4 .  T en Day Ave r ag e s  o f  Maximum and Min imum Ai r 
Temp e ra ture (Below) and D i urnal T empe rature 
Var i at i on ( Ab ove) at  N ewfoun d  G ap dur ing 1 9 7 6  . 1 5  

5 .  Ten Day Ave rages  o f  Max imum and M in imum S o il 
Tempe r a tures  at  the 2 ern Depth und e r  Sp ruce­
Fir  ( ---) and Beech Gap ( ---) V e g e t a t i on fo r 
1 9 7 6 . . . . . . . . . . . . . . . . . . . . . . 1 9  

6 .  S o il Mo i s ture a s  Per c ent D ry We ight  und e r  Beech  
Gap ( ---) and Sp ruc e-Fir ( - - - ) Ve g e t a t ion for  
1 9 7 6 . . . . . . . . . . . . . . . . . . . 22 

7 .  Redu c t i o n  o f  Rad i cle Elongat i on in Var i o us 
Ext r ac t s .  . . . • . . . . . • . • 

8 .  Cumulat ive G e rmina t i on (Pe r c ent)  in Growth 
Chamb e r s . . . . . . . . . . . . . 

v i i  

3 0  

3 5  



CHAPTE R  I 

INT RODUCTION 

Ab ove 1,370 m in the S ou t he rn Appalachian Mount a ins , 

conife rou s  for e s t s  dominated  b y  r e d  sp ruce (Picea  rub ens ) l 

and Fras e r  fir ( Abie s fras e r i ) f o rm a nea rly c ontinuous 

b and o f  ve g e t ation. Und e r  c e r t ain  condi t io n s  o f  t op o g r aphy 

and exposur e , s eve ral o t he r  communit ie s a re found w i t hin t he 

s pruc e - f i r  z on e . On xe r i c  rid g e  c re s t s ,  " he ath b ald s "  

d om inat e d  by e r i cace ous sh rub s a r e  common ( C a in , 1 9 3 0 ) . At 

the b o r d e r  o f  the spruc e - fi r  and d e c i duous f o re s t s  z one s ,  

" gr a s s y  b ald s "  domin a t e d  by Danth on i a  compr e s s a  occur (Mark , 

1 9 5 8 ;  Ge r smehl , 1 9 7 3 ) . On conc ave slop e s  above 1 , 3 7 0  m are 

fre quently found s t ands dominat e d  by d e c i duo u s  t re e s , 

e spe c i ally b e e c h  ( Fagus grandi folia , the g ray b e e ch o f  

C amp , 1 9 5 1 ) , and yellow bir ch ( Be tula lut e a )  ( C r andall , 

1 9 5 8 ) . On s out h - fac i n g  c onc ave slope s ,  ne arly pu re s t ands 

o f  b e e c h  are b o rdered  by spruc e - fi r  fo r e s t  on t he adj a c ent 

c onvex slope s ( Rus s e ll ,  1 9 5 3; C randall , 1 9 5 8 )  ( F i gure 1 ) . 

The s e  las t dis tinct i ve commun i t i e s  h ave b e en t e rmed " b e e ch 

g ap s , "  and are  ve ry l im i t e d  in o c currence; probably no m o r e  

t h an 4 , 0 0 0  h e c t a r e s  ex i s t  i n  t he Southern App ala ch i an 

Moun t a in s  ( Ru s s ell ,  1 9 5 3 ) . The purp o s e  o f  t h i s  s tudy was 

lNomenclatur e  is a f t e r  Rad fo rd et al . ( 1 9 6 8 ) . 

1 
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F i gu re 1 .  The s tudy a re a .  The b e ech g ap i s  on the 
l e ft; the s p ruce - fi r  is on the r i ght . 
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t o  inve s t i g a t e  s ome o f  t he fac t o r s  wh i ch ma intain the b e e ch 

gaps  aga ins t the invas i on o f  s p ru c e . 

Rus s e l l  ( 1 9 5 3 )  was o f  t he o p inion that wind , funne l­

ing through t he g ap s , p revent e d  the  s h a l l ow roo t e d  s p ru c e  

from invad ing t h e  gap s . Wh i l e  t h i s  may a f fe c t  l ar g e  t re e s , 

i t  s e ems un l ik e l y  that s ap l in g s  and s e e dl ings  wo u l d  b e  

adve rs e ly a f fe c ted . B e e ch gap s are t yp ic a l l y  found ne ar 

1 , 6 0 0  m in e l evat ion , we l l  ab ove the l owe r a l t i t ud ina l 

l im i t  o f  r e d  s p ruce on s ou t h - fac ing s l op e s  (��i t t ake r ,  

1 9 5 6 ) . Ge rm inat ion s tud i e s  w i th re d spruce in the  Southe rn 

App a l a ch i an Mount a ins  sugg e s t  that  t h i s  spe c i e s  wi l l  g e rm in­

at e and s urvive at much l owe r e le vat i o n s  ( Gr i f fin , 1 9 6 5 ) . 

P l anted s t ands o f  red s p ruc e fl ou ri sh at e l evations  a s  l ow 

a s  6 0 0  m (Sch o fi e ld , 1 9 6 0 ) . St ud i e s  o f  g ras sy b a l ds a t  

t he s e  e l evat i ons sugge s t  t hat t h e y  are s l ow l y  b u t  s t e a d i l y  

b e in g  invaded  by s p ru c e  and f i r  whe r e  s ee d  s ources  are 

ava i l ab l e  ( R ams eur , 1 9 6 0 , 1 9 7 6 ;  B ruhn , 1 9 6 4 ;  Rad fo rd , 

1 9 6 8 ) . Scho fi e l d  ( 1 9 6 0 )  ob s erved that e s t ab l i s hed 

s p ru c e  t re e s  in b e e ch orchards w i l l  produce "a s e l f ­

pe rpe t uat ing and e xp and ing  c lump that  u l t imat e l y  me r ge s  

w i t h  t he main b o dy" o f  the s p ruc e - f i r  fo r e s t  ne a rby . The s e  

l ine s o f  evi dence s ug ge s t that , i n  the  ab sence  o f  b e e ch , 

spruc e - fi r  f o re s t  c ou l d  r e ad i l y  s ur vive in t he gaps . 

The e x i s t ence o f  t he s e  s h arp b o undari e d  ( Rams eur , 

1 9 6 0 )  commun i t ie s pre s ent e d  an i d e a l  opportun i t y  for t h e  

s t udy o f  me ch an i sms o f  p l ant int e ra c t i on .  It wa s hyp o t he s i z e d 
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that s ome s o r t  o f  int e r f e renc e me c h an i s m ( s )  (Harpe r , 1 9 6 1 ;  

T inn in ,  1 9 7 2 )  c aus e d  b y  the d ominance o f  b e e ch was  (we re ) 

p r e vent ing r ed s p ru c e  from inva d i ng the b e e c h  gap s . 

Nume rous  hypothe t ic a l  i nt e r fe renc e m e ch an i sms c an 

b e  advanc e d  t o  acc ount for the l a c k  o f  s pruce  invas i on .  

Shanks ( 1 9 5 6 )  found that s o i l  t empe rature s und e r  the b e e ch 

gap veget a t i on were  h igh e r , e s p e c i al ly dur ing the spr ing 

mont h s , than und e r  adj a cent s p r uc e - fi r  vege t a t i on . Th i s  

sugge s t ed the p o s s ib i l i t y  that d i f fe re nc e s  in s o i l  mo i s ture  

i n  t he s ur fac e l aye r s  may a l s o  e x i s t  b e twe en the b e e ch gap 

and s pruc e - fi r  f o re s t s . Wint e r  and Bub l i t z  ( 1 9 5 3 )  and 

Mi t in ( 1 9 71 )  fo und ev i denc e t hat the E urope an copper b e ech 

( F agus s i l vat i c a  L . ) may p rodu c e  l i t t e r  w i t h  an a l l e l o ­

p at h i c  p o t en t i a l . 

S ev e r a l  p o t en t i a l  int e r fe re n c e  mec h an i sm s  had to  b e  

de fe r r e d  b e cause  o f  the l imited  s c o p e  o f  t h i s  s t udy . C om­

p e t i t i ve i nt e r a c t i ons  involving l im i t ing nut r i en t s  we re not 

inve s t igat e d  s ince few d i f fe rences  in concentrat i ons o f  

s eve ral  ext rac tab l e  e l ement s ( C a, Na , K, Mg) o c cu r  (Wo l fe, 

1 9 6 7 ) . Ext ract ab l e  m angane s e  was much h ighe r in s o i l p r o­

f i l e s  unde r b e e ch vege t at i on than und e r  s p ruc e - fi r  v eget a­

t ion . Wh i l e  the  A hor i z on und e r  the s pruc e - fi r  for e s t  

almo s t  a lways had und e t e c t ab l e  c on c ent rat i ons  o f  ext ract­

ab l e  mangan e s e, the b eech gap Al l h o r i z o n  h ad c onc ent rat ions 

ranging u p  to  1 06 ppm (Wo l fe ,  1 9 6 7 ) . Wh i l e  t h i s pre sents  an 

int rigu ing p r ob l em in mineral  cyc l ing, it i s  que s tionab l e  
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that i t  i s  impo r t ant in p re vent ing  the invas i on o f  the  

b e ech gaps  by re d spruce . La fond and L a fl amme ( 1 9 7 0 )  found 

that bl a ck spruce (Pi c e a  m ar i ana)  i s , on the con t rary , qu i t e  

t o l e rant o f  m an g ane s e , g r owing n o rma l l y  a t  conc ent rat i ons 

t w i c e  a s  h i gh a s  tho s e  that produce t o x i c i ty symptoms  in 

j ack p ine (Pinu s  b anks i ana L amb . ) . Neverthe l e s s , t h i s  

a s p e c t  i s  wo rthy o f  inve s t i g at ion , s inc e mangane s e  c an 

int e ra c t  �ith  i ron t o  p rodu c e  app arent de fi c i enc i es und e r  

l o� i ron c on c ent rat i on s  (Meyer e t  a l . , 19 7 3; L afond and 

L afl amme, 1 9 7 0 ) . 

The purp o s e  o f  t h i s  s tudy was  t o  me a s ure and inve s t i­

gate  the e ffe c t s  of  s o i l  t empe r at ure , s o i l  mo i s t ure, and 

b io t i c t o x in s  on spruce e s t ab l i s hment in the b e e c h  g ap s . 

L ab o rat o ry b i o a s s ays , g rowth ch amb e r  e xp e r iment s , and fi e ld 

e xp e r iment s were c onduc t e d  t o  e xamine the imp o r t ance o f  

the s e  fact o rs . It  was hope d t h at t he s e  e xpe r iment s mi ght 

a l s o  shed l i ght on o the r p o t en t i a l  inte rfe renc e me chan i s ms , 

including the e ffe c t s  o f  l i t t e r  on s e e d l ing eme rgenc e ,  

an ima l depre da t i on ,  and a t t a c k  b y  m i c roorgan i sms . 

The important in fl uence o f  c l imat ic chang e on v e g e t a­

t i on dynami cs  i s  we l l  e s t ab lished ( G l e ason , 1 9 2 3; Co s t ing 

and B i l l ings , 1 9 51;  Scho fie l d ,  1 9 6 0; Davi s , 1 9 6 5; Bray ,  

1 9 7 1 ) . P l ant s pe c i e s  mi g ra t in g  i n  r e s pons e t o  c h ang ing  

c l ima t e s  fac e  p o t ent i a l  int e r ac t i ons with a l re ady e s t ab­

l i s hed p opul at i ons . A knowl e d g e  of  t he int erfe rence 

me chan i s ms in volved in t he maint enance of a commun ity pe rm i t s  



a g r e at e r  und e r s t and ing o f  b o t h  the  o r i g in o f  that com­

mun i t y  and i t s  relat i on s h i p s  t o  othe r plant c ommun i t i e s  

through t ime . 

6 



CHAPTER I I  

THE STUDY AREA 

I .  S I TE DESCRIPT I ON AND LOCAT I ON 

One b e e c h  g ap w a s  chos en f o r  furthe r s t udy on the  

b a s i s  o f  i t s  acce s s ib i l i t y ,  r e s i s t an c e  to  spruce and f i r  

invas ion , and d i s t inctne s s  o f  b ound a r i e s  with t h e  ne i ghb o r ­

ing s pruc e - f i r  for e s t .  L o c a t e d  in Swa in County , No r t h  

C a r o l ina , in the  Great  Smoky Moun t a in s  Na t io n a l  Park , the  

g ap is  s i tu at e d  on a s te ep , s outh - fac ing s l op e  1 . 5  km we s t  

o f  Newfound G ap and H i ghway 4 4 1 . I t  o c c up i e s  the c on c ave 

p o r t ion o f  t he s l ope , whi l e  s pruce - fi r  f or e s t  o c cup i e s  the 

c o nvex s l o p e s  on e i th e r  s id e . A road run s t h rough the  

b ot tom o f  the b e ech gap , whi l e  t he r i d g e  at t he t op forms 

t h e  Tenne s s e e , North C ar o l ina b o r de r . The g ap r an ge s  from 

appr ox imat e ly  1 , 5 8 0  t o  1 , 6 4 0  m in e le vat ion . A p ort ion o f  

the  s p ru c e - fi r  for e s t  imme d i a t e l y  t o  the  e a s t  o f  the  b e ech 

gap  was  a l s o  s tudi e d  ( Fi gu re 1 ,  page  2 ) . 

The Un aka Mount a i n  Ran ge , wh i ch inc l ud e s  t he G r e a t  

Smoky Mount ains , forms the  s ou the rnmo s t  ext ens i on o f  t h e  

App al ach i an Moun t a i n  ch ain . Rang i n g  i n  e le vat i on from 5 0 0  

t o  ove r 2 , 0 0 0  m ,  and h aving a var i e t y  o f  t o p o g rap h i c  

feature s and e xp o s ure s , t he se moun t a in s  h ave s e rved as  

r e fu g i a  dur ing  maj o r  p l ant m i g r a t i ons  a s s o c i a t e d  with  

p e r i ods of  c l ima t i c  chan ge ( C a in , 1 9 4 3 ;  Rams eur , 1 9 6 0 ) . 

7 
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The high e l evations o f  t h e  Southern App a l a chian s cont ain 

many s p e cie s char ac t e ris tic o f  the n o rthe a s t e rn Unit ed 

S t at e s  and s outh e a s t ern Can ad a. Oos ting and Billings 

( 1 9 5 1 ) , in a c omp ar ative s tudy o f  s outhern high e l evation 

and n or t h e rn sp ruce-fir fo re s t s , found consid e r ab l e  simi ­

l arit y. B o t h  cont ain red spru c e  (Pic e a  rub en s )  a s  a maj o r  

d ominant. The s outhern for e s t s  c ont ain Fras e r  fir (Abie s 

f ra s e ri) a s  a c o dominant , whi l e  in t he nort h ,  Abie s 

b a l s ame a (L . )  Mil l. is it s c ount e rp art. They surm i s e d  

t h at the northern and s outhe rn s p ruce - fir fo re s t s  were 

c ontinuou s during t he Pl eis t o c ene and have dif fe rentiat ed 

to some extent a ft e r  b eing ge og raphic a l ly is o l at ed. Ram s eur 

( 1 9 6 0 )  s p e c u l a t e d  that Southern App a l achian spruc e-fir 

endemic s may have fail e d  to mig r a t e  north aft e r  t he end o f  

the  P l eis t o c ene. 

The high e l e vation b e e ch and b irch fores t s  form 

int e rrup tion s in a n e a r l y  continuous b and of s p ruce - fir 

fo re s t  a b ove  1 , 3 7 0  m in the  Great  Smoky Mount ain s (hbit t ake r ,  

1 956 ) .  The be ech fore s t s a re u s ua l ly  confi ned t o  f l at s  and 

concave s lo p e s  ( Crand a l l , 1 958 ) , r e ac hing their g reat e s t  

deve l opment o n  s t e ep s o uth- facing s l op e s  ( Oh , 1 9 6 4) .  The 

vas t maj o rity o f  s t ems a re of b e e ch , with buck eye (Ae s cu l us 

o c t and ra) , yel l ow birch ( B e tu l a  l ut e a) and red s p ruc e 

o ccurring in far fewer  numb e rs.  In  t h e  b e e ch g ap cho s en 

f o r  s tudy , b e e c h  account e d  for o ve r  9 5 %  o f  a l l  s t ems (Oh , 

1 9 64). 
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Wh i t t ak e r  ( 19 5 6) , in h i s s tudy o f  the vege tat i on of  

the  Great Smoky Mount a ins , sub d i v i ded the s e  for e s t  typ e s  

o n  the  b as i s  o f  the i r  under sto ry vege t at i on . Th e lowe r 

h a l f o f  the b e e ch gap c o rre s p ond s t o  Whi t t ak er ' s  "me s i c  

type, " wh i l e  the uppe r part  c o r r e s p onds t o  h i s  " s edge 

type" w i t h  C a rex ae st iva l i s  be ing e sp e c i a l ly dominant . 

The port i on o f  s p ruc e - f i r  for e s t  s t ud i e d  c o r re sp onds mo re 

c l o s e l y t o  the sub type Wh i t t ak e r  d e s c r ib e d  as oc cupying 

fl at s and north-fac ing s l opes . E sp e c i a l l y not i c eab l e  i s  

the l ack o f  Rh od odendron c at awb iens e char ac t e r i s t i c o f  the  

sub type o c cupy ing x e r i c  s outh - fac ing ridge s . 

I I. GE OLOGY AND S O I L S  

The s tudy are a i s  und er l ain  b y  rocks  o f  the An ake e s t a  

fo rma t i on, a comp le x  s e r i e s  o f  i nt e rb edded s l at e s , phyl l i t e s 

and s ands t on e s ,  di s cus s e d  ful l y  by H a d l ey and G o l dsmi th 

( 1 9 6 3 ) . S l at e  pr edominates  in t h e  l owe r s o i l ho r izons o f  

t he b e e c h  gap, wh i l e s ands t one and s l at e  domi nat e the l ow e r  

l aye r s  o f  the spruc e - f i r  s o i l . X - r ay dif fract i on ana l y s i s  

o f  the  c l ay fract i on o f  the  s o i l s  s h owed v i r tu a l  id ent i ty 

(Wo l fe,  1 9 67) . Wo l fe ( 1 9 6 7 )  c onc l ud e d  that " s harp boundar i e s  

b etwe en t h e  two fo re s t  type s w e r e  n o t  c au s e d  by any cons id ­

e r ab l e  change in be drock compo s i t i on . "  Be ech gap s a re 

a l s o  found i n  a r e as und e r l a in b y  s ands t one (Wo l fe,  19 6 7 ) . 

D ep th t o  b e d r o ck i s  ve ry c l o s e  und e r  b o t h v e g e t at i on typ e s ,  

on the  b as i s  o f  c ompa r i s on s  invo l v i ng 17 gap s  (Wo l fe, 1967) . 
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Wo l fe ( 1 9 6 7 ) , in a s t udy o f  h i gh ele vat ion s o i l s  o f  

t h e  Great  Smoky Mount a ins , found that t he maj o r i ty o f  the  

s o i l s  we re incept i s o l s , wh i l e  s p o do s o l s  we re fo und on the 

t op s  o f  h i gh pe aks und e r  s p ru ce - f i r  ve g e t at i on .  Adj ac ent 

s p ruc e - fi r  and b e ech g ap s o i l s  w e r e  v e ry s im i l ar t e xtura l ly 

and minera l o g i c a l l y .  The c ont ra s t ing ve g e t at i on d i d , h ow­

e ve r , have a p ronoun c e d  e ffect  upon the chem i c a l  ch aract e r i s ­

t ic s  o f  the s o i l . The l e s s  a c i d  be ech l i t t er c ont ains more 

b as e s  t han t he sp ruce and fir ne e d l e s  and forms a l o o s e r  and 

th i nner  l i t t e r  l aye r .  The A ho r i z on in the b e e ch gap i s  

gray , c on t ras t ing wi th the b l ack , h i gh l y  o rg an i c  A horizon 

un d e r  the s p ru c e - fi r  c anopy . The s p ruc e - f i r  A h o r i zon a l s o  

h a s  more o r g an i c  c a rb on , l ower pH , g r e a t e r  c a t i on exchange 

c apac i ty , and h i gher  C /N rat i o s  than the b e e ch g ap A 

ho r i z on .  B a s e s  (Ca , Mg , K , N a )  ext ract ab l e  w i t h  lN ammon ium 

ac e t a t e , h oweve r , showed few di fference s. B o th s o i l s  showe d 

a c c umul at i ons o f  n i t ro gen in the l i t t e r  and s o i l - l itt e r  

i nt e r fac e . The A hor i z on o f  the b e e ch gap con t a ined l e s s  N 

t h an t he s p ruce - f i r , whi l e  the B hor izons showe d l itt l e  

d i ffe renc e . 

I I I . P REC I P I TAT I ON AND TEMP E RATURE 

Ten ye ars of d a i l y  pre c i p i t at ion and maximum and 

minimum t empe rat ure dat a we re ava i l ab l e  from two we athe r 



s t at i ons at Newfound Gap . 2 The we athe r s t at i ons a re 

l o c at e d  n e a r  a parking  l o t  in wh at was  once a b e ech g ap 

app r oxima t e l y  1 km northe a s t  o f  t he s t udy s i t e  at an e l e ­

v a t i on o f  1 , 5 5 0 m .  Mont hly ave rage s o f  p re c i p i t at i on for 

1 1  

the l o c at i on a re sh own in F i gure 2 .  Notewo rthy a s pe c t s  o f  

mon t h ly p r e c ip i t at ion f r o m  t h i s  s t at i on inc l ud e  a wint e r  

max i mum and e ar l y  spr ing and fa l l  minima (Wh i t t ak e r , 1 9 5 2; 

Sma l l sh aw ,  1 9 5 3; Shank s , 1 9 5 4; S t e phen s , 1 9 6 9 ) . Much o f  

the  win t e r  p re c i p i t at i on max i mu m  i s  a s s o c i a t e d  w i th front a l  

a c t i vi t y  from t h e  We s t .  Much o f  t he s umme r  pre c i p i t at i on 

o c cu rs in the form of conv e c t ion a l  p re c ip i t at i on ( D i c k s on, 

1 9 6 0; St ephens , 1 9 6 9 ) . 

Annua l  p r e c ipi t at ion for thi s s t at i on ave r aged 2 2 5 . 1  

e m  ( 8 8 . 6  in)  fo r the e i ght c o mp l e t e  years  o f  d at a  b e twe en 

1 9 6 7  and 1 9 7 6 , r ang ing f r om 1 8 7 . 2  em ( 7 3 . 7 in) in 1 9 7 6  t o  

2 5 8 . 9  e m  ( 1 0 1 . 9  in)  i n  1 9 7 2 . St ephens ( 1 9 6 9 )  and Sma l l s haw 

( 1 9 5 3 )  found ye a r l y  ave r a g e s  o f  2 0 9 . 1  em and approx imat e ly 

2 2 6 em , r e s p e c t ive ly , fo r the s a me l o cat i on be tween 1 9 4 6-

1 9 5 0  ( Sma 1 1 s h aw )  and 1 9 4 7 - 1 9 5 0  ( S t ephen s ) . Fi gure 3 s hows 

monthly p r e c ip i t at i on for the pe r i od o f  s tudy . I t  i s  n ot e ­

wo r thy that Ap r i l 1 9 7 6  ( 4 . 7  em) was  the drie s t  month in 

the 1 0-ye a r  p e r i o d , whi l e  May 1 9 7 6  ( 39 . 5  e m) w a s  t he w e t t e s t . 

Ten day ave r a g e s  o f  max imum and min imum t empe ratures  

2The  author  w i sh e s  t o  e xp re s s  his  app rec i at io n  t o  
the  Tenne s s e e  V alle y  Aut ho r i ty for sup p lying th e s e  d at a .  
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F i gure 2 .  Month ly p r e c 1p 1 t at ion a t  New foun d  Gap , 
t en ye ar  ave rag e. The dashed l ine repres ent s the ave r a g e  
monthly p re c ip i t at i on o ve r  t h i s  p e r i od . 
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F i gure 3. Mont h l y  p r e c ip i tat i o n  at New fo und Gap , 
1 9 7 6 . The dashed  l ine r ep re s ent s t he ave rage  monthly 
p re c ip i t at i on fo r 1 9 7 6 . 

1 3  



from a s t anda rd w e ather s t at ion at New found Gap fo r 1 9 7 6 

are  shown in  F i gure 4 .  An un s e a s onab ly warm pe r i od oc­

curred in  Ap r i l , co inc i d ing w i th the p e r i o d  o f  very l ow 

ra infal l .  A t r e n d  in d iu rn a l  t e mp e r at u re var i at i on i s  

1 4  

a l s o  apparent . I n  the fi r s t  five mon t h s  o f  the ye ar , 1 3  

out o f  1 6  d a t e s  had a d iu rnal  t e mp e rature range grea t e r  

than 1 0° C ,  wh i l e in  the s e c ond five mont hs  on ly two out o f  

1 6  dat e s  h ad a range greate r than 1 0 °  C .  S t e phens (1 969)  

noted  a s i mi l ar fe atu re of  d i urn a l  t empe rature va r i at ion 

and found i t  to  be  inve r s e ly c o rr e l a t e d  w i t h  mon t h ly pre ­

c ip i t at i on . 

The c l i mat e o f  the h i gh e l evat i ons o f  t he Smck i e s  

fa l l s  in t o  t h e  p e rhumi d c l a s s  a c c o r d i n g  t o  the  Th ornthwai t e  

s ys t em o f  c l ima t i c  c l a s s i ficat ion (Tho rnthwa i t e , 1 9 4 8 ;  

Shanks , 1 9 5 4 ;  McC racken et  al . , 1 9 62 ) . Evapo rat i on only 

rarely e x c e e d s  pre c ip i t at i on (McCracken e t  a l . ,  1 962) . The 

h i gh e l eva t i o n s  o f  the S ou the rn App a l ac h i an Mount a ins h ave 

l e s s  wint e r  s now and warme r wint e r  t empe r at ures  than t he 

s p ruce - fi r  f o r e s t s  of t he north e a s t e rn Un i t e d  S t at e s  

(Oo s t ing and B i l l in g s , 1 95 1 ) . 
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CHAPTER I I I  

THE ENVI RONMENT OF THE SPRU CE SEED  AND SEE DLING 

S eve r a l  aspe c t s  o f  the imme d i a t e  env i r onment  of  

spruc e s e ed s  and s e e d l ings  in the be ech gap we re inve s t i­

g a t e d . S o i l  t e mperat ure and s o i l  mo i s ture in the s e edling 

r o o t ing z one we r e  moni t o red through one g rowing s e a s on . I n  

add it i on , the  pre s ence  o f  po t e nt i a l l y  inh ib i t ory t o x i n s  in 

b e e ch gap s o i l , l i t t e r , and roo t s  was examine d s e a s onal ly . 

The ab s en c e  o f  s p ruce in the b e ech g ap could  c on ­

c e ivab ly r e s u l t from a fai lure o f  spruc e s e ed s  t o  r each i t . 

The pr e s en c e  o f  l ar g e  cone b e a r ing t r e e s  o f  r e d  s pruc e 

imme d i a t e l y adj a c ent t o  and ab ove the b e e c h  g ap ( Fi gure 1 ,  

page 2 )  shoul d insure that  a l a rge numb e r  o f  s pruc e  s e e d s 

w i l l  fal l o r  b e  b l own into  t he gap . F i ve 7 2 5 cm2 seed 

c olle c t o rs , c o a t e d  w i t h  vas e l ine , were s e t  out  in l at e  

summ er . The us e o f  premarked  s e e d s  r e ve al e d  that s e e d s 

we re b e in g  w a s he d  o f f  the c o l l e c t o rs b y  r a i n fa l l , ne gat ing 

the  use o f  any quant i t at ive d a t a . In e ar l y  Novembe r spruce 

s e e ds we r e  fo und in fou r  of  the  five c o l l e c t or s , ind i c at ing 

t h at spruc e s e e ds d o  ind e e d  reach the gap , and appar ent ly 

b e g in fa l l in g  in late f a l l (Murphy , 1 9 1 7 ) . The l a ck o f  

spruce invas i on int o  the b e e ch g ap should  t hus  b e  the 

re su l t  of the f a i lure o f  the se s ee d s  t o  g e rm ina t e  and b e c ome 

e s t ab l i s he d .  

1 6  
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For pu rpo s e s  o f  c ompa ra t i ve s ampl ing , two 2 0  b y  5 0  rn 

p l o t s  we re e s t ab l i sh e d ,  one n e a r  the  m i ddl e o f  the b e e c h  

g ap , the o t h e r  in t h e  ne i ghb oring  s p ru c e - fi r  ve get at i on o n  

t h e  c onvex s l ope t o  t h e  e a s t . T h e  l ong axe s o f  b o th p l o t s 

we re on the  s ame cont our at 1 , 62 0 rn .  The c l o s e s t  ends o f  

the  two pl o t s we re w i th in 3 0  rn o f  e a c h  other , approach ing 

the e c o t one b e twe en the two fo r e s t  type s . The oppo s i t e  

end o f  t h e  b e e ch gap plot  extended t o  t he m i d d l e  o f  the 

c onc ave por t i on o f  the s l ope , whi l e  the oppos i t e  end o f  

t he s pruc e - fi r  plot  e xt end e d  t o  the  r i d g e  o f  t he c onvex 

s l ope . I t  wa s a s s umed that s ampl e s  t aken ran domly within 

the s e  pl o t s  would g ive a repre s ent a t ive app ro x imat ion o f  

cond i t ions  w i thin the two v e g e t a t i on type s . 

I .  SO I L  TEMPE RATU RE 

S o i l  t e mpe ratur e s  w e r e  mon i t o re d  in t he b e e ch gap 

and s pruc e - fi r  b etwe en Apr i l  and D e c e mb e r o f  1 9 76 us ing a 

D i xon the rmo coupl e w i t h  re corde r in e ach p l o t . I n  the  

b e e ch g ap , the  p r ob e was plac e d  2 ern b ene ath t he c ons oli­

d a t e d  s o i l ma t e r ial , wh i l e in t he spru c e - fi r  the prob e was 

p l a c e d  2 e rn  b e l ow the sur fa c e  l aye r of fre s h  spruc e and 

fi r n e e d l e s . Sh ank s  ( 1 9 56) mon i t o r e d  s o i l  t e mpe r at ur e s  at 

15 em and found that even s i ng l e  s o i l  t e mpe rature me asu re­

ment s we re s u f f i c i ent to compare m i c roc l im at e s  und e r  

d i f fe rent typ e s  of  cover i n  t h e  G r e a t  Smoky Mount a ins . I n  

the pre s ent s tudy , the pr ob e s  we r e  p l a c ed at a s h al l ow 
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l e ve l  in orde r t o  s ampl e  the s e e d l i n g  roo t i ng env i ronment . 

F i gure 5 show s 1 0  day ave ra ge s  o f  maximum and m in imum 

s o i l  t e mpe r a t ure s unde r  b o t h  v e g et a t i on t ypes . P a rt i cu l a r l y  

n o t i c eab l e  i s  t h e  s t rong in fluence t h e  c an opy plays in 

d amp ing d iurna l t empe ra t ur e  va r i a t i o n  (Sh ank s ,  1 9 56; G e i g e r , 

1 9 65 ) . I n  the  spring , the l e a f l e s s  beech  c anopy a l l o ws 

ful l inc ident rad i at ion t o  the l i t t e r  sur face dur i ng the 

d ay , wh i l e  pe rm i t t i ng  a l mo s t  unh ind e r e d  re-rad i a t i on du ring 

t h e  n i gh t . I n  the spruce - f i r , the c anopy se rve s t o  insu l at e  

the  l i t t e r  sur face  from b o t h  e f fe c t s .  Dur ing the summe r , 

s o i l  t e mpe ra ture s und e r  b ot h  vege tat i on types inc r ea s e d  and 

conve rged w i th r e spe ct  to d i urn al  var i a t i on .  At th i s  t ime 

the b e e ch c anopy had l e a fe d  out  and the  lush herb aceous 

g rowt h was at  i t s  peak . 

I n  l a t e  summe r ,  spruce - fi r  s o i l t empe r ature s fe l l  

more rap i d l y  t h an b e e ch gap s o i l  t empe r atures and d iurnal 

va r i a t i on inc re a s e d  und e r  b ot h  v e g e t at ion type s . D e fo l i a­

t i on o f  many o f  the lar g e r  f i r  t re e s  in the s pruce - f i r  p l o t  

oc c ur red a t  the s ame t ime as  a re s u l t  o f  at t ack by the 

b a l s am wo o l l y aph id . Examin a t i on o f  the c anopy r ev e a l e d  

a l ar g e  h o l e  d i re c t ly ab ove the prob e .  A numb e r  o f  l ar g e  

spruce t re e s  down s l ope ( s out hwe s t )  f r o m  t h e  pr ob e shad ed 

it  from low an g l e  i n c i d ent sun l i ght . Th e hole in the c an opy 

may h ave p e rmi t t e d  great e r  r e - r a d i a t i on wh i l e the down s l ope 

t re e s  in t e rcept e d  incoming rad i at i on . Thi s wou l d  acc ount 

for both the  mo r e  rap i d  d e c l ine in s o i l  t empe r ature and 



1 7  

1 6  

1 5  

1 4  

1 3  

1 2  

1 1  

,......_ 1 0  u 
0 
'-' 9 
Q.) � 
;j 8 +J 
tO 
� 
Q.) 7 0.. 
s 
Q.) 

E- 6 

5 

4 

3 

2 

1 

0 

J 

1 9  

\ 

� \ ' \ \ \ 
\ 

\

I
I 

I I 
" 
I I 
, ,  
I I 

I I 
I I 
I I 
I I 
I I 
I I 
\ I 
I I 
I I 
, ,  
II 
I I 
I I 

, , 
I I 
I I 

'� 
I I 
I I � 
\\ I I ' '-· \ " I 

I \..""" I 
' \\ A 

I I I ' 
''''\' I� I ' 
' I 
, , 
., 

F i gu re 5 .  Ten day ave rag e s  o f  max imum and mini mum s o i l 
t empe ratur e s  at  the 2 em depth und er  spruc e - f i r  ( - -- ) and 
b e e c h  g ap ( ---) veget a t i on for 1 9 7 6 .  



t h e  incre a s ed d iurn a l  t empe rature va r i at i on in fal l und e r  

t h e  spruc e-fi r c anopy . 

2 0  

Shanks ( 1 956) , in a s tudy c ompa ring s o i l  t empe ratur e s  

i n  the s e  s ame  l oc a t ions , noted  h i ghe r s o i l  t e mpe ratur e s  i n  

t h e  b e e ch g aps , e s pec i a l l y  dur ing t h e  e ar l y  spring month s . 

Th i s  s tu dy suppor t s  t h o s e  ob s e rvat i on s , but s o i l  t empe rature 

d i f fe renc e s  we re not as pronounc e d  dur ing t he summe r an d the 

nec e s s i t y  o f  examining d iurnal s o i l  t empe ratu re var i at i on 

is  ind i c a t e d . 

I I .  S O I L  MO I STURE 

From March t o  Novemb e r  o f  1 9 7 6 ,  s o i l mo i s ture was 

me asured in t he root ing z one o f  young spruce s e e d l ing s . In 

the be ech g ap p l o t , surface l i t t e r  was  re move d and the t op 

4 em o f  c on s o l i da t e d  s o i l  was co l l e c t e d . I n  the spruc e-f i r  

pl ot , the  t op 4 e m  o f  mat e r i al imme d i at e ly un de r the l aye r 

o f  f r e s h  ne e d l e s  was c o l l e c t e d . Th i s  mat r ix wa s c ompo s e d  

o f  varying propo r t i o n s  o f  d e c ompos ing need l e s , d e compo s ing 

wood , and muc ky mine ra l s o i l  (Wo l fe ,  1 96 7 ) . Ten  s ampl e s  

we re c o l l e c t e d  i n  e ach pl o t  in s e aml e s s  cans  at appr oxima t e ly  

two - we ek int e rva l s  and were sub s equent l y  we i gh ed , dried  at  

1 05 °  C f o r  4 8  h ours , and  re-we i ghe d .  So i l  mo i s ture was 

expre s se d  as p e r c ent o f  d ry we i ght . 

To  c ompa r e  ava i l ab l e  wat e r  in s o i l s  o f  di ffer ing 

dens i t i e s , it was ne c e s s ary t o  r e l at e  mo i s t ure as perc ent 

of d ry we i ght  to  s pe c i f i c  mo i sture t en s i ons  in e ach s o il 
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t ype.  I n  J anuary of 1 9 7 7 , fi ve r and omly s e l e c t e d  50  by  5 0  

em s o i l  b l o ck s  from e ach p lo t  we re  s t r i pped  o f  t he root ing 

z one s o i l  as d e s c r i b e d  p r e v i ou s ly for  both ve g etation type s .  

A c omp o s i t e  s o i l  from.e ach ve ge t at i on type was p repared  by 

comb ining t he f ive b l ocks . The comp o s i t e s o i l s  we re  

s c re ened th rou gh 6 mm me sh  t o  remove pebb l e s  and int a ct 

root  s y s t e ms . Mo i s t u re l e ve l s  o f  e a ch comp o s i t e s o i l  we re 

dete rm in e d  at on e - t h i r d  bar ( fi e l d  c ap ac i ty)  and one b a r  

us ing a c e r ami c p re s s ure p l ate ( So i l  Mo i s ture , I nc . ) . 

F i gu re 6 shows so i l  mo i s ture at the two s i t e s  in 

rel at ion to s o i l  mo i s ture c on s t ant s. The sp ruce- fir  s i t e  

w a s  b elow f i e l d  c apa c i ty  fo r 1 0  o f  t h e  1 8  s amp l in g  da t e s , 

wh i l e  the b e e ch gap s i t e  was b e l ow thi s l eve l on l y  four 

t i me s. The spruce - fi r s i t e  was b e l ow the one bar tens i on 

l eve l e i gh t  t ime s , wh i l e  the b e e c h  g ap was b e l ow th i s  leve l 

on l y  once. From th e s e  d a t a  it i s  appa rent that the spruc e­

fi r s i t e  i s  p hy s i o l og i c a l l y  dr i e r  t han the b e e ch g ap s i t e . 

Moore ( 1 9 1 7 )  found d r i e r  c ond i t i ons  und e r  a spruce t re e  

th an i n  a djacent open hab i t ats and att r ibuted  the di ffer ­

ence  t o  c rown int e r c ep t i on o f  r ai n f a l l .  Wh i l e thi s may b e  

t rue  i n  t he p r e s ent ca s e , g reat e r  e vapot r an s p i r at ion o n  the 

more exp o s e d  r i dge  s it e  may be  o f  i mp o r t ance a l s o. Benecke  

and Mayer  ( 1 9 7 1 )  compare d s o i l  mo i s t ure  c ondi t ions unde r  a 

nat ive coppe r b e e ch ( F agus s i l vat i ca L . )  s t and and a n e a rby 

spruc e  plant a t ion [Pi c e a  ab i e s  ( L . )  K a rs t . ]  u s ing tens i o ­

me t e rs . They als o  found slight l y  d r i e r  cond i t ions  unde r  

the cor.iferous species. 
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F i gure 6. S o i l  mo i s ture as  p e rcent dry we i ght 
und e r  b e e ch g ap (--) and s p ruc e - f i r  ( - - - )  v e g e t a t ion 
for  1 976. The s o l i d  l in e s  repr e s ent mo i s ture t ens ion 
at 1 - b a r  and a t  fi e ld c a p a c i t y  ( F. C. ) . 
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S o i l  mo i s ture t end e d  to fo l l ow p r e c i p i t at ion t rends 

( F i gure 6 ) . The spr ing and fa l l  m in ima and summe r max imum 

in p re c i p i t at i on were a l s o  p ronoun c e d  in s o i l  mo i s ture 

me a s u r ement s .  The h i gh amount o f  annua l p r e c i p i t at ion i s  

r e f l e c t e d  i n  the  un i fo rmly h i gh s o i l  mo i s ture value s .  Even 

du r ing the  d r i e s t  month re c o rded in the l as t  nine ye ars 

(Ap r i l , 1 9 7 6 ) , s o i l  mo i s tur e  was we l l  ab ove the wi l t ing 

p o int. 

I I I .  TOX I N S I N  THE ENVI RONMENT 

I nh ib i t i o n  o f  Ge rminat ion 

From e a r l y  s p r in g  to l a t e  fa l l  of 1 9 7 6 , l i tte r , s o i l , 

and root s w e r e  s amp l e d  at t�o - we ek in t e rv a l s  from f ive 

random l o c at i ons in the b e ech g ap p l ot . S o i l  and root 

( 0 - 3  mm) samp l e s  were t aken from the  0 - 4 em z one. Al l 

s amp l e s  w e r e  s t o re d  in s e a l e d  p l as t ic b a gs  an d fro zen unt i l  

fu rthe r us e .  

The five random s amp l e s  o f  e a c h  frac t i on ( ro ot s , 

l i t t e r , s o i l )  at each s amp l ing dat e we r e  c o mbined . Samp l e s  

from four s amp l ing dat e s  i n  the mid d l e  o f  e ach o f  spr ing , 

s umme r , and fa l l  we re  c omb ine d t o  f o rm a c omp o s i t e  samp l e  

f o r  e a ch frac t i on from t he midd l e  o f  e ach s e a s on .  So i l  

p a rt i c l e s  w e re was hed o ff root s , and a l l  s amp l e s  were oven 

d r i e d  at 5 0 ° C fo r 4 8  hours . The l i t te r  fract i on was 

s c re ened thr ough 2 em me s h  to s ep a r a t e  the who l e  l e a f  frac ­

t i on from t h e  p ar t i a l ly decompos e d  o r  fragment e d  l i t t e r  
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fr act ion. R o o t s  an d the two l i t t e r  f r ac t ions we r e  ground 

th rough a 2 mm me sh W i l e y  mi l l  to a smal l f l ake c ons i s t ency. 

Each frac t ion was ext r a c t ed wi t h  ten  p a rt s  ( vo lume/we i gh t )  

d i s t i l l e d  wat e r  by b l end ing i n  a Waring b l ender  fo r two 

minu t e s , then fi l t e r i n g  thro ugh two thi ckne s s e s  of ��atman 

#3MM f i l t e r  pape r. Al l s o i l  ex t rac t s  were lyoph i l i z e d  t o  a 

p owder and t ak e n  up in one-fi fth t he in i t i a l vo lume. Th i s  

p roduc e d  1 2  s o lut i ons  r e p re s ent ing fou r  fract ions ( r o ot s , 

s o i l , fragmen t e d  l i t t e r , and wh o l e  l e a f  l i t t e r) from t he 

midd l e  o f  t h re e  s e as ons ( sp r ing , summe r ,  and fal l ) . 

T o  t e s t  fo r the p re s ence o f  p o s s ib l e ge rmination 

inhib i t o r s  in th e s e aque ous extrac t s , b i o a s s ays we re  pe r ­

fo rme d on sp ruc e s e ed g e rm inat i on. H i gh vi ab i l i ty red 

s p ruce s e e ds from N ew York S t a t e  ( c o l l e c t e d  at 6 0 0  rn) were 

us ed in a l l  a s s ays. A va r i at i on of Ch r i s t en s e n  and Mu l l e r ' s  

( 1 9 7 5 )  " g l as s  wo o l  b i o a s s ay" wa s found supe r i or t o  o t he r  

t e c hn i que s. Thre e 6 by 6 ern  g l a s s  woo l  s qua r e s  e ach 

approximat e ly 1 . 5 rnm th i ck were l a i d  in a g l a s s  pe t r i  p l at e. 

S ixte en p lump , d a rk sp ruce s e e ds were  l a i d  on top and 

c over e d  w i t h  one add i t i on a l  l ayer o f  g l as s  woo l.  Ten ml 

o f  the e x t r a c t  to b e  t e s t e d  we re p ip e t t e d  onto the g l a s s  

wo o l  ( s u f f i c i ent t o  s a tur a t e  i t ) . D i s t i l l e d  wat e r  was u s e d  

as a cont ro l in a l l  cas e s . Al l p l a t e s  we re incub a t e d  f o r  

1 5  days a t  2 5 °  C ,  t he t empe r at ure opt imum f o r  r e d  s p ru c e  

g e rm inat i on ( B a l dwin , 1 9 3 4 ) .  E ach p l a t e  w a s  che cked f o r  

p r o g re s s  o f  ge rm inat ion a t  2 4 - hour int e rva l s . 
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T ab l e I s hows the  r e s u l t s  o f  the ge rm inat i on b i o­

a s s ay s  a ft e r  9 and 1 5  days . B i o a s s ays aga in s t  r o o t  e x­

t ract s we re  not p e r fo rme d s inc e i t  was re as oned that the s e  

c omponent s wou l d  p r ob ab l y  n o t  c ome into c on t a c t  w i th sp ru c e  

s e e d s . A ft e r  9 days , s ign i fi cant inh ib it i on wa s d i s c ove r e d  

i n  t h e  summ e r  and fal l who l e  l e a f  l i t t e r  ext ract s and in 

the summ e r  fr agment e d  l i t t er e x t r a c t s .  No inh ib it i on was 

apparent a ft e r  1 5  days , ind i ca t i ng that ge rm ina t i on is on l y  

d e layed and n o t  supp re s s e d  ent i re ly b y  any o f  the s e  extra c t s . 

P e t e rs on ( 1 9 6 5 ) found s im i l ar ge rm in at i on d e l ay us ing e x ­

t ra c t s  o f  K a l m i a  angus t i fo l i a  w i t h  b l ack sp ruce ( P i c e a  

mar i ana)  s e e d . 

T o x i c ity und e r  N a t ura l Cond i t i o n s  

The r e s u l t s  of  the s p ruc e s e e d  g e rm inat i on b i oa s s ay s  

sugg e s t e d  t h a t  s e eds  ove r - wint e r i n g  in t h e  part i a l ly d e­

c ompo s e d  l i t t e r  l aye r ( 0 2  ho r i z on) m i gh t  b e  exp o s e d  t o  

t ox ins  l e a ch ing out o f  f r e s h l y  fal l en l e ave s . I n  orde r t o  

t e s t  t h i s  hyp othe s i s , a n  exper iment was  d e s igne d wh i ch woul d 

a c c ount for a s  many fac t or s  a s  p o s s ib l e  wh i l e  m a inta ining 

cond i t ions app ro ach ing t ho s e in the f i e ld . 

I n  e ar l y  s p r ing o f  1 9 7 7 , 2 0  s o i l  c o r e s  5 em in 

d iame t er and 1 0  em de ep we re  t ak en at regul a r  spat i a l  

int e r va l s  from b o th t h e  b e ech gap and s p ruce - f i r  p l ot s . 

L i tte r wa s removed from the b e e c h  gap c or e s  and r e p l a c e d  

w i t h  l i t t e r  c o l l e c t e d  f r om the p r e v i ou s  fa l l . The who l e  

l e a f  l i t t e r  was  cut int o 2-3 e m  s quares  s o  that wat e r  



TAB LE I 

B I OAS SAYS O F  RE D SPRUCE GE RMI NATION , EXPRE S SED 
AS PERCENT OF CONTROL 

S e a s on o f  No . o f  Who l e  L e a f  F r a gmen t e d  
Co l l e ct i on D ays L i t t e r L i tt e r  

S p r in g  9 7 6 . 0  7 6 . 0  
1 5  9 6 . 4  9 5 . 2  

Summe r 9 4 2 . oa 6 2 . ob 
1 5  8 8 . 0  8 5 . 7  

Fal l 9 6o . ob 8 6 . 0  
1 5  9 2 . 9  9 1 . 7  

aD i ffe ren c e  at . 0 1 l e ve l , us ing Dunc an's new 
mul t ip l e  range t e s t . 

bD i fference at .OS l e ve l . 

2 6  

S o i l  

8 6 . 0  
9 7 . 6  

8 4 . 0 
9 0 . 5  

6 8 . 0  
9 4 . 0  
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woul d not  b e  d i ve rt ed t o  the s i d e  o f  the c o re s . Al l c o r e s  

we re enc a s e d  in he at - shr inkab l e  PVC ( Galb re ath , I nc . )  w i t h  

a s c re en und e r  t he b o t t om ,  a ft e r  �he method o f  Van Hook 

et a l . (1 9 7 4 )  and Ausmus and O ' Ne i l l  (1 9 7 7 ) .  T en red s p ruc e 

s e e d s  from New York we re p l aced in e a ch core : in the b e ech 

gap cores  they we re p l ac e d  in  t he fragmen t e d  l i t t e r  l aye r 

( 0 2 ) , wh i l e in the s p ruc e - f ir  c o r e s they were  pre ssed d own 

into  the fr e s h l y  fa l l en n e e d l e s ,  flush w i t h  the top  o f  the  

c o re. The c o re s  we re c overed and p l a c ed in t he c o ld room 

at a tempe rature of 5 °  C for 4 5  days. The c o re s were 

wat e r e d  l i ght l y  eve ry three  d ay s  t o  k e e p  them uni fo rm l y  we t .  

They we re sub s e quen t l y  removed t o  room t empe ratu re fo r s even 

days , a ft e r  wh i c h  g e rmina t i on was t abul at ed. 

A s i gn i fi cant reduc t ion in g e rm inat ion o f  1 5 . 4 % was 

found in the b e e ch gap c o r e s  ( T ab l e I I ) . S in c e  t empe ratur e 

an d mo i s t ure c ond i t i ons  we r e  un i fo rm ,  i t  s e ems l i k e l y  that  

t ox ins l e aching from t he wh o le l e a f  l i t t e r  l aye r are re ­

s pons ib l e  for t h i s  r educ t i on .  Under natur a l  c ond i t i ons , 

s p ruce s e e d  may l i e d o rmant in t h i s  l i t t e r  l aye r for up t o  

7 months b e fore  g e rminat ing (Murphy , 1 9 1 7; B a l dw in , 1 9 3 4; 

p e rs on a l  ob s e rvat ion) . E x t ende d e xp o s ure t o  c ond i t i ons  o f  

l ow t oxi c i t y , perhaps int e ract ing w i th other  s t re s s e s  

du ring t h e  wint e r  month s , may c au s e  much h i gh e r  mo rt a l i t y  

r a t e s  than we re ob s e rv e d  i n  th i s  re l a t ive ly short - t e rm 

expe r iment . 



TAB LE I I 

AVERAGE Nill-ffiE R OF  GERM I NAT I N G  SEEDS IN SO I L  CORES 
AFT E R  ART I FICI AL OVE R - W I NT E R I N G  TRE ATMENT 

Source o f  
S o i l  Core s 

Sp ruce - fi r  

Be ech gap 

Ave rage Germinat i on in E ach So i l  
Co re ! 1 S t andard Devi at ion 

8 . 1 0  + 1. 4 6  

6. 8 5  + 1 . 4sa 

aD i ffe r enc e a t  . 0 5 l e ve l , us ing Stud ent's t - t e s t. 

2 8  
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E ffects on Rad i c l e  E l ongat i on 

T o  dete rm ine i f  g r owth inh ib iting tox ins were p re sent 

in b e ech g ap c omponent s , a s e r i e s  o f  gr owth b i o as s ays wa s 

i n i t i at e d  u s ing the 1 2  e xtr acts d e s c r ib e d  p r ev i ous ly . Four 

6 b y  2 5  em s t r i p s  of app roximate l y  1.5 mm th i ck g l as s  wo o l  

we re  r o l l e d into a cyl inder and p l ac ed in a p l a s tic vi al  7 

em  deep and 4 em in d i ame te r. E i ght p re-g erminated New York 

r e d  sp ruce s e eds we re imb e dded in the top o f  the g l a s s  wool 

cyl ind e r s. T h i rty-five ml  o f  s o lution we r e  p ip etted onto 

th e g l a s s woo l which s aturated it down to the b ottom of th e 

v i al . F ive  v i a l s  ( 4 0  s e e d s )  o f  e ach extr act w e r e  incub ated 

at 2 5 °  C fo r 7 days. Pre l iminary te sts ind i cated that th i s  

p ro c e dure was supe r i o r  t o  othe r s  using sand , fi lter pap e r ,  

o r  p e r l ite fo r s p ruc e rad ic l e  g rowth rate and un i fo rmity. 

Ten o f  the 1 2  extr a cts s i gn i f i c ant l y-inh ib ited 

rad i c l e  e l on g at i on ( F i gu re 7 ) .  Al l fract i on s  e xc ept s o i l  

w e r e  mo st i n h ib itory dur ing the summe r .  The greatest 

inh i b ition  wa s s e en in summe r fra gmente d  l i tte r , wh i l e  fa l l  

fragment e d  l itte r was comp lete ly nontox ic. F a l l  s o i l ex­

t racts and fa l l  wh o l e  l e a f  l itte r extracts al s o  we re ve ry 

inh ib i t o ry .  Winte r and Bub l it z  ( 1 9 5 3 )  found that de ad 

Janua ry l e aves o f  coppe r  b e ech ( F agus s i lvat i ca L. ) wh i ch 

o ve r-winte r e d  on the t re e  inh ib ited growth wh i l e  tho s e  

wh ich o ve r-w int e r ed on t he ground d i d  not . Th is  i s  s im i l ar 

to the p r e s ent s ituat i on in wh ich fa l l  who l e  l e a f  l i t t e r  i s  

ve ry inh ib i t o ry wh i l e  spr ing who l e  l e a f  l i t t e r  i s  non-t oxic. 
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Figu re 7 .  Reduct ion o f  r ad i c l e  e l ongat i on in 
va r i ous e x t r ac t s. D i s t i l l e d  wat er was used as the c ont ro l 
s o l ut i on. Sp r ing (�::::::) , S umme r ( ��), and Fall ( ). 
As t e r i s k s  r e p re s ent s ign ifi c ance  at  t h e  .OS (*) and . 0 1 
(**) l eve l (Dunc an's new mu l t ip l e range t e s t). 



I n  t h e  ear l y  summ e r  o f  1 9 7 7, l i t t e r  w a s  c o l l e c t e d  

from unde r  t he b e ech g ap and p r oc e s s e d  as  d e s c r i b e d  

previous l y. B io a s s ays aga ins t rad i c l e e l on g at i on a g a i n  

showe d inh ib i t i o n  a t  a s i gn i fi cant l e v e l , a l though t o  a 

l e s s e r  d e g ree . 

Po s s ib l e  I nh ib i t o r s  

3 1  

S e ve r a l  autho r s  have exam ined  t h e  chemi s t ry o f  b ot h  

l i t t er and l iv in g  l e ave s o f  t h e  Eu ropean c oppe r b e ech 

( Fagu s  s i lvat i ca L. ) .  T i s sut ( 1 9 6 7 , 1 9 6 8 )  found t hat l iv ing 

l e ave s  o f  c oppe r b e e c h  cont a ine d c a f fe i c and c h l o r o g en i c  

a c i d  and t h e  f l avano i d  a g l ycones  que r c i t i n  and kaemp f e ro l 

in add i t i on t o  s e ve ra l g l yc o s i d e s  o f  t he s e  comp ounds.  

Rob inson and Smith ( 1 9 5 5 )  rep o r t e d  the  p r e s ence  of  cyan i d i n -

3 - g a l ac t o s i d e  i n  l i v in g  l e ave s. Bo que l e t  a l .  ( 1 9 7 0 )  found 

p - hyd roxyb en z o i c  ac i d ,  van i l l i c ac id , and p-c o umaric  ac i d  in 

c oppe r b e ec h  l i t t e r  in ad d i t io n  to s ev e r a l  othe r c arb oxy l i c  

ac ids.  Wint e r  ( 1 9 6 1 )  i n d i c a t e d  that c opp e r  b e e ch l i t t e r  

c on t a ins fe rul i c  ac i d  in add i t i on t o  t h e  t hre e pheno l i c  

ac i d s  repo rt e d  b y  Boque l e t  al . ( 1 9 7 0 ) .  Un f o r t unate ly , 

l i t t l e  work h a s  b e en r ep o rt e d  on the s e c ondary p l ant 

chemi s t ry o f  the Ame r i c an b e e c h  (Fagus gr and i fo l i a ) .  

I n  an a t t emp t  t o  id ent i fy p o t e nt i a l  inh ib i t o r s , an 

aque ous ext ract o f  fal l wh o l e  l e a f  l i t t e r  wa s lyophi l i z ed 

t o  a p owder and t aken up in me thano l. Two - d imens i onal  p a p e r  

chroma t o g r ap hy o f  the  m e t hanol s o l ub l e  p o r t i on o f  the ex ­

t ract reve a l ed s even c ompounds. Due t o  p o o r  s ep a rat i on o f  



t h e s e  comp ounds in s e ve ral s o lvent system s , e l ut i on and 

s p e c t rop ho t ome t r i c  d e t e rminat i ons we re not at temp t e d. 

I ns t ead , t h e  ext ract  and kn own s t and ards o f  fe ru l i c , 

van i l l i c , p-hyd ro xyb enzo i c , and p-c oumar i c  a c i d s  were 

ch romat o gr ap h e d  in two d i mens ions . S o l vent s ys t ems �e re 

i s opropano l-ammon i a -wat e r  ( 2 0 0 : 1 0 : 2 0 )  and 6%  a c et i c  a c i d. 

S p r aying w i t h  d i azot ized p-n i t ro an i l ine and s o d i um c a r­

b onate ( Rib e re au-Gayon , 1 9 7 2 )  ind i ca t ed the  p r e s e nce o f  

a l l  four o f  the s e  s imp l e  pheno l i c  a c i d s . The aut hor  

s t re s s e s  t hat the se re s u l t s  are not conc l us ive w i thout 

fur the r s p e c t ropho t ome t ri c  and ch r omato graph i c  wo rk . 

The s e  c omp ounds and o the r s i mp l e  pheno l s  h ave b e e n  

s hown t o  b e  inhib i t o rs o f  ge rm inat i on and growth in t o o  

many cas e s  t o  enume rat e. Fo r a mo re c omp l e t e  d i s cus s i on ,  
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the  re ade r i s  urged  t o  c onsu l t  R i c e  ( 1 9 7 4 ) . Al l a re c ommon 

in the p l ant wor l d ,  b e ing p r oduc e d  dur ing the synthe s i s and 

d e c omp o s i t i o n  o f  l i gn in (Ch r i s tensen and Mu l l e r , 1 9 7 5; 

Rob ins on , 1 9 6 7; Pear l , 1 9 6 7 ) . I n c re a s e d  l i gn in decomp o s i t i on 

dur i n g  the warm summe r mon ths m ay render  l arge  qu ant i t i e s  o f  

the s e  and o the r s imp l e  pheno l s .  Th i s  may a c c o unt for the  

inc r e a s e d  t ox i c ity  ob s e rve d  in s umme r ext r a c t s .  



CHAPTER I V  

GERMI NAT I ON A�D ESTAB L ISHMENT 

T o  t e s t  the e ffe c t s  o f  s oi l , l i t t e r ,  and m i c ro c limate  

und e r  the two  c anopy type s on s p ruce g e rminat i on and e s t ab ­

l i s hment , g rowth chamb e r  e xp e r iment s were  c o nduc ted us ing 

s o i l  t e mpe ra t ure dat a gathe red the s e a s on b e fo r e . F i e l d  

exper iment s w e re pe r fo rmed t o  as s e s s  the suc c e s s o f  e s tab ­

l i shment in the b e e ch gap w i th known s e ed add i t i ons und e r  

natural cond i t ions . 

Ge rm inat i on in Programme d Env i r onment Chamb e r s  

One hund red 5 em d i ame t e r  b y  1 0  e m  deep s o i l co res  

we re t aken from unde r  e ach c anopy at r e gu l a r  spa t i al int e r ­

val s  in e a r l y  s p r in g  and were  sub s e quen t l y  random i z ed. Al l 

co re s  were enc a s ed in he at - sh run ken PVC a f t e r  t he me thod o f  

Van Hook e t  al.  ( 1 9 7 4 ) . Due t o  d i s turb anc e , the l i t t e r  

l ayer  was removed and r e p l a c ed wit h  lit t e r  c o l l e c t ed ne a rb y. 

Who l e  l e av e s  we re  c ut int o  2 - 3  em s quar e s  t o  p revent the 

d iv e rs ion o f  water to the s i de o f  the c o r e s . F ive s t rat i f i e d  

r e d  s p ru c e  s e ed s  (N ew York s ou r c e )  we r e  p l ac e d  near the 

c en t e r  of e ach c o re. In the be e ch gap c o re s , the s e e d s  

we re p l aced  i n  t he 0 2  l it t e r  l aye r , wh i le i n  the s p ruc e - fi r  

c o re s , they we re push e d  d own i n t o  the fre s h l y  fa l l en ne e d l e s .  

Twenty co r e s  e ach from sp ruc e - fi r  and b e ech gap 

ho r i z ons w e r e  p l ac ed in a 2 0  em d e e p  wo oden b ox and 
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surround e d  w i t h  c o a r s e  s and. Two such boxes , e ach con ­

t a in ing 4 0  c o r e s , were  p l ac e d  in p ro g ramme d  e nvi ronment 

ch amb e rs . One chamb e r  wa s p r o g ra mme d t o  s imu l at e  s o i l 

t e mp e r at ure at 2 ern in t he be e c h  gap , wh i l e  the othe r  

m im i cked t h o s e  in the s p ruc e - fi r  ( F i gu re 5 ,  page 1 9 ) . 

R e l at ive hum i d i t y  wa s m a int a ine d i n  b o th g rowth chamb e r s  
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at  6 0% , t h e  max imum a t t ainab l e und e r  t ho s e  t empe ratu re 

c on d i t ions in av ai l ab l e  g rowth chamb e r s .  Comp ar i s on o f  

l i ght inten s i t i e s  i n  the pho t o s ynthe t ic wav e l engths in the 

fie ld and g rowth chamb e rs reve a l e d  that the max imum a t ta in ­

ab l e  l i ght ing in the p r o g ra mme d envi ronment chamb e r s  was 

b e tween fu l l  and part i a l  shading in t he spruc e - fi r  

F o r  t h e  f i r s t  2 0  d ays , e a c h  c o r e  w a s  spr aye d w i t h  

t h e  equiva l ent o f  1 ern o f  ra infa l l  every f i ft h  day us ing 

d i s t i l l e d  w a t e r . Sub s e quent ly t h i s  wa s incre a s e d  t o  2 ern, 

c o r re spond i n g  t o  the summe r max imum in rainfa l l. Analys i s  

o f  ra in f a l l d a t a  ove r the pas t 1 0  ye a r s  f o r  Ap ri l and Ju l y  

reve a l e d  ave rag e p e r i ods b e tween r a i n fa l l s  o f  6 rnrn o r  more 

to be 3.87 and 3.84 days , r e s pect i ve l y. Becaus e of t h i s , 

wate ring ev e ry f i fth day wa s d e eme d appro p r i at e  throughout 

the cour s e  o f  the exper iment . 

The  e xp e r iment l a s t e d  for a p e r i o d  o f  7 0  days , 

mimicking  t empe rature c ond i t i ons from m i d-Ap r i l t o  the end 

of Augus t , a p e r i o d  o f  1 4 0  days . E s t ab l i shment was r e g a rd e d  

a s  c omp l e t e  when t he s e ed c o at w a s  s h e d  f rom t he c ot y l e dons 

and t he s e e d l ing was above the l i t t e r  l aye r. Fi gure 8 
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F i gure 8. Cumul ative g e rminat i on ( p e r c ent) in 
g rowth chamb e r s . 

S F  = S p r uce - fi r  m i c r o c l imate . 
BG  = B ee ch gap m i c ro c l im ate . 
( S )  = Sp ruce - f i r  s o i l  co r e s . 
( B )  = Beech  g ap s o i l  c o re s . 
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i l l u s t rat e s  the c our se o f  cumu l at i ve g e rminat i on over the 

l e ng th o f  the e xpe r iment . Th e shape and l oc a t i on of the  

curves sugge s t s  a 1 0- 2 0 day d e l ay and l e s s  ove ral l e s t ab­

l i s hment in the b e e ch gap s o i l  t empe rature r e g ime . Ana l ys i s  

o f  var i an c e  r e ve al e d  s i gni fi cant m i c r o c l imat i c  e ffect s b y  

t h e  end o f  t h e  e xp e r iment . The s e  e ff ec t s  may b e  due t o  

much g r e a t e r  d i u rnal var i at ion in t he b e ech g ap re g ime 

dur ing the f i r s t  25 days o f  the e xperim ent . 

T ab l e  I I I shows the fat e o f  mo s t  o f  the s e e d s  in the  

e xpe r iment . Many o f  the r e cove r e d  s e e ds g e rminat e d  r e ad i ly 

on mo i s t  g l a s s  woo l at r o om tempe rature , ind i c a t i ng t h at 

they we r e  s t i l l  vi ab l e .  

Murphy ( 1 9 1 7) and Moo r e  ( 1 9 3 3 )  hyp o t h e s ized that 

red  s p ru c e  s e e d s  may have d i f fi cul ty  r e ach ing t he mo i s t  

min e r a l  s o i l  when germinat in g i n  h ardwood l i t t e r .  Prov i d e d  

that the s e e ds reach t he 0 2  l i t t e r  l aye r ,  t h e  r e s u l t s  o f  

t h i s  expe r i ment su gge s t  that the i r  hyp othe s i s  may b e  

unfounded fo r t he p r e s ent cond i t i ons o f  l i t t e r  thi ckne s s  

and t ype . 

S e e d l ing Grow th in Pro gramme d En vi ronment Chamb e r s  

A t h i rd b ox c on t a in i ng 2 0  s o i l  c or e s  f r om e ach v e g e t a ­

t i on type was p l aced  in t he " s p r uc e - fi r" chamb e r  a ft e r  t h e  

20 t h  d a y  o f  t h e  germinat i on expe r iment , j us t  as s e e ds we re 

b e g i nn in g  to g e rminate. At t h i s  t ime , temp e r at ure  cond i­

t i ons in  the two envi ronment chamb e rs were  b e g inning to  



TABLE I I I  

FATE OF  SEEDS I N  GROWTH CHAMBER GERM I NAT I ON 
EXPERI��NT (NO. OF SEEDS OUT OF  1 0 0 )  

Microclimate 
Soil Origin 

Struce - Fir 
Spruce--lr �eecn Gap 

Beech GaE 
Spruce - r1r �eecn 

Total seeds 59 a 49a 39 32 
genninated and 
established 

Germinated, 0 0 0 0 
immature 

Genninated, dead 8 2 5 3 
radicle 

Gap 

Seeds recovered/ 22/13  36/ 27 53/41 49/40 
genninated on 
glass woolb 

asignificant microclimatic effects at the .OS level , using 
analysis of variance . 

bNumber of nongerminated seeds recovered at the end of the 
experiment/total germinated on glass wool squares at room tempera­
ture . 
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c onve rge ( F i gure 5 ,  p a g e  1 9 ) . One p r e - ge rmina t e d  s p ru c e  

s e e d  w i t h  a r ad i c l e  b e t�e en 1 a n d  3 rnrn in l ength was 

p l ac ed in the  middle  of e ach c o r e .  S e ed l ings were grown 

for 7 5  days , w i t h  t empe rature cond i t i ons  fo r the l a s t  2 5  

d ays conforming t o  those  o f  l a t e s umme r .  Eme r g ing he rb s 

w e r e  c l i pp e d  a t  the s o i l  s ur fac e t o  re duc e comp e t i t ive 

e ffect s .  

3 8  

S e e d l ings w e r e  remove d i nt a c t  and d e s i c c a t e d  fo r 4 8  

hours a t  r o om t e mpe r ature be fo r e  we i g h ing . N o  s i gn i f i cant 

d i f fe ren c e s  w e r e  fo und due t o  s o i l  s ource b etwe en e i t he r  

r o o t  o r  shoot  we i ght s us ing the S tud ent ' s  t - t e s t  (Tab l e  I V) . 

Toward t h e  end o f  t he e xpe r imen t , i t  appe ared t hat sh oot 

g rowth in t he s p ruc e - fi r  s o i l  c o re s was g r e a t e r than in the 

b e e ch g ap c o r e s . Th is  exp e r iment b e ars  repe at ing un der  b o th 

g rowt h chamb e r  and fie l d  cond i t i ons t h rough at l e a s t  t h e  

f a l l months. Th i s  wou l d  t e s t  t h e  p o s s i b i l i t y t h a t  fal l  

s o i l  t ox ins may affe ct g rowth as  demons t r at e d  in the b i o ­

a s s ay se r i e s  ( F i gur e 7 ,  p age  3 0 ) . 

S e e d l ings in the f i e l d  usu a l l y  p aus e in the i r  e l onga­

t i on afte r f o rming c o t y l e dons and s eve ral add i t i onal  ne e d l e s  

( E dwa rd E .  C. Cleb s c h  and t he auth o r ,  pe r s onal ob s e rvat i o n s ) . 

Moo re ( 1 9 1 7 )  found in southe rn Maine  t hat g rowth had s l owe d 

by  Ju ly 1 0  and w int e r  bud s  h ad forme d by Au gu st  1 0 . H ow ­

eve r ,  i f  a warm per iod ensue d ,  a s e cond g rowth p e r i od 

s t art ed . Growth chamb e r  s e edl i n g s  w e r e  dec i de d l y  more  

robus t than fi e ld s e e d l ings , o ften fo rm ing 40  o r  more  

nee dl e s  in  7 5  days o f  g rowth . 



TAB LE I V  

GROWTH CHANBER S P RUCE SEED L I NG GROKTH AS 
AFFECTED BY SOI L S OURCE 

S e e d l ing G rowth 

Me an root 
we i ght ( g ) 
! 1 S. D. 

Me an shoot 
we i ght ( g )  
"! 1 S . D. 

Spruce - F i r  C o r e s  

0 . 0 1 2  � . 0 0 4  

0. 089 + . 0 3 5  

Beech Gap Co re s 

0.014 ! . 0 0 6  

0 . 074 + . 0 4 0  
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E stab lish�ent in Spring Fie l d  C o r e s  

Two s oi l  c o r e  b oxe s , e a ch c ontaining 2 0  sp ruc e-fir 

and b e e ch g ap c o r e s , we r e  p l a c e d  in the fie l d  on May 2 ,  

1 9 7 7 .  One b ox was p l a c e d  near  the c ente r o f  the b e ech g ap 

p l ot ,  whi l e  the othe r wa s p l a c e d  ne a r  the mid d l e  of  the 

s pruc e-fi r  p l ot .  Both b o xe s we re  c ov e re d  with 6 mm m e s h  

s c re e n  t o  p r e vent disturb anc e . He rb a c eous growth w a s  n ot 

r e move d  du rin g the cour s e  o f  the e xpe riment. Th e c o r e s  

we re re move d o n  July 1 5  and ge rmination and initia l  growth 

we r e  as s e s s e d .  Germinatio n was consid e r e d  c omp l ete wh en 

the s e e d  c oat w a s  shed  from the c oty l e dons. 

Analys is o f  variance re ve a l e d  signi fic ant e ffects 

due to s oil o rigin on g e rmin ation. Howev e r ,  c l o s e  examin a ­

tion o f  Tab l e  V wil l  reve a l  th at the s e  r e s u lts may b e  

spurious. Sp ruc e-fir c o re s  in the s p ruc e - fir micro climate 

c ontaine d 1 2  s e e ds whic h g e rminat e d  b ut fai l e d  to make the 

maturation cut o f f. Spruc e - fir c o r e s  unde r the b e ech gap 

had approximate l y  2 0  mo r e  s e e d s  which could  not b e  ac counted 

fo r than did the othe r tre atment s . 

S e ed lin g s  grown in the s p ruc e - fir mic r o c l imate h ad 

signi fic ant l y  l onge r radic l e s than tho s e  grown un der the 

be ech canopy. De fo liation o f  F r a s e r  fir , a l l owin g mo r e  

mid - day radiation t o  the s p ruce - fi r  fo re st f l o o r , may h ave 

c aus e d  this diffe rence .  I t  is a l s o  p o s sib l e that sp ring 

di f fe renc e s  in d iurnal  temper ature variation may have 

de l aye d b e e ch g ap ge rmination , r e s u lting in s ho rte r r adic l e s . 



TABLE V 

SEED  FATE I N  F I E LD GE RMI NAT I ON CORE S 

Microcl imate S�ruce-Fir Beech Ga.E 
Soil Origin Spruce --ir Eeecn Gap Spruce -�ir Eeech Gap 

No. of seeds 100 100 100 100 
planted 

Total germinated 57  na 51 69 a 

No. surviving 40 54 41 52 

No. killed by 1 7  1 7  10  17 
damping-off 

No. germinated 8 2 4 3 
but imnature 

Genninated , dead 4 0 0 0 
radicle 

Seeds recovered/
b 

8/2 2/0  2/0 5/0 
no. germinated 

No. accotmted for 7 7  75  57  77  

Mean radicle 28. 2 3  28. 15c 21. 63 20. 3SC 
length of 
surviving 
seedlings 

asignificant rnicroclimatic effects at . OS level (analysis of 
variance) . 

bPlaced on rooist glass wool squares at room temperature. 

CNumbers not connected by underline are significantly dif­
ferent at . OS level (Duncan ' s  new multiple range test). 
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The f i rs t  e xp lanat i on i s  the  more l ik e ly .  Th e o p e n ing o f  

the  cano p y  i n  t he spruc e - f i r  fo r e s t  inc re a s e d  d i u rnal 

var i a t i on t h e r e  a l s o , and t he late start ing date (May 2 )  

o n l y  al lowed  two we e k s  b e fo re c anopy c l o s ure  i n  the b e ech 

gap . 
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O f  p ar t i cu l ar int e r e s t  i s  the numb e r  o f  s e edl i n g s  

k i l l e d  b y  damp ing . Pre sumab ly o f  fun gal  o r i g i n , th i s  

s ourc e o f  s e ed l ing  mor t al ity i s  p romo t e d  by  h i gh a i r  

humi d i t y  a ro und the ae r ial por t i on o f  the s e e d l ing 

( Daub enm i r e , 1 9 5 9 ) . H i gh hum i d ity a ro und t he h ardwo od  

l i t t e r  may inc r e as e  morta l i ty due  to  damp in g - o ff ,  a l thou gh 

t h i s  was n o t  d i s cern ib l e  in the exp e r i ment . Mo o r e  ( 1 9 1 7 ) , 

howeve r , not i c e d  that red s pruce s e e d  g e rminat ing in we l l  

w at e r e d  p l o t s  suffe r e d  much l e s s  f r om damp in g - o f f  than 

th o s e  in d r i e r  humus . 

Mort al ity in F a l l F i e l d  Pl o t s  

R e d  sp ruce  s e e d s  mi ght germinate s o on a ft e r  s e e d  

d i spe rs a l  i n  l a t e  f a l l (Murphy , 1 9 1 7 ) . T o  dete rmine i f  

b e e ch gap mi c ro c l imate a l l ows fa l l  ge rminat i on w ith s ub s e­

quent h i gh w i nter morta l i t y , a s e r i e s  o f  s e e d  p l o t s  wa s 

e s t ab l i sh e d . On Novemb e r  1 ,  1 9 7 6 , fou r 1 / 2  m s quare p l o t s  

we r e  e s t ab l i sh e d  ne ar t h e  m id d l e  o f  t h e  b e ech gap . T re at ­

ments we re a s  fo l l ows : 

1.  Re c o gn i z ab l e  l i tte r  remove d ,  6 mm me s h  s c reen 

e x c l o sure , 5 0 0  s p ru c e  s e e d  adde d . 
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2 .  L i t t e r  l e ft int ac t , 6 rnrn me sh s creen ex c l o s ure , 

5 0 0  s p ruce s e ed add ed . 

3 .  F i ve e rn  d e ep s qua re o f  int a c t  s p ruc e - fi r  s ub ­

s t r a t e  l a i d  i n t o  excava t e d  h o l e , 6 rnrn me sh 

s c re en exc l os ure , 5 0 0  spruce s e e d  ad de d .  

4. Re c o gn i z ab l e  l i t t e r  remove d from hal f the p l o t , 

no exc l o s ure , no s e ed s  adde d . 

One p l o t  was a l s o  e s t ab l i she d in the sp ruce - fi r  w i t h  t he 

l i t t e r  l e ft int act , no exc l o sure , and 5 0 0  s e e d s  added . 

The da t e  t he s e  p l o t s  �e r e  e s t ab l i sh e d  p r e ce ded b y  1 0  

days the f i r s t  s e ed fa l l  found i n  fa l l  s e e d  c o l l e cto rs . 

Se e ds we re ext r a c t e d  from fa l l en immature cones co l l e c t ed 

1 k i l ome t e r  from the r e s e a rch s i t e . C one s w e r e  o p ene d b y  

heat ing for  2 4  h ours a t  3 8 °  C ( S a f fo r d , 1 9 7 4 ) . S e e ds were  

removed from the cone s in a shake r ,  and de -winged  wh i l e  

mo i s t  b y  s t i rr ing w i th a p l a s t i c  s c rape r ( S a f fo rd ,  1 9 7 4 ) .  

V i ab i l i t y  in the s e  s e eds  was l ow , rang ing from 1 0 - 2 0% 

depending on s e e d  l o t . I t  i s  not known whe the r t h i s  was a 

re su l t  o f  the imma ture cone s ee d  s ou r c e  o r  the me thod o f  

ext ract i on .  

A l l  four p l o t s  we r e  ob s e rve d  c l o s e ly t hrough the 

fal l o f  1 9 7 6 . N o  spruc e  ge rminat i on was apparent in any o f  

them . Any hyp othe s e s  re g ard ing p r e mat ure fa l l  ge rm inat i on 

in t he be e c h  gap appe ar to be untenab l e .  

Dur in g  the w in t e r  o f  1 9 7 7 ,  a f i r  t re e  fe l l  ont o  and 

d i s rupt e d  the p l o t  mainta ine d  un d e r  the s p ruce - fi r  canopy. 



The othe r p l o t s ,  howe ve r ,  rema ine d ava i l ab l e  fo r ana l y s i s  

t he fo l l owing  summe r .  Th e se p l o t s  w e r e  ob s e rved once in 

June and w e re s c r ap e d  c l e an an d c a r e fu l ly s o r t e d  thro ug h 

in m i d-Jul y .  

Ge rm inat i on wa s g re a t e r  on the b ee ch gap mine r al  

s o i l  c l e ar e d  of  l i t t e r  ( T ab l e  VI) . A numb e r  of  inve s t i ­

ga t o rs  h ave n o t i c ed t h i s  s ame e f fe c t  wi th r e d  sp ruce s e e d  
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on var ious type s o f  m ine r a l  so i l  (Moo re , 1 9 2 6; We s tve l d ,  

1 9 2 6 , 1 9 3 0; B a l dwin , 1 9 3 4; Gr i f fi n , 1 9 6 5 ) .  The p o o r  ab i l i t y  

o f  re d sp r uc e  t o  be come e s t ab l i s h e d  i n  hardwood l i t t e r  i s  

a l s o  we l l  known ( P inchot , 1 8 9 8 ;  Murphy , 1 9 1 7; Moo re , 1 9 1 7 ; 

B a l dwin , 1 9 3 4 ) .  A mat o f  hardwoo d l e aves under t he s e e d  

may p r e vent emer ging r a d ic l e s  fr om re aching mo i s t  mine r a l  

s o i l  (Murphy , 1 9 1 7; Moore , 1 9 2 6 ) .  Once ge rminat e d , a 

s e e d l ing may not b e  ab l e  t o  r e a ch t he s ur fac e o f  t he l i t t e r  

(Moore , 1 9 1 7 ) , o r  i t  may b e come s us cept ib l e  t o  m i c rob i a l  

att ack ( �ru rphy , 1 9 1 7 ) . Three o f  t he f ive eme rgent s e e dl i n gs 

vi s ib l e  in t he int act l i t t e r  in June were not s e en i n  Ju l y .  

Although the s e  s e e d l i n g s  had a l r eady made i t  up thr ough the  

l i t t e r , they may have suffered from damp ing - o f f ,  or  e l s e  

d owns l o p e  l i t t e r movement may h ave s mothe r e d  them . Four o f  

the  five s e e d l ings  s e e n i n  Jun e  we r e  i n  the upp e r  t h i r d  o f  

the 1 / 2 m s quare p l o t  whe re l i t t e r  movement had th inn e d  the  

who l e  l e a f  l i t t e r  cons i d e r ab l y .  

It i s  doub t ful  t h at an inab i l i ty t o  g r ow up t h r ough 

t he l i t t e r  l aye r is t he pr ime c au s e  o f  s e ed l ing mor t al i t y . 



TAB LE V I  

S E E D  FATE I N  OVE R - W I NTERE D  GE RM I NAT I ON P LOTS 

Spruce Soil Beech Soil Beech Soil 
Seed Fate Litter Intact Litter Rerroved Litter Intact 

No. seeds planted 500  500  500 

No. genninated,  3 2 0 - 2 5  sa 
6/1/77 estimate 

No . genninated, 4 17  2 
7/15/77 

Whole seeds 168 100 43 
recovered 

Empty or damaged 7 2  39 81 
seeds recovered 

Empty or damaged 30% 28% 65% 
seeds as percent of 
total recovered 

No . of whole seeds 0 0 0 
germinated on glass 
wool squares at 
room temperature 

aFour of the five were in the upper third of the plot where 
downslope movement had considerably thinned the litter. 
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Sp ru c e  s e ed l ings  are c ap ab l e  o f  e p i g e a l  gro�th ( S af fo r d , 

1 9 7 4 ) , a l l ow i n g  them t o  g r ow u p  t h r ough 3 - 5  em o f  l i t t e r  

b y  e l ongat ion o f  the hyp o c o tyl ( pe rs onal  ob s e rvat i on) . 

Spruce s e e d l in g s  are unab l e  t o  g r ow up throu gh the l i t t e r  

l ay e r  on l y  i f  i t  is  ex c e e d in g l y  t h i ck o r  ma t t ed do�� into 

many imp e n e t rab l e  l aye rs . Cayfo rd and Wal dron ( 1 9 6 2 )  
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found that  wh i t e  sp ruce (Pic e a  gl auc a Moench) woul d readi ly 

grow up t h ro ugh s ix l aye rs  of a s p en l e ave s .  

An a l ys i s  of recove r e d  s e e d s  reve a l e d  that a l a r g e r  

frac t i on o f  tho s e  ove r - w int e r e d  under  int act b e e ch l i t t e r  

were emp t y  than in t he o ther two t re a t ment s . Mo s t  o f  the s e  

s e e d s  h ad s uf fe re d  an ima l depredat i on , with a l a r g e  r a g g e d  

h o l e  in o n e  s i de o f  t h e  s e ed. I t  i s  unkno�n �he ther th i s  

repre sent s eme r g ing in s ec t  l arvae o r  fo rag ing. �no l e  s e e d s  

w e r e  r e c ov e r e d  fr om a l l  three p l o t s . At t e mp t s  t o  ge rm inat e 

t he s e s e ed s on mo i s t  g l a s s woo l at  r o om t empe r ature for  1 4  

days fai l e d. 

F a i lure o f  g e rm inat i on in the spruce - f i r  p l ot and 

intact  b e e c h  l i t t e r  p l o t  m ay h ave b e en a f fe c ted by a l l e l o ­

p at h i c  mechan i sms. Bub l i t z  ( 1 9 5 3 )  fo und that sp ruce l i t t e r  

c ont a in e d  sub s t ances inh i b i t o ry t o  s p ruce (Pi ce a  ab i e s  

( L . )  K a r s t . ] s e e d  germ inat i on . Sp ru c e  s e e d s  wh i ch ove r­

wint e r  in l i tt e r  o f  low t o x ic i ty may b e  inh ib i t e d  a g re at 

d e al. C h ro n i c  e xpo sure t o  tox ins ove r a p e r i od o f  6 months , 

in c onj unct ion with  other  envi ronm ent al  s t re s s e s ,  may 

a ffe ct  m o r t al i ty s e ve rely . 



G rowth chamb e r  and f i e l d  expe r i ment s revea l e d  that  

many fact o r s  may inc re a s e  s e e d  and s e e d l ing  mort a l i t y in 

the b e e c h  gaps.  The s e  include h i gh diu rna l tempe r ature 

var i a t i on 1n t he b e e c h  g ap in s p r ing , d ampin g - o f f , down ­

s lo p e  l i t t e r  mo vement , and , at l e a s t  po tent i al l y , all e l o ­

p a t h ic me ch an i sms.  It is  d i f f i cu l t  to  part i t ion the s e  

e f fe c t s  w i t h out much more extens ive f i e ld t e s t in g. 
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CHAPTER V 

MA I NTEN��CE OF THE BEECH GAP S I N  THE 

GREAT SMOKY MOUNTAI N S  

Germination o f  r e d  spruc e  s e e d s  and e s t ab l i shment o f  

s e e dl ings i s  a r are event under  mo s t  cond itions o f  c anopy 

c ove r a ge . The  l ong l ive d , shade t o l e r ant spruc e  (Mu rphy , 

1 9 1 7) ne e d  on l y  r a r e l y  succe s s ful l y  comp l e te re pro duction 

in o r d e r  to insure t he rep l a cement o f  canopy individua l s . 

A l t ho ugh r e d  spruce s e e d s  do r e ach the b e e c h  gap , it s e em s  

l ik e l y  that fewer  ar rive the re than i n  t h e  s p ru c e - fir 

for e st dire c t l y  b e l ow t he s e ed s o urce . S e e d f a l l  in r e d  

s p ruce  o c curs from Oc t ob e r  t o  March (Murphy , 1 9 1 7 ) , but 

many of the s e ed s  which fa l l  in t h e  l ater month s a re empty 

( p e r s onal ob s e rvation) . 

Re d spruc e  se eds  wh i ch fal l int o  the b e ech gap in 

fa l l  wil l re sid e s omewh e r e  in the  l i t t e r  l aye r fo r a period 

of a t  l e a s t  o month s unt i l  ge rm inat i on in l a t e  May to Ju l y  

( P owe l l s , 1 9 6 5 ) . The re they are e xpo s e d t o  c ond i t ions wh i ch 

may b rin g ab out in c re a s e d  mort al i ty .  Toxin s  which l e a ch out 

o f  the fre sh  fal l l i t t e r may s e r io us l y a f fe c t  viabilit y ,  

and anima l d e p r e dation o f  the s e e ds in the int act  l itt e r  

may a l s o  b e  o f  great  c on s e quenc e . The e f fe c t o f  l ow 

t emp e r ature s and o cc a s i on a l  fre e z ing o f  s o i l during the  

win t e r mon ths  is  unknown though poten t i a l ly s t re s s fu l . 
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s o  

i t se l f  may c ont a in t ox ins  in h i gh enough c oncent rat i ons  to 

a ffe c t  the  sp ruce s e ed l ing . 

The e f fe c t s  o f  comp e t i t i on on red s p ruce s e e d l in g  

suc c e s s  a re unknown , though o ft e n  s p e cul at e d  upon (Murphy , 

1 9 1 7 ; Moo r e , 1 9 1 7; B a l dwin , 1 9 3 4 ) .  Compe t i t ion has b e en 

de fined a s  the de l e t e r i ous e ffe c t  of one p l ant upon ano th e r  

t hrough the removal o f  s ome l im i t in g  r e s ou r c e  ( Mu l l e r , 

1 9 7 4 ;  Oos t in g , 1 9 5 6 ) .  A d e l e t e r i ous e f fe c t  c aus e d  b y  the  

p ro x imity of  ne i ghb o r s  h a s  been t e rme d " int e r fe rence"  

(H arpe r ,  1 9 6 1; T inn in , 1 9 7 2 )  and wou l d  prope r l y  inc l u de 

b o t h  compe t i t ive and the o the r d e l e t e r i ou s int e r a c t i on s  

d i s cu s s e d  s o  f a r . Wo l fe ( 1 9 6 7 )  found n o  major d i ffe renc e s  

i n  c oncent rat i ons o f  s e ve ra l imp or t ant e l ement s ( C a , Mg , K ,  

N a )  b e twe en the  s t ands , and th i s  s t ud y  ind i c a t e d  th at s o i l  

mo i s ture i s  indeed h i gher in the b e e c h  g a p . Thus , f o r  at  

l e as t  the s e  r e s ourc e s , the r e  app e ars  t o  b e  no b a s i s  for  

as suming c ompe t i t ive int e r a c t i on s . D i ffe r en c e s  are  s e en 

in ext rac t ab l e  n i t ro gen , h owe ve r; concent r a t i o ns in the  

upp e r  5 em o f  t he A hor i z on are  up to  6 5 % h i gher  i n  t h e  

s p ruce - fi r  (Wo l fe , 1 9 6 7 ) .  The p o t en t i a l ly c omp le x  s t a t e s  

o f  t h i s  n i t r o g e n, and i t s  re l a t i on s h i p  t o  quant i t i e s  o f  

o r gan i c  c a rb o� make comp a r i s ons ve ry d i f f i cul t . 

Be e ch gaps  cont a in an e s pe c i a l ly l u s h  he rb aceous  

c ove r c omp are d to  t he ne ighb or in g  con i ferou s f o re s t s  

(Ru s s e l l ,  1 9 5 3 ) , u s uall y rang ing b e twe en 8 0 - 1 1 0 %  dur ing 

the summe r months  (B rat t on ,  1 9 7 5 ) . Al though the b e e c h  
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c anopy it s e l f  i s  sma l l  and s tunt e d  ( Br at t on , 1 9 7 5 ;  Ru s s e l l , 

1 9 5 3 ) , the add it ional  cove r  o f  the he rbaceo us l aye r may b e  

e ffe ct ive in reduc ing inc i dent rad iat i on t o  a c r i t i ca l ly 

l ow leve l . 

Be caus e o f  the d i f fe renc e s  in t opography and v e g e t a­

t i on type , any numb e r  o f  hyp o the s e s  c ould b e  advan c e d  t o  

e xp l a in the  l ack o f  sp ruce invas i on in the b e e ch gap . I t  

i s  app arent from t h i s  s tudy that no one fac t o r  i s  o f  ove r­

r i d i ng s i gn i f i cance in the pre vent i on o f  invas ion . The 

maint enance of the b e e c h  gap s may d epend in l a r g e  part up on 

a s e r ie s o f  fa ct ors  wh ich  p rogre s s ive ly  inc rea s e  sp ruc e 

s e e d  and s e e d l ing mo r t al i ty . Many o f  the se fac t or s ,  how ­

ever , are dep endent up on t he int e g r ity of  the l i t t e r  l aye r .  

I s o l ated  coni fe rous spe c i e s  w i t h in the beech gap wi l l  

o c c a s iona l l y  b l ock ha rdwoo d  l i t t e r  fa l l  in p l a c e s , and 

succ e s s ful  ge rminat ion w i l l  oc cur in the ne edl e l i t t e r  

(pe rsona l  ob s e rvat i on) . S e l f - pe rpe t uat ing c l ump s o f  r e d  

s p ruce which may e xpand into  t he sp ruce - fi r  for e s t  a r e  

fo rme d ( Scho f i e ld , 1 9 6 0 ) . 

B r a t t on ( 1 9 7 5 )  f ound t hat the r e cent ly int r oduc e d  

Europ e an w i ld boar  ( Sus  s c rofa)  d o e s  c ons iderab l e  dama g e  

t o  t h e  h e rb ac eous l aye r in h i gh e l e vat i on for e s t s  often 

reduc ing he rb ac eous c ove r t o  l e s s  than 10\  of  the o r i g in a l  

in a reas i nt e rme d i a t e  on a mo i s t ure g rad i ent . Wh i l e  r o o t ­

ing , the h o g s  f requent l y  m i x  the O ,  A ,  and B h o r i z ons , 

re sul t ing  in the exposure o f  mine ra l s o i l .  Al th ough t h e  



e f fe c t  o f  expos ing m ine r a l  s o i l  on increas ing s p ruce 

ge rm inat i on is  we l l  e s t ab l i s hed  (Mo o re , 1 9 2 6 ; We s tve l d , 

1 9 2 6 , 1 9 3 0 ;  B a l dwin , 1 9 3 4 ;  Gr i f fin , 1 9 6 5 ) , i t  i s  not 
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known how t h i s  w i l l  affe c t  the int e g r i ty o f  t he b e e ch g a p s .  

S e ve r a l  b e e ch gap s  that we re  o n c e  ne a r l y  pu re b e e c h  

a re y i e l d i n g  t o  s p ruc e and f i r  invas i on ( Sc ho fie l d , 1 9 6 0 , 

p e rs onal ob s e rvat i on) . I n  many p l ac e s , the  spruce - fi r  

fo r e s t  s e ems t o  b e  enc ro ach ing upon h i gh e l e vat i on b e ech 

fo r e s t s  by  the e s t ab l i shme nt of  c l ump s wh i c h  g radual l y  

expand a n d  me r g e  with t h e  m a i n  c o n i f e rous  fo r e s t  ( Sc h o fi e ld , 

1 9 6 0 ) . The int e r fe renc e me ch an i sms whi ch ma int a in t l1e 

b e e c h  gaps may on l y  b e  ope rat ive when ve ry h i gh den s i t i e s  

o f  b e e c h  a re p re sent , eno ugh t o  d om inate  the l i t t e r  l a ye r .  

The sharp b o rd e r s  b e twe en t he two for e s t s  may ind e ed b e  

t rans it o ry phenomena whi c h  move a c r o s s  the l ands cape in 

r e s ponse  to c l im at i c  chan ge . 



CHAPTER VI 

VEGETATION DYNAMICS AT THE BEECH AND 

S P RUCE - F I R ECOT ONE 

Wh i t t ake r ( 1 9 5 6 )  n o t ed that red spruce o ccurs at  

e l e vat i ons  ab ove 1 , 3 7 0  m except in the  s outhwe s t  s e c t ion 

of the  p ar k . Al though there  ar e ov e r  1 5  c ont inuous km 

s ou thwe s t  o f  t he s p ruc e b o r d e r  ab o ve 1 , 3 7 0  m ,  none of t h i s  

are a has  p e aks ab ove 1 , 7 3 0  m .  Wh i t t ak e r  the o rized that 

dur ing t he x e r ot he rmi c (hyp s itherma l p e r i od ) , a t empe rature 

r i s e  d i s p l ac e d  the l owe r l im i t  o f  t he s p ruce fo r e s t  upwa rd 

ove r  3 0 0  m in e le vat ion . Th i s  e f fe c t i ve l y l i m i t e d  s p ruce 

to  the nor the rn hal f o f  t he park whe re the on ly p e aks ab ove 

1 , 7 3 0  m are found . B e e ch , no rthe rn red and wh i t e  o ak s , and 

che s t nut , s p e c i e s  adap t e d  t o  h i gh e l evat i ons , moved in and 

rep l a c e d  the  spruc e . In t he c o o l e r  pe r i od s i nc e the 

hyp s i the rma l ,  s p ruce has read i ly m i g r at e d  d ownward to 

1 , 3 7 0  m ,  but  h as b e en s to ppe d in i t s  l at e ra l  advance , 

p e r h aps by t he b ee ch fo re s t s  at  D oub l e  Sp r ings Gap . Wh i t­

t ak e r was app a r ent ly  unaw ar e  o f  a sma l l  s t and o f  nat ive 

sp ruc e on M i ry R i d ge , 7 km we s t  o f  Doub l e  Sp rings  Gap . 

The hyp s i the rm a l  p e r iod o ccurr e d  appro xim a t e l y  3 , 0 0 0  

t o  9 , 0 0 0  y e a r s  b e fo r e  p r e s ent ( De evey and F l i nt , 1 9 5 7 ) , and 

i s  r e co r d e d  in the po l l en r e c o r d s  f r om a numb e r  o f  s i t e s  

( D av i s ,  1 9 6 5 ) . The l a ck o f  p o l l en re c o rd s  f rom t h e  S outhe rn 
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Appalach i ans  n e c e s s i t a t e s  the a s s umpt i on o f  s uch a warm 

p e r i od fo r t h i s  are a .  Tempe ratures h ave c oo l e d  s ince t he 

hyp s ithe rm a l  w i th min i ma approx imat e l y  2 , 8 0 0  and 2 2 5  years  

b e fore p r e s ent ( B ray , 1 9 7 1 ) , the l a t t e r  known as the  

" l i t t l e ice  a ge . "  S in c e  1 9 0 0 ave rage t emp e r atur e s  in 

t e mperate  l at i tude s have b e e n  inc rea s ing to t he m i dd l e  o f  

t h i s  century (Do r f ,  1 9 5 9 ) . 

The o r i g i n  o f  the b e ech gaps  and the extens ive 

b e e ch fo r e s t s  southwe s t  o f  the p r e s ent spruce b oundary , 

mo s t  prob ab ly l i e s  in t he s e c l ima t i c  fluctuat i ons  o f  the 

p o s t - P l e i s t o cene . As the l owe r e levat i onal  l i m i t s  o f  

s p ruc e �e re pushed up�ard du ring the hyp s i th e rma l , b e ech 

and o t he r me s ic ha rd�oo ds rep l ac e d  i t  in  the me s i c cove s , 

wh i l e the more x e r i c  hardwoods or  p e rhaps p in e s  o r  

e r i c aceous shrub s  re p l a c e d  i t  on t he r i d g e s . S ince the 

hyp s i the rmal , the spruce fo res t s  have m i g r a t e d  d ownward , 

o c cupying the conve x s l opes  and r i dg e s  wi th in t h e i r  range , 

but be ing e x c l ud e d  f rom the b e e ch gaps  by int e r fe r enc e 

m e chanisms  a l r e ady d i s cus s e d .  I n  the  we s t e rn p a r t  o f  the  

G r e at Smo k i e s ,  north e rn red and wh i t e  o aks ( and unt i l  

recently , c h e s tnu t )  have pe rs i s t e d  a t  t he s e  e l evat ions in 

the ab s en c e  of s p ruce ( Wh i t tak e r , 1 9 5 6 ) . S ch o f i e l d  ( 1 9 6 0 ) 

advanc e d  t h i s  s ame hyp othe s i s  t o  ac c o unt f o r  t he or i g in o f  

the beech g ap s , as suming that the e ffe c t s  o f  b e e ch s t and s 

on the mi c r oc l imat e wou l d  be  ade quate  t o  prevent s ub s equent 

sp ruce inv as i on . 
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Nume r ou s  p a lyno l o g i ca l  s t ud i e s  have b e en pe r fo rm e d  

in t h e  northeas t e rn Uni t e d  S t at e s , whe re b og s  and anc ient  

g l a c i e r  forme d ponds  are  found . Dav i s  ( 1 9 6 5 ) , i n  a s tudy 

from nor the rn Vermont ne a r  t he p r e s ent b ounda r i e s o f  

no r thern h ardwo od and s p ruc e - f i r  fore s t s , found a virtual  

ab s ence o f  s p ru c e  p o l l e n  du r ing  the hyp s i the rma l p e r i o d .  

C o r r e s p ond ing inc re a s e s  in suga r m ap l e  (Ac e r  s ac charum ) , 

b e e c h , h em l o c k  (Tsuga c anadens i s ) , b i rch ( B e t u l a  spp . ) , an d 

a s h  ( Frax i nus spp . )  were found . S ince the end o f  the 

hyp s i the rma l , sp ruc e and fir p o l l en h ave b o th incre a s e d  

cons i d e r ab ly .  As suming th at t he s e  c l i mat i c  chang e s  a l s o  

oc curred in t he Sou the r n  App a l a c h i an s , a s  the pre s ent - day 

d i s t r ibu t i on of sp ruce ind e e d  sugge s t s , t h i s  s e quence 

l ends eviden c e  for the o r i g in of t he b e e c h  gaps in t h e  

hyp s i thermal . 



CHAPTE R V I  I 

CONCLUS I ONS 

Mon i t o r ing of the sp ruce - fi r  and b e ech g ap s o i l  

tempe ratu re r e g ime s at 2 ern reve a l e d  great e r  d iu rna l 

temp e ra t ure var i at i o n  in t h e  b e e c h  gaps du ring the  e ar l y  

s p r ing mon ths  when t h e  d e c i duous b e e ch c anopy i s  l e a fl e s s . 

Ana lys i s  o f  s o i l  mo i s ture reve a l e d  that ad j acent spru c e - f i r  

s o i l s  are phys i o l o g i c a l ly d ri e r  than b e e ch gap s o i l s  in the 

sp ruce s e e d l ing  r o ot i n g  z one , e ven during the spr ing mont h s  

when b e e ch g ap so i l  t empe ratu r e s  w e r e  u p  to 5 °  C h i gh e r  

than i n  the  spruce - fi r .  

G rowth chamb e r  expe r ime nts  ind i c a t e d  t h at h i gh 

t empe rature s ,  o r  j us t  h i gh d iurn al t e mpera ture var i a t i on 

in spring , may d e l ay o r  inh i b i t  ge rm ina t i on .  T oxins  l e ac h ­

i n g  out o f  t h e  fre s h ly fal l en b e e ch l i t t e r  ove r t he wint e r  

mont hs inh i b i t  s e e d  g e rmina t ion . An i ma l  d epre dat i on o f  

s p ru c e  s e e d s  i s  h i g he r  in t he int act b e e c h  l i t t e r  t han on 

m ine ral  s o i l  o r  in s p ru c e - fi r  l i t t e r . The hardw o od l i t t e r 

may inc r e as e damp ing - o f f  o f  youn g  spruce s e ed l in g s  b y  in ­

cre as ing the  re l at i ve humi d i ty around the s t ern .  The l i t t e r  

i t s e l f  may p revent the rad i c l e  from r e ach ing mo i s t ure , o r  

may p revent t h e  shoot  fr om extending  above i t  und e r  c e r t a in 

c ond i t i ons . A numb e r  o f  o t he r hyp o t he s e s  c an b e  advanc ed 

b a s e d  on the d i ffe ren c e s i n  canopy t ype  and t op o graphy . 
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A t he o ry i s  advanced  fo r the o r i g i n  and sub s e quent 

p e r s i s t ence  o f  the b e e ch g aps i n  the s e  mount a in s , b a s e d  on 

an extens i o n  o f  ideas  advanced by Wh i t t ak e r  ( 1 9 5 6 )  and 

Scho f i e l d  ( 1 9 6 0 ) . Dur i n g  t he w a rm hyp s i the rmal p e r i od 

( De evey an d F l int , 1 9 5 7 ) , beech  and o the r mi d - e levat ion 

s pe c i e s  advan c e d  in e l evat i on b e h ind the r e t r e at ing s p ru c e . 

As the c l imat e a ga in c o o l e d , b e e ch s t ands we re ab le  t o  

ma int ain  t hems e lv e s  from the advancing sp ruce b y  sp e c i f i c  

int e r fe rence me chan i s ms . Th is  the o ry i s  cons i s t ent w i th 

Wh i t t ake r ' s  ob s e rvat i on o f  the fa i l ur e o f  sp ruce t o  e xt end 

l a t e r a l l y  ove r many s quare m i l e s  of a r e a  ab ove the p r e s ent 

l owe r e l e vat i ona l l imi t o f  re d s p ruce in the Great Smo ky 

Mount a ins . 

H i gh e l evat i o n  b e ech  gaps  h ave b e e n  m a i n t a i n e d  

a g a ins t s p ruc e invas ion b y  a comb inat i on o f  in t e r fe r en c e  

me c h an i s m s  wh i c h  inc lud e  a l l e l op a t hy . The s e  me chan i s m s  

p r o g re s s iv e l y  inc r e a s e  s p ruc e s e e d  and s e e d l in g  mo r t a l i t y  

in t h e  b ee c h  g aps . 
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V I TA 

The author was b o rn on July 6 ,  1 95 2  in  S an D i e g o , 

C a l i fo rn i a .  The f i r s t  1 2  years o f  hi s e du ca t i on we re 

c o mp le t e d  in S an D i e g o  c ounty s ch o o l s , and in  June o f  

1 9 7 0 , h e  g r ad uat e d  from Mon t e  V i s t a  Hi gh S cho o l . F ro m  

Septemb e r , 1 9 7 0 , t o  Jun e , 1 9 7 4 , the autho r at t ended the 

Un iver s i ty o f  C a l i fo rn i a  a t  S an t a  B arb a ra , and rece ived 

the B ache l o r  o f  Art s  d e g re e  in Bot any . I n  Septemb e r  o f  

1 9 7 4 , the autho r ent e r e d  The Unive rs i t y  o f  T enne s s ee in 

the G r adua t e  P r o g ram in  E c o l o gy to b e g i n  work toward th e 

Ma s t e r  o f  S c i en c e  d e g re e .  Dur ing t h i s  p e r i od , the aut h o r  

has  enj oye d t he b ene f i t  o f  conse cut ive t e a ch ing and r e s e arch 

a s s i s tant s h ip s  in b io l ogy and e c o l ogy . 
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