
University of Tennessee, Knoxville University of Tennessee, Knoxville 

TRACE: Tennessee Research and Creative TRACE: Tennessee Research and Creative 

Exchange Exchange 

Doctoral Dissertations Graduate School 

5-1993 

The Vegetation of Great Smoky Mountains National Park: Past, The Vegetation of Great Smoky Mountains National Park: Past, 

Present, and Future Present, and Future 

Mark D. MacKenzie 
University of Tennessee - Knoxville 

Follow this and additional works at: https://trace.tennessee.edu/utk_graddiss 

 Part of the Ecology and Evolutionary Biology Commons 

Recommended Citation Recommended Citation 
MacKenzie, Mark D., "The Vegetation of Great Smoky Mountains National Park: Past, Present, and Future. 
" PhD diss., University of Tennessee, 1993. 
https://trace.tennessee.edu/utk_graddiss/1617 

This Dissertation is brought to you for free and open access by the Graduate School at TRACE: Tennessee 
Research and Creative Exchange. It has been accepted for inclusion in Doctoral Dissertations by an authorized 
administrator of TRACE: Tennessee Research and Creative Exchange. For more information, please contact 
trace@utk.edu. 

https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_graddiss
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_graddiss?utm_source=trace.tennessee.edu%2Futk_graddiss%2F1617&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/14?utm_source=trace.tennessee.edu%2Futk_graddiss%2F1617&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu


To the Graduate Council: 

I am submitting herewith a dissertation written by Mark D. MacKenzie entitled "The Vegetation 

of Great Smoky Mountains National Park: Past, Present, and Future." I have examined the final 

electronic copy of this dissertation for form and content and recommend that it be accepted in 

partial fulfillment of the requirements for the degree of Doctor of Philosophy, with a major in 

Ecology and Evolutionary Biology. 

H. Hank Shugart, Major Professor 

We have read this dissertation and recommend its acceptance: 

Dewey Bunting, Louis Gross, Peter White 

Accepted for the Council: 

Carolyn R. Hodges 

Vice Provost and Dean of the Graduate School 

(Original signatures are on file with official student records.) 



T
o 

th
e 

G
ra

du
at

e 
C

ou
nc

il:
 

I 
am

 
su

bm
it

ti
ng

 
he

re
w

ith
 

a 
di

ss
er

ta
ti

on
 

w
ri

tt
en

 
by

 
M

ar
k 

D
. 

M
ac

K
enz

ie
 

en
ti

tl
ed

 
"T

he
 

V
eg

et
at

io
n 

of
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k
: 

P
as

t,
 P

re
se

nt
, 

an
d 

F
ut

ur
e.

" 
I 

ha
ve

 
ex

am
in

ed
 t

he
 f

in
al

 c
op

y 
of

 t
hi

s 
d

is
se

rt
at

io
n 

fo
r 

fo
rm

 a
nd

 c
on

te
nt

 a
nd

 r
ec

om
m

en
d 

th
at

 i
t 

be
 

ac
ce

pt
ed

 i
n 

pa
rt

ia
l fu

lf
il

lm
en

t o
f 

th
e 

re
qu

ir
em

en
ts

 f
or

 t
he

 d
eg

re
e 

of
 D

oc
to

r 
of

 P
h

il
os

op
h

y
, w

ith
 

a 
m

aj
o

r 
in

 E
co

lo
g

y.
 

W
e 

h
av

e 
re

ad
 t

h
is

 d
is

se
rt

at
io

n 
an

d 
_E_:c

om
m

en
d 

,it
s _ ac

ce
pt

an
ce

: 
' -

45;
( 1 -b:

l 
)(;_

_J6L:-
-

A
cc

ep
te

d 
fo

r 
th

e 
C

ou
n

ci
l:

 

A
ss

oc
ia

te
 V

ic
e 

C
ha

nc
el

lo
r 

an
d 

D
ea

n
 o

f 
th

e 
G

ra
du

at
e 

Sc
ho

ol
 



T
H

E
 V

E
G

E
T

A
T

IO
N

 O
F

 G
R

E
A

T
 S

M
O

K
Y

 M
O

U
N

T
A

IN
S

 

N
A

T
IO

N
A

L
 P

AR
K

: 
P

A
S

T
, 

P
R

E
S

E
N

T
, 

AN
D

 F
U

T
U

R
E

 

A
 D

is
se

rt
at

io
n 

P
re

se
nt

ed
 f

or
 t

he
 

D
oc

to
r 

of
 P

hi
lo

so
ph

y 

D
eg

re
e 

T
he

 U
ni

ve
rs

it
y 

of
 T

en
ne

ss
ee

, 
K

no
xv

ill
e 

M
ar

k 
D

. 
M

ac
K

en
zi

e 

M
ay

 1
99

3 



C
op

yr
ig

ht
«:>

 19
93

 b
y 

M
ar

k 
D

. 
M

ac
K

enz
ie

 
Al

l r
ig

ht
s 

re
se

rv
ed

 

ll 



D
E

D
IC

A
T

IO
N

 

T
hi

s 
d

is
se

ra
ti

on
 i

s 
de

di
ca

te
d 

to
 t

he
 m

em
or

y 
of

 m
y 

fa
th

er
 

Jo
se

ph
 H

. 
M

ac
K

en
zi

e,
 J

r.
 (

19
29

-1
99

2)
 

M
y 

fa
th

er
 w

as
 a

lw
ay

s 
th

er
e 

w
he

n 
I 

ne
ed

ed
 h

im
 b

ut
 k

ne
w

 w
he

n 
I 

d
id

 n
ot

. 
N

ot
 

on
ly

 d
id

 h
e 

te
ac

h 
m

e 
th

e 
im

po
rt

an
ce

 o
f 

as
ki

ng
 q

ue
st

io
ns

, 
bu

t 
h

e 
al

so
 s

ho
w

ed
 

m
e 

th
e 

jo
y 

in
 s

ee
ki

ng
 t

he
 a

ns
w

er
s.

 

ii
i 



A
C

K
N

O
W

L
E

D
G

E
ME

N
T

S
 

T
he

 r
es

ea
rc

h 
pr

es
en

te
d 

in
 t

hi
s 

d
is

se
rt

at
io

n 
w

as
 p

ar
ti

al
ly

 fu
nd

ed
 b

y 
th

e 
N

at
io

na
l 

P
ar

k 

S
er

v
ic

e 
un

de
r 

a 
C

oo
pe

ra
ti

v
e 

A
gr

ee
m

en
t w

it
h 

th
e 

U
ni

v
er

si
ty

 o
f 

T
en

ne
ss

ee
, 

K
no

xv
ill

e 
to

 s
up

po
rt

 

th
e 

ve
ge

ta
ti

on
 m

ap
pi

ng
. 

I 
ac

kn
ow

le
dg

e 
th

e 
m

em
be

rs
 o

f 
m

y 
co

m
m

it
te

e;
 D

rs
. D

ew
ey

 B
un

ti
ng

, L
ou

is
 G

ro
ss

, P
et

er
 

W
hi

te
, 

an
d 

pa
rt

ic
ul

ar
ly

 D
r.

 H
an

k 
Sh

ug
ar

t 
w

ho
 s

er
ve

d 
as

 m
y 

m
aj

or
 p

ro
fe

ss
or

. 
W

it
ho

ut
 t

he
ir

 

g
ui

da
nc

e 
an

d 
ex

pe
rt

is
e,

 t
hi

s 
re

se
ar

ch
 w

ou
ld

 n
ot

 h
av

e 
be

en
 a

cc
om

p
li

sh
ed

. 
I 

al
so

 a
ck

no
w

le
dg

e 

D
rs

. 
Ji

m
 C

ar
te

r 
an

d 
Jo

hn
 R

eh
de

r 
fo

r 
th

ei
r 

ad
vi

ce
 a

nd
 e

xp
er

ti
se

 i
n

 t
he

 a
re

as
 o

f 
G

IS
 a

nd
 r

em
ot

e 

se
n

si
n

g
. I 

ac
kn

ow
le

dg
e 

th
e 

st
aff

 o
f 

U
p

la
nd

s 
F

ie
ld

 R
es

ea
rc

h 
L

ab
or

at
or

y 
an

d 
in

 p
ar

ti
cu

la
r 

D
r.

 

Jo
h

n
 P

ei
n

e.
 

T
h

e 
eff

or
ts

 a
n

d 
en

er
gi

es
 e

xe
rt

ed
 b

y 
th

is
 w

el
l 

qu
al

ifi
ed

 s
ta

ff
 h

av
e 

gr
ea

tl
y 

in
cr

ea
se

d 

ou
r 

kn
ow

le
dg

e 
of

 th
e 

Sm
ok

ie
s 

ec
os

ys
te

m
. 

I 
al

so
 w

is
h

 to
 t

ha
nk

 D
r.

 C
h

ri
s 

E
ag

ar
, 

a 
pa

st
 m

em
be

r 

of
 U

p
la

nd
s 

re
se

ar
ch

 s
ta

ff
, 

fo
r 

sh
ar

in
g 

h
is

 k
no

w
le

dg
e 

of
 t

he
 S

m
ok

ie
s,

 i
n 

pa
rt

ic
ul

ar
 h

is
 h

el
p 

in
 

id
en

ti
fi

ca
ti

on
 

of
 

co
m

m
un

it
y 

ty
pe

s 
fr

om
 

sa
te

ll
it

e 
da

ta
, 

an
d 

fo
r 

th
e 

m
an

y 
st

im
ul

at
in

g 

co
nv

er
sa

ti
on

s.
 

I 
ac

kn
ow

le
dg

e 
th

e 
m

em
be

rs
 

of
 t

he
 

gr
ou

nd
 

tr
ut

hi
ng

 
fi

el
d 

cr
ew

: 
St

an
le

y 

C
ro

w
no

ve
r,

 L
yn

ne
 E

ll
io

t,
 K

at
ie

 G
re

en
be

rg
, 

L
is

a 
H

ay
es

, 
L

ee
 A

nn
 R

en
fr

o
, 

D
an

 S
tr

at
to

n
, 

C
hr

is
 

U
nd

er
w

oo
d

, 
an

d 
C

ha
rl

ot
te

 P
yl

e,
 t

he
 c

re
w

 l
ea

de
r.

 

D
r.

 T
ho

m
as

 L
il

le
sa

nd
 a

nd
 t

he
 s

ta
ff

 o
f 

th
e 

E
nv

ir
on

m
en

ta
l R

em
ot

e 
S

en
si

ng
 C

en
te

r 
at

 th
e 

U
ni

v
er

si
ty

 o
f 

W
is

co
ns

in
-M

ad
is

on
 a

re
 a

ck
no

w
le

dg
ed

 f
or

 p
ro

v
id

in
g

 t
he

ir
 r

es
ou

rc
es

 a
nd

 e
xp

er
ti

se
 

to
w

ar
ds

 t
he

 c
om

pl
et

io
n 

of
 th

is
 r

es
ea

rc
h

. 

M
os

t 
im

po
rt

an
tl

y,
 I

 t
ha

nk
 M

ar
y 

A
nn

 f
or

 h
er

 p
at

ie
nc

e 
an

d 
un

de
rs

ta
nd

in
g 

du
ri

ng
 t

hi
s 

po
rt

io
n 

of
 o

ur
 l

iv
es

 a
nd

 f
or

 E
m

m
a.

 

IV
 



AB
S

T
RA

C
T

 

T
h

is
 r

es
ea

rc
h 

in
ve

st
ig

at
es

 t
he

 v
eg

et
at

io
n 

of
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k 

(G
R

SM
) 

us
in

g 
th

re
e 

di
ff

er
en

t 
te

ch
ni

qu
es

: 
1)

 a
na

ly
si

s 
of

 v
eg

et
at

io
n 

d
at

a 
co

ll
ec

te
d 

ci
rc

a 
19

30
, 

2
) 

re
m

ot
e 

se
ns

in
g

 o
f 

cu
rr

en
t 

(1
9

84
) 

ve
ge

ta
ti

on
 u

si
n

g
 L

an
ds

at
 T

he
m

at
ic

 M
ap

pe
r 

(T
M

) 
sa

te
lli

te
 

im
ag

er
y,

 a
nd

 3
) 

th
e 

in
te

gr
at

io
n 

of
 g

ra
di

en
t 

an
al

ys
is

 w
it

h 
fo

re
st

 s
uc

ce
ss

io
n

 m
od

el
in

g
. 

A
na

ly
si

s 
of

 t
he

 1
93

0
's

 d
at

a 
re

ve
al

ed
 t

ha
t 

Ca
sta

ne
a 

de
nt

at
a 

w
as

 t
he

 d
om

in
an

t 
sp

ec
ie

s 

in
 t

he
 G

R
SM

 a
t t

ha
t t

im
e,

 e
v

en
 w

it
h 

th
e 

in
tr

od
uc

ti
on

 o
f 

th
e 

ch
es

tn
ut

 b
li

gh
t 

to
 t

he
 p

ar
k 

in
 1

92
6

. 

C
la

ss
ifi

ca
ti

on
 o

f 
th

e 
19

30
's

 p
lo

t 
da

ta
 id

en
ti

fi
ed

 1
6

 u
ni

qu
e 

ve
ge

ta
ti

on
 ty

pe
s 

ra
ng

in
g 

fr
om

 t
he

 lo
w

 

el
ev

at
io

n
, 

xe
ri

c 
Pi

nu
s 

rig
id

a 
ty

pe
 t

o 
th

e 
h

ig
h

 e
le

va
ti

on
, 

m
es

ic
 A

bi
es

 jr
as

er
i t

yp
e.

 
O

rd
in

at
io

n 

of
 t

he
 d

at
a 

in
di

ca
ted

 t
ha

t 
sp

ec
ie

s 
ar

e 
re

sp
on

di
ng

 t
o 

a 
co

m
pl

ex
 m

oi
st

ur
e 

-
el

ev
at

io
n 

gr
ad

ie
nt

. 

U
ns

up
er

vi
se

d 
cl

as
si

fi
ca

ti
on

 o
f 

th
e 

sa
te

ll
it

e 
da

ta
 w

as
 a

bl
e 

to
 i

de
nt

ify
 1

4
 v

eg
et

at
io

n
 t

yp
es

. 
T

he
 

cl
as

si
fi

ca
ti

on
 p

ro
ce

ss
 u

se
d 

al
l 

se
ve

n 
T

M
 b

an
ds

 a
nd

 h
ad

 a
n 

ov
er

al
l 

cl
as

si
fi

ca
ti

on
 a

cc
ur

ac
y 

of
 

83
%

. 
T

h
e 

ty
pe

s 
id

en
ti

fi
ed

 w
er

e 
Sp

ru
ce

 -
F

ir
, 

N
or

th
er

n 
H

ar
dw

oo
d

, 
C

ov
e 

H
ar

dw
oo

d
, 

M
es

ic
 

O
ak

, 
M

ix
ed

 M
es

ic
 H

ar
dw

oo
d,

 T
u

li
p 

P
op

la
r,

 X
er

ic
 O

ak
, 

P
in

e
-

O
ak

, 
P

in
e,

 H
ea

th
 B

al
d,

 G
ra

ss
y 

B
al

d,
 G

ra
pe

 T
h

ic
ke

t,
 T

re
el

es
s,

 a
nd

 W
at

er
. 

T
he

 C
ov

e 
H

ar
dw

oo
d 

ty
pe

 w
as

 t
he

 m
os

t 
pr

om
in

en
t 

ty
pe

 a
nd

 o
cc

up
ie

d 
3

3
%

 o
f 

th
e 

pa
rk

's
 a

re
a.

 
T

he
 i

nt
eg

ra
ti

on
 o

f 
gr

ad
ie

nt
 a

na
ly

si
s 

w
it

h 
a 

fo
re

st
 

su
cc

es
si

on
 m

od
el

 y
ie

ld
ed

 a
 m

od
el

 t
ha

t 
w

as
 c

ap
ab

le
 o

f 
re

p
li

ca
ti

ng
 v

eg
et

at
io

n 
ty

pe
s 

th
ro

ug
ho

ut
 

th
e 

en
ti

re
 G

R
SM

 l
an

ds
ca

pe
. 

T
he

 m
od

el
 w

as
 u

se
d 

to
 p

ro
v

id
e 

in
si

gh
ts

 i
nt

o 
th

e 
dy

na
m

ic
s 

of
 

Ca
st

an
ea

 d
en

ta
ta

 p
ri

or
 t

o 
th

e 
ch

es
tn

ut
 b

li
gh

t a
nd

 p
at

te
rn

s 
of

 re
pl

ac
em

en
t 

an
d 

bi
om

as
s 

dy
na

m
ic

s 

aft
er

 t
he

 b
li

gh
t. 

T
he

 m
od

el
 s

im
ul

at
io

n 
in

di
ca

te
d 

th
at

 r
ep

la
ce

m
en

t 
of

 C
as

ta
ne

a 
de

nt
at

a,
 a

nd
 i

ts
 

eff
ec

t 
on

 
bi

om
as

s 
aft

er
 

th
e 

bl
ig

ht
, 

to
ok

 
p

la
ce

 
vi

a 
m

ul
ti

pl
e 

pa
th

w
ay

s 
de

pe
nd

in
g 

on
 

si
te

 

co
nd

it
io

ns
. 

v 



T
h

is
 r

es
ea

rc
h 

em
ph

as
iz

es
 t

he
 v

eg
et

at
io

n 
of

 G
R

SM
 a

s 
a 

w
ho

le
 r

at
he

r 
th

an
 a

s 
a 

st
ud

y 
of

 

sp
ec

ifi
c 

ty
pe

s 
o

r 
lo

ca
ti

on
s.

 
It

 p
ro

v
id

es
 i

n
si

gh
ts

 in
to

 v
eg

et
at

io
n 

dy
na

m
ic

s 
in

 t
he

 c
on

te
xt

 o
f 

bo
th

 

sp
ac

e 
an

d 
ti

m
e.

 

vi
 



T
AB

L
E

 O
F

 C
O

N
T

E
N

T
S

 

C
H

A
P

T
E

R
 

P
A

G
E

 

IN
T

R
O

D
U

C
T

IO
N

 
1 

O
bj

ec
ti

ve
s 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2 

St
ud

y 
A

re
a 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

3 

I.
 

T
H

E
 P

A
ST

 V
E

G
E

T
A

T
IO

N
 O

F
 G

R
E

A
T

 S
M

O
K

Y
 

M
O

U
N

T
A

IN
S 

N
A

T
IO

N
A

L
 P

A
R

K
: 

C
IR

C
A

 1
93

0
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
5 

In
tr

od
uc

ti
on

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 
5 

M
et

ho
ds

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
7 

M
il

le
r 

M
et

ho
ds

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
7 

Q
ua

nt
it

at
iv

e 
M

et
h

od
s 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
8 

Sp
ec

ie
s 

D
is

tr
ib

ut
io

n 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

8 
C

la
ss

if
ic

at
io

n 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

9 
G

ra
di

en
t 

A
na

ly
si

s 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
9 

R
es

ul
ts

 a
nd

 D
is

cu
ss

io
n 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
10

 
Su

m
m

ar
iz

at
io

n
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 
10

 
Sp

ec
ie

s 
D

is
tr

ib
ut

io
n 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

12
 

C
la

ss
if

ic
at

io
n 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

17
 

O
rd

in
at

io
n 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

26
 

C
on

cl
us

io
ns

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 
33

 

II
. 

T
H

E
 P

R
E

SE
N

T
 V

E
G

E
T

A
T

IO
N

 O
F

 G
R

E
A

T
 S

M
O

K
Y

 
M

O
U

N
T

A
IN

S 
N

A
T

IO
N

A
L

 P
A

R
K

 D
E

R
IV

E
D

 F
R

O
M

 
S

A
T

E
L

L
IT

E
 I

M
A

G
E

R
Y

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
35

 

In
tr

od
uc

ti
on

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 
35

 

T
hu

nd
er

he
ad

 M
tn

. T
es

t 
St

ud
y 

A
re

a 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

37
 

M
et

ho
ds

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 3

9
 

T
hu

nd
er

he
ad

 M
tn

. 
T

es
t 

St
ud

y 
A

re
a 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

39
 

D
ig

it
al

 D
at

a 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
39

 
C

la
ss

if
ic

at
io

n 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

39
 

A
cc

ur
ac

y 
A

ss
es

sm
en

t 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
4

1 

Vl
l 



W
ho

le
 P

ar
k 

A
na

ly
si

s 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
. 

44
 

D
ig

it
al

 D
at

a 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
44

 
C

la
ss

if
ic

at
io

n 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

45
 

A
cc

ur
ac

y 
A

ss
es

sm
en

t 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
46

 

R
es

ul
ts

 .
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 4

7 
T

hu
nd

er
he

ad
 M

tn
. 

T
es

t 
St

ud
y 

A
re

a 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 4

7 
C

la
ss

if
ic

at
io

n 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 4
7 

A
cc

ur
ac

y 
A

ss
es

sm
en

t 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
52

 
W

ho
le

 P
ar

k 
A

na
ly

si
s 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 5

4
 

C
la

ss
if

ic
at

io
n 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
54

 
A

cc
ur

ac
y 

A
ss

es
sm

en
t 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

57
 

D
is

cu
ss

io
n

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
59

 

C
on

cl
us

io
ns

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 
6

2
 

II
I.

 
T

H
E

 F
U

T
U

R
E

 V
E

G
E

T
A

T
IO

N
 O

F
 G

R
E

A
T

 S
M

O
K

Y
 

M
O

U
N

T
A

IN
S 

N
A

T
IO

N
A

L
 P

A
R

K
: 

SU
C

C
E

SS
IO

N
 M

O
D

E
L

 
D

E
V

E
L

O
P

M
E

N
T

 A
N

D
 O

U
T

P
U

T
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 6
4

 

In
tr

od
uc

ti
on

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 
64

 

M
et

ho
ds

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 6

6 
M

od
el

 M
ec

ha
ni

cs
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
66

 
In

pu
t 

an
d 

In
it

ia
li

za
ti

on
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 66

 
B

ir
th

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 6

9
 

G
ro

w
th

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 7

0
 

K
il

l 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 7
4

 
S

p
ro

ut
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 7

5 
O

ut
pu

t 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 7
5 

M
is

ce
lla

neo
us

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
75

 
M

od
el

 C
om

pi
la

ti
on

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

76
 

M
od

el
 S

im
ul

at
io

n 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

76
 

G
R

SM
 G

ra
di

en
t 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
77

 
G

R
SM

 G
ra

d
ie

nt
 w

it
ho

ut
 

Ca
st

an
ea

 D
en

ta
ta

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 
77

 
D

is
tr

ib
ut

io
n 

of
 C

as
ta

ne
a 

D
en

ta
ta

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
77

 
L

os
s 

of
 A

bi
es

 F
ra

se
ri 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

7
8 

R
es

ul
ts

 a
nd

 D
is

cu
ss

io
n 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
7

8 
G

R
S

M
 G

ra
di

en
t 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

7
8 

G
R

S
M

 G
ra

di
en

t 
w

it
ho

ut
 C

as
ta

ne
a 

D
en

ta
ta

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

9
1 

D
is

tr
ib

ut
io

n 
of

 C
as

ta
ne

a 
D

en
ta

ta
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
93

 
L

os
s 

of
 A

bi
es

 F
ra

se
ri 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
97

 

C
on

cl
us

io
ns

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 .

 .
 

10
0 

V
ll

l 



S
U

M
M

A
R

Y
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
10

5
 

L
IS

T
 O

F
 R

E
F

E
R

E
N

C
E

S 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
10

8 

A
P

P
E

N
D

IX
E

S 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
11

8 

A
. 

D
oc

um
en

ta
ti

on
 f

or
 M

il
le

r 
da

ta
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
11

9 
B

. 
Su

pp
le

m
en

ta
l 

ta
bl

es
 a

nd
 fi

gu
re

s 
fo

r 
C

ha
pt

er
 I

I 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
12

9 
C

. 
F

O
R

S
M

O
 s

ou
rc

e 
co

de
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 1
4

1 
D

. 
V

eg
et

at
io

n 
M

ap
 o

f 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k 
.

.
.

.
.

.
.

.
.

.
.

.
 
15

2 

V
IT

A
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

15
4 

ix
 



L
IS

T
 O

F
 T

AB
L

E
S

 

T
A

B
L

E
 

P
A

G
E

 

I-
1.

 
Sp

ec
ie

s 
su

m
m

ar
y 

st
at

is
ti

cs
 f

or
 t

he
 w

h
ol

e 
p

ar
k 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
13

 

I-
2

. 
S

ig
ni

fi
ca

nt
 

(p
 

::;
; 

0
.0

5)
 

sp
ec

ie
s 

co
rr

el
at

io
ns

 
co

ef
ic

ie
nt

s 
to

 
m

an
ag

em
en

t 
w

at
er

sh
ed

 
sp

at
ia

l 
ce

nt
ro

id
s 

(U
T

M
 E

as
ti

ng
 a

nd
 

N
or

th
in

g)
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

15
 

I-
3

. 
D

es
cr

ip
ti

v
e 

st
at

is
ti

cs
 f

or
 T

W
IN

SP
 A

N
 c

la
ss

ifi
ca

ti
on

 t
yp

es
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

18
 

I-
4

. 
S

p
ec

ie
s 

m
ea

n 
ba

sa
l 

ar
ea

 (
m

2/h
a)

 b
y 

T
W

IN
SP

A
N

 c
la

ss
if

ic
at

io
n 

ty
pe

 
.

.
.

.
 1

9
 

I-
5

. 
C

om
pa

ri
so

n 
of

 G
R

SM
 c

la
ss

if
ic

at
io

ns
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 2

4
 

II
-1

. 
D

is
cr

im
in

an
t 

fu
nc

ti
on

 c
oe

ff
ic

ie
nt

s 
an

d 
su

m
m

ar
y 

in
fo

rm
at

io
n 

fo
r 

th
e 

T
h

u
nd

er
he

ad
 M

tn
. 

te
st

 s
tu

dy
 a

re
a 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 4
8 

II
-2

. 
Su

m
m

ar
y 

st
at

is
ti

cs
 b

y 
ve

ge
ta

ti
on

 t
yp

e 
fo

r 
th

e 
T

hu
nd

er
he

ad
 M

tn
. 

te
st

 s
tu

dy
 a

re
a 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
5

3 

II
-3

. 
T

h
u

nd
er

he
ad

 M
tn

. 
te

st
 s

tu
dy

 a
re

a 
ac

cu
ra

cy
 a

ss
es

sm
en

t 
co

nt
in

ge
nc

y 
ta

b
le

 . 
55

 

II
-4

. 
S

u
m

m
ar

y 
st

at
is

ti
cs

 b
y 

ve
ge

ta
ti

on
 t

yp
e 

fo
r 

th
e 

w
ho

le
 p

ar
k 

cl
as

si
fi

ca
ti

on
 

.
.

 5
6

 

II
-5

. 
W

h
ol

e 
pa

rk
 a

cc
ur

ac
y 

as
se

ss
m

en
t 

co
nt

in
ge

nc
y 

ta
bl

e 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 5

8 

II
-6

. 
C

om
pa

ri
so

n 
of

 p
er

ce
nt

 o
f 

gr
ou

nd
 t

ru
th

 w
it

h 
p

er
ce

nt
 o

f 
o

cc
ur

re
nc

e 
on

 t
he

 v
eg

et
at

io
n 

m
ap

 b
y 

ve
ge

ta
ti

on
 t

yp
e 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

60
 

II
I-

1.
 

In
pu

t 
an

d 
de

ri
ve

d 
sp

ec
ie

s 
at

tr
ib

ut
es

 u
se

d 
in

 F
O

R
SM

O
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
6

7
 

B
-1

. 
D

is
cr

im
in

an
t 

an
al

ys
is

 m
at

ri
x 

pa
ra

m
et

er
s 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

13
0 

B
-2

. 
P

oo
le

d 
w

it
hi

n 
gr

ou
p 

di
sc

ri
m

in
an

t 
an

al
y

si
s 

co
va

ri
an

ce
 m

at
ri

x 
.

.
.

.
.

.
.

 1
3

1 

B
-3

. 
S

p
e c

tr
al

 c
la

ss
 t

o 
ve

ge
ta

ti
on

 t
yp

e 
in

te
rp

re
ta

ti
on

 r
ul

es
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
13

2 

B
-4

. 
M

ea
n

 o
f 

sp
ec

ie
s 

ba
sa

l 
ar

ea
 (

m
2/h

a)
 a

nd
 n

um
be

r 
(N

) 
of

 p
lo

ts
 b

y 
ve

ge
ta

ti
on

 t
yp

e.
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
13

3 

B
-5

. 
St

an
da

rd
 d

ev
ia

ti
on

 o
f 

sp
ec

ie
s 

ba
sa

l 
ar

ea
 a

nd
 n

um
be

r 
(N

) 
of

 p
lo

ts
 b

y 
ve

ge
ta

ti
on

 t
yp

e 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
13

4 

X 



B
-6

. 
F

re
qu

en
cy

 o
f 

sp
ec

ie
s 

oc
cu

re
nc

e 
an

d 
nu

m
be

r 
(N

) 
of

 p
lo

ts
 b

y 
ve

ge
ta

ti
on

 
ty

pe
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

13
5

 

Xl
 



L
IS

T
 O

F
 F

IG
URE

S
 

F
IG

U
R

E
 

P
A

G
E

 

1-
1.

 
N

um
be

r 
o

f 
pl

ot
s 

b
y 

m
an

ag
em

en
t 

w
at

er
sh

ed
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
11

 

1-
2

. 
M

ea
n 

ba
sa

l 
ar

ea
 b

y 
m

an
ag

em
en

t 
w

at
er

sh
ed

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

16
 

1-
3

. 
TW

IN
SP

A
N

 c
la

ss
ifi

ca
ti

on
 d

en
dr

og
ra

m
 w

it
h 

in
di

ca
to

r 
sp

ec
ie

s 
.

.
.

.
.

.
.

.
 2

1 

1-
4

. 
M

ea
n

 e
le

va
ti

o
n

 b
y 

TW
IN

SP
A

N
 c

la
ss

if
ic

at
io

n 
ty

pe
 .

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 2
2 

1-
5

. 
M

ea
n 

li
tt

er
 d

ep
th

 b
y 

TW
IN

SP
A

N
 c

la
ss

if
ic

at
io

n 
ty

pe
 

.
.

.
.

.
.

.
.

.
.

.
.

.
 2

2 

1-
6

. 
M

ea
n 

sl
op

e 
b

y 
TW

IN
SP

A
N

 c
la

ss
ifi

ca
ti

on
 t

yp
e 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 2

3 

1-
7

. 
M

ea
n 

so
il

 d
ep

th
 b

y 
TW

IN
SP

A
N

 c
la

ss
if

ic
at

io
n 

ty
pe

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 2

3 

1-
8

. 
D

E
C

O
R

A
N

A
 s

pe
ci

es
 o

rd
in

at
io

n
, 

ax
es

 o
ne

 a
nd

 t
w

o 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 2

7 

1-
9

. 
D

E
C

O
 R

A
N

 A
 s

am
pl

e 
or

di
na

ti
on

, 
ax

es
 o

ne
 a

nd
 t

w
o 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 2
9 

1-
10

. 
TW

IN
SP

A
N

 c
la

ss
ifi

ca
ti

on
 t

yp
e 

ce
nt

ro
id

s 
in

 o
rd

in
at

io
n 

sp
ac

e 
.

.
.

.
.

.
.

.
 3

0
 

1-
11

. 
C

oe
no

cl
in

e 
of

 m
aj

o
r 

sp
ec

ie
s 

re
sp

on
se

 t
o 

th
e 

co
m

p
le

x 
m

oi
st

ur
e-

el
ev

at
io

n 
or

di
na

ti
on

 g
ra

di
en

t 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
3

1 

1-
12

. 
C

oe
no

cl
in

e 
o

f 
m

in
or

 s
pe

ci
es

 r
es

po
ns

e 
to

 t
he

 c
om

pl
ex

 m
oi

st
ur

e-
el

ev
at

io
n

 
or

di
na

ti
on

 g
ra

di
en

t 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
32

 

11
-1

. 
L

oc
at

io
n 

of
 th

e 
T

h
u

nd
er

he
ad

 M
tn

. 
te

st
 s

tu
dy

 a
re

a 
an

d 
L

an
ds

at
-5

 
sc

en
e 

bo
un

da
ry

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
3 

8 

11
-2

. 
Il

lu
st

ra
ti

on
 o

f 
ta

rg
et

 a
nd

 n
ei

gh
bo

r 
pi

xe
ls

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 4
2 

11
-3

. 
T

hu
nd

er
he

ad
 M

tn
. 

te
st

 s
tu

dy
 a

re
a 

sp
ec

tr
al

 c
la

ss
 m

ea
ns

 f
or

 t
he

 fi
rs

t 
tw

o 
ca

no
ni

ca
l 

va
ri

ab
le

s 
b

y 
ve

ge
ta

ti
on

 t
yp

e 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
49

 

II
I-

1.
 

D
ev

ia
ti

on
 f

or
 m

ax
im

um
 g

ro
w

th
 (

G
R

AD
M

) 
du

e 
to

 p
os

it
io

n 
on

 
gr

ad
ie

nt
 (

G
RA

D
L

) 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 7
3 

II
I-

2
. 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

p
os

it
io

n 
ze

ro
 a

n
d

 a
ll

 s
pe

ci
es

 
.

.
.

.
.

 7
9

 

II
I-

3
. 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

po
si

ti
o

n
 1

0 
an

d 
al

l 
sp

ec
ie

s 
.

.
.

.
.

.
 7

9 

xi
i 



II
I-

40
 

II
I-

50
 

II
I-

6
0 

II
I-

70
 

II
I-

80
 

II
I-

90
 

11
1-

10
0 

11
1-

11
. 

11
1-

12
0 

11
1-

13
0 

11
1-

14
0 

11
1-

15
0 

11
1-

16
0 

11
1-

17
0 

11
1-

18
0 

11
1-

19
0 

11
1-

20
0 

11
1-

2
1.

 

11
1-

22
0 

11
1-

23
0 

A
-1

. 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n

 2
0 

an
d 

al
l 

sp
ec

ie
s 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n 

30
 a

nd
 a

ll
 s

pe
ci

es
 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n

 4
0

 a
nd

 a
ll

 s
pe

ci
es

 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n 

50
 a

nd
 a

ll
 s

pe
ci

es
 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n

 6
0

 a
nd

 a
ll

 s
pe

ci
es

 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n

 7
0 

an
d 

al
l 

sp
ec

ie
s 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n 

80
 a

nd
 a

ll
 s

pe
ci

es
 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

po
si

ti
on

 9
0 

an
d 

al
l 

sp
ec

ie
s 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

p
os

it
io

n 
10

0 
an

d 
al

l 
sp

ec
ie

s 

T
ot

al
 s

ta
nd

 b
as

al
 a

re
a,

 d
en

si
ty

, 
an

d 
b

io
m

as
s 

b
y 

ye
ar

 f
or

 g
ra

d
ie

nt
 .

.
.

.
.

.
 

.
.

.
.

.
. 

.
.

.
.

.
.

 

.
.

.
.

.
.

 

.
.

.
.

.
. 

0 
•

•
•

•
•

 

.
.

.
.

.
.

 

.
.

.
.

.
.

 

po
si

ti
on

 2
0 

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

 0 
•

•
•

•
•

 0 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

po
si

ti
on

 4
0,

 w
it

ho
ut

 C
as

ta
ne

a 

80
 

80
 

8
1 

8
1 

82
 

82
 

83
 

83
 

84
 

90
 

de
nt

at
a 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

92
 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

po
si

ti
on

 5
0

, 
w

it
ho

ut
 C

as
ta

ne
a 

de
nt

at
a 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

92
 

T
ot

al
 s

ta
nd

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

po
si

ti
on

 4
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
94

 

T
ot

al
 s

ta
nd

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n 

50
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
95

 

Ca
st

an
ea

 d
en

ta
ta

 b
io

m
as

s 
by

 g
ra

di
en

t 
p

os
it

io
n 

an
d 

ye
ar

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

96
 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n 

95
 a

nd
 a

ll 
sp

ec
ie

s 
0 

0 
0 

0 
0 

0 
9

8 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n 

9
5,

 A
bi

es
 fr

as
er

i d
ea

th
 

at
 2

50
 y

r 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
9

8 

T
ot

al
 s

ta
nd

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

po
si

ti
on

 9
5 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
99

 

T
ot

al
 s

ta
nd

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
g

ra
di

en
t 

po
si

ti
on

 1
00

 0
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
10

1 

P
er

ce
nt

 b
io

m
as

s 
b

y
 y

ea
r 

fo
r 

gr
ad

ie
nt

 p
os

it
io

n 
10

0
, 

Ab
ie

s fr
as

er
i d

ea
th

 
at

 2
50

 y
r 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
10

2 

C
op

y 
of

 th
e 

fr
on

t 
of

 a
 M

il
le

r 
fi

el
d 

da
ta

 s
h

ee
t 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
12

0 

xi
ii

 



A
-2

. 
C

op
y

 o
f 

th
e 

ba
ck

 o
f 

a 
M

il
le

r 
fi

el
d 

da
ta

 s
he

et
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
12

1 

B
-1

. 
D

is
tr

ib
ut

io
n 

of
 v

eg
et

at
io

n 
ty

pe
s 

w
it

hi
n 

G
R

S
M

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
13

6
 

XI
V 



IN
T

R
O

D
U

C
T

IO
N

 

T
he

 v
eg

et
at

io
n 

of
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k 
(G

R
SM

) 
is

 a
 c

om
pl

ex
 m

ix
 o

f 

co
ni

fe
ro

us
 a

nd
 d

ec
id

uo
us

 f
or

es
ts

 (
W

hi
tt

ak
er

 1
95

6)
. 

T
ho

ug
h 

no
t 

h
ig

h 
en

ou
gh

 t
o 

su
pp

or
t 

a 

cl
im

at
ic

 t
re

el
in

e 
(C

og
b

il
l a

nd
 W

hi
te

 1
9

9
1)

, t
he

 h
ig

he
st

 e
le

va
ti

on
s 

do
 s

up
po

rt
 S

pr
uc

e
-

F
ir

 f
or

es
ts

 

(W
hi

tt
ak

er
 1

9
56

, 
C

og
b

il
l a

nd
 W

hi
te

 1
99

1)
. 

P
in

e 
st

an
ds

 a
re

 f
re

qu
en

t 
at

 l
o

w
 e

le
va

ti
on

 x
er

ic
 s

it
es

 

(C
al

la
w

ay
 e

t 
al

. 
19

8
7)

. 
H

em
lo

ck
 i

s 
sc

at
te

re
d 

th
ro

ug
h 

th
e 

la
nd

sc
ap

e 
bu

t 
ty

pi
ca

lly
 f

ou
nd

 i
n 

th
e 

m
es

ic
 c

ov
es

 a
nd

 a
lo

ng
 s

tr
ea

m
s 

(W
hi

tt
ak

er
 1

95
6

).
 

W
h

il
e 

th
e 

ab
ov

e 
d

is
cu

ss
io

n
 h

as
 f

oc
us

ed
 o

n 

th
e 

co
ni

fe
ro

us
 t

yp
es

, 
th

e 
de

ci
du

ou
s 

fo
re

st
 t

yp
es

 d
om

in
at

e 
th

e 
G

R
SM

 l
an

ds
ca

pe
 (

M
il

le
r 

19
38

, 

W
hi

tt
ak

er
 

19
56

).
 

B
ra

un
 (

19
50

) 
pl

ac
ed

 G
R

SM
 i

n
 t

h
e 

O
ak

 -
C

he
st

nu
t 

fo
re

st
 r

eg
io

n 
of

 t
he

 

E
as

te
rn

 D
ec

id
uo

us
 F

or
es

t 
F

or
m

at
io

n
. 

S
h

e 
de

sc
ri

be
d 

th
e 

fo
re

st
s 

o
f 

G
R

SM
 a

s 
pr

ed
om

in
at

el
y 

ch
es

tn
ut

. 
T

hi
s 

do
m

in
an

ce
 o

f 
ch

es
tn

ut
 h

as
 c

ha
ng

ed
 d

ra
st

ic
al

ly
 d

ue
 to

 t
he

 e
ff

ec
ts

 o
f 

th
e 

ch
es

tn
ut

 

b
li

gh
t 

(N
el

so
n 

19
5

5
; 

W
oo

ds
 a

nd
 S

ha
nk

s 
19

56
, 

19
5

7
; 

A
re

nd
s 

19
8

1)
. 

A
m

on
g 

th
e 

de
ci

du
ou

s 

fo
re

st
s 

of
 G

R
SM

 a
re

 t
he

 c
ov

e 
fo

re
st

s.
 

W
h

it
ta

ke
r 

(1
95

6)
 d

es
cr

ib
es

 t
he

 c
ov

e 
fo

re
st

s 
as

 "
am

on
g 

th
e 

m
os

t 
be

au
ti

fu
l d

ec
id

uo
us

 f
or

es
ts

 i
n 

th
e 

w
or

ld
."

 B
ra

un
 (

19
50

) 
st

at
es

 t
ha

t 
th

e 
co

ve
 h

ar
dw

oo
d 

fo
re

st
s 

of
 G

R
SM

 a
re

 t
yp

ic
al

 m
ix

ed
 m

es
op

hy
ti

c 
co

m
m

un
it

ie
s.

 
W

hi
tt

ak
er

 (
19

56
) t

ak
es

 e
xc

ep
ti

on
 

to
 t

hi
s 

cl
as

si
fi

ca
ti

on
 a

nd
 p

re
fe

rs
 t

o 
re

fe
r 

to
 t

he
 c

ov
e 

fo
re

st
s 

as
 a

 b
ro

ad
er

 c
on

ce
pt

io
n 

of
 B

ra
u

n
's

 

m
ix

ed
 m

es
op

hy
ti

c 
ty

pe
. 

R
eg

ar
dl

es
s 

of
 t

he
ir

 c
la

ss
if

ic
at

io
n

, 
th

e 
co

v
e 

fo
re

st
s 

ha
ve

 b
ee

n 
th

e 

su
bj

ec
t 

of
 n

um
er

ou
s 

st
ud

ie
s 

(C
ai

n 
19

4
1,

 W
h

it
ta

ke
r 

19
5

6
, 

G
ol

de
n 

19
8

1,
 C

al
la

w
ay

 e
t 

al
. 

19
8

7,
 

C
le

bs
ch

 a
nd

 B
us

in
g 

19
8

9)
 a

nd
 r

ep
re

se
nt

 t
he

 m
os

t 
di

v
er

se
 o

f 
th

e 
G

R
SM

 v
eg

et
at

io
n 

ty
pe

s.
 

T
w

o 
no

n-
fo

re
st

 v
eg

et
at

io
n 

ty
pe

s 
oc

cu
r 

at
 

hi
gh

 e
le

va
ti

on
s 

in
 G

R
S

M
. 

H
ea

th
 b

al
ds

, 

co
m

po
se

d 
pr

im
ar

ily
 o

f 
ev

er
gr

ee
n 

er
ic

ac
io

us
 s

hr
ub

s,
 t

yp
ic

al
ly

 o
cc

u
r 

at
 e

le
va

ti
on

s 
ov

er
 1

30
0 

m
 

on
 e

xp
os

ed
 s

um
m

it
s 

an
d 

ri
dg

es
 (

C
ai

n 
19

30
, 

W
hi

tt
ak

er
 1

95
6)

. 
G

ra
ss

y 
ba

ld
s 

ar
e 

th
e 

ot
he

r 
hi

g
h 

el
ev

at
io

n 
no

n-
fo

re
st

 t
yp

e 
in

 G
R

S
M

. 
T

h
e 

g
ra

ss
y 

ba
ld

s,
 a

s 
th

e 
na

m
e 

im
p

li
es

, 
ar

e 
do

m
in

at
ed

 b
y 



g
ra

ss
es

 (
St

ra
tt

on
 a

nd
 W

hi
te

 1
98

2)
 a

nd
 w

er
e 

cr
ea

te
d 

b
y 

cl
ea

ri
ng

 a
nd

 g
ra

zi
ng

 i
n

 t
he

 e
ar

ly
 a

nd
 

m
id

-1
8

0
0

's
 (

L
in

ds
ay

 a
nd

 B
ra

tt
on

 1
97

9)
. 

W
hi

tt
ak

er
 (

19
56

) 
in

te
rp

re
te

d 
th

e 
ve

ge
ta

ti
on

 o
f 

G
R

SM
 b

as
ed

 o
n 

gr
ad

ie
nt

s 
of

 e
le

va
ti

on
 

an
d 

si
te

 m
oi

st
ur

e.
 

G
ol

de
n 

(1
98

1)
 a

nd
 C

al
la

w
ay

 e
t 

al
. 

(1
98

7)
 h

av
e 

co
nf

ir
m

ed
 t

he
 i

m
po

rt
an

ce
 

of
 th

es
e 

gr
ad

ie
nt

s 
in

 e
xp

la
in

in
g

 t
he

 c
om

pl
ex

 v
eg

et
at

io
n

 p
at

te
rn

 a
nd

 d
is

tr
ib

ut
io

n
. 

A
dd

in
g 

to
 t

he
 

co
m

pl
ex

it
y 

of
 v

eg
et

at
io

n
 p

at
te

rn
 i

n 
G

R
SM

 i
s 

th
e 

pa
tt

er
n 

of
 d

is
tu

rb
an

ce
. 

A
t 

th
e 

ti
m

e 
of

 p
ar

k 

es
ta

b
li

sh
m

en
t 

(1
9

34
),

 2
0

%
 o

f 
th

e 
pa

rk
 w

as
 f

re
e 

fr
o

m
 h

um
an

 d
is

tu
rb

an
ce

 a
nd

 a
n 

ad
di

ti
on

al
 8

%
 

ha
d 

ex
pe

ri
en

ce
d 

on
ly

 
di

ffu
se

 
d

is
tu

rb
an

ce
 

(P
yl

e 
19

8
5

).
 

T
h

e 
re

m
ai

nd
er

 
of

 
G

R
SM

 
ha

d 

ex
pe

ri
en

ce
d 

ei
th

er
 f

ar
m

in
g 

or
 l

og
g

in
g

. 
S

in
ce

 i
ts

 e
st

ab
li

sh
m

en
t 

as
 a

 p
ar

k
, 

G
R

SM
 h

as
 b

ee
n 

su
bj

ec
t 

to
 v

ar
io

us
 o

th
er

 d
is

tu
rb

an
ce

s 
(H

ar
m

on
 e

t 
al

. 
19

8
3,

 
P

yl
e 

19
8

5)
, 

fo
r 

ex
am

p
le

, 
fi

re
 

(H
ar

m
on

 
19

8
0

, 
19

8
1)

 a
nd

 e
xo

ti
c 

sp
ec

ie
s 

in
v

as
io

ns
 i

n
cl

ud
in

g
 t

he
 c

he
st

nu
t 

bl
ig

ht
 (

W
oo

ds
 a

nd
 

S
h

an
ks

 1
95

6
, 

19
5

7
),

 s
ou

th
er

n 
pi

n
e 

be
et

le
 (

K
uy

ke
nd

al
l 

19
78

),
 b

al
sa

m
 w

oo
ly

 a
de

lg
id

 (
E

ag
ar

 

19
8

4
b

),
 

an
d 

th
e 

eu
ro

pe
an

 w
il

d 
bo

ar
 

(B
ra

tt
on

 
19

74
).

 
T

he
 g

yp
sy

 m
ot

h 
re

pr
es

en
ts

 a
no

th
er

 

po
te

nt
ia

l 
fu

tu
re

 i
nv

as
io

n
 (

B
ar

et
t 

19
9

3)
. 

Ob
jec

tiv
es 

T
he

 a
bo

ve
 i

nt
ro

du
ct

io
n 

il
lu

st
ra

te
s 

th
e 

co
m

pl
ex

 n
at

ur
e 

of
 t

he
 G

R
SM

 v
eg

et
at

io
n

. 
T

he
 

re
se

ar
ch

 p
re

se
nt

ed
 i

n
 t

hi
s 

di
ss

er
ta

ti
on

 a
dd

re
ss

es
 t

hi
s 

co
m

pl
ex

it
y 

n
ot

 f
ro

m
 s

it
e 

sp
ec

if
ic

 a
na

ly
si

s 

bu
t 

ra
th

er
 f

ro
m

 w
h

ol
e 

pa
rk

 a
na

ly
si

s.
 

T
h

is
 r

es
ea

rc
h 

at
te

m
pt

s 
to

 d
es

cr
ib

e 
an

d 
pr

ed
ic

t 
th

e 

ve
ge

ta
ti

on
 o

f 
G

R
SM

 i
n

 t
he

 c
on

te
xt

 o
f 

bo
th

 s
pa

ce
 a

nd
 t

im
e.

 

C
ha

pt
er

 I
 

de
sc

ri
be

s 
th

e 
ve

ge
ta

ti
on

 o
f 

G
R

SM
 d

ur
in

g
 t

he
 

19
30

's
. 

T
hi

s 
an

al
y

si
s 

is
 

p
os

si
b

le
 a

s 
th

e 
re

su
lt

 o
f 

a 
w

ho
le

 p
ar

k 
sa

m
pl

in
g 

th
at

 o
cc

ur
re

d 
du

ri
ng

 t
hi

s 
pe

ri
od

. 
E

ve
n 

th
ou

gh
 

th
e 

ch
es

tn
ut

 b
li

gh
t 

ha
d 

al
re

ad
y 

in
va

de
d 

th
e 

pa
rk

 (
W

oo
ds

 a
nd

 S
ha

nk
s 

19
56

) 
ch

es
tn

ut
 w

as
 s

ti
ll

 

th
e 

do
m

in
an

t 
sp

ec
ie

s 
in

 t
he

 G
R

S
M

 l
an

ds
ca

pe
. 

T
h

is
 s

am
pl

in
g 

an
d 

it
s 

su
bs

eq
ue

nt
 a

na
ly

si
s 

al
so

 

2 



pr
ov

id
es

 i
ns

ig
ht

s 
in

to
 t

he
 i

m
po

rt
an

ce
 o

f 
w

ho
le

 p
ar

k 
sa

m
pl

in
g

 a
nd

 i
ts

 i
m

po
rt

an
ce

 f
or

 v
eg

et
at

io
n

 

de
sc

ri
pt

io
n

. 
T

he
 s

am
pl

in
g

 e
ff

or
t 

of
 th

e 
19

30
's

 p
ro

v
id

es
 u

s 
w

it
h 

a 
sn

ap
sh

ot
 o

f 
th

e 
ve

ge
ta

ti
on

 

of
 G

R
SM

 a
t 

on
e 

po
in

t 
in

 t
im

e.
 

T
he

 s
am

pl
in

g
 r

ep
re

se
nt

s 
th

e 
fi

rs
t,

 a
nd

 o
n

ly
, 

w
h

ol
e 

pa
rk

 

sa
m

pl
in

g
 e

ff
or

t. 
W

h
il

e 
th

e 
sa

m
pl

in
g

 l
oc

at
io

ns
 c

an
 o

n
ly

 b
e 

re
la

te
d 

to
 s

pe
ci

fi
c 

w
at

er
sh

ed
s,

 

ce
rt

ai
n 

sp
at

ia
l 

at
tr

ib
ut

es
 o

f 
sp

ec
ie

s 
d

is
tr

ib
ut

io
n 

an
d 

ve
ge

ta
ti

on
 p

at
te

rn
 a

re
 d

is
ce

rn
ab

le
. 

C
ha

pt
er

 I
I 

pr
ov

id
es

 a
no

th
er

 s
na

ps
ho

t 
o

f 
th

e 
ve

ge
ta

ti
on

 o
f 

G
R

S
M

 a
t 

a 
pa

rt
ic

ul
ar

 p
oi

n
t 

in
 t

im
e.

 
T

hi
s 

ch
ap

te
r 

de
sc

ri
be

s 
th

e 
an

al
y

si
s 

of
 L

an
ds

at
 T

he
m

at
ic

 M
ap

pe
r 

sa
te

lli
te

 d
at

a 
ac

qu
ir

ed
 

of
 G

R
SM

 i
n

 1
98

4
. 

T
h

is
 a

na
ly

si
s 

re
pr

es
en

ts
 t

he
 f

ir
st

, 
an

d 
o

n
ly

, 
sp

at
ia

lly
 e

xp
li

ci
t 

w
ho

le
 p

ar
k 

in
v

en
to

ry
 o

f 
th

e 
ve

ge
ta

ti
on

 o
f 

G
R

S
M

. 
D

u
e 

to
 t

he
 e

xp
li

ci
t 

sp
at

ia
l 

na
tu

re
 o

f 
th

e 
sa

te
ll

it
e 

da
ta

, 

ve
ge

ta
ti

on
 p

at
te

rn
s 

ar
e 

re
ad

ily
 d

is
ce

rn
ab

le
. 

C
ha

pt
er

 I
II

 i
nv

ol
ve

s 
th

e 
in

co
rp

or
at

io
n 

of
 s

pe
ci

es
 r

es
po

ns
es

 t
o 

th
e 

co
m

pl
ex

 m
oi

st
ur

e

el
ev

at
io

n 
gr

ad
ie

nt
 f

or
 G

R
SM

, 
de

ve
lo

pe
d 

in
 C

ha
pt

er
 I

, 
in

to
 a

 m
od

el
 o

f 
fo

re
st

 s
uc

ce
ss

io
n

. 
T

hi
s 

ch
ap

te
r 

em
ph

as
iz

es
 t

he
 t

em
po

ra
l 

dy
na

m
ic

s 
of

 th
e 

G
R

SM
 v

eg
et

at
io

n
. 

T
he

 r
es

ul
ta

nt
 m

od
el

, 
du

e 

to
 t

he
 i

nc
or

po
ra

ti
on

 o
f 

th
e 

en
v

ir
on

m
en

ta
l 

gr
ad

ie
nt

, 
al

so
 i

nc
lu

de
s 

a 
sp

at
ia

l 
co

m
po

ne
nt

. 

E
ac

h 
of

 t
he

 i
nd

iv
id

ua
l c

ha
pt

er
s 

id
en

ti
fi

es
 s

pe
ci

fi
c 

ob
je

ct
iv

es
 f

o
r 

th
e 

re
se

ar
ch

 p
re

se
nt

ed
. 

T
he

 o
v

er
al

l 
g

oa
l 

of
 th

is
 r

es
ea

rc
h 

is
 t

o 
de

sc
ri

be
, 

an
al

yz
e,

 a
nd

 p
re

di
ct

 t
he

 v
eg

et
at

io
n 

of
 G

R
SM

, 

as
 a

 w
ho

le
, 

in
 t

he
 c

on
te

xt
 o

f 
b

ot
h 

sp
at

ia
l 

an
d 

te
m

po
ra

l 
dy

na
m

ic
s.

 

S
tu

d
y

 A
rea

 

G
R

SM
 e

nc
om

pa
ss

es
 2

08
,0

00
 h

a 
al

on
g 

th
e 

bo
rd

er
 o

f 
N

or
th

 C
ar

ol
in

a 
an

d 
T

en
ne

ss
ee

 f
ro

m
 

35
°2

9'
 t

o 
35

°4
7'

 N
 l

at
it

ud
e 

an
d 

8
3°

0
5'

 t
o 

8
3°

55
' 

W
 l

on
g

it
ud

e.
 

T
he

 p
ar

k 
in

cl
ud

es
 p

or
ti

on
s 

of
 

H
ay

w
oo

d 
an

d
 S

w
ai

n
 c

ou
nt

ie
s 

in
 N

or
th

 C
ar

ol
in

a 
an

d 
B

lo
un

t,
 C

oc
k

e,
 a

nd
 S

ev
ie

r 
co

un
ti

es
 i

n
 

T
en

ne
ss

ee
. 

G
R

S
M

 i
s 

lo
ca

te
d 

w
it

hi
n 

th
e 

U
na

ka
 M

ou
nt

ai
ns

 o
f 

th
e 

B
lu

e 
R

id
g

e 
ph

ys
io

g
ra

ph
ic

 

pr
ov

in
ce

 (
F

en
ne

m
an

 1
9

38
).

 

3 



B
ed

ro
ck

 g
eo

lo
g

y 
of

 G
R

SM
 i

s 
co

m
po

se
d 

pr
im

ar
ily

 o
f 

P
re

ca
m

b
ri

an
 s

ed
im

en
ta

ry
 r

oc
ks

 

of
 th

e 
O

co
ee

 s
er

ie
s 

(K
in

g 
et

 a
l. 

19
6

8
).

 
S

an
ds

to
ne

s 
do

m
in

at
e 

th
ro

ug
ho

ut
 t

he
 O

co
ee

 s
er

ie
s 

bu
t 

th
e 

A
n

ak
es

ta
 f

or
m

at
io

n 
of

 t
he

 s
er

ie
s 

is
 c

om
po

se
d 

of
 s

la
te

, 
ph

yl
li

te
, 

an
d 

sc
h

is
t.

 
A

no
th

er
 

re
la

ti
v

el
y 

m
in

or
 c

om
po

ne
nt

 o
f 

th
e 

be
dr

oc
k 

geo
lo

g
y 

ar
e 

th
e 

P
al

eo
zo

ic
 r

oc
k 

ty
pe

s.
 

T
he

 K
no

x 

G
ro

up
 l

im
es

to
ne

s 
of

 C
ad

es
 C

ov
e 

re
pr

es
en

t 
a 

w
el

l 
kn

ow
n 

ex
am

p
le

 o
f 

th
is

 t
yp

e.
 

T
he

 s
o

il
s 

of
 G

R
SM

 r
em

ai
n 

re
la

ti
ve

ly
 u

nd
es

cr
ib

ed
 (

U
S 

M
A

B
 1

98
2b

).
 

G
ol

de
n 

(1
97

4)
 

in
di

ca
te

s 
th

at
 c

ol
lu

v
ia

l 
an

d 
re

si
du

al
 s

oi
ls

 c
ov

er
 m

os
t 

of
 G

R
S

M
. 

R
es

tr
ic

te
d 

ar
ea

s 
of

 a
llu

v
iu

m
 

oc
cu

r 
al

on
g 

so
m

e 
of

 th
e 

st
re

am
s.

 
In

ce
pt

is
ol

s 
ar

e 
th

e 
pr

ed
om

in
at

e 
so

il
 t

yp
e,

 a
t 

le
as

t 
w

it
h

in
 t

he
 

ce
nt

ra
l 

po
rt

io
n

 o
f 

G
R

SM
 (

G
ol

de
n 

19
74

).
 

U
lt

is
ol

s 
oc

cu
r 

ra
re

ly
 a

t 
el

ev
at

io
ns

 l
es

s 
th

an
 1

00
0 

m
 

an
d 

S
p

od
os

ol
s 

oc
cu

r 
at

 e
le

va
ti

on
s 

ab
ov

e 
18

00
 m

 (
M

cC
ra

ke
n 

et
 a

l. 
19

6
2

).
 

T
he

 m
ou

nt
ai

n 
sl

op
e 

so
il

s 
of

 S
ev

ie
r 

C
ou

nt
y 

h
av

e 
b

ee
n

 p
la

ce
d 

in
 t

h
e 

R
am

se
y 

se
ri

es
 a

nd
 a

re
 d

er
iv

ed
 f

ro
m

 q
ua

rt
zi

te
s,

 

sa
nd

st
on

es
, 

an
d 

co
ng

lo
m

er
at

es
 

(H
ub

ba
rd

 
et

 a
l.

 
19

56
).

 
T

he
 l

ow
er

 
sl

op
e 

so
il

s 
ha

ve
 b

ee
n 

cl
as

si
fi

ed
 a

s 
p

ar
t 

of
 t

he
 J

eff
er

so
n

 s
er

ie
s 

an
d 

ar
e 

pr
ed

om
in

at
el

y 
co

ll
uv

ia
l 

so
il

s.
 

S
oi

l 
p

H
 i

s 
ac

id
 

to
 s

tr
on

gl
y 

ac
id

 a
nd

 g
en

er
al

ly
 d

ec
re

as
es

 w
it

h 
el

ev
at

io
n 

bu
t 

va
ri

es
 w

ith
 v

eg
et

at
io

n 
ty

pe
 (

C
ai

n 

19
3

1,
 G

ol
de

n 
19

8
1)

. 

T
he

 
cl

im
at

e 
o

f 
G

R
SM

 
va

ri
es

 
fr

om
 

m
es

ot
he

rm
al

-h
um

id
 

at
 

lo
w

 
el

ev
at

io
ns

 
to

 

m
ic

ro
th

er
m

al
-p

er
hu

m
id

 a
t 

hi
g

h 
el

ev
at

io
ns

 (
Sh

an
ks

 1
95

4
).

 
Ja

nu
ar

y 
te

m
pe

ra
tu

re
s 

ra
ng

e 
fr

om
 a

 

m
on

th
ly

 m
ea

n 
of

 4
.4

°
C

 a
t 

44
5 

m
 t

o 
-1

.8
°

C
 a

t 
19

19
 m

. 
Ju

ly
 t

em
pe

ra
tu

re
s 

av
er

ag
e 

22
.1

 oc
 a

t 

44
5 

m
 a

nd
 1

3
.6

°
C

 a
t 

19
19

 m
 (

St
ep

he
ns

 1
9

6
9

).
 

M
ax

im
um

 p
re

ci
p

it
at

io
n 

oc
cu

rs
 i

n 
la

te
 w

in
te

r 

an
d 

ea
rl

y 
sp

ri
ng

 w
it

h 
a 

se
co

nd
ar

y 
m

ax
im

um
 i

n 
Ju

ly
. 

M
in

im
um

 p
re

ci
p

it
at

io
n 

oc
cu

rs
 i

n 
O

ct
ob

er
. 

P
re

ci
pi

ta
ti

on
 i

nc
re

as
es

 w
it

h 
el

ev
at

io
n 

(S
te

ph
en

s 
19

69
).

 

4 



C
H

A
P

T
E

R
 I

 

T
H

E
 P

A
S

T
 V

E
G

E
T

A
T

IO
N

 O
F

 G
R

E
A

T
 S

M
O

K
Y

 M
O

U
N

T
A

IN
S

 

N
A

T
IO

N
A

L
 P

A
R

K
: 

C
IR

C
A

 1
93

0 

In
tr

o
d

u
ct

io
n

 

G
R

SM
 h

as
 b

ee
n 

th
e 

su
bj

ec
t 

of
 n

um
er

ou
s 

ve
ge

ta
ti

on
 s

tu
di

es
. 

D
eY

ou
ng

 e
t 

al
. 

(1
98

2)
 

in
de

xe
d 

ov
er

 2
0

0
 s

tu
di

es
 o

f 
th

e 
ve

ge
ta

ti
on

 o
f 

G
R

S
M

. 
T

h
es

e 
st

ud
ie

s 
ha

ve
 t

yp
ic

al
ly

 d
ea

lt
 w

it
h 

on
e 

co
m

po
ne

nt
 o

f 
th

e 
ve

ge
ta

ti
on

 o
r 

w
it

h 
on

e 
lo

ca
ti

on
 i

n 
th

e 
pa

rk
. 

M
an

y 
of

 th
es

e 
st

ud
ie

s 
ha

ve
 

in
vo

lv
ed

 t
he

 s
am

pl
in

g
 o

f 
p

lo
ts

 w
it

hi
n 

th
e 

co
m

m
un

it
y 

of
 in

te
re

st
. 

St
an

le
y 

A
. 

C
ai

n 
w

as
 r

es
po

n
si

b
le

 f
or

 s
om

e 
of

 th
e 

ea
rl

ie
st

 s
am

pl
in

g
 w

it
h 

G
R

S
M

. 
T

he
se

 

st
ud

ie
s 

in
cl

ud
e 

re
se

ar
ch

 o
n 

H
ea

th
 B

al
ds

 (
C

ai
n 

19
30

),
 t

he
 S

pr
uc

e 
-

F
ir

 (
C

ai
n 

19
35

) 
an

d 
C

ov
e 

H
ar

dw
oo

ds
 (

C
ai

n 
19

4
3)

. 
O

os
ti

ng
s 

an
d 

B
il

li
ng

s 
(1

95
1)

 e
st

ab
li

sh
ed

 a
 n

um
be

r 
of

 p
lo

ts
 i

n
 t

he
ir

 

re
se

ar
ch

 o
f 

Sp
ru

ce
-

F
ir

 f
or

es
ts

. 
R

us
se

ll 
(1

95
3)

 a
nd

 O
h 

(1
96

4)
 s

am
pl

ed
 B

ee
ch

 G
ap

s.
 W

hi
tt

ak
er

 

(1
96

3)
 s

am
pl

ed
 a

nd
 m

ea
su

re
d 

pr
od

uc
ti

vi
ty

 in
 H

ea
th

 B
al

d
s.

 
W

oo
ds

 a
nd

 S
ha

nk
s 

(1
95

9)
 s

am
pl

ed
 

O
ak

 -
C

he
st

nu
t 

fo
re

st
s 

in
 t

he
ir

 s
tu

dy
 o

f 
Ca

st
an

ea
 r

ep
la

ce
m

en
t 

aft
er

 t
he

 c
he

st
nu

t 
bl

ig
ht

. 

D
eY

ou
ng

 (
19

79
) 

sa
m

pl
ed

 W
hi

te
 P

in
e

-
H

ar
dw

oo
d 

ve
ge

ta
ti

on
 in

 t
he

 w
es

te
rn

 p
or

ti
on

 o
f 

G
R

S
M

. 

T
he

 a
bo

ve
 s

tu
di

es
 r

ep
re

se
nt

 a
 s

am
pl

in
g

 o
f 

th
os

e 
in

v
ol

v
in

g 
pa

rt
ic

ul
ar

 v
eg

et
at

io
n

 t
yp

es
. 

A
no

th
er

 l
ev

el
 o

f 
sa

m
pl

in
g

 h
as

 o
cc

ur
re

d 
w

it
hi

n
 G

R
SM

 t
ha

t 
ha

s 
in

vo
lv

ed
 s

am
pl

in
g 

ov
er

 l
ar

ge
r 

re
gi

on
s.

 
T

he
 c

la
ss

ic
 a

m
on

g 
th

es
e 

st
ud

ie
s 

is
 W

hi
tt

ak
er

's
 (

19
56

) 
m

on
og

ra
ph

 o
f 

th
e 

ve
ge

ta
ti

on
 

of
 G

R
S

M
. 

M
an

y 
pe

op
le

 a
ss

um
e 

th
at

 W
hi

tt
ak

er
 (

19
56

) 
st

ud
ie

d 
th

e 
en

ti
re

 G
R

SM
 la

nd
sc

ap
e 

bu
t 

a 
cl

os
e 

ex
am

in
at

io
n 

of
 h

is
 m

et
ho

ds
 r

ev
ea

l t
ha

t 
"t

he
 b

u
lk

 o
f 

si
te

-s
am

pl
es

 w
er

e 
ob

ta
in

ed
 f

ro
m

 t
he

 

m
ou

nt
ai

ns
 s

ur
ro

un
di

ng
 G

re
en

b
ri

ar
, 

Su
g

ar
la

nd
, 

an
d 

C
ad

es
 C

ov
e .

..
 " 

(W
hi

tt
ak

er
 1

95
6)

. 
T

hi
s 

su
gg

es
ts

 th
at

 W
hi

tt
ak

er
's

 re
su

lt
s b

es
t 

de
sc

ri
be

 th
e 

no
rt

h-
ce

nt
ra

l t
o 

ea
st

-c
en

tr
al

 p
or

ti
on

 o
f 

G
R

S
M

. 

5 



H
ar

m
on

 (
19

8
0

) 
es

ta
b

li
sh

ed
 a

 n
um

be
r 

of
 p

lo
ts

 i
n

 t
he

 w
es

te
rn

 p
or

ti
on

 o
f 

G
R

SM
 i

n 
hi

s 
st

ud
y 

of
 

fi
re

 
an

d 
si

te
 f

ac
to

rs
 

an
d 

th
ei

r 
aff

ec
t 

on
 v

eg
et

at
io

n
 p

at
te

rn
 

an
d 

pr
oc

es
s.

 
G

ol
de

n 
(1

98
1)

 

es
ta

b
li

sh
ed

 a
 n

um
be

r 
of

 p
lo

ts
 i

n
 t

he
 c

en
tr

al
 p

or
ti

on
 o

f 
G

R
S

M
. 

H
is

 s
am

pl
in

g
 in

cl
ud

ed
 n

ot
 o

n
ly

 

sp
ec

ie
s 

in
fo

rm
at

io
n 

b
ut

 a
ls

o 
a 

nu
m

be
r 

of
 s

it
e 

v
ar

ia
b

le
s 

in
cl

ud
in

g
 v

ar
io

us
 s

oi
l 

pa
ra

m
et

er
s.

 

C
al

la
w

ay
 e

t 
al

. 
(1

98
7)

 p
er

fo
rm

ed
 a

n 
an

al
ys

is
 s

im
il

ar
, 

in
 m

an
y 

w
ay

s,
 t

o 
G

ol
de

n 
(1

98
1)

 b
ut

 i
n

 

th
e 

w
es

te
rn

 p
or

ti
on

 o
f 

th
e 

pa
rk

. 

T
he

re
 i

s 
on

ly
 o

ne
 k

no
w

n 
sa

m
pl

in
g

 e
ff

or
t 

th
at

 h
as

 o
cc

ur
re

d 
ac

ro
ss

 t
he

 e
nt

ir
e 

G
R

SM
 

la
nd

sc
ap

e.
 

D
ur

in
g

 t
he

 e
st

ab
li

sh
m

en
t 

o
f 

G
R

SM
 a

s 
a 

N
at

io
na

l 
P

ar
k 

in
 t

he
 m

id
 1

9
30

's
, 

th
e 

N
at

io
na

l 
P

ar
k 

S
er

vi
ce

 h
ir

ed
 F

ra
nk

 H
. 

M
il

le
r 

as
 an

 A
ss

is
ta

nt
 F

or
es

te
r 

to
 c

on
du

ct
 a

 v
eg

et
at

io
n

 

su
rv

ey
 o

f 
th

e 
pr

op
os

ed
 p

ar
k 

ar
ea

. 
T

he
 p

ur
po

se
 o

f 
th

is
 s

tu
dy

 w
as

 t
o 

d
oc

um
en

t 
th

e 
ve

ge
ta

ti
on

 

w
it

hi
n 

th
e 

pr
op

os
ed

 p
ar

k 
bo

un
da

ri
es

 a
nd

 t
o 

cr
ea

te
 a

 m
ap

 o
f 

th
e 

ve
ge

ta
ti

on
 t

yp
es

 (
M

ill
er

 n
.d

.,
 

M
il

le
r 

19
4

1 )
. 

E
xa

m
in

at
io

n 
of

 M
il

le
r'

s 
no

te
s 

(M
ill

er
 n

.d
.)

 r
ev

ea
ls

 t
ha

t h
e

 u
se

d 
th

e 
da

ta
 c

ol
le

ct
ed

 

by
 h

is
 fi

el
d 

cr
ew

s 
qu

al
it

at
iv

el
y 

to
 i

de
nt

if
y 

th
e 

ve
ge

ta
ti

on
 t

yp
e 

re
pr

es
en

te
d 

by
 e

ac
h 

p
lo

t.
 

It
 i

s 

cl
ea

r 
th

at
 M

ill
er

 n
ev

er
 a

na
ly

ze
d 

th
e 

da
ta

 i
n

 a
 q

ua
nt

it
at

iv
e 

fa
sh

io
n

 e
xc

ep
t 

to
 s

um
m

ar
iz

e 
st

em
 

co
un

ts
. 

U
po

n 
co

m
pl

et
io

n 
of

 t
he

 v
eg

et
at

io
n

 m
ap

 (
M

il
le

r 
19

4
1)

, 
th

e 
or

ig
in

al
 fi

el
d 

sh
ee

ts
 w

er
e 

p
la

ce
d 

in
 f

ile
s 

an
d 

ev
en

tu
al

ly
 d

ep
os

it
ed

 i
n

 t
he

 G
R

SM
 a

rc
hi

ve
s 

an
d 

se
em

 t
o 

ha
ve

 b
ee

n 
ig

no
re

d 

un
ti

l 
th

e 
la

te
 

19
70

's
. 

A
t 

th
at

 t
im

e,
 W

al
ke

r 
(1

97
8

) 
us

ed
 s

om
e 

o
f 

M
il

le
r'

s 
or

ig
in

al
 d

at
a 

to
 

re
lo

ca
te

 a
nd

 r
es

am
p

le
 3

1 
C

ov
e 

H
ar

dw
oo

d 
pl

ot
s.

 
It

 w
as

 a
ls

o 
ar

ou
nd

 t
ha

t 
ti

m
e 

th
at

 t
he

 S
ci

en
ce

 

D
iv

is
io

n
 o

f 
G

R
SM

 i
ni

ti
at

ed
 a

 p
ro

je
ct

 t
o 

co
nv

er
t 

M
il

le
r'

s 
ra

w
 d

at
a 

to
 d

ig
it

al
 f

or
m

 (
U

S 
M

A
B

 

19
8

2b
) 

in
 t

he
 h

op
es

 o
f 

qu
an

ti
ta

ti
v

el
y 

an
al

yz
in

g 
th

e 
da

ta
. 

T
hi

s 
ch

ap
te

r 
de

sc
ri

be
s 

th
e 

sa
m

pl
in

g
 m

et
ho

do
lo

g
y 

in
co

rp
or

at
ed

 b
y 

M
il

le
r 

an
d 

hi
s 

fi
el

d 

cr
ew

s 
an

d 
a 

su
bs

eq
ue

nt
 a

na
ly

si
s 

of
 h

is
 d

at
a 

th
at

 I
 p

er
fo

rm
ed

 a
pp

ro
xi

m
at

el
y 

50
 y

ea
rs

 a
ft

er
 i

ts
 

co
ll

ec
ti

on
. 

T
he

re
 w

er
e 

a 
nu

m
be

r 
of

 o
bj

ec
ti

ve
s 

to
 t

he
 r

es
ea

rc
h 

de
sc

ri
be

d 
in

 t
hi

s 
ch

ap
te

r.
 

T
he

se
 

ob
je

ct
iv

es
 w

er
e:

 
1)

 t
o 

co
m

pl
et

e 
th

e 
co

nv
er

si
on

 o
f 

th
e 

M
il

le
r 

d
at

a 
to

 
di

g
it

al
 

fo
rm

 
an

d 
to

 

6 



do
cu

m
en

t 
th

e 
st

ru
ct

ur
e 

of
 th

e 
re

su
lt

an
t 

da
ta

 s
et

s,
 2

) 
to

 a
na

ly
ze

 t
he

 d
at

a 
u

si
ng

 s
im

pl
e 

de
sc

ri
pt

iv
e 

te
ch

ni
qu

es
 a

nd
 m

ul
ti

v
ar

ia
te

 a
na

ly
si

s 
(G

au
ch

 1
98

2
),

 a
nd

 3
) 

to
 d

ev
el

op
 c

oe
no

cl
in

es
 o

f 
sp

ec
ie

s 

re
sp

on
se

 to
 t

he
 e

nv
ir

on
m

en
ta

l g
ra

di
en

t 
de

ve
lo

pe
d 

u
si

ng
 t

he
 m

ul
ti

va
ri

at
e 

an
al

y
si

s 
fo

r 
in

te
gr

at
io

n 

in
to

 a
 g

ap
 m

od
el

 o
f 

fo
re

st
 s

uc
ce

ss
io

n 
fo

r 
G

R
SM

 (
se

e 
C

ha
pt

er
 I

II
).

 

M
et

h
o

d
s 

M
il

le
r 

M
et

h
o

d
s 

M
il

le
r 

an
d 

h
is

 f
ie

ld
 c

re
w

s 
es

ta
b

li
sh

ed
 1

37
8 

re
ct

an
gu

la
r 

(2
0 

x 
4

0
 m

) 
0

.0
8 

h
a 

pl
ot

s 
w

it
hi

n 

th
e 

p
ar

k 
be

tw
ee

n 
19

35
 a

nd
 1

93
8

. 
T

he
 l

oc
at

io
ns

 o
f 

th
es

e 
pl

ot
s 

w
er

e 
de

te
rm

in
ed

 u
si

n
g

: 
1)

 

ra
nd

om
 p

oi
nt

s 
w

it
hi

n
 w

at
er

sh
ed

s,
 2

) 
in

te
rs

ec
ti

on
 o

f 
li

ne
s 

al
on

g 
a 

g
ri

d 
es

ta
b

li
sh

ed
 o

n
 to

po
gr

ap
h

ic
 

m
ap

s,
 3

) 
po

in
ts

 a
lo

n
g

 tr
an

se
ct

s,
 o

r 
4)

 n
on

-r
an

do
m

 p
la

ce
m

en
t 

al
on

g 
ec

ot
on

es
 (

M
il

le
r 

n
.d

.)
. 

It
 

is
 im

po
rt

an
t t

o 
n

ot
e 

th
at

 th
e 

ex
ac

t 
lo

ca
ti

on
s 

of
 m

os
t o

f 
th

es
e 

p
lo

ts
 d

o
 n

ot
 s

ee
m

 to
 h

av
e 

su
rv

iv
ed

. 

G
R

S
M

 h
as

 b
ee

n 
in

 t
he

 p
ro

ce
ss

 o
f 

tr
yi

ng
 t

o 
de

te
rm

in
e 

th
e 

lo
ca

ti
on

s 
of

 t
he

se
 p

lo
ts

 t
hr

ou
gh

 

an
al

y
si

s 
of

 f
ie

ld
 n

ot
es

 a
nd

 e
ar

ly
 m

ap
s 

of
 t

he
 p

ar
k.

 

F
or

 e
ac

h 
pl

ot
 e

st
ab

li
sh

ed
 b

y 
M

il
le

r 
an

d 
hi

s 
cr

ew
s,

 t
re

es
 w

er
e 

id
en

ti
fi

ed
 t

o 
sp

ec
ie

s 
an

d 

nu
m

be
r 

of
 in

di
v

id
u

al
s 

pe
r 

sp
ec

ie
s 

w
as

 r
ec

or
de

d 
fo

r 
th

e 
fo

ll
ow

in
g 

d
ia

m
et

er
 a

t 
br

ea
st

 h
ei

g
ht

 (d
bh

) 

si
ze

 c
la

ss
es

: 
1)

 1
0

 to
 <

 3
0

 e
m

, 
2)

 3
0

 t
o 

<
 6

0 
em

, 
3)

 6
0 

to
 <

 9
1 

em
, 

an
d 

4)
 �

 9
1 

em
. 

B
ru

sh
 

an
d 

g
ro

un
d 

co
ve

r 
w

er
e 

re
co

rd
ed

 b
y 

de
te

rm
in

in
g 

th
e 

do
m

in
an

t 
sp

ec
ie

s,
 m

ea
su

re
d 

u
si

n
g

 c
ov

er
, 

in
 e

ac
h 

of
 1

0
0

, 
2 

x 
2

m
 su

bp
lo

ts
 n

es
te

d 
w

it
hi

n 
th

e 
0

.0
8 

h
a 

p
lo

t.
 

T
he

 f
ol

lo
w

in
g 

si
te

 p
ar

am
et

er
s 

w
er

e 
al

so
 r

ec
or

de
d

: 
el

ev
at

io
n;

 s
lo

pe
; 

as
pe

ct
; 

so
il

 d
ep

th
, 

pe
ne

tr
ab

il
it

y
, 

an
d 

ch
ar

ac
te

r;
 p

ar
en

t 

ro
ck

; 
an

d 
li

tt
er

 d
ep

th
. 

A
 c

op
y 

of
 o

ne
 o

f 
M

il
le

r'
s 

da
ta

 s
he

et
s 

ca
n 

b
e 

fo
un

d 
in

 F
ig

ur
es

 A
-1

 a
nd

 

A
-2

. 

7 



Q
u

a
n

ti
ta

ti
v

e 
M

et
h

o
d

s 

T
he

 m
et

ho
ds

 t
ha

t f
ol

lo
w

 re
pr

es
en

t a
na

ly
se

s 
th

at
 I 

ha
ve

 p
er

fo
rm

ed
 o

n 
th

e 
da

ta
. 

T
h

e 

fo
llo

w
in

g 
eq

ua
tio

ns
 w

er
e 

us
ed

 t
o 

es
tim

at
e 

ba
sa

l 
ar

ea
 (B

A)
 i

n 
m

et
er

s 
sq

ua
re

d 
pe

r 
he

ct
ar

e 
fo

r 

ea
ch

 s
pe

ci
es

: 

(1
-1

) 

w
he

re
 N

s i
s t

he
 n

um
be

r 
of

 st
em

s 
in

 s
iz

e 
cl

as
s 

S,
 w

he
re

 1
 �

 S
 �

 4
, 

an
d 

Cs
 is

 th
e 

co
nv

er
si

on
 

co
ns

ta
nt

 fo
r 

si
ze

 c
la

ss
 S

 c
al

cu
la

te
d 

as
: 

(1
-2

) 

w
he

re
 L

 s 
an

d 
Us

 ar
e 

th
e 

lo
w

er
 a

nd
 u

pp
er

 li
m

its
 o

f s
iz

e 
cl

as
s 

S 
in

 c
en

tim
et

er
s,

 r
es

pe
ct

iv
e!

 y
. 

U 4
 

w
as

 s
et

 a
t 

12
2 

em
. 

T
he

se
 e

qu
at

io
ns

 e
st

im
at

e 
ba

sa
l a

re
a 

on
 th

e 
ba

si
s 

of
 th

e 
ge

om
et

ri
c 

m
ea

n 
of

 

ea
ch

 s
iz

e 
cl

as
s. 

A
 s

pe
ci

es
 x

 p
lo

t p
ri

m
ar

y 
m

at
ri

x 
(W

hi
tta

ke
r 

19
75

) 
w

as
 c

on
st

ru
ct

ed
 u

si
ng

 th
e 

ba
sa

l a
re

a 
da

ta
. 

B
as

al
 a

re
a 

w
as

 c
ho

se
n 

as
 t

he
 m

ea
su

re
 o

f 
sp

ec
ie

s 
im

po
rt

an
ce

 in
 th

e 
fo

llo
w

in
g 

an
al

ys
es

 b
ec

au
se

 it
 h

as
 b

ee
n 

sh
ow

n 
to

 p
ar

al
le

l b
io

m
as

s 
an

d 
pr

od
uc

tiv
ity

 (
R

ei
ne

rs
 1

97
2)

. 

S
p

ec
ies

 D
is

tr
ib

u
ti

o
n

. 
B

ec
au

se
 M

ill
er

's
 c

re
w

 s
am

pl
ed

 a
cr

os
s 

th
e 

en
tir

e 
la

nd
sc

ap
e,

 i
t 

is
 p

os
si

bl
e 

to
 m

ak
e 

a 
cr

ud
e 

re
co

ns
tr

uc
tio

n 
of

 sp
ec

ie
s 

di
st

ri
bu

tio
n 

by
 w

at
er

sh
ed

. 
T

hi
s 

an
al

ys
is

 

w
as

 p
er

fo
rm

ed
 b

y 
su

m
m

ar
iz

in
g 

sp
ec

ie
s 

do
m

in
an

ce
 (B

A)
 by

 w
at

er
sh

ed
. 

L
oc

at
io

n 
of

 w
at

er
sh

ed
 

ge
og

ra
ph

ic
 c

en
tr

oi
ds

 (
E

bd
on

 1
97

7)
 w

er
e 

m
ea

su
re

d 
us

in
g 

an
 o

rt
ho

go
na

l 
co

or
di

na
te

 s
ys

te
m

 

pl
ac

ed
 o

ve
r 

a 
m

ap
 o

f w
at

er
sh

ed
 b

ou
nd

ar
ie

s 
w

it
h 

th
e 

x 
ax

is
 p

ar
al

le
l t

o 
la

tit
ud

e 
(i

.e
.,

 e
as

t -
w

es
t)

 

an
d 

th
e

y 
ax

is
 p

ar
al

le
l t

o 
lo

ng
it

ud
e 

(i
.e

., 
no

rt
h

-
so

ut
h)

. 
C

en
tr

oi
ds

 w
er

e 
lo

ca
te

d 
in

 th
e 

co
nt

ex
t 

of
 a

 g
eo

gr
ap

hi
c 

in
fo

rm
at

io
n 

sy
st

em
 (

G
IS

). 
Pe

ar
so

n 
pr

od
uc

t-
m

om
en

t 
co

rr
el

at
io

n 
co

effi
ci

en
ts

 

be
tw

ee
n 

th
e 

la
tit

ud
in

al
 a

nd
 l

on
gi

tu
di

na
l a

xe
s 

an
d 

sp
ec

ie
s 

ba
sa

l 
ar

ea
 w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 t
he

 

C
O

R
R

 p
ro

ce
du

re
 o

f 
SA

S 
(S

A
S 

In
st

itu
te

 I
nc

. 
19

82
a)

. 

8 



C
la

ss
ifi

ca
ti

o
n

. 
C

la
ss

if
ic

at
io

n 
of

 s
am

pl
es

 w
as

 p
er

fo
rm

ed
 u

si
ng

 T
W

IN
SP

A
N

 (
H

ill
 

19
79

a)
. 

T
W

IN
SP

A
N

, 
or

 t
w

o-
w

ay
 

in
di

ca
to

r 
sp

ec
ie

s 
an

al
ys

is
, 

is
 

a 
po

ly
th

et
ic

 
di

vi
si

ve
 

cl
as

si
fi

ca
tio

n 
te

ch
ni

qu
e 

w
hi

ch
 i

s 
an

 i
m

pr
ov

em
en

t 
up

on
 t

he
 o

ri
gi

na
l 

in
di

ca
to

r 
sp

ec
ie

s 
an

al
ys

is
 

(H
ill

 e
t 

al
. 

19
75

) 
in

 th
at

 s
pe

ci
es

 a
re

 c
la

ss
if

ie
d 

as
 w

el
l 

as
 s

am
pl

es
 (

H
ill

 1
97

9a
). 

G
au

ch
 (

19
82

) 

re
co

m
m

en
ds

 
T

W
IN

SP
 A

N
 f

or
 

hi
er

ar
ch

ic
al

 
cl

as
si

fi
ca

tio
n 

be
ca

us
e 

of
 i

ts
 e

ff
ec

tiv
en

es
s 

an
d 

ro
bu

st
ne

ss
. 

A
no

th
er

 a
dv

an
ta

ge
 o

f 
T

W
IN

SP
A

N
 o

ve
r 

ot
he

r 
cl

as
si

fic
at

io
n 

te
ch

ni
qu

es
 i

s 
th

at
 i

t 

al
lo

w
s 

th
e 

re
se

ar
ch

er
 t

o 
de

ve
lo

p 
a 

ke
y 

to
 t

he
 v

eg
et

at
io

n 
ty

pe
s 

ba
se

d 
on

 in
di

ca
to

r 
sp

ec
ie

s.
 

G
ra

d
ie

n
t 

A
n

a
ly

si
s

. 
In

di
re

ct
 g

ra
di

en
t a

na
ly

si
s 

w
as

 p
er

fo
rm

ed
 u

si
ng

 D
E

C
O

R
A

N
A

 (
H

ill
 

19
79

b)
, o

r 
de

tr
en

de
d 

co
rr

es
po

nd
en

ce
 a

na
ly

si
s,

 w
hi

ch
 is

 d
er

iv
ed

 f
ro

m
 c

or
re

sp
on

de
nc

e 
an

al
ys

is
 

(a
ls

o 
kn

ow
n 

as
 r

ec
ip

ro
ca

l 
av

er
ag

in
g)

 (
H

ill
 1

97
3)

. 
D

et
re

nd
ed

 c
or

re
sp

on
de

nc
e 

an
al

ys
is

 i
s 

an
 

im
pr

ov
em

en
t 

up
on

 c
or

re
sp

on
de

nc
e 

an
al

ys
is

 i
n 

th
at

 it
 e

lim
in

at
es

 t
he

 a
rc

h 
or

 "
ho

rs
es

ho
e"

 e
ff

ec
t 

du
e 

to
 t

he
 q

ua
dr

at
ic

 d
ep

en
de

nc
y 

of
 t

he
 s

ec
on

d 
or

di
na

tio
n 

ax
is

 o
n 

th
e 

fi
rs

t 
an

d 
it 

do
es

 n
ot

 

co
m

pr
es

s 
th

e 
en

ds
 o

f 
th

e 
or

di
na

tio
n 

ax
es

 (
H

ill
 1

97
9b

, G
au

ch
 1

98
2,

 H
ill

 a
nd

 G
au

ch
 1

98
2)

. 

Si
m

pl
e 

si
ng

le
 v

ar
ia

bl
e 

lin
ea

r 
re

gr
es

si
on

 w
as

 p
er

fo
rm

ed
 u

si
ng

 t
he

 f
ou

r 
co

nt
in

uo
us

 

va
ri

ab
le

s 
in

 t
he

 M
ill

er
 d

at
a 

(s
oi

l 
de

pt
h,

 l
itt

er
 d

ep
th

, 
sl

op
e,

 a
nd

 e
le

va
tio

n)
 a

s 
in

de
pe

nd
en

t 

va
ri

ab
le

s 
an

d 
th

e 
fi

rs
t 

an
d 

se
co

nd
 a

xi
s 

D
E

C
O

R
A

N
A

 o
rd

in
at

io
n 

sc
or

es
 a

s 
th

e 
de

pe
nd

en
t 

va
ri

ab
le

s.
 

T
he

 r
eg

re
ss

io
ns

 w
er

e 
pe

rf
or

m
ed

 u
si

ng
 t

he
 G

L
M

 p
ro

ce
du

re
 o

f 
SA

S 
(S

A
S 

In
st

itu
te

 

In
c.

 1
98

2b
). 

R
eg

re
ss

io
n 

w
as

 p
er

fo
rm

ed
 i

n 
an

 a
tte

m
pt

 to
 fu

rt
he

r i
nt

er
pr

et
 th

e 
or

di
na

tio
n 

ou
tp

ut
. 

G
au

ss
ia

n 
cu

rv
e 

fi
tti

ng
 w

as
 p

er
fo

rm
ed

 u
si

ng
 C

E
P

12
 o

f 
th

e 
C

or
ne

ll 
E

co
lo

gy
 P

ro
gr

am
s 

(G
au

ch
 1

97
3)

 t
o 

sh
ow

 s
pe

ci
es

 r
es

po
ns

es
 t

o 
th

e 
pl

ot
 s

eq
ue

nc
e 

de
te

rm
in

ed
 b

y 
D

E
C

O
R

A
N

A
. 

C
E

P1
2 

pl
ot

s 
sa

m
pl

e 
or

di
na

tio
n 

sc
or

es
 o

n 
th

e 
ab

sc
is

sa
 a

ga
in

st
 th

e 
sp

ec
ie

s 
re

sp
on

se
 v

al
ue

s 
(b

as
al

 

ar
ea

 in
 th

is
 s

tu
dy

) 
an

d 
us

es
 a

 le
as

t s
qu

ar
es

 a
lg

or
ith

m
 to

 f
it 

a 
G

au
ss

ia
n 

cu
rv

e 
to

 th
es

e 
po

in
ts

 th
at

 

9 



ac
co

un
ts

 f
or

 t
he

 m
os

t 
va

ri
an

ce
 w

ith
 t

he
 l

ea
st

 a
m

ou
nt

 o
f 

di
sp

la
ce

m
en

t 
(G

au
ch

 a
nd

 W
hi

tt
ak

er
 

19
72

). 

R
es

u
lt

s 
a

n
d

 D
is

cu
ss

io
n

 

S
u

m
m

a
ri

za
ti

o
n

 

A
ll 

of
 th

e 
da

ta
 c

on
ta

in
ed

 i
n 

th
e 

or
ig

in
al

 M
ill

er
 f

ie
ld

 n
ot

es
 w

er
e 

co
nv

er
te

d 
to

 d
ig

ita
l 

fo
rm

at
 a

nd
 p

la
ce

d 
in

 t
w

o 
SA

S 
da

ta
 s

et
s 

(S
A

S 
In

st
itu

te
 I

nc
. 

19
82

a)
. 

T
he

 f
irs

t d
at

a 
se

t 
co

nt
ai

ns
 

in
fo

rm
at

io
n 

pe
rt

ai
ni

ng
 to

 s
pe

ci
es

, b
y 

pl
ot

. 
T

he
 s

ec
on

d 
co

nt
ai

ns
 t

he
 e

nv
ir

on
m

en
ta

l o
r 

sit
e 

da
ta

 

fo
r 

ev
er

y 
pl

ot
. 

D
oc

um
en

ta
tio

n 
fo

r 
th

es
e 

da
ta

 c
an

 b
e 

fo
un

d 
in

 A
pp

en
di

x 
A

. 

O
f 

th
e 

13
78

 p
lo

ts
 s

am
pl

ed
 b

y 
M

ill
er

 a
nd

 h
is

 c
re

w
s,

 9
50

 h
ad

 a
 t

ot
al

 B
A

 �
 8

.0
 a

nd
 ::

:;; 

11
0.

0 
m

2/
ha

. 
Pl

ot
s 

w
ith

 a
 to

ta
l B

A
 <

 8
.0

 m
2/

ha
 (4

21
 p

lo
ts

) w
er

e 
ty

pi
ca

lly
 f

ie
ld

s 
or

 a
re

as
 th

at
 

ha
d 

be
en

 r
ec

en
tly

 c
le

ar
cu

t 
an

d/
or

 b
ur

ne
d.

 
T

he
se

 p
lo

ts
 w

er
e 

co
ns

id
er

ed
 n

on
-f

or
es

te
d 

an
d 

w
er

e 

no
t 

in
cl

ud
ed

 i
n 

fu
rt

he
r 

an
al

ys
es

. 
Pl

ot
s 

w
ith

 a
 t

ot
al

 B
A

 
>

 
11

0.
0 

m
2/

ha
 (

7 
pl

ot
s)

 w
er

e 

co
ns

id
er

ed
 a

s 
ou

tl
ie

rs
 i

n 
th

e 
da

ta
 s

et
. 

A
 n

um
be

r 
of

 a
na

ly
se

s 
pe

rf
or

m
ed

 w
ith

 t
he

se
 p

lo
ts

 

in
cl

ud
ed

 in
 th

e 
da

ta
 se

t (
e.

g
., 

D
E

C
O

R
A

N
A

 a
nd

 T
W

IN
SP

A
N

) p
ro

du
ce

d 
sp

ur
io

us
 re

su
lt

s. 
T

he
se

 

pl
ot

s 
w

er
e 

th
er

ef
or

e 
no

t 
in

cl
ud

ed
 i

n 
fu

rt
he

r 
an

al
ys

es
. 

It
 i

s 
im

po
rt

an
t 

to
 n

ot
e 

th
at

 t
he

 r
es

ul
ts

 

di
sc

us
se

d 
be

lo
w

 p
er

ta
in

 o
nl

y 
to

 t
he

 9
50

 p
lo

ts
 c

on
si

de
re

d 
fo

re
st

ed
. 

Fi
gu

re
 I

 -1
 s

ho
w

s 
th

e 

di
st

ri
bu

tio
n 

of
 th

e 
95

0 
pl

ot
s 

us
ed

 i
n 

th
is 

st
ud

y 
by

 m
an

ag
em

en
t w

at
er

sh
ed

 w
ith

in
 G

R
SM

. 
T

he
 

m
an

ag
em

en
t 

w
at

er
sh

ed
 b

ou
nd

ar
ie

s 
ar

e 
th

os
e 

cu
rr

en
tl

y 
be

in
g 

us
ed

 b
y 

th
e 

Sc
ie

nc
e 

an
d 

R
es

ou
rc

es
 

M
an

ag
em

en
t 

D
iv

is
io

n 
of

 G
R

SM
 (

Pe
in

e 
at

 a
l. 

19
85

). 
N

ot
e 

th
at

 t
he

se
 m

an
ag

em
en

t 
w

at
er

sh
ed

s 

ar
e 

di
ff

er
en

t f
ro

m
 th

e 
hy

dr
ol

og
ic

 w
at

er
sh

ed
 d

es
cr

ib
ed

 b
y 

Pa
rk

er
 a

nd
 P

ip
es

 (
19

90
). 

T
he

 r
ea

so
n 

fo
r 

th
e 

hi
gh

 s
am

pl
in

g 
in

te
ns

ity
 (

22
6 

pl
ot

s)
 in

 th
e 

C
at

al
oo

ch
ee

 w
at

er
sh

ed
 i

s 
no

t 
kn

ow
n 

bu
t m

ay
 

be
 d

ue
 t

o 
th

e 
fa

ct
 t

ha
t t

hi
s 

w
as

 t
he

 f
ir

st
 w

at
er

sh
ed

 s
am

pl
ed

 (
M

ill
er

 n
.d

.)
. 

T
he

 lo
w

 s
am

pl
in

g 

10
 



Figure I-1. Number of plots by management watershed. 
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Table 1-3. Descriptive statistics for TWINSPAN classification types. 

TWINSPAN Classification Type Basal Area (m2/ha) Density (stems/ha) 
No. of 

Dominant Subdominant(s) Code Samples Mean SD Mean SD 

Pinus rigida 0 39 14.2 4.6 274.4 111.3 

Pinus virginiana Pinus rigida 1 54 16.1 6.6 264.3 99.0 

Quercus alba Quercus coccinea 2 17 13.8 5.4 224.0 63.0 
Pinus virginiana 

Pinus strobus Quercus alba 3 20 18.1 8.2 279.0 83.8 
Pinus rigida 

Pinus strobus Quercus alba 4 17 24.6 9.7 262.7 94.1 

Quercus alba Castanea dentata 5 57 18.0 9.2 214.7 92.1 
Quercus prinus 

-
Castanea dentata Quercus prinus 6 219 20.9 12.0 214.1 104.6 00 

Castanea dentata Quercus rubra 7 121 24.4 13.9 230.2 121.9 

Tsuga canadensis Liriodendron tulipifera 8 63 25.0 18.4 259.8 118.5 

Tsuga canadensis Betula lutea 9 112 35.0 21.6 279.8 147.3 

Iilia heterophylla Aesculus octandra 10 58 27.0 14.3 252.5 109.5 
Acer saccharum 

Fagus grandifolia Betula lutea 11 60 27.7 13.4 322.7 135.4 

Betula lutea Picea rubens 12 40 28.1 12.2 326.8 200.9 

Picea rubens Tsuga candensis 13 22 41.5 27.2 278.1 170.4 
Betula lutea 

Picea rubens Abies jraseri 14 46 41.6 22.7 398.0 311.1 
Betula lutea 

Abies fraseri 15 5 43.0 25.0 1234.2 1099.3 



-
\0 

Species 

Abies jraseri 

Acer pensylvanica 

Acer rubrum 

Acer saccharum 

Acer spicatum 

Aesculus octandra 

Amelanchier laevis 

Betula lenta 

Betula lutea 

Carya cordiformis 

Carya glabra 

Carya ovata 

Carya tomentosa 

Castanea dentata 

Cladastrus kentuckea 

Cornus florida 

Diospyrus virginiana 

Fagus grandifolia 

Fraxinus americana 

Halesia carolina 

Hydrangea arborescens 

/lex montana 

/lex opaca 

Jug/ens cineria 

Juglens nigra 

Kalmia latifolia 

Liquidambar styracijlua 

Liriodendron tulipifera 

Magnolia acwninata 

Magnolia jraseri 

Table 1-4. Species mean basal area (m2!ha) by TWINSPAN classification type. 

TWINSPAN Classification Type1 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.36 0.38 7.08 40.86 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.06 0.00 0.03 0.00 0.00 0.00 
0.02 0.06 0.11 0.27 0.93 0.41 1.27 0.33 0.50 2.13 0.05 0.45 0.68 0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.02 
0.00 0.00 0.00 
0.00 0.00 0.00 

0.00 0.00 0.02 0.01 0.26 0.53 0.35 3.65 3.84 0.05 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.06 0.00 0.04 0.00 
0.00 0.00 0.00 0.02 0.06 0.00 0.09 0.00 0.15 0.21 0.06 0.01 0.00 
0.00 0.12 0.00 0.04 0.08 1.04 0.02 4.03 3.75 0.61 0.00 0.00 0.00 
0.00 0.00 0.04 0.10 0.23 0.74 2.39 0.54 0.59 0.47 0.33 0.75 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.26 1.87 4.25 2.23 5.61 11.98 4.48 4.02 0.06 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.00 0.10 0.05 0.09 0.03 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.05 0.00 0.31 1.34 1.30 0.28 0.26 0.00 O.Dl 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.03 0.00 0.00 0.00 0.05 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.15 0.34 0.66 0.00 1.43 1.50 0.23 0.33 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
0.23 1.77 0.85 0.06 1.46 2.98 8.89 11.28 0.69 0.92 0.52 0.80 0.00 0.00 0.00 0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.06 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.22 
0.00 0.00 
0.00 0.02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.35 0.00 0.01 0.18 0.39 2.16 2.00 8.24 1.85 0.16 0.06 0.06 
0.00 0.12 O.Ql 0.01 0.10 0.60 0.00 0.72 0.06 0.00 0.00 0.00 0.00 
0.00 0.18 0.00 0.13 0.32 0.58 0.98 1.75 1.16 0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.05 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.00 0.00 0.00 0.05 0.05 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.30 1.88 1.71 0.37 0.28 3.66 0.20 0.28 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.07 0.18 0.16 0.19 0.10 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.03 0.06 0.13 0.57 0.04 0.00 0.00 0.00 0.00 0.00 



N 0 

Species 

Nyssa sylvatica 

Ostrya virginiana 

Oxydendron arboreum 

Picea rubens 

Pinus echinata 

Pinus pugens 

Pinus rigida 

Pinus strobus 

Pinus virginiana 

Prum� pensylvanica 

Prum� serotina 

Querct� alba 

Quercz� coccinea 

Quercr� marilandica 

Quercus prinus 

Quercus rubra 

Quercr� velutina 

Rhododendron arborescens 

Rhododendron maximum 

Robinia psuedoacacia 

Sassafras albidum 

Sorbus americana 

Tilia heterophlya 

Tsuga canadensis 

Ulmus americana 

Number of plots 

Table 1-4 (continued) 

0 

0.15 

0.00 

0.01 

0.00 

0.00 

0.11 

10.45 

0.26 

1.16 

0.00 

0.00 

0.17 

0.75 

0.22 

0.46 

0.03 

0.24 

0.00 

O.o3 

0.00 

0.09 

0.54 

3.60 

0.17 

3.68 

0.00 

0.00 

0.16 

1.40 

0.00 

2.89 

0.28 

2 

0.37 

0.00 

0.10 

0.00 

0.00 

0.00 

0.90 

0.41 

3 

0.40 

0.00 

0.48 

0.00 

0.10 

0.00 

2.48 

6.80 

1.16 0.89 

0.00 0.00 

0.00 0.00 

3.66 2.98 

2.94 1.37 

0.00 0.01 

1.06 O.o3 

0.05 0.53 

4 

0.10 

0.00 

0.20 

0.00 

0.00 

0.00 

0.00 

6.86 

TWINSPAN Classification Type1 

5 6 7 8 9 10 11 12 13 14 15 

0.28 0.72 0.02 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.07 0.05 0.00 0.00 0.00 0.00 0.00 

0.25 0.18 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.32 1.21 0.17 0.95 10.24 26.80 29.58 1.44 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.01 

0.04 0.11 

0.39 0.05 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O.o3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 

0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.09 0.23 0.16 0.12 0.12 0.13 0.01 0.00 

0.00 0.10 0.04 0.05 0.06 0.02 0.46 0.41 0.03 0.00 0.00 0.00 

4.05 3.16 0.35 0.67 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.87 0.36 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.32 2.29 4.95 0.51 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1.70 0.92 1.37 7.47 0.19 0.14 0.35 0.14 0.06 0.00 0.00 0.00 

0.10 0.70 0.98 

0.01 0.11 0.23 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.77 0.00 1.06 0.23 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.03 0.57 0.33 0.27 0.66 0.35 0.07 0.04 0.04 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 O.o3 0.00 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 

0.04 0.00 0.04 0.01 O.Dl 0.01 0.08 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.D3 0.00 0.00 0.00 0.03 0.62 

0.00 0.00 0.03 0.02 0.39 2.44 0.28 7.03 0.35 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.11 2.20 0.14 0.59 0.02 10.43 18.29 2.50 1.07 0.31 9.14 0.00 0.00 

0.00 0.00 0.00 0.00 

39 54 17 20 

0.00 

17 

0.00 0.00 0.00 

57 219 121 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

63 112 58 60 40 22 46 5 

1TWINSPAN classification type codes are those found in table I-3. 
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Table 1-5. Comparison of GRSM classifications. 

This study Miller (1938) Whittaker (1956) Golden (1981) Callaway et al. (1987) 

PNSRGD Yellow Pine (No equivalent) (No equivalent) Yellow Pine 

PRNVRG-PNSRGD Yellow Pine Virginia Pine (No equivalent) Yellow Pine 

QRCALB-QRCCCC Oak-Chestnut White Oak-Chestnut (No equivalent) White Oak-White Pine 

PNSSTB-QRCALB, White Pine-Hardwood (No equivalent) (No equivalent) White Oak-White Pine 
PNSRGD 

PNSSTB-QRCALB White Pine-Hardwood (No equivalent) (No equivalent) White Oak-White Pine 

QRCALB-CSTDNT Oak-Chestnut White Oak-Chestnut (No equivalent) (No equivalent) 

CSTDNT-QRCPRN Oak-Chestnut Chestnut Oak-Chestnut Chestnut Oak Chestnut Oak 
N CSTDNT-QRCRBR Oak-Chestnut Red Oak-Chestnut Northern Red Oak Northern Red Oak ..,.. 

TSGCND-LRDTLP Hemlock Eastern Hemlock Hemlock Hemlock-Yellow Poplar 

TSGCND-BTLLUT Hemlock Eastern Hemlock Hemlock-Red Maple Hemlock-Silverbell-Beech 

TILHTR-ASCOCT Cove Hardwood Cove Hardwood Cove Hardwood Basswood-Buckeye 

FGSGRN-BTLLUT Northern Hardwood Gray Beech Beech Beech 

BTLLUT-PICRBN Northern Hardwood Red Spruce Yellow Birch-Spruce (No equivalent) 

PICRBN-TSGCND Spruce Red Spruce (No equivalent) (No equivalent) 

PICRBN-ABSFRS Spruce Red Spruce (No equivalent) (No equivalent) 

ABSFRS Spruce Fraser Fir (No equivalent) (No equivalent) 
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Figure II-1. 

Great Smoky Mountains National Park 

Thunderhead 
Mtn. 

Test Study 
Area 

Q:, .. ,,.:til''d Area within the eastern Landsat-5 scene 

0 1 N 
I 

KM 

Location of the Thunderhead Mtn. test study area and Landsat-5 scene boundary. The area not marked as 
being in eastern scene is in the western scene. 
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Table 11-3. Thunderhead Mtn. test study area accuracy assessment contingency table. First value in the table is frequency, second 
value is row percent. Note that the vegetation types Heath Bald, Grape Thicket, and Treeless were not included in the 
ground truth sampling. 

Ground Northern Cove Heffil.ock 
Ve�etation MaE 

Mesic Mixed Tulip Xeric Pine Class 
Truth Hardwood Hardwood Hardwood Oak Mesic PoElar Oak Oak Pine Total KHAT 

Northern 7 1 0 0 0 0 0 0 0 8 86.30% 

Hardwood 87.50% 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cove 0 24 1 1 0 0 1 0 0 27 82.91 

Hardwood 0.00 88.89 3.70 3.70 0.00 0.00 3.70 0.00 0.00 

Hemlock 0 2 0 0 0 0 0 0 0 2 -5.26 

Hardwood 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mesic 0 0 0 5 0 0 0 0 0 5 100.00 

(..J1 Oak 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 
(..J1 

Mixed 0 0 3 1 10 0 2 0 2 18 48.47 

Mesic 0.00 0.00 16.67 5.56 55.56 0.00 11.11 0.00 11.11 

Tulip 0 0 0 0 1 5 1 0 0 7 69.52 

Poplar 0.00 0.00 0.00 0.00 14.29 71.43 14.29 0.00 0.00 

Xeric 0 1 0 0 0 0 6 0 0 7 83.67 

Oak 0.00 14.29 0.00 0.00 0.00 0.00 85.71 0.00 0.00 

Pine 0 0 0 0 0 0 0 2 0 2 100.00 

Oak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 

Pine 0 0 0 0 0 0 0 0 4 4 100.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 

Total 80 

Overall Accuracy = 7 8. 7 5 % 

Overall KHAT = 73.92% 
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Table 11-5. Whole park accuracy assessment contingency table. First value in the table is frequency, second value is row percent. 
Note that the vegetation types Grassy Bald, Grape Thicket, Treeless, and Water were not included in the ground truth 
sampling. 

Vegetation Map 

Ground Spruce Northern Cove Mesic Mixed Tulip Xeric Pine Heath Class 
Truth Fir Hardwood Hardwood Oak Mesic Poplar Oak Oak Pine Bald Total KHAT 

Spruce 5 0 0 0 0 0 0 0 0 0 5 100.00% 

Fir 100.00% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Northern 2 40 8 I 0 0 0 0 0 0 51 74.48 

Hardwood 3.92 78.43 15.69 1.96 0.00 0.00 0.00 0.00 0.00 0.00 

Cove 0 0 68 1 0 0 0 0 0 0 69 97.88 

Hardwood 0.00 0.00 98.55 1.45 0.00 0.00 0.00 0.00 0.00 0.00 

Mesic 0 2 2 14 1 0 0 0 0 0 19 71.81 

V1 Oak 0.00 10.53 10.53 73.68 5.26 0.00 0.00 0.00 0.00 0.00 

00 
Mixed 0 0 5 1 40 0 8 0 3 0 57 64.70 

Mesic 0.00 0.00 8.77 1.75 70.18 0.00 14.04 0.00 5.26 0.00 

Tulip 0 0 2 0 0 10 1 0 2 0 15 65.39 

Poplar 0.00 0.00 13.33 0.00 0.00 66.67 6.67 0.00 13.33 0.00 

Xeric 0 0 1 1 1 0 29 0 1 0 33 85.84 

Oak 0.00 0.00 3.03 3.03 3.03 0.00 87.88 0.00 3.03 0.00 

Pine 0 0 0 0 0 0 0 2 2 0 4 49.63 

Oak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00 50.00 0.00 

Pine 0 0 0 0 0 0 1 0 15 0 16 93.17 

0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 93.75 0.00 

Heath 0 0 0 0 0 0 0 0 0 2 2 100.00 

Bald 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 

Total 271 

Overall Accuracy = 83.02% 

Overall KHAT = 79.48% 
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Table III-1. Input and derived species attributes used in FORSMO. Input variables are the species growth constants (B3 and B2); 
shade tolerance (TOL; 1 for shade tolerant, 2 for shade intolerant); maximum age (AGEMAX) in years; the growth 
parameter (G); sprouting tendency (SPRTND) and minimum (SPRTMN) and maximum (SPRTMX) sprouting diameter 
in em dbh; reproduction switches (SWFCI-1): 1) species requires leaf litter for reproduction, 2) species requires mineral 
soil for reproduction, 3) species recruitment is reduced by hot year (not used in FORSMO), 4) species is a preferred 
food of deer or small mammals, and 5) reduced seeding rate of desirable mast; seed source limitation (KTIME) in years; 
and coenocline mode (CMODE) and standard deviation (CSID). 

DBH-HT-AGE-SPR-SPR-SPR-
Species Code1 MA.X2 MA.X2 B; Bz TOL MAX G TND TMN TMX. SWTCH KTIME CMODE CSTD 
Abies fraseri ABSFRS 100 3500 0.3363 67.26 2 200 152.4 0 0 0 FFTFF 9999 106.0 9.4 

Acer pensylvanica ACRPNS 23 1002 1. 7000 76.70 1 25 150.0 0 0 0 FFFFF 9999 60.4 13.0 

Acer rubrum ACRRBR 100 3000 0.2863 57.26 2 150 176.1 3 12 200 FTTTF 9999 55.5 14.8 

Acer saccharum ACRSCH 150 3000 0.1272 38.17 1 300 89.0 3 12 80 FFTFF 9999 61.7 9.8 

Acer spicatum ACRSPC 13 499 2.0000 53.80 2 30 150.0 0 0 0 FFFFF 9999 76.6 15.6 

Aesculus octandra ASCOCT 100 3000 0.2863 57.26 1 100 264.1 1 12 200 TFTFF 9999 64.2 9.5 

Betula /enta BTLLNT 75 2100 0.3490 52.35 1 265 71.0 3 12 100 FTTTF 9999 62.8 9.4 
0\ Betula lutea BTLLUT 50 2500 0.9452 94.52 1 300 72.8 3 12 100 FFTTF 9999 74.8 9.2 -J 

Carya glabra CRYGLB 100 3000 0.2863 57.26 1 300 88.1 2 12 200 TFTFF 9999 26.9 8.1 

Carya ovata CRYOVT 100 3000 0.2863 57.26 1 275 96.0 1 12 200 TFTFF 9999 39.3 4.2 

Carya tomentosa CRYTMN 100 2800 0.2663 53.26 1 300 82.6 1 12 200 TFTFF 9999 26.6 15.8 

Castanea dentata CSTDNT 150 3499 0.1495 44.84 1 300 102.6 3 12 200 TFFFF 9999 39.6 8.7 

Comus }lorida CRNFLR 25 1001 1.3800 69.04 1 100 92.6 3 12 200 FFTFF 9999 36.5 12.6 

Fagus grandifolia FGSGRN 100 3000 0.2863 57.26 1 366 72.2 2 6 30 FFTFF 9999 60.9 11.6 

Fra:'dnus americana FRXAMR 100 3000 0.2863 57.26 1 300 88.0 2 6 20 FTTTF 9999 65.6 13.8 

Juglans nigra JGLNGR 150 3499 0.1495 44.84 2 250 123.1 1 6 20 TFTFT 20 36.2 3.9 

Liriodendron tulipifera LRDTLP 150 3499 0.1495 44.84 2 300 102.6 2 12 200 FTFFF 9999 47.3 16.2 

Nyssa sylvatica NYSSYL 100 3000 0.2863 57.26 2 300 88.0 1 80 200 FTFFF 9999 43.0 20.2 

Osttya virginiana OSTVRG 50 1500 0.5452 54.52 1 100 137.7 2 6 20 FTFFF 9999 40.2 2.1 

O:tydendron arborewn OXYARB 61 3050 0.7828 95.51 1 100 259.0 3 12 200 FFFTF 9999 30.9 9.5 

Picea rubens PICRBN 100 3000 0.2863 57.26 1 400 66.0 0 0 0 FFTFF 9999 88.0 7.8 

Pinus rigida PNSRGD 75 2000 0.3312 49.68 2 200 90.4 2 6 20 FTFFF 9999 -16.0 18.2 

Pinus strobus PNSSTR 150 3499 0.1495 44.84 2 450 68.4 0 0 0 TTTFF 9999 31.4 16.5 



Table III-1 (continued) 

D8H-HT-AGE-SPR-SPR-SPR-
Species Code1 MAX2 MAX2 83 8z TOL MAX G TND TMN TMX swrcH KTIMECMODE CSTD 
Pinus virginiana PNSVRG 50 1500 0.5452 54.52 2 250 55.1 0 0 0 FTFFT 9999 13.4 9.9 

Prunus pensylvanica PRNPNS 28 1126 1.2600 70.60 2 30 200.0 0 0 0 FFFFF 9999 70.2 6.8 

Prunus serotina PRNSRT 100 3000 0.2863 57.26 2 200 132.1 3 12 200 FFFTF 9999 57.6 13.0 

Pyrus americana PYRAMR 10 500 3.6300 72.60 2 30 150.0 0 0 0 FFFFF 9999 94.9 3.4 

Quercus alba QRCALB 100 3500 0.3363 67.26 1 400 76.2 2 12 40 TFFFF 9999 24.3 10.1 

Quercus coccinea QRCCCC 75 2500 0.4201 63.01 1 400 55.4 2 12 80 TFFFF 9999 20.3 9.3 

Quercus marilandica QRCMRL 50 1500 0.5452 54.52 2 400 34.0 2 12 40 FFFFF 9999 2.3 2.8 

Quercus prinus QRCPRN 100 3000 0.2863 57.26 1 267 98.9 2 12 40 TFFFF 9999 24.6 9.1 

Quercus rubra QRCRBR 100 3000 0.2863 57.26 1 400 66.0 2 12 40 TFFFF 9999 36.9 7.7 

Quercus velutina QRCVLT 100 3000 0.2863 57.26 1 300 88.0 2 12 40 FTFFF 9999 18.4 13.8 

Robinia pseudoacacia RBNPSD 152 3048 0.1253 38.20 1 200 136.0 3 12 80 FTFTF 20 49.7 16.5 

Sassafras albidum SSSALB 107 2440 0.2021 43.15 2 100 174.0 3 12 200 TFFFF 20 53.0 2.8 

Tilia heterophylla TILHTR 100 3000 0.2863 57.26 1 150 176.1 3 12 80 FTTFF 9999 56.0 10.0 

0\ Tsuga canadensis TSGCND 150 3499 0.1495 44.84 1 650 47.0 0 0 0 FFTTF 9999 61.9 4.8 

00 

1Species codes (CODE) are not a model input. They have been included for reference purposes only. 
2Derived from growth constants 83 and 82. 



at
tr

ib
ut

es
 w

er
e 

ob
ta

in
ed

 f
ro

m
 S

o
lo

m
o

n
 e

t 
al

. 
(1

9
84

) 
or

, 
w

he
n 

no
t 

in
cl

ud
ed

 i
n

 S
ol

om
on

 e
t 

al
. 

(1
9

84
),

 w
er

e 
de

ri
ve

d 
fr

om
 t

he
 li

te
ra

tu
re

 (
H

ar
lo

w
, 

H
ar

ra
r,

 a
nd

 W
hi

te
 1

97
9

, P
ow

el
ls

 1
96

5
, E

li
as

 

19
80

).
 

S
p

ec
ie

s 
co

en
o

cl
in

e 
m

od
es

 (C
M

OD
E)

 a
n

d 
st

an
da

rd
 d

ev
ia

ti
on

s 
(C

STD
) w

er
e 

de
ri

ve
d 

fr
om

 

co
en

oc
lin

es
 p

ro
du

ced
 i

n 
C

ha
pt

er
 I

. 
T

he
 s

pe
ci

es
 s

pe
ci

fi
c 

gr
ow

th
 c

on
st

an
ts

 b 2
 an

d 
b 3 

an
d 

th
e 

gr
ow

th
 r

at
e 

co
ns

ta
nt

 G
 a

re
 d

er
iv

ed
 b

el
ow

 (
se

e 
G

ro
w

th
).

 

F
ol

lo
w

in
g

 t
he

 i
np

ut
 o

f 
si

m
ul

at
io

n 
an

d 
sp

ec
ie

s 
pa

ra
m

et
er

s 
(s

ub
ro

ut
in

e 
IN

P
U

T
),

 t
he

 

m
od

el
 p

er
fo

rm
s 

an
 i

ni
ti

al
iz

at
io

n 
(s

ub
ro

ut
in

es
 P

L
O

T
IN

 a
nd

 I
N

IT
).

 
T

h
is

 i
ni

ti
al

iz
at

io
n 

co
ns

is
ts

 

pr
im

ar
il

y 
of

 r
es

et
ti

ng
 a

 n
um

be
r 

of
 a

rr
ay

s 
to

 z
er

o
. 

B
ir

th
. 

T
he

 f
ir

st
 f

ac
to

r 
in

 d
et

er
m

in
in

g
 i

f 
a 

g
iv

en
 s

pe
ci

es
 w

il
l 

b
e 

re
cr

ui
te

d 
or

 c
on

ti
nu

e 

to
 r

ep
ro

du
ce

 (
su

br
ou

ti
ne

 B
IR

T
H

) 
is

 b
as

ed
 o

n 
th

e 
g

ra
di

en
t 

p
o

si
ti

on
 o

f 
th

e 
st

an
d 

in
 r

el
at

io
n 

to
 

th
e 

in
di

v
id

ua
l s

pe
ci

es
 d

is
tr

ib
ut

io
n 

al
on

g 
th

e 
en

vi
ro

nm
en

ta
l g

ra
di

en
t 

as
 d

et
er

m
in

ed
 b

y 
th

e 
sp

ec
ie

s 

co
en

oc
li

n
e.

 
If

 t
he

 v
al

ue
 o

f 
G

R
A

D
M

 (
se

e 
G

ro
w

th
 b

el
ow

) 
fo

r 
th

e 
in

di
v

id
ua

l 
sp

ec
ie

s 
is

 <
 0

.0
5 

th
en

 t
ha

t 
sp

ec
ie

s 
w

il
l n

ot
 b

e 
re

cr
ui

te
d

. 
Sp

ec
ie

s 
co

ns
id

er
ed

 c
ha

ra
ct

er
is

ti
c 

of
 o

ld
 f

ie
ld

 s
uc

ce
ss

io
n 

ra
th

er
 t

ha
n 

fo
re

st
 c

le
ar

in
gs

 a
re

 s
ub

je
ct

 t
o 

si
m

ul
at

ed
 l

im
it

ed
 s

ee
d 

so
ur

ce
s 

(S
hu

g
ar

t 
an

d 
W

es
t 

19
77

).
 

S
ee

d 
so

ur
ce

 l
im

it
at

io
ns

 a
re

 d
et

er
m

in
ed

 b
as

ed
 o

n
 t

im
e 

si
n

ce
 s

ta
nd

 e
st

ab
li

sh
m

en
t 

an
d 

pr
es

en
ce

 o
r 

ab
se

nc
e 

of
 th

e 
sp

ec
ie

s.
 

If
 ti

m
e 

si
n

ce
 s

ta
nd

 e
st

ab
li

sh
m

en
t 

is
 g

re
at

er
 t

ha
n 

th
e 

v
ia

bi
li

ty
 

of
 th

e 
se

ed
 s

ou
rc

e 
(K

II
M

E)
 a

nd
 t

he
 s

pe
ci

es
 i

s 
no

t 
pr

es
en

t,
 t

he
 s

pe
ci

es
 w

il
l 

no
t 

be
 r

ec
ru

it
ed

 i
nt

o 

th
e 

st
an

d
. T
he

re
 a

re
 a

ls
o 

th
re

e 
ot

he
r 

fa
ct

or
s 

th
at

 c
on

tr
ol

 s
pe

ci
es

 r
ec

ru
it

m
en

t 
or

 r
ep

ro
du

ct
io

n
. 

T
he

se
 f

ac
to

rs
 a

re
 r

el
at

ed
 t

o
: 

1.
 

sp
ec

ie
s 

re
qu

ir
es

 l
ea

f 
lit

te
r 

fo
r 

re
pr

od
uc

ti
on

; 

2
. 

sp
ec

ie
s 

re
qu

ir
es

 m
in

er
al

 s
o

il
 f

or
 r

ep
ro

du
ct

io
n

; 

3
. 

sp
ec

ie
s 

fr
ui

ts
 a

re
 a

 p
re

fe
rr

ed
 m

as
t 

of
 d

ee
r 

o
r 

sm
al

l 
m

am
m

al
s.

 

69
 



If
 st

an
d 

b
io

m
as

s 
;;:

:: 1
.2

5 
kg

/h
a 

th
en

 s
pe

ci
es

 r
eq

ui
ri

ng
 le

af
 li

tt
er

 f
or

 r
ep

ro
du

ct
io

n 
w

il
l r

ep
ro

du
ce

. 

If
 s

ta
nd

 
bi

om
as

s 
:s:;

 
2

.5
 k

gl
ha

 t
he

n 
sp

ec
ie

s 
re

qu
ir

in
g 

m
in

er
al

 
so

il
 f

or
 r

ep
ro

du
ct

io
n 

w
il

l 

re
pr

od
uc

e.
 

In
 a

n
y

 g
iv

en
 y

ea
r,

 t
he

re
 i

s 
a 

50
%

 p
ro

ba
bi

li
ty

 o
f 

se
ed

 p
re

da
ti

on
 b

y 
de

er
 a

n
d

 s
m

al
l 

m
am

m
al

s.
 

If
 a

 s
ta

nd
 i

s 
ex

pe
ri

en
ci

ng
 s

ee
d 

pr
ed

at
io

n,
 t

ho
se

 s
pe

ci
es

 t
ha

t 
pr

od
uc

e 
pr

ef
er

re
d 

m
as

t 

w
il

l 
no

t 
re

pr
od

uc
e.

 

If
 a

 s
pe

ci
es

 i
s 

al
lo

w
ed

 t
o 

re
pr

od
uc

e,
 a

 r
an

do
m

 n
um

be
r 

o
f 

in
di

vi
du

al
 s

ap
lin

g
s 

w
ill

 b
e 

re
cr

ui
te

d 
in

to
 t

he
 s

ta
nd

. 
T

he
 n

um
be

r 
of

 s
ap

li
ng

s 
re

cr
ui

te
d 

is
 s

et
 t

o 
b

e 
be

tw
ee

n 
ze

ro
 a

nd
 e

ig
ht

 

u
si

ng
 a

 u
n

if
or

m
 r

an
do

m
 n

um
be

r 
ge

ne
ra

to
r.

 
T

he
 s

iz
e 

of
 s

ap
li

ng
s 

w
he

n 
th

ey
 e

nt
er

 t
he

 s
ta

nd
 i

s 

be
tw

ee
n 

1.
27

 a
nd

 2
.2

7 
em

 d
ia

m
et

er
 a

t 
br

ea
st

 h
ei

gh
t 

(d
bh

).
 

T
he

 a
ct

ua
l 

si
ze

 i
s 

de
te

rm
in

ed
 

ra
nd

om
ly

 b
as

ed
 o

n 
th

e 
fo

ll
ow

in
g 

eq
ua

ti
on

: 

SI
ZE

 =
 

1.
27

 +
 0

.3
(1

.0
-

p)3 
(1

11
-1

) 

w
he

re
 p i

s 
a 

ra
nd

om
 n

um
be

r 
ge

ne
ra

te
d 

u
si

n
g

 a
 u

n
if

or
m

 n
um

be
r 

ge
ne

ra
to

r 
su

ch
 t

ha
t 

0 
:s:;

 p 
<

 

1.
 

G
ro

w
th

. 
A

n
 in

di
vi

du
al

's
 g

ro
w

th
 (

su
br

ou
ti

ne
 G

R
O

W
) 

is
 a

 fu
nc

ti
on

 o
f 

sp
ec

ie
s'

 i
nt

ri
ns

ic
 

g
ro

w
th

 p
ar

am
et

er
s,

 d
ia

m
et

er
, 

po
si

ti
on

 a
lo

ng
 t

he
 e

nv
ir

on
m

en
ta

l 
gr

ad
ie

nt
, 

an
d 

am
ou

nt
 o

f 
li

gh
t 

re
ac

hi
ng

 t
he

 i
nd

iv
id

ua
l.

 
T

he
 fu

nd
am

en
ta

l 
gr

ow
th

 e
qu

at
io

n 
is

 t
ha

t 
of

 B
ot

ki
n 

et
 a

l. 
(1

97
0

, 
19

72
) 

an
d 

is
: 

1
-

D
H

 
(I

II
-2

) 

w
he

re
 D

0 P
T i

s 
th

e 
op

ti
m

al
 g

ro
w

th
 in

cr
em

en
t,

 G
 is

 a
 g

ro
w

th
 p

ar
am

et
er

 d
ef

in
ed

 b
el

ow
 (

E
qu

at
io

n 

II
I-6

),
 D

 i
s 

tr
ee

 d
ia

m
et

er
, 

D M
AX

 is
 t

he
 m

ax
im

um
 d

ia
m

et
er

 r
ec

or
de

d 
fo

r 
th

e 
sp

ec
ie

s,
 H

is
 t

re
e 

70
 



he
ig

ht
, H

MA
X 

is
 t

he
 m

ax
im

um
 h

ei
gh

t 
re

co
rd

ed
 f

or
 t

he
 s

pe
ci

es
, b

2 
an

d 
b3

 a
re

 g
ro

w
th

 p
ar

am
et

er
s 

de
ri

ve
d 

b
el

ow
 (

E
qu

at
io

ns
 I

II
-4

 a
nd

 I
ll

-S
) 

an
d 

27
4 

is
 t

w
o 

ti
m

es
 b

re
as

t 
he

ig
ht

 (
13

7 
em

).
 

Th
is

 

eq
ua

ti
on

 a
ss

um
es

 t
ha

t 
he

ig
ht

 i
s 

a 
fu

nc
ti

on
 o

f 
di

am
et

er
 b

as
ed

 o
n

 t
he

 f
ol

lo
w

in
g

 e
qu

at
io

n 
of

 K
er

 

an
d 

S
m

it
h 

(1
9S

S)
: 

(I
II

-3
) 

If
 o

n
e 

as
su

m
es

 t
ha

t 
m

ax
im

um
 h

ei
g

ht
 (H

MAX
) i

s 
re

ac
he

d 
at

 m
ax

im
um

 d
ia

m
et

er
 (D

MA
x)

 th
en

: 

b 2 
2 (

H
MA

X
-

13
7 )

 
D

MA
X 

an
d:

 

b3
 

H
MA

X 
-

13
7 

2 
D

MAX
 

B
ot

ki
n 

et
 a

l.
 (

19
70

, 
19

72
) d

er
iv

ed
 t

he
 f

ol
lo

w
in

g
 e

qu
at

io
n 

to
 d

ef
in

e 
G

: 

�
 

a
+

- 2 

V�
+

4a
 

In
 

9 
a 

l 
_

+
_

 
4 

2 

(3 + 
a 

-
V �

 +
 4

a 
)(4D 

MAX
+ 

a 
+ V

 a2 
+ 

4a
 ) 

b +
a

+
 V�

 +
 4

a 
)(4D M

A X
-

a
+

 Va2
 +

 4
a
) 

w
he

re
 a

 =
 

1-
13

7/
H

MAX
 a

nd
 A

GE
MA

X 
is

 t
he

 m
ax

im
um

 a
ge

 r
ec

or
de

d 
fo

r 
th

e 
sp

ec
ie

s.
 

(I
II

-4
) 

(I
ll

-S
) 

(I
II

-6
) 

E
qu

at
io

n 
II

I-
2 

re
pr

es
en

ts
 t

he
 o

pt
im

al
 g

ro
w

th
 t

ha
t c

an
 b

e 
ob

ta
in

ed
 b

y 
an

 in
di

v
id

ua
l u

nd
er

 

id
ea

l 
co

n
di

ti
on

s.
 

Th
is

 i
s 

ra
re

ly
 t

he
 c

as
e.

 
In

di
vi

du
al

 g
ro

w
th

 i
n 

th
e 

m
od

el
 i

s 
de

cr
ea

se
d 

as
 a

 

fu
nc

ti
on

 
of

 d
ev

ia
ti

on
 

fr
om

 
th

e 
po

in
t 

of
 m

ax
im

um
 

do
m

in
an

ce
 

of
 t

he
 

sp
ec

ie
s 

al
on

g 
th

e 

en
vi

ro
nm

en
ta

l 
g

ra
di

en
t 

u
si

ng
 t

he
 e

qu
at

io
n:

 

7
1 



(I
II

-7
) 

w
he

re
 D

aRAD
 i

s 
th

e 
gr

ow
th

 d
ec

re
m

en
t 

as
 

a 
fu

nc
ti

on
 o

f 
p

o
si

ti
on

 a
lo

ng
 t

he
 e

nv
ir

on
m

en
ta

l 

gr
ad

ie
nt

, 
D

op
r 

is
 t

he
 o

pt
im

al
 g

ro
w

th
 a

s 
ca

lc
ul

at
ed

 u
si

n
g

 e
qu

at
io

n 
II

I-
2 

an
d 

GRA
D

M
1 

is
 t

he
 

de
v

ia
ti

on
 fr

om
 m

ax
im

um
 d

om
in

an
ce

 a
lo

ng
 t

he
 e

nv
ir

on
m

en
ta

l 
gr

ad
ie

nt
 f

or
 s

pe
ci

es
 I

 c
al

cu
la

te
d 

ba
se

d 
on

 a
 m

od
if

ic
at

io
n 

of
 t

he
 e

qu
at

io
n 

fo
r 

a 
G

au
ss

ia
n 

(n
or

m
al

) 
cu

rv
e 

(G
au

ch
 a

nd
 W

hi
tt

ak
er

 

19
72

) 
as

: 

GRA
D

M
1 

==
 

ex
p(

 -
(C

M
OD

E1
 -

GRA
D

L)
21

2C
S1

D
}) 

(I
II

-8
) 

w
he

re
 C

M
OD

E 
an

d 
CS

ID
 a

re
 t

he
 c

oe
no

cl
in

e 
m

od
e 

an
d 

st
an

da
rd

 d
ev

ia
ti

on
, 

re
sp

ec
ti

v
el

y,
 f

or
 

sp
ec

ie
s 

I 
an

d 
GRA

D
L 

is
 t

he
 p

os
it

io
n 

al
on

g 
th

e 
g

ra
di

en
t 

fo
r 

w
h

ic
h 

th
e 

m
od

el
 i

s 
be

in
g 

ru
n

. 

F
ig

u
re

 I
II

-1
 i

ll
us

tr
at

es
 t

h
e 

na
tu

re
 o

f 
th

e 
de

vi
at

io
n 

fr
om

 m
ax

im
um

 d
om

in
an

ce
 (G

RA
D

M
) c

ur
ve

 

as
 a

 fu
n

ct
io

n 
o

f 
g

ra
di

en
t 

p
o

si
ti

on
 (G

RA
D

L)
. 

G
ro

w
th

 i
s 

fu
rt

he
r 

de
cr

ea
se

d 
as

 a
 fu

nc
ti

on
 o

f 
th

e 
am

ou
nt

 o
f 

li
gh

t 
re

ac
hi

ng
 t

he
 c

an
op

y 

of
 t

he
 i

nd
iv

id
ua

l 
tr

ee
. 

L
ea

f 
ar

ea
 (LA

) i
s 

ca
lc

ul
at

ed
 a

lo
ng

 a
 v

er
ti

ca
l 

pr
ofi

le
 o

f 
th

e 
st

an
d 

at
 0

.1
 

m
 i

nc
re

m
en

ts
 u

si
n

g
 t

he
 e

qu
at

io
n

: LA
 ==

 
1.

92
8 

X 
10

-4
db

h2
·12

9 
(I

II
-9

) 

T
he

 a
v

ai
la

b
le

 l
ig

ht
 r

ea
ch

in
g 

a 
gi

ve
n 

in
di

vi
du

al
 i

s 
ca

lc
ul

at
ed

 a
s:

 

(I
II

-1
0)

 

w
he

re
 AL

8
 is

 t
he

 a
va

ila
b

le
 l

ig
ht

 a
t 

he
ig

ht
 H

, 
E

 LA
8 

is
 t

he
 s

um
 o

f 
th

e 
le

af
 a

re
a 

fo
r 

al
l 

tr
ee

s 
>

 

H
 i

n
 h

ei
gh

t 
ca

lc
u

la
te

d 
u

si
n

g
 e

qu
at

io
n 

II
I-

3 
an

d 
0

.2
5 

is
 t

he
 l

ig
ht

 e
xt

in
ct

io
n 

co
effi

ci
en

t.
 

If
 a

n 
in

di
v

id
ua

l i
s 

sh
ad

e 
to

le
ra

nt
 th

en
 th

e 
ac

tu
al

 d
ia

m
et

er
 i

nc
re

m
en

t 
(D

 IN
c) 

is
 c

al
cu

la
te

d 

as
: 

D
IN

e 
==

 
1 

-D
aRAD

 e
xp

( -
4

.6
4

(A
L

-0
.0

5)
) 

If
 a

n 
in

di
v

id
ua

l 
is

 s
h

ad
e 

in
to

le
ra

nt
 t

he
n 

D
IN

e 
is

 c
al

cu
la

te
d 

as
: 

72
 

(I
II

-
11

) 



A
. 

Sp
ec

ie
s 

R
es

po
ns

es
 16
 

14
 

'2
12 

.c
 

;:;- _5
10 

<
 

�
 

8 
�

 
<

 
�

 
6 

<
 

V)
 

<
 

c:Q
 

4 2 0 
0 

B
. 

R
es

po
ns

e 
of

 G
RAD

M
 

E-<
 0.

8 
z

 
�

 
- u

 � 
0.6

 
""

 
�

 
0

 
u

 � 
0.4

 
C.)

 
-.:

: 
0:

: ""
0.2

 

C
as

ta
ne

a 
de

nt
at

a 

10
 

20
 

30
 

40
 

50
 

60
 

70
 

80
 

90
 

10
0 

G
R

A
D

IE
N

T
 P

O
SI

T
IO

N
 (

G
R

A
D

L
) 

Ca
st

an
ea

 d
en

ta
ta

 

0 
10 

20 
30

 
40 

50
 

60 
70 

80
 

90
 

10
0 

G
R

A
D

IE
N

T
 P

O
SI

T
IO

N
 (

G
R

A
D

L
) 

Fi
gu

re
 I

II
-1

. 
D

ev
ia

tio
n 

fo
r 

m
ax

im
um

 
gr

ow
th

 
(G

R
AD

M
) 

du
e 

to
 

po
si

tio
n 

on
 

gr
ad

ie
nt

 
(G

RA
D

L)
. 

(A
) 

ill
us

tr
at

es
 b

as
al

 a
re

a 
re

sp
on

se
 o

f 
Ca

sta
ne

a d
ent

ata
 an

d 
Pr

un
us

 
pe

ns
yl

va
ni

ca
 a

s 
de

te
rm

in
ed

 i
n 

C
ha

pt
er

 I
. 

(B
) 

ill
us

tr
at

es
 G

RA
D

M
 v

al
ue

s 
fo

r 
th

es
e 

sa
m

e 
sp

ec
ie

s 
as

 u
se

d 
in

 F
O

R
SM

O
. 

73
 



D IN
C 

=
 
2

.2
4
(1 -

D GRAD
 e

xp
( -

1.
13

6
[A

L
 -0

.0
8]

) ) 
(1

11
-1

2)
 

T
h

es
e 

tw
o 

eq
ua

ti
on

s 
fi

t 
m

ea
su

re
d 

ph
ot

os
yn

th
es

is
 c

ur
ve

s,
 a

s 
fo

un
d 

in
 K

ra
m

er
 a

nd
 K

oz
lo

w
sk

i 

(1
96

0
),

 s
ca

le
d 

su
ch

 t
ha

t 
op

ti
m

al
 l

ig
ht

 c
on

di
ti

on
s 

eq
ua

l 
on

e 
(S

hu
ga

rt
 a

nd
 W

es
t 

19
77

).
 

K
il

l.
 

T
he

 d
ea

th
 o

f 
in

di
v

id
ua

l 
tr

ee
s 

(s
ub

ro
ut

in
e 

K
IL

L
) 

is
 a

 fu
nc

ti
on

 o
f 

th
e 

in
di

v
id

ua
l'

s 

ag
e 

an
d 

re
ce

nt
 g

ro
w

th
 d

ec
re

m
en

t. 
T

he
 m

od
el

 a
ss

um
es

 t
ha

t 
on

ly
 1

%
 o

f 
th

e 
in

di
v

id
ua

ls
 i

n
 t

he
 

st
an

d 
w

il
l 

re
ac

h 
th

ei
r 

sp
ec

ie
s'

 
sp

ec
if

ic
 a

ge
 m

ax
im

um
 (

A
G

E
M

AX
).

 
T

he
 p

ro
ba

bi
lit

y 
th

at
 a

n 

in
di

v
id

ua
l 

w
il

l 
b

e 
de

ad
 b

y 
th

e 
nt

h 
ye

ar
 i

s 
(P

n)
: 

(1
11

-1
3)

 

w
he

re
 e 

is
 t

he
 a

nn
ua

l 
m

or
ta

lit
y 

pr
ob

ab
il

it
y

. 
A

ss
um

in
g

 a
 1

%
 s

ur
vi

va
l 

at
 A

G
E

 M
AX

 t
he

n:
 

e 
-

4
.6

05
 

A
G

E
 M

AX
 

(1
11

-1
4

) 

E
ve

ry
 i

nd
iv

id
ua

l 
in

 t
he

 p
lo

t 
is

 c
he

ck
ed

 t
o

 s
ee

 i
f 

it
 w

il
l d

ie
 i

n
 th

at
 y

ea
r 

u
si

ng
 a

 u
n

if
or

m
 

ra
nd

om
 n

um
be

r 
ge

ne
ra

to
r 

re
tu

rn
in

g 
v

al
ue

s 
of

 p
 s

uc
h 

th
at

 0
 

�
 p

 
<

 
1.

 
If

 p
 

�
 

e o
r 

th
e 

in
di

v
id

ua
l'

s 
ag

e 
>

 A
G

E
 M

AX
 t

he
n 

th
at

 i
nd

iv
id

ua
l 

w
il

l 
d

ie
. 

If
 a

 t
re

e 
h

as
 a

n
 a

nn
ua

l 
di

am
et

er
 

in
cr

em
en

t 
(D

mc
) 

<
 

0
.1

 
em

 t
he

n 
it

s 
m

or
ta

lit
y 

pr
ob

ab
il

it
y 

(e)
 is

 s
et

 a
t 

0
.3

86
. 

Th
is

 a
ll

ow
s 

fo
r 

on
ly

 1
%

 o
f 

su
pp

re
ss

ed
 i

nd
iv

id
ua

ls
 t

o 
su

rv
iv

e 
up

 

to
 1

0
 y

ea
rs

. 

If
 it

 i
s 

de
te

rm
in

ed
 t

ha
t 

a 
tr

ee
 i

s 
go

in
g 

to
 d

ie
 i

n 
a 

gi
ve

n 
ye

ar
, 

a 
ch

ec
k 

is
 m

ad
e 

to
 s

ee
 i

f 

th
e 

tr
ee

 c
an

 s
pr

ou
t.

 
If

, a
t t

he
 t

im
e 

of
 d

ea
th

, 
an

 i
nd

iv
id

ua
l'

s 
db

h 
in

 r
el

at
io

n 
to

 it
s 

m
in

im
um

 a
nd

 

m
ax

im
u

m
 s

pr
ou

ti
ng

 s
iz

e 
(S

PR
TM

N
 a

nd
 S

PR
TM

X,
 r

es
pe

ct
iv

el
y)

 i
s 

su
ch

 t
ha

t 
SP

RTM
N 

<
 d

bh
 

<
 S

PR
TM

X,
 t

ha
t 

sp
ec

ie
s 

is
 f

lag
ge

d 
as

 a
 c

an
di

da
te

 f
o

r 
sp

ro
ut

in
g

. 

74
 



S
p

ro
u

t.
 

If
 a

n 
in

di
v

id
ua

l 
of

 a
 s

pe
ci

es
 h

as
 b

ee
n

 f
ou

n
d 

ca
pa

b
le

 o
f 

sp
ro

ut
in

g 
(s

ee
 K

ill
) 

th
en

 t
ha

t 
sp

ec
ie

s 
is

 e
li

g
ib

le
 t

o 
sp

ro
ut

 t
ha

t 
ye

ar
 (

su
br

ou
ti

ne
 S

P
R

O
U

T
).

 
T

he
 m

od
el

 r
an

do
m

ly
 

se
le

ct
s 

on
e 

of
 t

he
 e

li
g

ib
le

 s
pe

ci
es

 t
o 

sp
ro

ut
. 

T
he

 n
um

be
r 

of
 s

pr
ou

ts
 (

N
SP

R
T)

 i
s 

ca
lc

ul
at

ed
 a

s:
 

N
SP

R
T

 =
 
p

(S
P

R
TND

) 
+

 1
 

(I
II

-1
5)

 

w
he

re
 S

P
R

TND
 i

s 
th

e 
sp

ec
ie

s 
sp

ec
if

ic
 s

pr
ou

ti
ng

 t
en

de
nc

y 
(s

ee
 I

np
ut

 a
nd

 I
ni

ti
al

iz
at

io
n)

 a
nd

 p
 

is
 a

 r
an

do
m

 n
um

be
r 

ge
ne

ra
te

d 
u

si
ng

 a
 r

an
do

m
 n

um
be

r 
ge

ne
ra

to
r 

su
ch

 t
ha

t 
0 

�
 p

 <
 0

. 

T
he

 s
iz

e 
(S

IZE
) 

o
f 

ea
ch

 s
pr

ou
t 

w
he

n 
it 

en
te

rs
 t

he
 p

lo
t 

is
 c

al
cu

la
te

d 
as

: 

S
IZE

 =
 

1 
+

 0
.1

(1
.0

-
p

)3 
(I

II
-1

6)
 

w
he

re
 p

 i
s 

a 
ra

nd
om

 n
um

be
r 

ge
ne

ra
te

d 
u

si
ng

 a
 u

n
if

or
m

 n
um

be
r 

ge
ne

ra
to

r 
su

ch
 t

ha
t 

0 
�

 p
 <

 

1.
 

O
u

tp
u

t.
 

T
he

re
 i

s 
a 

va
ri

et
y 

of
 o

ut
pu

t 
th

at
 c

an
 b

e 
ge

ne
ra

te
d 

b
y

 t
h

e 
m

od
el

 (
su

br
ou

ti
ne

 

O
U

T
P

U
T

).
 

A
s 

in
 t

he
 o

ri
g

in
al

 F
O

R
E

T
 m

od
el

, 
ou

tp
ut

 o
f 

in
di

v
id

ua
l 

db
h 

(e
m

), 
sp

ec
ie

s'
 b

as
al

 

ar
ea

 (
m

2/h
a)

, 
de

ns
it

y 
(s

te
m

s/
ha

),
 b

io
m

as
s 

(k
g

/.
0

8 
ha

) 
an

d 
pe

rc
en

t 
b

io
m

as
s 

b
y 

ye
ar

 c
an

 b
e 

pr
in

te
d

. 
B

io
m

as
s 

is
 c

al
cu

la
te

d 
as

 a
 fu

nc
ti

on
 o

f 
in

di
v

id
ua

l d
ia

m
et

er
 a

t 
br

ea
st

 h
ei

g
ht

 (D
B

H
) 

us
in

g
 

th
e 

fo
ll

ow
in

g
 e

qu
at

io
n 

de
ri

v
ed

 b
y 

S
o

ll
in

s 
(1

97
3)

: 

B
IO

M
A

SS
 =

 
0

.1
19

3D
B

H
2·39

3 
(I

II
-1

7)
 

A
 s

u
m

m
ar

y 
of

 to
ta

l 
st

an
d 

ba
sa

l 
ar

ea
, 

de
ns

it
y,

 a
nd

 b
io

m
as

s 
ca

n 
al

so
 b

e 
pr

in
ted

. 

T
h

e 
ab

il
it

y 
to

 p
ro

du
ce

 b
in

ar
y 

ra
nd

om
 a

cc
es

s 
fi

le
s 

of
 s

pe
ci

es
 b

as
al

 a
re

a,
 d

en
si

ty
, 

an
d 

b
io

m
as

s 
b

y 
ye

ar
 a

ve
ra

ge
d 

ac
ro

ss
 a

ll 
pa

ss
es

 o
f 

a 
sp

ec
if

ic
 m

od
el

 w
as

 a
dd

ed
 t

o 
F

O
R

SM
O

. 
T

he
 

b
io

m
as

s 
fi

le
s 

g
en

er
at

ed
 w

er
e 

us
ed

 i
n 

th
e 

m
od

el
 r

un
s 

de
sc

ri
be

d 
b

el
ow

. 

M
is

ce
ll

a
n

eo
u

s
. 

M
od

el
 

co
m

po
ne

nt
s 

no
t 

pr
ev

io
u

sl
y

 m
en

ti
on

ed
 

in
cl

u
de

 s
ub

ro
ut

in
es

 

E
R

R
O

R
 a

nd
 G

G
N

O
R

D
 a

nd
 t

he
 R

A
N

D
U

 fu
nc

ti
o

n
. 

Su
br

ou
ti

ne
 E

R
R

O
R

 i
s 

ca
lle

d 
w

he
n 

th
e 

75
 



nu
m

be
r 

of
 t

re
es

 i
n

 a
 p

lo
t 

ex
ce

ed
s 

70
0

. 
T

he
 s

ub
ro

ut
in

e 
d

is
p

la
ys

 a
n 

er
ro

r 
m

es
sa

ge
 a

n
d 

th
en

 

te
rm

in
at

es
 t

he
 p

ro
g

ra
m

. 
T

he
 7

00
 m

ax
im

um
 n

um
be

r 
of

 tr
ee

s 
w

as
 n

ev
er

 e
xc

ee
de

d 
in

 t
he

 m
od

el
 

ru
ns

 d
is

cu
ss

ed
 b

el
o

w
. 

F
un

ct
io

n 
R

A
N

D
U

 i
s 

a 
ra

nd
om

 n
um

be
r 

ge
ne

ra
to

r.
 

T
h

e 
or

ig
in

al
 r

an
do

m
 n

um
be

r 

ge
ne

ra
to

r 
us

ed
 i

n 
F

O
R

E
T

 w
as

 d
es

ig
ne

d 
fo

r 
a 

m
ai

nfr
am

e 
co

m
pu

te
r 

an
d 

w
as

 n
ot

 p
or

ta
bl

e 
to

 t
he

 

m
ic

ro
co

m
pu

te
r 

on
 w

hi
ch

 F
O

R
SM

O
 w

as
 r

un
 (

se
e 

M
od

el
 C

om
pi

la
ti

on
 b

el
o

w
).

 
T

h
e 

ra
nd

om
 

nu
m

be
r 

ge
ne

ra
to

r 
us

ed
 i

n
 F

O
R

SM
O

 w
as

 e
xt

ra
ct

ed
 f

ro
m

 P
re

ss
 e

t 
al

. 
(1

9
86

) 
an

d 
is

 b
as

ed
 o

n 

th
re

e 
li

ne
ar

 c
on

gr
ue

nt
ia

l 
ge

ne
ra

to
rs

, 
on

e 
ea

ch
 f

or
 t

he
 m

os
t 

an
d 

le
as

t 
si

g
n

if
ic

an
t 

pa
rt

s 
of

 t
he

 

ou
tp

ut
 n

um
be

r 
an

d 
th

e 
th

ir
d 

to
 c

on
tr

ol
 a

 s
hu

ffl
in

g
 r

ou
ti

ne
. 

T
he

 r
an

do
m

 n
um

be
r 

ge
ne

ra
to

r 

re
tu

rn
s 

v
al

ue
s 

(p
) 

su
ch

 t
ha

t 
0 

�
 p

 <
 

1.
 

Su
br

ou
ti

ne
 G

G
N

O
R

D
 g

en
er

at
es

 n
or

m
al

ly
 d

is
tr

ib
ut

ed
 r

an
do

m
 n

um
be

rs
 w

it
h 

a 
ze

ro
 m

ea
n 

an
d 

u
n

it
 v

ar
ia

nc
e.

 
T

he
 s

ub
ro

ut
in

e 
is

 t
he

 s
am

e 
as

 t
ha

t 
in

 F
O

R
E

T
 a

nd
 i

s 
ba

se
d 

o
n

 e
qu

at
io

n 

7 
.2

.1
0

 in
 P

re
ss

 e
t 

al
. 

(1
9

86
).

 

M
o

d
el

 
C

o
m

p
il

a
ti

o
n

. 
T

h
e 

F
or

tr
an

 
co

de
 

fo
r 

th
e 

m
od

el
 

w
as

 
co

m
p

il
ed

 
u

si
ng

 

R
M

/F
O

R
T

R
A

N
 v

er
si

on
 2

.4
 (

R
ya

n-
M

cF
ar

la
nd

, 
C

or
p.

 
19

87
) 

on
 a

 6
6 

M
H

z,
 4

86
 D

O
S 

ba
se

d 

m
ic

ro
co

m
pu

te
r.

 
A

ll 
m

od
el

 r
un

s 
(s

ee
 b

el
ow

) 
w

er
e 

p
er

fo
rm

ed
 o

n 
th

e 
sa

m
e 

co
m

pu
te

r.
 

F
or

 

in
fo

rm
at

io
na

l p
u

rp
os

es
, 

an
 8

00
 y

ea
r 

si
m

ul
at

io
n 

ta
ke

s 
ap

pr
ox

im
at

el
y 

2
5

 s
ec

on
ds

 f
or

 o
ne

 p
as

s 
or

 

2
1 

m
in

ut
es

 f
or

 t
he

 s
ta

nd
ar

d 
50

 p
as

se
s.

 

M
o

d
el

 S
im

u
la

ti
o

n
 

A
ll

 m
od

el
 r

u
n

s 
de

sc
ri

be
d 

be
lo

w
 w

er
e 

ru
n

 f
o

r 
a 

to
ta

l 
of

 8
0

0
 y

ea
rs

 w
it

h
 5

0 
pa

ss
es

. 

R
es

u
lt

s 
(b

el
ow

) 
ar

e 
b

as
ed

 o
n

 t
h

e 
an

nu
al

 m
ea

ns
 f

or
 t

he
 5

0
 p

as
se

s.
 

76
 



G
R

S
M

 G
ra

d
ie

n
t.

 
T

he
 f

ir
st

 s
im

ul
at

io
n 

in
vo

lv
ed

 r
un

ni
ng

 t
he

 m
od

el
 a

cr
os

s 
th

e 
en

ti
re

 

G
R

SM
 g

ra
di

en
t.

 
M

od
el

 r
un

s 
w

er
e 

pe
rf

or
m

ed
 f

or
 g

ra
di

en
t 

po
si

ti
on

s 
(G

RAD
L)

 0
 th

ro
ug

h 
10

0 

by
 i

n
cr

em
en

ts
 o

f 
10

 (
i.

e.
, 

GRAD
L

=
O,

 1
0,

 2
0,

 .
.
. 1

00
).

 
In

 t
he

se
 r

u
n

s,
 a

ll
 s

pe
ci

es
, 

in
cl

ud
in

g
 

Ca
st

an
ea

 d
en

ta
ta

, w
er

e 
in

co
rp

or
at

ed
 i

nt
o 

th
e 

si
m

ul
at

io
n.

 
T

h
is

 s
im

ul
at

io
n 

w
as

 r
un

 t
o 

m
od

el
 

fo
re

st
 d

yn
am

ic
s 

ac
ro

ss
 $

e 
en

ti
re

 G
R

SM
 g

ra
di

en
t 

an
d 

to
 r

ev
ea

l 
pa

tt
er

ns
 o

f 
sp

ec
ie

s 
ab

se
nc

e 
or

 

pr
es

en
ce

 a
nd

 b
io

m
as

s 
by

 t
im

e 
al

on
g 

th
e 

gr
ad

ie
nt

. 
T

hi
s 

se
t 

of
 s

im
ul

at
io

n
s,

 b
ec

au
se

 o
f 

th
e 

in
cl

u
si

on
 o

f 
C.

 d
en

ta
ta

, i
s 

in
te

nd
ed

 t
o 

re
pr

es
en

t 
fo

re
st

 c
on

di
ti

on
s 

pr
io

r 
to

 t
he

 c
he

st
nu

t 
b

li
gh

t. 

O
ut

pu
t 

fr
o

m
 t

he
se

 r
un

s 
w

er
e 

su
m

m
ar

iz
ed

 b
y 

gr
ap

hi
ng

 p
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
b

y 
sp

ec
ie

s.
 

G
R

S
M

 G
ra

d
ie

n
t 

w
it

h
o

u
t 

Ca
sta

ne
a d

ent
ata

. A
no

th
er

 s
et

 o
f 

si
m

ul
at

io
ns

 w
as

 p
er

fo
rm

ed
 

fo
r 

g
ra

di
en

t 
po

si
ti

on
s 

(G
RAD

L)
 4

0 
an

d 
50

 w
it

h 
C.

 d
en

ta
ta

 e
xc

lu
de

d 
as

 a
n 

el
ig

ib
le

 s
pe

ci
es

 i
n 

th
e 

si
m

ul
at

io
n.

 T
h

is
 s

im
1;1

la
ti

on
 a

tt
em

pt
s 

to
 i

ll
us

tr
at

e 
th

e 
ch

an
ge

 in
 f

or
es

t d
yn

am
ic

s 
as

 a
 fu

nc
ti

on
 

o
f 

th
e 

lo
ss

 o
f 

C.
 d

en
ta

ta
 d

ue
 t

o 
th

e 
ch

es
tn

ut
 b

li
gh

t. 
C.

 d
en

ta
ta

 w
as

 a
 d

om
in

an
t 

sp
ec

ie
s 

in
 o

nl
y 

th
is

 p
or

ti
on

 o
f 

th
e 

g
ra

di
en

t 
(a

pp
ro

xi
m

at
el

y 
35

 <
 G

RAD
L 

<
 5

0)
. 

A
s 

ab
ov

e,
 t

he
 o

ut
pu

t 
fr

om
 

th
is

 s
im

ul
at

io
n 

w
as

 s
um

m
ar

iz
ed

 b
y 

g
ra

ph
in

g
 p

er
ce

nt
 b

io
m

as
s 

by
 y

ea
r 

b
y 

sp
ec

ie
s.

 

D
is

tr
ib

u
ti

o
n

 o
f 

Ca
sta

ne
a d

ent
ata

. T
h

e 
ne

xt
 s

im
ul

at
io

n 
in

v
ol

v
ed

 c
on

st
ru

ct
in

g 
th

e 
pr

e

b
li

g
h

t 
b

io
m

as
s 

d
is

tr
ib

u
ti

o
n

 o
f 

C. 
de

nta
ta 

ac
ro

ss
 t

h
e 

g
ra

d
ie

n
t.

 
Th

is
 i

n
v

o
lv

ed
 r

u
n

n
in

g
 t

h
e 

m
o

d
el

 

fo
r 

g
ra

d
ie

nt
 p

o
si

ti
on

s 
(G

RAD
L)

 3
0 

th
ro

ug
h 

60
 b

y 
in

cr
em

en
ts

 o
f 

2 
(i

.e
.,

 G
RAD

L
=

30
, 

32
, 3

4,
 

..
. 6

0)
 w

it
h 

al
l s

p
ec

ie
s.

 
In

 th
is

 s
im

ul
at

io
n,

 C.
 d

en
t a

t a
 b

io
m

as
s 

by
 y

ea
r 

b
y 

g
ra

di
en

t p
os

it
io

n
 w

as
 

pl
ot

te
d 

us
in

g 
SU

R
F

E
R

 v
er

si
on

 4
.0

4 
co

nt
ou

ri
ng

 a
nd

 s
ur

fa
ci

ng
 s

oft
w

ar
e 

(G
ol

de
n 

So
ft

w
ar

e,
 I

n
c.

 

19
89

).
 

C.
 d

en
ta

ta
 b

io
m

as
s 

fo
r 

ev
er

y 
lO

th
 y

ea
r 

fo
r 

ev
er

y 
ot

he
r 

gr
ad

ie
nt

 p
os

it
io

n 
fr

o
m

 3
0 

to
 6

0 

w
as

 i
np

ut
 in

to
 t

he
 S

U
R

F
E

R
 p

ac
ka

ge
. 

G
ri

dd
in

g 
of

 th
e 

or
ig

in
al

 i
np

ut
 d

at
a 

w
as

 p
er

fo
rm

ed
 u

si
ng

 

th
e 

d
ef

au
lt

 v
al

ue
s 

of
 th

e 
SU

R
F

E
R

 G
R

ID
 m

od
ul

e.
 

T
he

se
 d

ef
au

lt
s 

in
cl

ud
e 

a 
m

in
im

um
 c

ur
va

tu
re

 

77
 



(M
in

C
ur

v
e)

 i
nt

er
po

la
ti

on
 w

it
h 

an
 e

rr
or

 l
ev

el
 o

f 
0.

05
 t

o 
pr

od
uc

e 
an

 o
ut

pu
t 

g
ri

d 
of

 7
6 

x 
67

 

p
o

in
ts

. 
T

he
 S

U
R

F
E

R
 T

O
P

O
 m

od
ul

e 
w

as
 u

se
d 

to
 c

on
ve

rt
 t

he
 r

es
ul

ta
nt

 g
ri

d 
in

to
 a

 c
on

to
ur

 p
lo

t.
 

W
it

hi
n 

T
O

P
O

, 
co

nt
ou

rs
 w

er
e 

sm
oo

th
ed

 u
si

n
g

 a
 t

en
si

on
 f

ac
to

r 
of

 t
w

o
. 

L
o

ss
 o

f 
Ab

ies
 fr

as
eri

. T
he

 f
in

al
 s

im
ul

at
io

n 
in

vo
lv

ed
 r

un
ni

ng
 t

he
 m

od
el

 t
o 

si
m

u
la

te
 t

he
 

eff
ec

ts
 o

f 
a 

lo
ss

 o
f 

A.
 fr

as
er

i d
ue

 t
o 

th
e 

ba
ls

am
 w

oo
ly

 a
de

lg
id

 (
Ad

el
ge

s p
ic

ea
e 

R
at

z)
. 

T
he

 

Sp
ru

ce
 -

F
ir

 f
or

es
ts

 o
f 

G
R

SM
 a

re
 e

xp
er

ie
nc

in
g 

a 
tr

em
en

do
us

 d
ie

-b
ac

k 
of

 A
bi

es
 fr

as
er

i d
ue

 t
o 

th
e 

b
al

sa
m

 w
oo

ly
 a

de
lg

id
 (

E
ag

ar
 

19
84

b)
. 

N
ic

ho
la

s 
et

 
al

. 
(1

99
2)

 s
ta

te
 t

ha
t 

Ab
ie

s 
fr

as
er

i 

po
pu

la
ti

on
s 

in
 G

R
SM

 h
av

e 
be

en
 d

ec
im

at
ed

 b
y 

ad
el

g
id

 i
nf

es
ta

ti
on

. 
T

h
is

 s
im

u
la

ti
on

 a
tt

em
pt

s 
to

 

il
lu

st
ra

te
 t

he
 e

ff
ec

ts
 o

f 
Ab

ie
s fr

as
er

i l
o

ss
 a

t 
tw

o 
lo

ca
ti

on
s 

on
 th

e 
gr

ad
ie

nt
. 

T
he

 s
im

ul
at

io
n 

w
as

 p
er

fo
rm

ed
 b

y 
ta

ki
ng

 t
he

 r
es

ul
t 

of
 t

he
 G

R
SM

 g
ra

di
en

t 
ru

n 
fo

r 

g
ra

di
en

t 
p

o
si

ti
on

 (
GRAD

L)
 1

00
 a

nd
 a

dd
in

g 
an

 a
dd

it
io

na
l 

ru
n 

at
 p

os
it

io
n 

95
. 

A
no

th
er

 s
er

ie
s 

of
 

ru
ns

 w
er

e 
pe

rf
or

m
ed

 a
t 

gr
ad

ie
nt

 p
os

it
io

ns
 9

5 
an

d 
10

0 
bu

t 
in

 t
he

se
 r

un
s,

 t
he

 g
ro

w
th

 i
nc

re
m

en
t 

(D
IN

C)
 

fo
r 

A.
 fr

as
er

i w
as

 s
et

 t
o 

0.
0 

m
m

 f
or

 y
ea

r 
�

 
25

0.
 

R
es

ul
ts

 o
f 

th
es

e 
ru

ns
 w

er
e 

su
m

m
ar

iz
ed

 b
y 

gr
ap

hi
ng

 p
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
b

y 
sp

ec
ie

s.
 

R
es

u
lt

s 
a

n
d

 D
is

cu
ss

io
n

 

G
R

S
M

 G
ra

d
ie

n
t 

R
es

ul
ts

 o
f 

m
od

el
 r

un
s 

ac
ro

ss
 t

he
 G

R
SM

 g
ra

di
en

t 
ar

e 
pr

es
en

te
d 

in
 F

ig
ur

es
 I

II
-2

 t
hr

ou
gh

 

II
I -

12
. 

T
he

se
 fi

gu
re

s 
il

lu
st

ra
te

 t
he

 m
od

el
's

 a
bi

lit
y 

to
 p

ro
du

ce
 s

hi
ft

s 
in

 s
pe

ci
es

 d
om

in
an

ce
 a

s 
a 

fu
nc

ti
on

 o
f 

ti
m

e 
an

d 
po

si
ti

on
 a

lo
ng

 t
he

 g
ra

di
en

t. 
S

im
ul

at
io

ns
 o

f 
st

an
ds

 a
t 

th
e 

lo
w

 e
nd

 (
 G

RAD
L 

=
 

10
) 

of
 t

he
 g

ra
di

en
t 

(F
ig

ur
e 

II
I-

2)
 a

re
 d

om
in

at
ed

 b
y 

Pi
nu

s 
rig

id
a.

 
P.

 r
ig

id
a 

is
 d

o
m

in
an

t 

th
ro

ug
ho

ut
 t

he
 8

00
 y

ea
rs

 o
f 

m
od

el
 s

im
ul

at
io

n.
 

Q
ue

rc
us

 v
el

ut
in

a 
is

 p
re

se
nt

 t
hr

ou
gh

ou
t 

as
 a

 

78
 



"
 - U)
 

U)
 

-<
 � 0 c:l
 

75
%

 

50
%

 

25
%

 

0 
10

0 
20

0 
3

00
 

4
0

0
 

Y
E

A
R

 

5
00

 
6

00
 

70
0 

�
P

N
S

R
G

D
 

EJ
Q

R
C

V
L

T
 

0
Q

R
C

M
R

L
 

.
O

T
H

E
R

 

8
0

0
 

F
ig

ur
e 

II
I-

2.
 

P
er

ce
nt

 b
io

m
as

s 
b

y
 y

ea
r 

fo
r 

g
ra

di
en

t 
p

o
si

ti
on

 z
er

o 
an

d 
al

l 
sp

ec
ie

s.
 

10
0

%
 

�
 

75
%

 

'"' - U)
 

U)
 

50
%

 
<

 � 0 c:l
 

� � 
25

%
 

�
 

l�
 '" �

 
' "

' 
'I

''
 

0
%

 

0 
10

0 �
 

''
I'

' 

20
0 

�
�vi

r... 

/(�
 

' 'l
 ' 

" 
30

0
 

'I 4
0

0
 

Y
E

A
R

 

'I
 

50
0 

J-
.�

 

'I 
'I

 
, 

6
00

 
70

0 

..
...--

8
0

0
 

0
C

R
Y

T
M

N
 

EI
Q

R
C

V
L

T
 

�
P

N
S

V
R

G
 

0
P

N
S

S
T

R
 

0
P

N
S

R
G

D
 

.
O

T
H

E
R

 

F
ig

u
re

 I
II-

3.
 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

o
r 

g
ra

d
ie

n
t 

p
o

si
ti

o
n

 1
0

 a
nd

 a
ll

 s
pe

ci
es

. 

79
 



- ::;
 

(J)
 

(J)
 

..
.: � 0 c:l
 

7
5%

 

50
%

 

2
5%

 

0 
1 0

0
 

20
0

 
30

0
 

4
0

0
 

Y
E

A
R

 

5
00

 
6

0
0

 
7

0
0

 
8

0
0

 

�
Q

R
C

P
R

N
 

0
Q

R
C

A
L

B
 

EJ
C

R
Y

T
M

N
 

�
Q

R
C

V
L

T
 

rzl
O

X
Y

A
R

B
 

0
C

R
Y

G
L

B
 

.
O

T
H

E
R

 

F
ig

ur
e 

II
I-4

. 
P

er
ce

nt
 b

io
m

as
s 

b
y

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n

 2
0 

an
d 

al
l 

sp
ec

ie
s.

 

75
%

 

(J)
 

(J)
 

<
 

.,.
 

50
%

 
�

 0 c:
::: 

25
%

 

0 
10

0 
20

0 
3

00
 

4
0

0
 

Y
E

A
R

 

5
0

0
 

6
0

0
. 

70
0 

80
0 

�
C

R
Y

T
M

N
 

0
C

R
Y

G
L

B
 

EJ
Q

R
C

P
R

N
 

�
O

X
Y

A
R

B
 

rzl
Q

R
C

A
L

B
 

D
N

Y
S

S
Y

L
 

.
O

T
H

E
R

 

F
ig

ur
e 

II
I-

5
.  

P
er

ce
nt

 b
io

m
as

s 
b

y
 y

ea
r 

fo
r 

g
ra

di
en

t 
p

os
it

io
n

 3
0

 a
nd

 a
ll

 s
pe

ci
es

. 

80
 



75
%

 

'J;
 

'J;
 

<
 � 

50
%

 
0 c:l 

25
%

 

0 
10

0 
20

0 
30

0
 

4
0

0
 

50
0

 

Y
E

A
R

 

�
C

S
T

D
N

T
 

0
C

R
Y

O
V

T
 

8
A

C
R

R
B

R
 

�
N

Y
S

S
Y

L
 

QJ
L

R
D

T
L

P
 

0
R

B
N

P
S

D
 

.
O

T
H

E
R

 

6
0

0
 

7
0

0
 

8
0

0
 

F
ig

ur
e 

II
I-6

. 
P

er
ce

nt
 b

io
m

as
s 

b
y

 y
ea

r 
fo

r 
gr

ad
ie

nt
 p

o
si

ti
on

 4
0 

an
d 

al
l 

sp
ec

ie
s.

 

10
0

%
 

75
%

 

UJ
 

UJ
 

<
 � 

50
%

 
0 c:l 

25
%

 

0
%

 

0 
10

0 
20

0 
30

0 
4

0
0

 

Y
E

A
R

 

QJ
A

C
R

R
B

R
 

t2
P

R
N

S
R

T
 

I2J
 F

G
S

G
R

D
 

0
A

C
R

S
C

H
 

8
C

S
T

D
N

T
 

[;3
 R

B
N

P
S

D
 

17J
T

IL
H

T
R

 

0
L

R
D

T
L

P
 

.
O

T
H

E
R

 

50
0

 
6

00
 

70
0 

80
0 

F
ig

u
re

 I
II

-7
. 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
g

ra
di

en
t 

p
o

si
ti

o
n

 5
0 

an
d 

al
l 

sp
ec

ie
s.

 

8
1 



7 5
%

 

U1
 

U1
 

<
 

..,.
. 

""'
 0 c:
:l 

25
%

 

0 
1 0

0 
20

0 
30

0
 

4
0

0
 

Y
E

A
R

 

Efl
A

C
R

S
C

H
 

12:1
 A

S
C

O
C

T
 

D
P

R
N

S
R

T
 

El
F

G
S

G
R

D
 

ISI
A

C
R

R
B

R
 

lZJ
T

IL
H

T
R

 

0
R

B
N

P
S

D
 

.
O

T
H

E
R

 

5
0

0
 

6
0

0
 

7
0

0
 

80
0

 

F
igu

re
 I

II
-8

. 
P

er
ce

nt
 b

io
m

as
s 

b
y 

ye
ar

 f
o

r 
gr

ad
ie

nt
 p

os
it

io
n 

60
 a

nd
 a

ll 
sp

ec
ie

s.
 

75
%

 

U1
 

U1
 

<
 � 

50
%

 
0 c::l 

2
5%

 

0 
1 0

0 
20

0 
30

0 
4

00
 

Y
E

A
R

 

!2:1
A

C
R

S
C

H
 

0
A

S
C

O
C

T
 

8
F

R
X

A
M

R
 

ISI
P

R
N

S
R

T
 

(Z]
 F

G
S

G
R

D
 

0
A

C
R

R
B

R
 

.
O

T
H

E
R

 

50
0 

6
0

0
 

70
0 

80
0  

F
ig

u
re

 I
II

-9
. 

P
er

ce
nt

 b
io

m
as

s 
by

 y
ea

r 
fo

r 
g

ra
d

ie
nt

 p
o

si
ti

o
n

 7
0 

an
d 

al
l  

sp
ec

ie
s .

 

82
 



1 O
Oo/

c. 

75
%

 

�
 

Ul
 

<
 � 

50
%

 
0 c:l

 

25
%

 

0
%

 

0 
10

0 
20

0 
30

0 
4

00
 

Y
E

A
R

 

50
0 

6
0

0
 

7
0

0
 

8
B

T
L

L
U

T
 

�
P

IC
R

B
N

 

rz:;J
 F

R
X

A
M

R
 

0
A

S
C

O
C

T
 

.
O

T
H

E
R

 

80
0 

F
ig

ur
e 

II
I-

10
. 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

po
si

ti
on

 8
0 

an
d 

al
l 

sp
ec

ie
s.

 

l O
Oo/

c 

75
%

 

�
 

8
P

IC
R

B
N

 
<r.

 
�

A
B

S
F

R
S

 
<

 � 
50

%
 

E1
A

C
R

S
P

C
 

0 c:l 
0

S
R

B
A

M
R

 

.
O

T
H

E
R

 

2
5 o/c

 

0%
 .

 
' 

"
I"

'"
 

0 
10

0 
2

00
 

30
0

 
4

0
0

 
50

0 
6

00
 

7
0

0
 

80
0 

Y
E

A
R

 

F
igu

re
 I

II
-I

I.
 

Pe
rc

en
t 

b
io

m
as

s 
b

y
 y

ea
r 

fo
r 

gr
ad

ie
nt

 p
os

it
io

n
 9

0 
an

d 
al

l 
sp

ec
ie

s.
 

83
 



0 
10

0 
20

0 
30

0 
4

00
 

Y
E

A
R

 

5
0

0
 

6
0

0
 

70
0 

80
0 

8
P

IC
R

B
N

 

�
A

B
S

F
R

S
 

�
A

C
R

S
P

C
 

0
S

R
B

A
M

R
 

.
O

T
H

E
R

 

F
ig

ur
e 

11
1-

12
. 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t 

p
o

si
ti

on
 1

00
 a

nd
 a

ll 
sp

ec
ie

s.
 

84
 



m
in

or
 s

p
ec

ie
s.

 
Q

. v
el

ut
in

a 
ex

hi
bi

ts
 a

 2
00

 y
ea

r 
cy

cl
ic

 i
nc

re
as

e 
in

 b
io

m
as

s 
th

ro
ug

ho
ut

 t
he

 8
00

 

ye
ar

s 
ti

m
ed

 t
o 

d
ie

-o
ff

s 
of

 P
. r

ig
id

a 
at

 i
ts

 2
00

 y
ea

r 
m

ax
im

um
 l

if
e 

sp
an

. 
T

he
 f

or
es

t 
si

m
u

la
te

d 

in
 t

h
is

 p
o

rt
io

n 
of

 t
he

 g
ra

di
en

t 
is

 f
el

t 
to

 r
ep

re
se

nt
 t

he
 P

. r
ig

id
a 

ty
pe

 d
is

cu
ss

ed
 i

n 
C

ha
pt

er
 I 

an
d 

w
ha

t 
ar

e 
ge

ne
ra

ll
y

 c
on

si
de

re
d 

to
 b

e 
Y

el
lo

w
 P

in
e 

st
an

ds
 i

n 
ot

he
r 

cl
as

si
fi

ca
ti

on
s 

(M
ill

er
 1

93
8,

 

W
hi

tt
ak

er
 1

95
6,

 C
al

la
w

ay
 e

t 
al

. 
19

87
). 

A
t 

gr
ad

ie
nt

 
p

o
si

ti
on

 
10

 
(F

ig
ur

e 
III

-3
) 

Q
ue

rc
us

 v
el

ut
in

a 
do

m
in

at
es

 
du

ri
ng

 
ea

rl
y 

su
cc

es
si

on
al

 s
ta

ge
s 

(y
ea

rs
 0

-3
00

) 
bu

t 
is

 r
ep

la
ce

d 
b

y 
Ca

ry
a 

to
m

en
to

sa
 in

 l
at

er
 y

ea
rs

. 
Pi

nu
s 

vi
rg

in
ia

na
, P

. s
tro

bu
s, 

an
d 

P.
 r

ig
id

a 
ar

e 
pr

es
en

t 
as

 m
in

or
 s

pe
ci

es
 d

ur
in

g
 t

he
 e

ar
ly

 s
uc

ce
ss

io
na

l 

st
ag

e 
bu

t 
dr

op
 o

ut
 o

f 
th

e 
st

an
d 

by
 y

ea
r 

13
0.

 
T

he
y 

re
-e

nt
er

 t
he

 s
ta

nd
 a

t 
ye

ar
 2

50
, t

im
ed

 w
it

h 

th
e 

d
ie

-o
ff

 o
f 

Q
. v

el
ut

in
a,

 a
nd

 e
xh

ib
it

 3
00

 y
ea

r 
cy

cl
ic

 i
nc

re
as

es
. 

T
he

 s
ta

nd
 s

im
u

la
te

d 
at

 t
hi

s 
g

ra
di

en
t 

po
si

ti
on

 is
 s

om
ew

ha
t 

o
f 

an
 e

ni
gm

a 
in

 th
at

 it
 is

 n
ot

 

re
co

gn
iz

ed
 a

s 
oc

cu
rr

in
g

 w
it

hi
n 

G
R

S
M

. 
W

hi
tt

ak
er

 (
19

56
) 

re
co

gn
iz

es
 a

 R
ed

 
O

ak
 -

P
ig

nu
t 

H
ic

ko
ry

 f
or

es
t 

w
it

h
in

 G
R

SM
. 

H
e 

de
sc

ri
be

s 
th

is
 t

yp
e 

as
 b

ei
ng

 d
om

in
at

ed
 b

y 
Qu

er
cu

s 
ru

br
a,

 

Q
. a

lb
a,

 Ca
ry

a 
gl

ab
ra

, a
nd

 C.
 t

om
en

to
sa

. 
Q

. v
el

ut
in

a 
is

 t
yp

ic
al

ly
 f

ou
nd

 i
n

 s
u

ch
 s

ta
nd

s.
 

T
he

 

st
an

d 
si

m
u

la
te

d 
at

 t
hi

s 
gr

ad
ie

nt
 p

os
it

io
n 

m
ay

 r
ep

re
se

nt
 a

 d
ry

 s
it

e 
v

ar
ia

ti
on

 o
f 

W
hi

tt
ak

er
's

 (
19

56
) 

R
ed

 O
ak

-
P

ig
nu

t 
H

ic
ko

ry
 t

yp
e.

 
W

hi
le

 n
ot

 c
om

m
on

 i
n 

G
R

S
M

, 
B

ra
un

 (
19

50
) 

st
at

es
 t

ha
t 

O
ak

 

-
H

ic
ko

ry
 f

or
es

ts
 a

re
 f

ou
nd

 w
it

hi
n 

th
e 

O
ak

-
C

he
st

nu
t 

R
eg

io
n 

bu
t 

ar
e 

ge
ne

ra
ll

y
 c

on
fi

ne
d 

to
 l

ow
 

h
il

ls
 i

n
 t

he
 R

id
g

e 
an

d 
V

al
le

y 
S

ec
ti

on
 o

r 
to

 t
he

 f
oo

th
il

ls
 o

f 
th

e 
so

ut
he

rn
 A

pp
al

ac
hi

an
s.

 

A
 g

re
at

er
 d

iv
er

si
ty

 o
f 

do
m

in
an

t 
sp

ec
ie

s 
oc

cu
rs

 l
at

er
 i

n
 t

he
 s

uc
ce

ss
io

n 
st

ag
e 

at
 g

ra
di

en
t 

po
si

ti
on

 2
0 

(F
ig

ur
e 

III
-4

). 
A

s 
w

it
h 

gr
ad

ie
nt

 p
os

it
io

n 
10

, 
Q

ue
rc

us
 v

el
ut

in
a 

is
 d

om
in

an
t 

du
ri

ng
 

th
e 

ea
rl

y 
su

cc
es

si
on

al
 p

er
io

d 
of

 0
-2

50
 y

ea
rs

. 
A

ft
er

 2
50

 y
ea

rs
, 

Q
. p

ri
nu

s 
be

co
m

es
 e

st
ab

li
sh

ed
 

as
 a

 c
o-

do
m

in
an

t 
w

it
h 

Ca
ry

a 
to

m
en

to
sa

. 
Q

. a
lb

a 
is

 p
re

se
nt

 a
s 

a 
su

b-
do

m
in

an
t 

aft
er

 3
00

 y
ea

rs
. 

Ca
ry

a 
gl

ab
ra

 is
 a

ls
o 

pr
es

en
t 

aft
er

 y
ea

r 
30

0 
bu

t 
on

ly
 a

s 
a 

m
in

or
 s

pe
ci

es
. 

T
h

is
 t

yp
e,

 w
it

h
 i

ts
 

do
m

in
an

ce
 b

y 
Q

. p
ri

nu
s, 

is
 f

el
t 

to
 r

ep
re

se
nt

 t
he

 C
he

st
nu

t 
O

ak
 t

yp
es

 o
f 

G
ol

de
n 

(1
98

1)
 a

nd
 

85
 



C
al

la
w

ay
 e

t a
l. 

(1
98

7)
. 

A
s 

w
ith

 g
ra

di
en

t p
os

iti
on

 1
0,

 th
e 

pe
rc

en
t b

io
m

as
s 

of
 C

ar
ya

, i
n 

th
is

 c
as

e 

Ca
ry

a 
to

m
en

to
sa

, i
s 

pr
ob

le
m

at
ic

. 

Ny
ss

a 
sy

lv
at

ica
 is

 th
e 

do
m

in
an

t e
ar

ly
 s

uc
ce

ss
io

n 
sp

ec
ie

s 
at

 g
ra

di
en

t p
os

iti
on

 3
0 

(F
ig

ur
e 

II
I-

5)
. 

Q
ue

rc
us

 p
ri

nu
s, 

Ca
ry

a 
to

m
en

to
sa

, a
nd

 C.
 g

la
br

a 
ar

e 
co

-d
om

in
an

t 
in

 l
at

er
 s

uc
ce

ss
io

na
l 

st
ag

es
. 

Q
. 

al
ba

 a
nd

 O
xy

de
nd

ro
n 

ar
bo

re
um

 a
re

 p
re

se
nt

 t
hr

ou
gh

ou
t 

bu
t 

re
pr

es
en

t 
a 

sm
al

l 

pe
rc

en
ta

ge
 o

f t
he

 to
ta

l b
io

m
as

s.
 T

hi
s 

fo
re

st
 is

 fe
lt

 to
 r

ep
re

se
nt

 a
no

th
er

 v
ar

ia
tio

n 
of

 th
e 

C
he

st
nu

t 

O
ak

 ty
pe

s 
of

 G
ol

de
n 

(1
98

1)
 a

nd
 C

al
la

w
ay

 e
t a

l. 
(1

98
7)

. 
A

s 
w

ith
 g

ra
di

en
t p

os
iti

on
s 

10
 a

nd
 2

0,
 

th
e 

ab
un

da
nc

e 
of

 Ca
ry

a 
is

 p
ro

bl
em

at
ic

. 

B
et

w
ee

n 
gr

ad
ie

nt
 p

os
iti

on
 3

0 
an

d 
40

, 
Ca

st
an

ea
 d

en
ta

ta
 a

ch
ie

ve
s 

do
m

in
an

t 
st

at
us

 (
se

e 

D
is

tr
ib

ut
io

n 
of

 Ca
st

an
ea

 D
en

ta
ta

 b
el

ow
). 

A
t g

ra
di

en
t p

os
iti

on
 4

0 
(F

ig
ur

e 
II

I-
6)

, A
ce

r r
ub

ru
m

, 

Li
rio

de
nd

ro
n 

tu
lip

ife
ra

, Ny
ss

a 
sy

lva
tic

a,
 R

ob
in

ia
 p

se
ud

oa
ca

ci
a 

ar
e 

eq
ua

lly
 d

om
in

an
t 

as
 e

ar
ly

 

su
cc

es
si

on
al

 s
pe

ci
es

. 
Ca

st
an

ea
 d

en
ta

ta
 a

ch
ie

ve
s 

do
m

in
an

ce
 a

t 
ye

ar
 2

00
 a

nd
 m

ai
nt

ai
ns

 t
hi

s 

do
m

in
an

ce
 th

ro
ug

ho
ut

 th
e 

re
m

ai
nd

er
 o

f 
th

e 
si

m
ul

at
io

n.
 

Ca
ry

a 
ov

at
a 

is
 a

ls
o 

pr
es

en
t 

as
 a

 s
ub



do
m

in
an

t 
fo

r 
ye

ar
s 

20
0 

an
d 

be
yo

nd
. 

T
hi

s 
ty

pe
 r

ep
re

se
nt

s 
th

e 
O

ak
 -

C
he

st
nu

t t
yp

e 
of

 M
ill

er
 

(1
93

8)
. 

F
in

di
ng

 a
n 

an
al

og
 in

 a
ny

 o
f 

th
e 

m
or

e 
re

ce
nt

 c
la

ss
if

ic
at

io
ns

 is
 d

iffi
cu

lt
 d

ue
 to

 t
he

 lo
ss

 

of
 Ca

st
an

ea
 d

ue
 to

 t
he

 c
he

st
nu

t 
bl

ig
ht

. 
It

 i
s 

fe
lt

 th
at

 t
he

 tr
an

si
tio

n 
fr

om
 g

ra
di

en
t p

os
iti

on
 3

0 

to
 4

0 
re

pr
es

en
ts

 t
he

 r
an

ge
 o

f 
w

ha
t 

w
er

e 
on

ce
 O

ak
 -

C
he

st
nu

t 
fo

re
st

s 
th

at
 M

ill
er

 (
19

38
) 

de
sc

ri
be

d 
as

 h
av

in
g 

th
e 

w
id

es
t 

di
st

ri
bu

tio
n 

of
 a

ny
 t

yp
e 

in
 G

R
SM

. 
T

hi
s 

ra
ng

e 
al

so
 r

ep
re

se
nt

s 

th
e 

ra
ng

e 
of

 d
is

tr
ib

ut
io

n 
of

 th
e 

Q
ue

rc
us

 a
lb

a
-C

as
ta

ne
a 

de
nt

at
a,

 Q
ue

rc
us

 p
ri

nu
s a

nd
 Ca

st
an

ea
 

de
nt

at
a 

-
Qu

er
cu

s p
rin

us
 ty

pe
s 

de
sc

ri
be

d 
in

 C
ha

pt
er

 I
. 

Ca
st

a n
ea

 d
en

ta
ta

 is
 a

 c
o-

do
m

in
an

t 
aft

er
 y

ea
r 

30
0 

at
 g

ra
di

en
t p

os
iti

on
 5

0
 (F

ig
ur

e 
II

I-
7)

. 

Ro
bi

ni
a 

ps
eu

do
ac

ac
ia

, L
iri

od
en

dr
on

 t
ul

ip
ije

ra
, A

ce
r 

ru
br

um
, a

nd
 P

ru
nu

s 
se

ro
tin

a 
ar

e 
ea

rl
y 

su
cc

es
si

on
al

 s
pe

ci
es

 a
t t

hi
s 

po
si

tio
n 

on
 th

e 
gr

ad
ie

nt
. 

A.
 r

ub
ru

m
 a

nd
 L

. t
ul

ip
ije

ra
 p

er
sis

t 
lo

ng
er

 

th
an

 P
. s

er
ot

in
a 

an
d 

R.
 p

se
ud

oa
ca

ci
a.

 
C.

 d
en

ta
ta

 a
nd

 Ti
lia

 h
et

er
op

hy
lla

 a
re

 c
o-

do
m

in
an

t 
in

 

86
 



th
e 

la
te

r 
st

ag
es

 o
f 

su
cc

es
si

on
 w

ith
 F

ag
us

 g
ra

nd
ifo

lia
 an

d 
A.

 s
ac

ch
ar

um
 a

s 
su

b-
do

m
in

an
t. 

T
he

 

fo
re

st
s 

in
 th

is
 g

ra
di

en
t p

os
iti

on
 re

pr
es

en
t a

 tr
an

si
tio

n 
fr

om
 th

e 
O

ak
 -

C
he

st
nu

t o
f 

M
ill

er
 (

19
38

) 

to
 t

he
 C

ov
e 

H
ar

dw
oo

d 
ty

pe
 d

es
cr

ib
ed

 b
y 

m
an

y 
re

se
ar

ch
er

s 
(M

ill
er

 1
93

8,
 W

hi
tt

ak
er

 1
95

6,
 

G
ol

de
n 

19
81

). 

A
t g

ra
di

en
t p

os
iti

on
 6

0 
(F

ig
ur

e 
111

-8
), 

Ac
er

 sa
cc

ha
ru

m
 a

ch
ie

ve
s 

do
m

in
an

ce
 a

t y
ea

r 
20

0 

an
d 

m
ai

nt
ai

ns
 

th
at

 
do

m
in

an
ce

 
th

ro
ug

ho
ut

 
th

e 
re

m
ai

nd
er

 
of

 
th

e 
si

m
ul

at
io

n.
 

Ro
bi

ni
a 

ps
eu

do
ac

ac
ia

 is
 p

re
se

nt
 in

 th
e 

ea
rl

y 
su

cc
es

si
on

al
 s

ta
ge

. 
A

ce
r r

ub
ru

m
 a

nd
 Ti

lia
 he

te
ro

ph
yl

la
 a

re
 

al
so

 p
re

se
nt

 in
 th

e 
ea

rl
y 

su
cc

es
si

on
al

 s
ta

ge
 a

nd
 r

ep
ea

t c
yc

lic
al

ly
 a

t l
at

er
 s

ta
ge

s 
of

 th
e 

si
m

ul
at

io
n 

(i
.e

., 
ye

ar
s 

30
0-

50
0 

an
d 

60
0-

75
0)

. 
Ae

sc
ul

us
 o

ct
an

dr
a 

an
d 

Fa
gu

s g
ra

nd
ifo

lia
 ar

e 
su

b-
do

m
in

an
t 

in
 la

te
r 

su
cc

es
si

on
al

 s
ta

ge
s.

 
Pr

un
us

 se
ro

tin
a,

 w
hi

le
 n

ot
 a

 d
om

in
an

t, 
pe

rs
is

ts
 a

s 
a 

m
in

or
 s

pe
ci

es
 

th
ro

ug
ho

ut
 a

ll 
ye

ar
s 

of
 th

e 
si

m
ul

at
io

n.
 

F
or

es
ts

 a
t 

th
is

 p
os

iti
on

 o
n 

th
e 

gr
ad

ie
nt

 a
re

 t
he

 b
es

t 

re
pr

es
en

ta
tiv

es
 o

f 
th

e 
C

ov
e 

H
ar

dw
oo

d 
fo

re
st

s 
of

 M
ill

er
 (

19
38

), 
W

hi
tt

ak
er

 (
19

56
), 

an
d 

G
ol

de
n 

(1
98

1)
. A

ce
r s

ac
ch

ar
um

 a
nd

 A
es

cu
lu

s 
oc

ta
nd

ra
 d

om
in

at
e 

th
ro

ug
ho

ut
 th

e 
si

m
ul

at
io

n 
at

 g
ra

di
en

t 

po
si

tio
n 

70
 (

Fi
gu

re
 11

1-9
). 

Ac
er

 r
ub

ru
m

, P
ru

nu
s 

se
ro

tin
a,

 a
nd

 F
rax

in
us

 a
m

er
ic

an
a 

ar
e 

ea
rly

 

su
cc

es
si

on
al

 s
pe

ci
es

. 
Fa

gu
s 

gr
an

dif
ol

ia
 is

 p
re

se
nt

 t
hr

ou
gh

ou
t 

th
e 

si
m

ul
at

io
n 

bu
t 

w
ith

 a
 l

ow
 

pe
rc

en
t 

bi
om

as
s.

 
T

he
 s

im
ul

at
ed

 s
ta

nd
 a

t 
th

is
 p

os
iti

on
 o

n 
th

e 
gr

ad
ie

nt
 i

s 
pr

ob
ab

ly
 b

es
t 

ca
lle

d 

C
ov

e 
H

ar
dw

oo
d 

bu
t 

re
pr

es
en

ts
 a

 C
ov

e 
H

ar
dw

oo
d 

fo
re

st
 o

f 
le

ss
 d

iv
er

si
ty

 th
an

 th
at

 a
t g

ra
di

en
t 

po
si

tio
n 

60
. 

T
he

 s
ta

nd
 s

ee
m

s 
to

 b
e 

tr
an

si
tio

na
l 

be
tw

ee
n 

th
e 

C
ov

e 
H

ar
dw

oo
d 

ty
pe

 a
nd

 t
he

 

N
or

th
er

n 
H

ar
dw

oo
d 

ty
pe

 o
f 

gr
ad

ie
nt

 p
os

iti
on

 8
0.

 

G
ra

di
en

t p
os

iti
on

 8
0 

(F
ig

ur
e 

II
I-

10
) 

re
pr

es
en

ts
 a

 N
or

th
er

n 
H

ar
dw

oo
d 

ve
ge

ta
tio

n 
ty

pe
. 

Be
tu

la
 l

ut
ea

 d
om

in
at

es
 i

n 
th

e 
la

te
r 

su
cc

es
si

on
al

 s
ta

ge
s 

w
ith

 A
es

cu
lu

s 
oc

ta
nd

ra
 a

s 
a 

su
b

do
m

in
an

t. 
Fr

ax
in

us
 a

m
er

ic
an

a 
is

 a
n 

ea
rl

y 
su

cc
es

si
on

al
 s

pe
ci

es
. 

Pi
ce

a 
ru

be
ns

 is
 p

re
se

nt
 u

po
n 

st
an

d 
es

ta
bl

is
hm

en
t b

ut
 is

 n
ot

 a
bl

e 
to

 r
ep

ro
du

ce
 a

fte
r 

it
s 

sp
ec

ie
s 

m
ax

im
um

 o
f 

40
0 

ye
ar

s.
 

T
hi

s 

87
 



st
an

d 
re

pr
es

en
ts

 t
he

 N
or

th
er

n 
H

ar
dw

oo
d 

ty
pe

 o
f 

W
hi

tt
ak

er
 (

19
56

) 
an

d 
Y

el
lo

w
 B

irc
h 

-
Sp

ru
ce

 

ty
pe

 o
f 

G
ol

de
n 

(1
98

1)
. 

It
 i

s 
al

so
 r

ep
re

se
nt

at
iv

e 
of

 th
e 

Be
tu

la
 l

ut
ea

 -
Pi

ce
a 

ru
be

ns
 t

yp
e 

de
sc

ri
be

d 
in

 C
ha

pt
er

 I
. 

G
ra

di
en

t 
po

si
tio

ns
 9

0 
an

d 
10

0 
(F

ig
ur

es
 I

II
-1

1 
an

d 
II

I-
12

) 
re

pr
es

en
t 

a 
tr

an
si

tio
n 

fr
om

 

Pi
ce

a 
do

m
in

at
ed

 t
o 

Ab
ie

s d
om

in
at

ed
. 

A
t g

ra
di

en
t p

os
iti

on
 9

0,
 P

. r
ub

en
s d

om
in

at
es

 th
ro

ug
ho

ut
 

th
e 

si
m

ul
at

io
n 

w
ith

 c
yc

lic
 i

nc
re

as
es

 i
n 

Ab
ie

s jr
as

er
i o

cc
ur

ri
ng

 a
t 

ap
pr

ox
im

at
el

y 
400

 y
ea

r 

in
te

rv
al

s,
 w

hi
ch

 c
or

re
sp

on
ds

 t
o 

th
e 

m
ax

im
um

 a
ge

 o
f 

P.
 r

ub
en

s. 
A

ce
r 

sp
ica

tu
m

 a
nd

 S
or

bu
s 

am
er

ic
an

a 
sh

ow
 t

he
 s

am
e 

cy
cl

ic
 t

en
de

nc
ie

s 
as

 A
. jr

as
er

i b
ut

 w
ith

 l
es

s 
bi

om
as

s.
 

T
hi

s 
st

an
d 

re
pr

es
en

ts
 t

he
 R

ed
 S

pr
uc

e 
fo

re
st

 o
f 

W
hi

tta
ke

r 
(1

95
6)

 a
nd

 S
pr

uc
e 

ty
pe

 o
f 

M
ill

er
 (

19
38

) 
th

ou
gh

 

W
hi

tta
ke

r 
po

in
ts

 o
ut

 t
ha

t A
bi

es
 jr

as
er

i o
cc

ur
s 

in
 m

os
t 

R
ed

 S
pr

uc
e 

fo
re

st
s.

 
Ab

ies
 jr

as
er

i d
oe

s 

no
t o

cc
ur

 a
t g

ra
di

en
t p

os
iti

on
 9

0 
bu

t d
oe

s 
oc

cu
r 

as
 a

 c
od

om
in

an
t w

ith
 P

ic
ea

 ru
be

ns
 at

 g
ra

di
en

t 

po
si

ti
on

 9
5 

(s
ee

 L
os

s 
of

 A
bi

es
 F

ra
se

ri 
be

lo
w

). 

A
t 

gr
ad

ie
nt

 p
os

iti
on

 1
00

, A
bi

es
 jr

as
er

i i
s 

th
e 

on
ly

 t
re

e 
sp

ec
ie

s 
th

at
 o

cc
ur

s 
ex

ce
pt

 f
or

 

ve
ry

 s
m

al
l i

np
ut

s 
of

 A
ce

r 
sp

ica
tu

m
 a

nd
 S

or
bu

s 
am

er
ic

an
a 

at
 i

ni
tia

l s
ta

nd
 e

st
ab

lis
hm

en
t. 

T
hi

s 

st
an

d 
re

pr
es

en
ts

 th
e 

Fr
as

er
 F

ir 
fo

re
st

 o
f W

hi
tt

ak
er

 (
19

56
) 

an
d 

th
e 

Ab
ie

s jr
as

er
i t

yp
e 

of
 C

ha
pt

er
 

I.
 

T
he

 a
bo

ve
 s

um
m

ar
y 

of
 m

od
el

 o
ut

pu
t h

as
 d

em
on

st
ra

te
d 

F
O

R
SM

O
's

 a
bi

lit
y 

to
 s

im
ul

at
e 

a 
va

ri
et

y 
of

 fo
re

st
 t

yp
es

 a
cr

os
s 

th
e 

G
R

SM
 m

oi
st

ur
e-

el
ev

at
io

n 
gr

ad
ie

nt
. 

So
m

e 
ge

ne
ra

l t
re

nd
s 

in
 m

od
el

 o
ut

pu
t 

ar
e 

al
so

 a
pp

ar
en

t 
ac

ro
ss

 t
he

 g
ra

di
en

t. 
T

he
se

 t
re

nd
s 

in
cl

ud
e 

an
 e

st
ab

lis
hm

en
t 

of
 s

pe
ci

es
 

w
hi

ch
 o

nl
y 

pe
rs

ist
 i

n 
th

e 
ea

rl
y 

st
ag

es
 o

f 
su

cc
es

si
on

 (
pi

on
ee

rs
). 

T
he

se
 e

ar
ly

 

su
cc

es
si

o n
al

 s
pe

ci
es

 p
er

si
st

 u
nt

il 
th

ei
r 

m
ax

im
um

 a
ge

 is
 r

ea
ch

ed
 a

t w
hi

ch
 p

oi
nt

 th
ey

 a
re

 re
pl

ac
ed

 

by
 l

at
e 

su
cc

es
si

on
al

 (
cl

im
ax

) 
sp

ec
ie

s 
th

at
 p

er
si

st
 t

hr
ou

gh
ou

t t
he

 r
em

ai
nd

er
 o

f 
th

e 
si

m
ul

at
io

n.
 

T
hi

s 
tr

en
d 

is
 n

ot
 a

pp
ar

en
t a

t 
ei

th
er

 e
nd

 o
f 

th
e 

gr
ad

ie
nt

 (g
ra

di
en

t p
os

iti
on

s 
0 

an
d 

10
0,

 F
ig

ur
es

 

II
I-

2 
an

d 
II

I-
12

).
 

T
he

 l
ac

k 
of

 d
iv

er
si

ty
 a

t 
ei

th
er

 e
nd

 o
f 

th
e 

gr
ad

ie
nt

 r
efl

ec
ts

 t
he

 n
at

ur
e 

of
 th

e 

88
 



co
en

oc
lin

es
 u

se
d 

fo
r 

sp
ec

ie
s 

pa
ra

m
et

er
iz

at
io

n 
an

d 
ul

tim
at

el
y 

th
e 

gr
ad

ie
nt

 i
ts

el
f. 

Fi
gu

re
s 

I-
11

 

an
d 

I-
12

 c
le

ar
ly

 s
ho

w
 th

e 
lim

ite
d 

di
ve

rs
ity

 o
f s

pe
ci

es
 a

t e
ith

er
 e

nd
 o

f t
he

 g
ra

di
en

t. 
T

hi
s 

pa
uc

ity
 

of
 s

pe
ci

es
 i

s 
th

e 
m

ai
n 

re
as

on
 f

or
 a

 d
ec

id
ed

 l
ac

k 
of

 s
uc

ce
ss

io
na

l 
pa

tt
er

ns
 a

t 
th

e 
en

ds
 o

f 
th

e 

gr
ad

ie
nt

. A
no

th
er

 p
at

te
rn

 t
ha

t 
is

 o
bv

io
us

 f
ro

m
 t

hi
s 

se
ri

es
 

of
 m

od
el

 
ru

ns
 

is
 t

ha
t 

sp
ec

ie
s 

co
m

po
si

tio
na

l 
ch

an
ge

s,
 i

n 
ge

ne
ra

l, 
ta

ke
 p

la
ce

 v
er

y 
ra

pi
dl

y 
ac

ro
ss

 t
he

 g
ra

di
en

t. 
O

nl
y 

on
e 

sp
ec

ie
s,

 A
ce

r 
sa

cc
ha

ru
m

, 
m

ai
nt

ai
ns

 a
 c

le
ar

 d
om

in
an

ce
 a

t 
tw

o 
di

ff
er

en
t 

gr
ad

ie
nt

 p
os

iti
on

s 

(p
os

iti
on

s 60
 a

nd
 7

0,
 F

ig
ur

es
 11

1-
8 

an
d 

II
I-

9)
. 

T
hi

s 
su

gg
es

ts
 th

at
 ru

nn
in

g 
th

e 
m

od
el

 fo
r 

sm
al

le
r 

in
cr

em
en

ts
 a

lo
ng

 th
e 

gr
ad

ie
nt

 p
os

iti
on

 is
 im

po
rt

an
t f

or
 d

et
ai

le
d 

an
al

ys
is

 o
f p

ar
tic

ul
ar

 sp
ec

ie
s 

an
d 

ve
ge

ta
tio

n 
ty

pe
s 

(s
ee

 D
is

tr
ib

ut
io

n 
of

 Ca
st

an
ea

 D
en

ta
ta

 b
el

ow
). 

W
hi

le
 th

e m
od

el
 d

oe
s s

ho
w

 ch
an

ge
s 

ac
ro

ss
 th

e 
gr

ad
ie

nt
, n

ot
 a

ll 
m

od
el

 o
ut

pu
t r

ep
re

se
nt

s 

ve
ge

ta
tio

n 
ty

pe
s 

ch
ar

ac
te

ris
tic

 o
f 

G
R

SM
 a

s 
re

po
rt

ed
 

in
 t

he
 l

ite
ra

tu
re

. 
It

 i
s 

al
so

 w
or

th
 

m
en

tio
ni

ng
 th

at
 n

ot
 a

ll 
of

 th
e 

ve
ge

ta
tio

n 
ty

pe
s 

de
sc

ri
be

d 
in

 C
ha

pt
er

 I
 h

av
e 

be
en

 r
ep

lic
at

ed
 i

n 

th
is 

se
ri

es
 o

f 
si

m
ul

at
io

ns
. 

It
 i

s 
as

su
m

ed
 t

ha
t 

th
es

e 
ty

pe
s 

w
ou

ld
 b

e 
re

pl
ic

at
ed

 i
f 

gr
ad

ie
nt

 

po
si

tio
ns

 f
or

 m
od

el
 r

un
s 

w
er

e 
se

le
ct

ed
 m

or
e 

m
et

ic
ul

ou
sl

y.
 

T
ha

t 
th

e 
m

od
el

 s
im

ul
at

es
 f

or
es

t 

co
m

m
un

iti
es

 t
ha

t 
ha

ve
 n

ot
 b

ee
n 

de
sc

ri
be

d 
in

 t
he

 l
ite

ra
tu

re
 (

Le
., 

th
e 

O
ak

 -
H

ic
ko

ry
 t

yp
e 

of
 

gr
ad

ie
nt

 p
os

iti
on

 1
0)

, w
hi

le
 d

is
co

nc
er

tin
g,

 c
an

no
t b

e 
un

ex
pe

ct
ed

. 
W

hi
le

 F
O

R
SM

O
 in

co
rp

or
at

es
 

a 
gr

ad
ie

nt
 d

ev
el

op
ed

 s
pe

ci
fic

al
ly

 fo
r 

G
R

SM
, t

hi
s 

gr
ad

ie
nt

 is
 c

ou
pl

ed
 in

 s
uc

h 
a 

w
ay

 th
at

 s
pe

ci
es

 

im
po

rt
an

ce
, r

eg
ar

dl
es

s 
of

 h
ow

 it
 is

 m
ea

su
re

d 
(i

.e
., 

ba
sa

l a
re

a,
 d

en
si

ty
, o

r b
io

m
as

s)
 is

 n
ot

 ta
ke

n 

in
to

 a
cc

ou
nt

. 
T

he
re

fo
re

, a
 lo

ca
lly

 u
nc

om
m

on
 s

pe
ci

es
 (

or
 g

en
er

a 
su

ch
 a

s 
Ca

ry
a)

 c
an

 d
om

in
at

e 

a 
st

an
d 

if
 it

s 
gr

ow
th

 p
ar

am
et

er
s 

al
lo

w
. 

T
hi

s 
is 

th
e 

ca
se

 w
ith

 C
ary

a.
 

It
 h

as
 b

ee
n 

sh
ow

n 
th

at
 F

O
R

SM
O

 c
an

 v
ar

y 
m

od
el

 s
ta

nd
s 

of
 v

ar
yi

ng
 sp

ec
ie

s 
co

m
po

si
tio

n 

ac
ro

ss
 th

e 
gr

ad
ie

nt
 (F

ig
ur

es
 II

I-
2 

to
 1

11
-1

2)
. 

Fi
gu

re
 11

1-
13

 p
ro

vi
de

s 
an

 e
xa

m
pl

e 
of

 th
e 

st
ru

ct
ur

al
 

dy
na

m
ic

s 
of

 th
e 

m
od

el
 f

or
 th

e 
st

an
d 

si
m

ul
at

ed
 a

t 
gr

ad
ie

nt
 p

os
iti

on
 2

0.
 

A
s 

m
en

tio
ne

d 
ea

rl
ie

r, 

89
 



\0 0 

10,000 ..... . 

1,000 
BIO·MASS (t/ha) 

100 
. : B_ASA{; AREA (m�/ha) . 

10 

1 

0.1�������������������� 
0 100 200 300 400 

YEAR 
500 600 700 800 

Figure III-13. Total stand basal area, density, and biomass by year for gradient position 20. 



th
is

 s
ta

nd
 r

ep
re

se
nt

s 
th

e 
C

he
st

nu
t 

O
ak

 d
es

cr
ib

ed
 b

y 
G

ol
de

n 
(1

98
1)

 an
d 

C
al

la
w

ay
 e

t 
al

. 
(1

98
7)

. 

Th
e 

m
ea

n 
to

ta
l b

as
al

 a
re

a,
 d

en
si

ty
, 

an
d 

b
io

m
as

s 
ac

ro
ss

 a
ll

 8
00

 ye
ar

s 
of

 th
e 

si
m

u
la

ti
on

 a
re

 2
1.5

 

m
2/h

a,
 

11
4.

3 
st

em
s/

h
a,

 
an

d 
13

7.
6 

tl
h

a,
 r

es
pe

ct
iv

el
y.

 
T

he
 m

ea
n 

ba
sa

l 
ar

ea
 f

or
 t

he
 s

ta
nd

 

co
m

pa
re

s 
w

el
l 

w
it

h 
th

e 
m

ea
n 

of
 2

3.
6 

m
2/h

a 
de

ri
ve

d 
fo

r 
C

he
st

nu
t 

O
ak

 s
ta

nd
s 

in
 C

al
la

w
ay

 e
t 

al
. 

(1
98

7)
. 

T
he

 d
en

si
ty

 a
nd

 b
io

m
as

s 
va

lu
es

 a
re

 a
ls

o 
co

m
pa

ra
bl

e 
to

 v
al

ue
s 

of
 1

00
4 

st
em

s/
ha

 a
nd

 

16
3.

4 
t/

ha
 o

bt
ai

ned
 b

y 
H

ar
ri

so
n 

an
d 

Sh
ug

ar
t 

(1
99

0)
 fo

r 
a 

C
he

st
nu

t 
O

ak
 f

or
es

t 
in

 t
he

 B
lu

e 
R

id
ge

 

M
ou

nt
ai

ns
 o

f 
V

ir
g

in
ia

. 
T

he
 s

im
u

la
te

d 
va

lu
es

 a
re

 lo
w

 c
om

pa
re

d 
to

 t
he

 v
al

ue
s 

of
 35

 m
2/h

a,
 2

13
0 

st
em

s/
ha

, 
an

d 
42

0 
t/

h
a,

 
fo

r 
b

as
al

 
ar

ea
, 

de
ns

it
y,

 
an

d 
b

io
m

as
s,

 
re

sp
ec

ti
ve

ly
, 

ob
ta

in
ed

 
by

 

W
hi

tt
ak

er
 (

19
66

) f
or

 a
 C

he
st

nu
t 

O
ak

 s
ta

nd
 i

n
 G

R
S

M
. 

B
as

ed
 o

n 
th

e 
co

m
pa

ri
so

n 
of

 v
al

ue
s 

in
 

C
al

la
w

ay
 e

t 
al

. 
(1

98
7)

 a
nd

 H
ar

ri
so

n 
an

d 
Sh

ug
ar

t 
(1

99
0)

 i
t 

is
 f

el
t 

th
at

 t
he

 m
od

el
 a

de
qu

at
el

y 

re
p

li
ca

te
s 

th
e 

st
ru

ct
ur

al
 a

tt
ri

bu
te

s 
of

 C
he

st
nu

t 
O

ak
 f

or
es

ts
 i

n 
G

R
S

M
. 

G
R

S
M

 G
ra

d
ie

n
t 

w
it

h
o

u
t 

Ca
sta

ne
a D

ent
ata

 

O
ut

pu
t 

fr
om

 m
od

el
 r

un
s 

w
it

h 
Ca

st
an

ea
 d

en
ta

ta
 re

m
ov

ed
 a

re
 p

re
se

nt
ed

 i
n 

F
ig

ur
es

 II
I -

14
 

an
d 

III
-1

5 
fo

r 
gr

ad
ie

nt
 p

os
it

io
n

s 
40

 an
d 

50
, r

es
pe

ct
iv

el
y

. 
A

t 
gr

ad
ie

nt
 p

os
it

io
n 

40
, 

Ca
st

an
ea

 

de
nt

at
a 

is
 r

ep
la

ce
d 

by
 Ca

ry
a 

ov
at

a.
 Q

ue
rc

us
 r

ub
ra

 a
pp

ea
rs

 a
s 

a 
su

bd
om

in
an

t 
w

it
h 

th
e 

re
m

ov
al

 

of
 Ca

st
an

ea
 d

en
ta

ta
. 

Q
. r

ub
ra

 d
oe

s 
no

t 
gr

ow
 t

o 
an

y 
ex

te
nt

 i
n 

co
m

pe
ti

ti
on

 w
it

h 
Ca

st
an

ea
 

de
nt

at
a 

at
 t

hi
s 

gr
ad

ie
nt

 p
os

it
io

n
. 

Ca
ry

a 
to

m
en

to
sa

 is
 a

ls
o 

pr
es

en
t 

in
 t

h
e 

ab
se

nc
e 

of
 C

as
ta

ne
a 

de
nt

at
a.

 
T

he
 s

ta
tu

s 
of

 t
he

 e
ar

ly
 s

u
cc

es
si

on
al

 s
pe

ci
es

 
(i

.e
., 

Ac
er

 r
ub

ru
m

, Ny
ss

a 
sy

lv
at

ic
a,

 

Li
rio

de
nd

ro
n 

tu
lip

ife
ra

, a
nd

 R
ob

in
ia

 p
se

ud
oa

ca
ci

a)
 is

 u
n

af
fe

ct
ed

 b
y 

th
e 

re
m

ov
al

 o
f 

Ca
st

an
ea

 

de
nt

at
a.

 
W

oo
ds

 a
nd

 S
h

an
ks

 (
19

59
) 

st
at

e 
th

at
 o

ne
 d

ir
ec

ti
on

 o
f 

Ca
sta

ne
a 

re
pl

ac
em

en
t 

w
as

 v
ia

 

an
 i

nc
re

as
e 

on
 Q

ue
rc

us
, s

pe
ci

fi
ca

ll
y

 Q
. p

rin
us

 a
n

d 
Q

. r
ub

ra
. 

T
he

 a
pp

ea
ra

nc
e 

of
 Q

. r
ub

ra
 a

s 

a 
su

bd
om

in
an

t 
in

 t
he

 s
ta

nd
 s

im
u

la
te

d 
w

it
h 

th
e 

ex
cl

us
io

n 
of

 C
as

ta
ne

a 
de

nt
at

a 
is

 i
n 

ac
co

rd
 w

it
h 

th
is

 o
b

se
rv

at
io

n
. 

9
1 



0 
10

0 
20

0 
3

00
 

4
00

 

Y
E

A
R

 

5
0

0
 

6
0

0
 

7
0

0
 

80
0

 

F
ig

ur
e 

II
I-

14
. 

P
er

ce
nt

 b
io

m
as

s 
b

y
 y

ea
r 

fo
r 

g
ra

di
en

t 
p

o
si

ti
on

 4
0

, 
w

it
ho

ut
 C

as
ta

ne
a 

de
nt

at
a.

 

75
%

 

'J)
 

'J)
 

<
 

..
. 

50
%

 
""- 0 ::

::: 

25
%

 

0 
10

0 
20

0
 

30
0 

4
0

0
 

Y
E

A
R

 

�
T

IL
H

T
R

 

(;J
JA

S
C

O
C

T
 

E:SJ
 P

R
N

S
R

T
 

0
F

G
S

G
R

D
 

E3
A

C
R

S
C

H
 

G3
A

C
R

R
B

R
 

[Z]
 L

R
D

T
L

P
 

0
R

B
N

P
S

D
 

.
O

T
H

E
R

 

50
0

 
6

0
0

 
70

0
 

80
0 

F
ig

u
re

 I
II

-1
5

. 
P

er
ce

nt
 b

io
m

as
s 

b
y

 y
ea

r 
fo

r 
g

ra
di

en
t 

po
si

ti
o

n 
5

0
, 

w
ith

ou
t C

as
tan

ea 
de

nta
ta.

 

92
 



A
t g

ra
di

en
t p

os
it

io
n

 5
0 

(F
ig

ur
e 

11
1-

15
),

 th
e 

re
m

ov
al

 o
f 

Ca
st

an
ea

 d
en

ta
ta

 is
 m

ai
nl

y 
off

se
t 

by
 a

n 
in

cr
ea

se
 i

n 
th

e 
pe

rc
en

t 
bi

om
as

s 
of

 s
pe

ci
es

 a
lr

ea
dy

 p
re

se
nt

. 
Ae

sc
ul

us
 o

ct
an

dr
a,

 F
ag

us
 

gr
an

dif
ol

ia
, A

ce
r 

sa
cc

ha
ru

m
, 

an
d 

Pr
un

us
 s

ero
tin

a 
al

l 
in

cr
ea

se
 i

n
 p

er
ce

nt
 b

io
m

as
s 

w
it

h 
th

e 

re
m

ov
al

 o
f 

Ca
st

an
ea

 d
en

ta
ta

. 
N

el
so

n
 (1

95
5)

 d
es

cr
ib

ed
 Ca

st
an

ea
 d

en
ta

ta
 re

pl
ac

em
en

t 
as

 m
ai

nl
y 

in
v

ol
v

in
g

 t
he

 i
nc

re
as

ed
 d

om
in

an
ce

 o
f 

sp
ec

ie
s 

pr
es

en
t 

w
it

h 
Ca

st
an

ea
 p

ri
or

 t
o 

th
e 

bl
ig

ht
. 

T
hi

s 

ap
pe

ar
s 

to
 b

e 
th

e 
ca

se
 i

n
 s

im
ul

at
ed

 s
ta

nd
 a

t 
gr

ad
ie

nt
 p

os
it

io
n

 5
0.

 

P
as

t 
re

se
ar

ch
 i

nt
o 

na
tu

ra
l 

re
pl

ac
em

en
t 

o
f 

Ca
st

an
ea

 d
en

ta
ta

 (
N

el
so

n
 1

95
5,

 W
oo

d
s 

an
d 

S
h

an
ks

 
19

59
) 

su
gg

es
ts

 t
ha

t 
re

pl
ac

em
en

t 
to

ok
 p

la
ce

 v
ia

 m
ul

ti
pl

e 
pa

th
w

ay
s 

de
pe

nd
in

g 
on

 t
he

 

co
m

po
si

ti
on

 a
nd

 h
ab

it
at

 o
f 

th
e 

or
ig

in
al

 f
or

es
t. 

T
he

 m
od

el
 s

up
po

rt
s 

th
is

 a
ss

um
pt

io
n,

 b
as

ed
 o

n 

th
e 

re
su

lt
s 

of
 s

im
ul

at
io

ns
 a

t 
gr

ad
ie

nt
 p

os
it

io
ns

 4
0 

an
d 

50
. 

W
ha

t 
p

as
t 

re
se

ar
ch

 h
as

 n
ot

 s
ho

w
n 

is
 t

he
 s

ta
tu

s 
of

 b
io

m
as

s 
in

 p
re

-
an

d 
po

st
-b

li
gh

t 
st

an
d

s.
 

R
es

ul
ts

 f
ro

m
 t

he
 s

im
ul

at
io

n 
ru

n 
at

 

g
ra

di
en

t 
po

si
ti

on
 40

 (
F

ig
ur

e 
11

1-
16

) 
in

d
ic

at
e 

th
at

 t
ot

al
 s

ta
nd

 b
io

m
as

s 
w

as
 r

ed
uc

ed
 f

ro
m

 1
57

 t
o 

13
0 

t/
h

a.
 

T
hi

s 
re

pr
es

en
ts

 a
 1

7%
 r

ed
uc

ti
on

 in
 t

ot
al

 s
ta

nd
 b

io
m

as
s 

fr
o

m
 p

re
-b

lig
ht

 to
 p

os
t-

bl
ig

ht
 

co
n

di
ti

on
s.

 

A
s 

th
e 

li
te

ra
tu

re
 s

ug
ge

st
s 

th
at

 t
he

re
 w

er
e 

m
ul

ti
p

le
 p

at
hw

ay
s 

of
 C

as
ta

ne
a 

de
nt

at
a 

re
pl

ac
em

en
t,

 t
he

 m
od

el
 i

nd
ic

at
es

 t
ha

t 
no

t 
al

l 
pa

th
w

ay
s 

re
su

lt
ed

 i
n 

an
 o

v
er

al
l 

lo
ss

 o
f 

b
io

m
as

s.
 

T
he

 t
ot

al
 s

ta
nd

 b
io

m
as

s 
fo

r 
pr

e-
an

d 
po

st
-b

li
gh

t 
co

n
di

ti
on

s 
at

 g
ra

di
en

t 
p

o
si

ti
on

 5
0 

(F
ig

ur
e 

11
1-

17
) 

in
di

ca
te

 a
 c

ha
ng

e 
fr

om
 1

16
 t

o 
1

1
1

 t
/h

a 
or

 a
 4

%
 r

ed
uc

ti
on

 i
n 

to
ta

l 
st

an
d 

b
io

m
as

s 
w

it
h

 th
e 

re
m

ov
al

 o
f 

Ca
sta

ne
a 

de
nt

at
a. 

D
is

tr
ib

u
ti

o
n

 o
f 

Ca
sta

ne
a D

ent
ata

 

T
he

 a
bi

lit
y 

of
 t

he
 m

od
el

 t
o 

ad
eq

ua
te

ly
 s

im
ul

at
e 

in
cr

em
en

ta
l 

ch
an

ge
s 

al
on

g 
th

e 
m

oi
st

ur
e

el
ev

at
io

n 
gr

ad
ie

nt
 a

llo
w

s 
on

e 
to

 r
ec

on
st

ru
ct

 t
he

 b
io

m
as

s 
dy

na
m

ic
s 

of
 Ca

st
an

ea
 d

en
ta

ta
 b

y 
ye

ar
 

an
d 

g
ra

di
en

t 
p

os
it

io
n

. 
T

he
 r

es
ul

ts
 o

f 
th

is
 r

ec
on

st
ru

ct
io

n 
ar

e 
sh

ow
n 

in
 F

ig
ur

e 
II

I -
18

. 
T

hi
s 

93
 



\0 -+>-

200�--------------------------------------� 

,.--... 
� 

..c -
� 
'-' 

1J.J 

150 

1J.J 100 � 
� 0 -
� 

50 

•'"•,, •,' •',• 
· .. · 

-WITH CASTANEA DENTATA 
.. ·-WITHOUT CASTANEA DENTATA 

o������������������� 

0 100 200 300 400 
YEAR 

500 600 700 800 

Figure III-16. Total stand biomass by year for gradient position 40. With and without 
Castanea dentata. 



\0 lJ1 

200�------------------------------------� 

,..-.., 
� 

.c -
...... 
'-" 

rf1 

150 

rf1 100 � 
� 0 -
� 

50 

-WITH CASTANEA DENTATA 
· · · ·· WITHOUT CASTANEA DENTATA 

o������������������� 
0 100 200 300 400 

YEAR 
500 600 700 800 

Figure III-17. Total stand biomass by year for gradient position 50. With and without 

Castanea dentata. 



z
 

0
 

r- (J)
 

0
 

Q_
 

r- z
 

w
 

- 0
 

<t:
 

a:
 

(_
_) 

0 
10

0 
20

0 
30

0 
40

0 
50

0 
60

0 
70

0 
80

0 60
 

60
 ��

��������������"�"nn,.Trnn�nn,.Trn>Trn>TTnn� 

55
 

so
 

45
 

40
 

35
 

30
 0 

CO
NT

OU
RS

 R
EP

RE
SE

NT
 B

IO
M

AS
S 

(tlh
a) 

\0
 

10
0 

20
0 

30
0 

40
0 

50
0 

60
0 

70
0 

YE
AR

 

F
ig

u
re

 I
II

-1
8

. 
Ca

sta
ne

a 
de

nt
at

a 
b

io
m

as
s 

b
y

 g
ra

d
ie

nt
 p

o
si

ti
o

n
 a

nd
 y

ea
r.

 

96
 

55
 

50
 

45
 

40
 

35
 

30
 

80
0 



fi
gu

re
 i

ll
us

tr
at

es
 t

ha
t 

C.
 d

en
ta

ta
 o

cc
ur

s 
w

it
h 

bi
om

as
s 

>
 

10
 t/

ha
 f

ro
m

 g
ra

di
en

t 
po

si
ti

on
s 

30
 to

 

51
 w

it
h 

m
ax

im
um

 b
io

m
as

s 
oc

cu
rr

in
g 

be
tw

ee
n 

gr
ad

ie
nt

 p
os

it
io

n
s 

40
 a

nd
 4

5.
 T

he
 a

ct
ua

l b
io

m
as

s 

m
ax

im
um

 w
as

 1
46

 t/
ha

 a
t 

gr
ad

ie
nt

 p
os

it
io

n 
44

 an
d 

ye
ar

 4
00

. 
T

hi
s 

fi
gu

re
 a

ls
o 

il
lu

st
ra

te
s 

th
at

 

C.
 d

en
ta

ta
 b

io
m

as
s 

pa
tt

er
n 

at
 b

ot
h 

en
ds

 o
f 

it
s 

d
is

tr
ib

ut
io

n 
on

 t
he

 g
ra

di
en

t 
is

 r
el

at
iv

el
y 

ab
ru

pt
 

w
it

h 
b

io
m

as
s 

in
cr

ea
si

ng
 fr

om
 1

0 
t/

ha
 t

o 
10

0 
t/

ha
 in

 5
 u

ni
ts

 a
lo

ng
 th

e 
g

ra
di

en
t.

 
A

ft
er

 3
00

 y
ea

rs
, 

C.
 d

en
ta

ta
 b

io
m

as
s 

re
m

ai
ns

 r
el

at
iv

el
y 

co
ns

ta
nt

 r
an

gi
ng

 f
ro

m
 1

10
-1

40
 t

/h
a 

be
tw

ee
n 

gr
ad

ie
nt

 

p
o

si
ti

on
s 

35
 a

nd
 4

6.
 

A
t 

it
s 

op
ti

m
al

 p
o

si
ti

on
 a

lo
n

g
 t

he
 g

ra
di

en
t 

(44
) i

t 
ta

ke
s 

C.
 d

en
ta

ta
 3

00
 

ye
ar

s 
to

 a
ch

ie
ve

 m
ax

im
um

 b
io

m
as

s.
 A

t 
th

is
 p

os
it

io
n

, b
io

m
as

s 
aft

er
 30

0 
ye

ar
s 

re
m

ai
ns

 r
el

at
iv

el
y 

co
ns

ta
nt

 w
ith

 t
im

e.
 

T
hi

s 
fi

gu
re

 h
el

ps
 t

o 
em

ph
as

iz
e 

th
e 

pr
ev

io
us

 i
m

po
rt

an
ce

 o
f 

C.
 d

en
ta

ta
 in

 

th
e 

G
R

SM
 l

an
ds

ca
pe

 p
ri

or
 t

o 
th

e 
ch

es
tn

ut
 b

li
gh

t,
 a

s 
m

en
ti

on
ed

 i
n

 C
ha

pt
er

 I 
an

d 
as

 d
is

cu
ss

ed
 

b
y

 o
th

er
s 

(M
il

le
r 

19
38

, B
ra

un
 1

95
0,

 W
hi

tt
ak

er
 1

95
6,

 W
oo

ds
 a

nd
 S

h
an

ks
 1

95
9)

. 

Lo
ss

 o
f 

Ab
ies

 F
ras

eri
 

R
es

ul
ts

 o
f 

th
e 

m
od

el
 r

un
s 

si
m

u
la

ti
ng

 t
he

 l
os

s 
of

 A
bi

es
 fr

as
er

i 
ar

e 
on

ly
 m

ar
gi

na
ll

y 

in
si

g
ht

fu
l.

 A
t 

gr
ad

ie
nt

 p
os

it
io

n
 95

 A
bi

es
 fr

as
er

i a
nd

 P
ic

e a
 r

ub
en

s e
xi

st
 a

s 
co

do
m

in
an

ts
 (

F
ig

ur
e 

III
-1

9)
. 

T
he

 
st

an
d 

si
m

u
la

te
d 

at
 

th
is

 
po

si
ti

on
, 

w
it

ho
ut

 t
he

 
re

m
ov

al
 

o
f 

Ab
ies

 fr
as

er
i, 

is
 

ch
ar

ac
te

ri
st

ic
 o

f 
th

e 
Sp

ru
ce

 ty
pe

 d
es

cr
ib

ed
 b

y 
M

il
le

r 
(1

93
8)

 a
n

d 
th

e 
Sp

ru
ce

-
F

ir
 t

yp
e 

de
sc

ri
be

d 

b
y 

ot
he

rs
 (

O
os

ti
ng

s 
an

d 
B

il
li

ng
s 

19
51

, C
og

bi
ll 

an
d 

W
hi

te
 1

99
1,

 N
ic

ho
la

s 
et

 a
l. 

19
92

). 
T

he
 

si
m

ul
at

ed
 l

os
s 

of
 A

bi
es

 fr
as

er
i r

es
ul

ts
 i

n
 P

ice
a 

ru
be

ns
 b

ec
om

in
g 

th
e 

so
le

 d
om

in
an

t 
(F

ig
ur

e 
III

-

20
). 

F
ig

ur
e 

III
-2

1 
il

lu
st

ra
te

s 
th

at
 t

hi
s 

sh
ift

 d
ue

 t
o 

th
e 

lo
ss

 o
f 

Ab
ie

s fr
as

er
i t

ak
es

 p
la

ce
 w

ith
 a

n 

in
it

ia
l 

lo
ss

 o
f 

bi
om

as
s 

bu
t 

th
at

 t
ot

al
 s

ta
nd

 b
io

m
as

s 
re

co
ve

rs
 i

n 
th

e 
co

ur
se

 o
f 

15
0 

ye
ar

s.
 

T
he

 

re
su

lt
s 

ar
e 

co
n

si
st

en
t 

w
it

h 
th

e 
m

od
el

 r
es

ul
ts

 o
f 

B
us

in
g 

an
d 

C
le

bs
ch

 (
19

87
) u

si
ng

 t
he

ir
 S

pr
uc

e
-

F
ir

 g
ap

 m
od

el
. 

B
us

in
g

 a
nd

 C
le

bs
ch

 (
19

87
) p

re
di

ct
ed

 t
ha

t 
to

ta
l 

st
an

d 
ba

sa
l 

ar
ea

 i
n 

di
st

ur
be

d 

st
an

ds
 (

i.
e

.,
 a

de
lg

id
 i

nf
es

te
d)

 r
et

ur
ns

 t
o 

th
e 

le
ve

l o
f 

un
d

is
tu

rb
ed

 s
ta

nd
s.

 
T

he
se

 m
od

el
ed

 r
es

ul
ts

, 

97
 



75
9c

 

cr.
 

cr.
 

<
 � 

50
9c

 
c -

25
'1c

 

0 
10

0 
20

0 
3

00
 

40
0 

Y
E

A
R

 

50
0 

60
0 

70
0 

8
P

IC
R

B
N

-

�
A

B
S

F
R

S
 

�
A

C
R

S
P

C
 

0
S

R
B

A
M

R
 

.
O

T
H

E
R

 

80
0 

F
ig

ur
e 

11
1-

19
. 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
di

en
t p

os
it

io
n

 9
5 

an
d 

al
l 

sp
ec

ie
s.

 

10
0

9c
 

75
 c;, 

cr.
 

cr.
 

<
 � 

5 0
'7c 

�
 

�
 

::
:: 

25
'7c

 

09
c 

0 
10

0 
20

0 
30

0 
4

0
0

 

Y
E

A
R

 

5
00

 
6

00
 

7
00

 

8
P

IC
R

B
N

 

�
A

B
S

F
R

S 

�
A

C
R

S
P

C
 

0
S

R
B

A
M

R
 

.
O

T
H

E
R

 

80
0 

F
ig

u
re

 I
II

-2
0

. 
P

er
ce

nt
 b

io
m

as
s 

b
y

 y
ea

r 
fo

r 
g

ra
d

ie
nt

 p
o

si
ti

o
n 

9
5

, 
Ab

ies
fra

ser
i d

ea
th

 a
t 

2
50

 y
r.

 

9
8 



\0 
\0 

140�------------------------------------

120 

100 ..-
C':l 

..::: -
........ 
'-' 80 Cf:1 
Cf:1 
� 
� 0 -
� 

I I I ,,, 

60 

40 

20 
-WITH ABIES FRASER/ 
. · ·-WITHOUT ABIES FRASER/ 

o������������������� 
0 100 200 300 400 

YEAR 
500 600 700 800 

Figure III-21. Total stand biomass by year for gradient position 95. With Abies jraseri and 
without A. jraseri (i.e., A. fraseri DINC = 0.0 at year :s; 250). 



bo
th

 F
O

R
SM

O
 a

nd
 t

ho
se

 o
f 

B
us

in
g 

an
d 

C
le

b
sc

h 
(1

98
7)

 a
re

 n
ot

 i
n 

ag
re

em
en

t 
w

it
h 

th
e 

fi
nd

in
g

s 

of
 N

ic
h

ol
as

 e
t 

al
. 
(1

99
2)

 a
nd

 Z
ed

ac
ke

r 
et

 a
l. 

(1
98

8)
 w

ho
 s

ug
ge

st
 th

at
, 

at
 le

as
t 

in
 th

e 
sh

or
t t

er
m

, 

th
e 

Sp
ru

ce
-

F
ir

 f
or

es
t 

un
de

r 
ba

ls
am

 w
oo

ly
 a

de
lg

id
 in

fe
st

at
io

n
 is

 s
us

ce
pt

ib
le

 to
 b

ei
ng

 d
ec

im
at

ed
. 

T
he

y 
fe

el
 t

ha
t 

Pi
ce

a 
ru

be
ns

 in
 a

de
lg

id
 i

nf
es

te
d 

st
an

ds
 m

ay
 h

av
e 

in
cr

ea
se

d 
m

or
ta

lit
y 

ra
te

s 
du

e 

to
 t

he
 s

ho
ck

 o
f 

su
dd

en
 e

xp
os

ur
e 

w
it

h 
th

e 
ra

pi
d 

re
m

ov
al

 o
f 

th
e 

Ab
ie

s fr
as

er
i c

an
op

y
. 

T
h

is
 

th
in

n
in

g
 s

ho
ck

 h
as

 n
ot

 b
ee

n
 i

nc
or

po
ra

te
d 

in
to

 F
O

R
SM

O
 o

r 
th

e 
Sp

ru
ce

 -
F

ir
 m

od
el

 o
f 

B
u

si
n

g
 

an
d 

C
le

b
sc

h
 (

19
87

). 

T
he

 lo
ss

 o
f 

Ab
ie

s fr
as

er
i a

t 
gr

ad
ie

nt
 p

os
it

io
n

 1
00

 p
ro

du
ce

s 
a 

to
ta

ll
y

 d
iff

er
en

t 
re

su
lt

 d
ue

 

to
 t

he
 i

na
bi

li
ty

 o
f 

Pi
ce

a 
ru

be
ns

 to
 s

uc
ce

ss
fu

lly
 g

ro
w

 a
t 

th
is

 p
os

it
io

n 
al

on
g

 t
he

 g
ra

di
en

t. 
T

he
 

lo
ss

 o
f 

Ab
ies

 fr
as

er
i r

es
ul

ts
 i

n 
th

e 
ne

ar
 t

ot
al

 r
em

ov
al

 o
f 

tr
ee

 b
io

m
as

s 
(F

ig
ur

e 
11

1-
22

).
 

W
ha

t 

b
io

m
as

s 
is

 p
re

se
nt

 i
n 

th
e 

tr
ee

 s
tr

at
um

 i
s 

sp
li

t 
be

tw
ee

n 
So

rb
us

 a
m

er
ic

an
a 

an
d 

Ac
er

 sp
ica

tu
m

 

(F
ig

ur
e 

II
I-

23
).

 
It

 i
s 

fe
lt

 th
at

 t
hi

s 
po

rt
io

n 
of

 th
e 

gr
ad

ie
nt

 r
ep

re
se

nt
s 

a 
ve

ry
 s

m
al

l 
pe

rc
en

ta
ge

 o
f 

th
e 

G
R

SM
 l

an
ds

ca
p

e.
 

W
hi

tt
ak

er
 (

19
56

) 
in

d
ic

at
es

 t
ha

t 
pu

re
 A

bi
es

 fr
as

er
i s

ta
nd

s 
oc

cu
r 

on
ly

 

ab
ov

e 
18

90
 m

. 
B

as
ed

 o
n

 t
he

 m
od

el
 r

es
ul

ts
, 

it
 i

s 
th

is
 a

re
a 

th
at

 w
il

l 
ex

pe
ri

en
ce

 t
h

e 
gr

ea
te

st
 

im
pa

ct
, 

bo
th

 c
om

po
si

ti
on

al
ly

 a
nd

 s
tr

uc
tu

ra
ll

y
, d

ue
 t

o 
in

fe
st

at
io

n 
of

 th
e 

ba
ls

am
 w

oo
ly

 a
de

lg
id

. 

C
o

n
cl

u
si

o
n

s 

T
he

 F
O

R
SM

O
 m

od
el

 p
re

se
nt

ed
 i

n
 th

is
 c

ha
pt

er
 r

ep
re

se
nt

s 
a 

su
cc

es
sfu

l 
in

te
gr

at
io

n 
of

 g
ap

 

m
od

el
s 

of
 f

or
es

t 
su

cc
es

si
on

 (
Sh

ug
ar

t 
19

84
) 

an
d 

g
ra

di
en

t 
an

al
ys

is
 (

K
es

se
ll 

19
79

). 
T

he
 m

od
el

 

pr
od

uc
es

 s
ta

nd
s 

of
 v

ar
yi

ng
 s

pe
ci

es
 c

om
po

si
ti

on
 t

ha
t 

re
p

li
ca

te
 f

or
es

t 
ty

pe
s 

th
at

 o
cc

ur
 w

it
hi

n
 

G
R

S
M

. 
T

he
 m

od
el

 t
en

ds
 t

o 
re

pl
ic

at
e 

st
an

d 
st

ru
ct

ur
al

 c
ha

ra
ct

er
is

ti
cs

 t
ha

t 
h

av
e 

be
en

 m
ea

su
re

d 

in
 s

im
il

ar
 f

or
es

ts
. 

T
he

 m
od

el
 h

as
 b

ee
n 

sh
ow

n 
to

 s
im

u
la

te
 f

or
es

t 
ty

pe
s 

th
at

 d
o 

no
t 

oc
cu

r 
w

it
hi

n 

G
R

SM
, 

th
e 

O
ak

 -
H

ic
ko

ry
 f

or
es

t 
ty

pe
 i

n 
pa

rt
ic

u
la

r.
 

It
 i

s 
fe

lt
 t

ha
t 

th
is

 f
au

lt
 i

s 
du

e 
to

 t
he

 w
ay

 

in
 w

hi
ch

 t
he

 c
om

pl
ex

 m
oi

st
ur

e-
el

ev
at

io
n 

gr
ad

ie
nt

 i
s 

in
te

gr
at

ed
 i

nt
o 

th
e 

m
od

el
. 

W
hi

le
 t

he
 

10
0

 



-
0 

160 

140 

120 
,-.., 
� 
:::.100 ..... '--" 

rJ'J 
rJ'J 80- --< 
� 0 60 -
� 

40 

20 

0 
0 100 200 300 

-WITH ABIES FRASER! 
.. ·-WITHOUT ABIES FRASER! 

400 
YEAR 

500 600 700 800 

Figure 111-22. Total stand biomass by year for gradient position 100. With Abies jraseri and 
without A. fraseri (i.e., A. jraseri DINC = 0.0 at year � 250). 



'J
J 

'J
J 

<
 � 0 ::
::l 

75
%

 

50
%

 

25
%

 

0 
10

0 
20

0 
30

0 
4

00
 

Y
E

A
R

 

50
0

 
6

0
0

 
70

0 
80

0 

B
P

IC
R

B
N

 

&3
A

B
S

F
R

S
 

ilJ
A

C
R

S
P

C
 

O
S

R
B

AM
R

 

.
O

T
H

E
R

 

F
ig

ur
e 

II
I-

23
. 

P
er

ce
nt

 b
io

m
as

s 
b

y 
ye

ar
 f

or
 g

ra
d

ie
nt

 p
os

it
io

n
 1

00
, A

bi
es

 fr
as

er
i d

ea
th

 a
t 

25
0 

y
r.

 

10
2 



co
en

oc
lin

es
 p

ro
du

ce
d 

in
 C

ha
pt

er
 I

 p
ro

v
id

e 
so

m
e 

in
si

g
ht

 i
nt

o 
sp

ec
ie

s 
ab

un
da

nc
e 

al
on

g 
th

e 

g
ra

di
en

t,
 t

hi
s 

in
fo

rm
at

io
n 

is
 n

ot
 i

nc
or

po
ra

te
d 

in
to

 t
he

 m
od

el
. 

It
 w

as
 f

el
t 

th
at

 i
nc

or
po

ra
ti

ng
 

do
m

in
an

ce
 in

fo
rm

at
io

n 
w

ou
ld

 p
ut

 to
o 

m
uc

h 
em

ph
as

is
 o

n
 th

e 
g

ra
di

en
t 

an
d 

re
du

ce
 th

e 
im

po
rt

an
ce

 

of
 th

e 
in

de
pe

nd
en

tl
y 

de
te

rm
in

ed
 s

pe
ci

es
 g

ro
w

th
 p

ar
am

et
er

s.
 

T
he

 in
te

gr
at

io
n

 o
f

 th
e 

gr
ad

ie
nt

 in
fo

rm
at

io
n 

in
to

 t
he

 m
od

el
 e

xt
en

ds
 t

he
 s

im
pl

er
 fu

nc
ti

on
s 

of
 g

ro
w

th
 r

at
es

 a
nd

 c
om

pe
ti

ti
on

 f
or

 l
ig

ht
. 

T
he

 g
ra

di
en

t,
 w

hi
le

 i
n 

m
an

y 
w

ay
s 

an
 a

bs
tr

ac
ti

on
, 

pr
ov

id
es

 t
he

 n
ec

es
sa

ry
 i

nf
or

m
at

io
n

 to
 a

llo
w

 t
h

e 
m

od
el

 t
o 

re
p

li
ca

te
 v

eg
et

at
io

n
 a

cr
os

s 
th

e 
en

ti
re

 

G
R

SM
 l

an
ds

ca
p

e.
 

T
ha

t 
th

e 
m

od
el

 i
s 

ab
le

 t
o 

re
p

li
ca

te
 t

he
se

 o
bs

er
ve

d 
pa

tt
er

ns
 s

ug
ge

st
s 

th
at

 t
he

 

ve
ge

ta
ti

on
 o

f 
G

R
SM

 r
es

po
nd

s 
to

 s
im

pl
e 

na
tu

ra
l 

h
is

to
ry

 r
ul

es
, 

m
os

t 
o

f 
w

hi
ch

 o
pe

ra
te

 a
t 

th
e 

sp
ec

ie
s 

le
ve

l. 
G

ap
 m

od
el

s,
 w

hi
ch

 w
er

e 
or

ig
in

al
ly

 d
es

ig
ne

d 
to

 fu
nc

ti
on

 a
t 

th
e 

st
an

d 
le

ve
l 

se
em

 

ca
pa

b
le

, 
w

it
h 

th
e 

ad
di

ti
on

 o
f 

th
e 

ap
pr

op
ri

at
e 

dr
iv

er
s,

 o
f 

m
od

el
in

g
 p

at
te

rn
s 

ob
se

rv
ed

 a
t 

la
nd

sc
ap

e 

sc
al

es
. 

T
he

se
 r

es
ul

ts
 s

ug
ge

st
 t

ha
t 

ga
p 

m
od

el
s 

ar
e 

ca
pa

bl
e 

of
 b

ei
n

g
 "

sc
al

ed
 u

p
" 

to
 s

tu
dy

 

pr
oc

es
se

s 
at

 l
ar

ge
r 

sp
at

ia
l 

sc
al

es
. 

T
h

es
e 

re
su

lt
s 

al
so

 i
m

pl
y 

th
at

 s
u

cc
es

si
on

al
 p

at
te

rn
s 

at
 t

h
e 

la
n

ds
ca

pe
 l

ev
el

 a
re

 u
lt

im
at

el
y 

co
nt

ro
lle

d 
by

 p
ro

ce
ss

es
 a

t 
th

e 
st

an
d 

an
d 

sp
ec

ie
s 

le
ve

l. 

T
he

 g
en

er
al

 t
re

nd
 i

n 
ga

p 
m

od
el

s 
of

 f
or

es
t 

su
cc

es
si

on
 h

as
 b

ee
n 

to
 a

pp
ly

 t
he

 m
od

el
s 

to
 

qu
es

ti
on

s 
be

in
g

 a
dd

re
ss

ed
 a

t 
la

rg
er

 s
ca

le
s 

or
 a

re
as

 s
uc

h 
as

 g
lo

ba
l 

ch
an

ge
, 

an
d 

in
 p

ar
ti

cu
la

r,
 

g
lo

ba
l 

cl
im

at
e 

ch
an

ge
 (

So
lo

m
on

 1
9

86
, 

Sh
ug

ar
t 

et
 a

l. 
19

9
2

).
 

T
he

 F
O

R
SM

O
 m

od
el

 r
ep

re
se

nt
s 

w
ha

t 
ap

pe
ar

s 
to

 b
e 

m
od

el
 d

ev
el

op
m

en
t 

in
 t

he
 o

pp
os

it
e 

di
re

ct
io

n.
 

T
hi

s 
d

ir
ec

ti
on

 w
as

 t
ak

en
 i

n
 

or
de

r 
to

 d
ev

el
op

 a
 m

od
el

 t
ha

t 
be

tt
er

 r
ep

re
se

nt
s 

fo
re

st
 r

es
po

ns
e 

to
 c

ha
ng

e 
in

 th
e 

m
oi

st
ur

e

el
ev

at
io

n 
g

ra
di

en
t o

f 
G

R
S

M
. 

T
he

 d
ep

en
de

nc
e 

of
 th

e 
m

od
el

 o
n

 a
 g

ra
di

en
t d

ev
el

op
ed

 s
pe

ci
fi

ca
ll

y 

fo
r 

G
R

SM
 l

im
it

s 
th

e 
ap

pl
ic

ab
il

it
y 

of
 t

he
 m

od
el

, 
as

 i
t 

is
 c

ur
re

nt
ly

 p
ar

am
et

er
iz

ed
, 

to
 u

se
 i

n 

G
R

S
M

. 
H

av
in

g
 s

ai
d 

th
is

, 
it

 is
 a

ls
o 

fe
lt

 t
ha

t 
F

O
R

SM
O

 r
ep

re
se

nt
s 

th
e 

be
st

 m
od

el
 y

et
 d

ev
el

op
ed

 

to
 s

im
u

la
te

 f
or

es
t 

re
sp

on
se

s 
w

it
hi

n 
th

e 
en

ti
re

 G
R

SM
 la

nd
sc

ap
e.

 
T

he
 m

od
el

 h
as

 s
im

u
la

te
d 

fo
re

st
 

re
co

ve
ry

 f
ro

m
 t

he
 c

he
st

nu
t 

bl
ig

ht
 i

n 
a 

fa
sh

io
n

 s
im

il
ar

 t
o 

th
at

 r
ep

or
te

d 
in

 t
he

 l
it

er
at

u
re

 (
N

el
so

n 

10
3 



19
5

5
, W

oo
ds

 a
nd

 S
h

an
ks

 1
95

9)
. 

Th
e 

m
od

el
 a

ls
o 

co
nf

ir
m

s 
th

e 
im

po
rt

an
ce

 o
f 

Ca
st

an
ea

 d
en

ta
ta

 

in
 t

he
 p

re
-b

lig
ht

 f
or

es
t 

la
nd

sc
ap

e 
of

 G
R

S
M

. 
F

O
R

SM
O

 r
es

ul
ts

 a
ls

o 
pr

ov
id

e 
so

m
e 

in
si

gh
ts

 i
nt

o 

an
ti

ci
p

at
ed

 f
or

es
t 

ch
an

ge
 d

ue
 t

o 
th

e 
ba

ls
am

 w
oo

ly
 a

de
lg

id
. 

T
he

 m
od

el
, 

in
 i

ts
 c

ur
re

nt
 f

or
m

 o
r 

w
it

h 
m

in
or

 m
od

if
ic

at
io

n
s,

 r
ep

re
se

nts
 w

ha
t 

co
ul

d 
b

e 
a 

v
al

ua
bl

e 
to

ol
 f

or
 r

es
ou

rc
es

 m
an

ag
em

en
t 

w
it

h
in

 G
R

S
M

. 
F

O
R

S
M

O
 h

as
 t

h
e 

po
te

nt
ia

l 
to

 a
dd

re
ss

 m
an

y 
m

an
ag

em
en

t 
is

su
es

 s
uc

h 
as

 fu
el

 

lo
ad

in
g

, 
m

od
el

in
g

 i
m

pa
ct

s 
of

 i
nf

es
ta

ti
on

 (
i.

e
.,

 p
in

e 
ba

rk
 b

ee
tl

e,
 g

yp
sy

 m
ot

h
, 

ba
ls

am
 w

oo
ly

 

ad
el

g
id

),
 

an
d 

im
pa

ct
s 

o
f 

pr
es

cr
ib

ed
 

bu
rn

in
g 

an
d 

w
il

df
ir

e 
on

 
sp

ec
ie

s 
co

m
po

si
ti

on
 

an
d 

su
cc

es
si

on
al

 p
at

te
rn

s.
 

W
h

il
e 

F
O

R
S

M
O

 h
as

 b
ee

n 
pa

ra
m

et
er

iz
ed

 s
pe

ci
fi

ca
ll

y
 f

or
 G

R
S

M
, 

it
 d

oe
s 

no
t 

m
ea

n 
th

at
 

th
e 

m
od

el
 p

h
il

os
op

h
y 

ca
nn

ot
 b

e 
ap

pl
ie

d 
to

 o
th

er
 a

re
as

 o
r 

la
rg

er
 r

eg
io

ns
. 

A
ll

 t
ha

t 
is

 r
eq

ui
re

d 

is
 t

he
 d

ev
el

op
m

en
t 

of
 a

n 
en

vi
ro

nm
en

ta
l 

gr
ad

ie
nt

 f
or

 t
he

 a
re

a 
of

 i
nt

er
es

t. 
F

or
 e

xa
m

pl
e,

 t
he

 

U
S

D
A

 F
or

es
t 

Se
rv

ic
e'

s 
co

nt
in

uo
us

 f
or

es
t 

in
ve

nt
or

y 
(C

F
I)

 d
at

a 
se

t 
(O

ls
on

 e
t 

al
. 

19
80

, 
B

ir
ds

ey
 

an
d 

S
ch

re
ud

er
 

19
92

) 
co

ul
d 

pr
ov

id
e 

th
e 

in
fo

rm
at

io
n 

re
qu

ir
ed

 
to

 
de

v
el

op
 

an
 

in
di

re
ct

 

en
vi

ro
nm

en
ta

l g
ra

di
en

t f
or

 e
as

te
rn

 N
or

th
 A

m
er

ic
a.

 
It

 m
ay

 a
ls

o 
b

e 
p

os
si

b
le

 to
 t

ie
 a

 g
ra

di
en

t 
in

to
 

th
e 

ge
ne

ra
l 

ci
rc

ul
at

io
n 

m
od

el
s 

(G
C

M
s)

 t
ha

t 
ar

e 
cu

rr
en

tl
y 

be
in

g 
de

ve
lo

pe
d 

or
 m

an
ip

ul
at

ed
 

(M
an

ab
e 

an
d 

W
et

he
ra

ld
 1

9
86

, W
hi

te
 1

99
0

) 
th

us
 p

ro
v

id
in

g
 a

 m
ec

ha
ni

sm
 t

o 
ap

pl
y 

th
e 

in
te

gr
at

io
n 

g
ra

di
en

t 
an

al
ys

is
 w

it
h 

ga
p 

m
od

el
s 

to
 g

lo
ba

l 
sc

al
e 

st
ud

ie
s.

 

10
4 



S
UM

MARY
 

Th
e 

re
se

ar
ch

 p
re

se
nt

ed
 in

 t
he

 d
is

se
rt

at
io

n
 p

ro
v

id
es

 in
si

gh
ts

 in
to

 th
e 

ve
ge

ta
ti

on
 o

f 
G

R
SM

 

in
 t

h
e 

co
nt

ex
t 

o
f 

b
oth

 s
pa

ce
 a

n
d 

ti
m

e.
 

C
ha

pt
er

 I
 a

n
d 

II
 c

on
si

de
r 

th
e 

ve
ge

ta
ti

on
 f

ro
m

 a
 w

h
ol

e 

pa
rk

 p
er

sp
ec

ti
v

e.
 

Th
is

 r
es

ea
rc

h 
re

pr
es

en
ts

 
th

e 
fi

rs
t 

qu
an

ti
ta

ti
ve

 s
um

m
ar

y 
of

 t
he

 p
ar

k
's

 

ve
ge

ta
ti

on
 in

 t
ot

o.
 

A
 c

om
pa

ri
so

n 
of

 t
he

 c
la

ss
ifi

ca
ti

on
 r

es
ul

ts
 p

re
se

nt
ed

 i
n 

C
ha

pt
er

 I
 w

it
h 

pr
ev

io
us

 d
es

cr
ip

ti
on

s 
of

 th
e 

ve
ge

ta
ti

on
 o

f 
G

R
SM

 (
W

hi
tt

ak
er

 1
95

6
, 

G
ol

de
n 

19
8

1,
 a

nd
 C

al
la

w
ay

 

et
 a

l. 
19

87
) 

re
ve

al
s 

th
e 

im
po

rt
an

ce
 o

f 
th

e 
w

h
ol

e 
pa

rk
 p

er
sp

ec
ti

v
e.

 
P

re
v

io
us

 r
es

ea
rc

h 
ha

s 
no

t 

pr
ov

id
ed

 a
n 

ad
eq

ua
te

 s
um

m
ar

y 
of

 th
e 

co
m

pl
et

e 
ve

ge
ta

ti
on

 o
f 

G
R

S
M

. 
E

ve
n 

W
h

it
ta

ke
r'

s 
(1

95
6)

 

cl
as

si
c 

m
on

og
ra

ph
 o

f 
th

e 
pa

rk
's

 v
eg

et
at

io
n 

do
es

 n
ot

 a
de

qu
at

el
y 

de
sc

ri
be

 t
he

 x
er

ic
 P

in
e,

 O
ak

 -

P
in

e,
 a

nd
 O

ak
 t

yp
es

 i
n

 t
he

 w
es

te
rn

 p
or

ti
on

 o
f 

G
R

S
M

. 
Th

e 
re

su
lt

s 
pr

es
en

te
d 

in
 C

ha
pt

er
 I

I 

in
di

ca
te

 t
ha

t t
he

se
 t

yp
es

 r
ep

re
se

nt
 2

0
%

 o
f 

th
e 

pa
rk

's
 v

eg
et

at
io

n
. 

T
he

 r
es

ul
ts

 o
f 

C
al

la
w

ay
 e

t 
al

. 

(1
98

7)
 p

ro
v

id
e 

th
e 

be
st

 c
on

te
m

po
ra

ry
 d

es
cr

ip
ti

on
 o

f 
th

es
e 

xe
ri

c 
ty

p
es

. 

It
 is

 im
po

rt
an

t t
o 

re
co

gn
iz

e 
th

at
 th

e 
ve

ge
ta

ti
on

 o
f 

G
R

S
M

 h
as

 c
ha

ng
ed

 c
on

si
de

ra
bl

y 
si

n
ce

 

th
e 

19
30

's
 w

h
en

 M
il

le
r 

co
nd

uc
te

d 
h

is
 f

ie
ld

 s
am

p
li

n
g

. 
T

he
 p

ri
m

ar
y 

so
u

rc
e 

of
 t

hi
s 

ch
an

ge
 h

as
 

be
en

 t
he

 l
os

s 
of

 C
as

ta
ne

a 
de

nt
at

a 
du

e 
to

 t
he

 c
he

st
nu

t 
b

li
g

ht
. 

It
 c

an
 b

e 
as

su
m

ed
 t

ha
t 

th
e 

ve
ge

ta
ti

on
 h

as
 a

ls
o 

be
en

 a
lt

er
ed

 d
ue

 to
 c

ha
ng

es
 i

n
 o

th
er

 d
is

tu
rb

an
ce

 f
ac

to
rs

 s
uc

h 
as

 r
ed

uc
ed

 fi
re

 

an
d 

th
e 

in
tr

od
uc

ti
on

 o
f 

ot
he

r 
ex

ot
ic

 s
pe

ci
es

. 
E

ag
ar

 (
19

84
b)

 h
as

 d
es

cr
ib

ed
 t

he
 c

ha
ng

es
 i

n
 S

pr
uc

e 

-F
ir

 d
ue

 t
o 

th
e 

ba
ls

am
 w

oo
ly

 a
de

lg
id

, 
a 

pe
st

 t
ha

t 
w

as
 n

ot
 p

re
se

nt
 i

n 
G

R
SM

 a
t 

th
e 

ti
m

e 
of

 

M
il

le
r'

s 
fi

el
d 

sa
m

p
li

n
g

. 
T

he
se

 c
on

te
m

po
ra

ry
 d

is
tu

rb
an

ce
s 

m
ak

e 
th

e 
re

su
lt

s 
of

 M
il

le
rs

 s
am

pl
in

g
 

ou
t 

of
 d

at
e 

fo
r 

m
an

y 
of

 t
he

 c
om

m
un

it
ie

s.
 

F
or

 th
is

 r
ea

so
n,

 t
he

 r
es

ul
ts

 p
re

se
nt

ed
 i

n 
C

ha
pt

er
 I

 

re
pr

es
en

t 
a 

de
sc

ri
pt

io
n 

of
 th

e 
ve

ge
ta

ti
on

 o
f 

G
R

SM
 a

t 
on

e 
sp

ec
if

ic
 p

oi
nt

 i
n

 ti
m

e 
(c

ir
ca

 1
9

30
) 

an
d 

ca
nn

ot
 b

e 
ex

pe
ct

ed
 t

o 
co

m
pl

et
el

y 
de

sc
ri

be
 t

he
 c

ur
re

nt
 v

eg
et

at
io

n
. 

10
5 



T
he

 r
es

ul
ts

 o
f 

th
e 

ve
ge

ta
ti

on
 m

ap
pi

ng
 p

re
se

nt
ed

 i
n 

C
ha

pt
er

 I
I 

pr
ov

id
e 

in
si

gh
ts

 i
nt

o 
th

e 

d
is

tr
ib

ut
io

n 
pa

tt
er

ns
 o

f 
th

e 
pa

rk
's

 c
ur

re
nt

 v
eg

et
at

io
n

. 
T

h
e 

sa
m

pl
in

g 
do

ne
 f

or
 t

h
e 

gr
ou

nd
 

tr
ut

h
in

g 
ex

er
ci

se
 e

ff
or

t 
w

as
 n

ot
 d

es
ig

ne
d 

to
 p

ro
v

id
e 

a 
qu

an
ti

ta
ti

ve
 d

es
cr

ip
ti

on
 o

f 
th

e 
pa

rk
's

 

cu
rr

en
t 

ve
ge

ta
ti

o
n

. 
T

h
is

 d
is

cu
ss

io
n

 l
ea

ds
 o

n
e 

to
 c

on
cl

u
de

 t
ha

t 
a 

co
nt

em
po

ra
ry

 w
ho

le
 p

ar
k 

sa
m

pl
in

g 
eff

or
t 

sh
ou

ld
 b

e 
co

nd
uc

te
d 

w
it

hi
n 

G
R

SM
 t

o 
pr

ov
id

e 
an

 a
de

qu
at

e 
de

sc
ri

pt
io

n 
of

 t
he

 

cu
rr

en
t v

eg
et

at
io

n
 o

f 
G

R
S

M
. 

T
he

 v
eg

et
at

io
n 

m
ap

 p
re

se
nt

ed
 i

n 
C

ha
pt

er
 I

I 
co

ul
d 

b
e 

a 
us

efu
l 

to
ol

 

fo
r 

de
si

gn
in

g 
an

 a
pp

ro
pr

ia
te

 s
tr

at
if

ie
d 

sa
m

pl
in

g 
de

si
gn

 f
or

 s
uc

h 
an

 e
ff

or
t.

 

T
he

 i
n

di
re

ct
 o

rd
in

at
io

n 
re

su
lt

s 
pr

es
en

te
d 

in
 C

ha
pt

er
 I

I 
in

di
ca

te
 t

ha
t 

th
e 

ve
ge

ta
ti

on
 o

f 

G
R

S
M

, 
as

 s
am

pl
ed

 i
n 

th
e 

19
30

's
, 

is
 r

es
po

nd
in

g 
to

 a
 c

om
pl

ex
 m

oi
st

ur
e-

el
ev

at
io

n 
gr

ad
ie

nt
. 

It
 

is
 a

ss
um

ed
 t

ha
t 

th
e 

gr
ad

ie
nt

 i
s 

si
m

il
ar

 t
o 

th
at

 r
ep

or
te

d 
b

y
 o

th
er

 in
ve

st
ig

at
or

s 
(W

hi
tt

ak
er

 1
9

56
, 

G
ol

d
en

 1
9

8
1,

 C
al

la
w

ay
 e

t 
al

. 
(1

9
87

).
 

It
 is

 r
ec

om
m

en
de

d 
th

at
 a

n
y

 fu
tu

re
 s

am
pl

in
g 

ef
fo

rt
 w

it
hi

n 

G
R

SM
 

in
cl

ud
e 

sa
m

pl
in

g 
of

 e
nv

ir
on

m
en

ta
l 

pa
ra

m
et

er
s 

as
 d

es
cr

ib
ed

 
b

y 
G

ol
de

n 
(1

9
8

1)
 a

nd
 

C
al

la
w

ay
 e

t 
al

. 
19

87
) 

to
 p

ro
v

id
e 

fu
rt

he
r 

di
re

ct
 m

ea
su

re
s 

of
 t

hi
s 

co
m

pl
ex

 g
ra

di
en

t. 

T
he

 r
es

ul
ts

 o
f 

th
e 

ve
ge

ta
ti

on
 m

ap
pi

ng
 p

re
se

nt
ed

 i
n

 C
ha

pt
er

 I
I 

pr
ov

id
e 

an
 e

xa
m

pl
e 

of
 

th
e 

im
po

rt
an

ce
 o

f 
se

ns
or

 s
p

ec
tr

al
 a

nd
 s

pa
ti

al
 r

es
ol

ut
io

n 
re

la
ti

ve
 to

 c
la

ss
ifi

ca
ti

on
 a

bi
lit

y.
 

E
ar

lie
r 

at
te

m
pt

s 
at

 m
ap

pi
ng

 t
he

 v
eg

et
at

io
n

 o
f 

G
R

SM
 u

si
ng

 t
he

 M
SS

 s
en

so
r 

(D
eS

el
m

 a
nd

 T
ay

lo
r 

19
7

3,
 

A
m

br
os

ia
 1

9
8

1)
 w

it
h 

it
s 

80
 m

 p
ix

el
 r

es
ol

ut
io

n 
an

d 
fo

u
r 

sp
ec

tr
al

 b
an

ds
 w

er
e 

on
ly

 a
bl

e 
to

 c
la

ss
ify

 

th
e 

ve
ge

ta
ti

on
 i

nt
o 

re
la

ti
ve

 c
ru

de
 c

la
ss

es
 o

f 
de

ci
du

ou
s,

 c
on

if
er

ou
s,

 a
nd

 m
ix

ed
 t

yp
es

. 
T

he
 

in
cr

ea
se

d 
sp

ec
tr

al
 

an
d 

sp
at

ia
l 

re
so

lu
ti

on
 o

f 
th

e 
T

M
 

se
n

so
r 

al
lo

w
ed

 
fo

r 
a 

m
or

e 
de

ta
ile

d 

cl
as

si
fi

ca
ti

on
 a

nd
 r

es
ul

ta
nt

 m
ap

. 
It

 s
h

ou
ld

 b
e 

em
ph

as
iz

ed
 t

ha
t 

ev
en

 t
he

 T
M

 s
en

so
r 

w
as

 n
ot

 

ad
eq

ua
te

 f
or

 m
ap

pi
ng

 o
f 

th
e 

H
em

lo
ck

 -
H

ar
dw

oo
d 

ty
pe

s.
 

It
 i

s 
as

su
m

ed
 t

ha
t 

th
is

 i
s 

th
e 

re
su

lt
 

of
 th

e 
m

ix
ed

 c
om

po
si

ti
on

al
 n

at
ur

e 
of

 m
os

t 
H

em
lo

ck
 -

H
ar

dw
oo

d 
ty

pe
s 

an
d 

th
at

 t
he

 3
0

 m
 p

ix
el

 

re
so

lu
ti

on
 o

f 
th

e 
T

M
 s

en
so

r 
w

as
 n

ot
 f

in
e 

en
ou

gh
 t

o 
di

sc
ri

m
in

at
e 

H
em

lo
ck

 i
n 

th
is

 m
ix

ed
 

co
nd

it
io

n.
 

It
 i

s 
su

gg
es

te
d 

th
at

 i
nt

er
pr

et
at

io
n 

of
 i

m
ag

er
y 

ac
qu

ir
ed

 d
ur

in
g 

"l
ea

f 
of

f"
 

of
 t

he
 

106
 



de
ci

du
ou

s 
ty

pe
s 

w
ou

ld
 h

el
p 

to
 o

ve
rc

om
e 

th
is

 p
ro

b
le

m
. 

It
 w

as
 a

ls
o 

as
su

m
ed

 t
ha

t 
th

e 
30

 m
 

re
so

lu
ti

on
 o

f 
th

e 
T

M
 s

en
so

r 
w

as
 n

ot
 a

de
qu

at
e 

to
 m

ap
 t

he
 r

el
at

iv
el

y 
sm

al
l 

H
ea

th
 B

al
ds

 a
nd

 

G
ra

ss
y 

B
al

ds
 (

W
hi

te
 a

nd
 M

ac
ke

nz
ie

 1
9

86
).

 
It

 h
as

 p
re

v
io

u
sl

y 
be

en
 s

h
ow

n
 t

ha
t 

d
ig

it
al

 d
at

a 

co
ll

ec
te

d 
us

in
g

 a
n 

ai
rb

or
ne

 T
M

 s
im

ul
at

or
 w

it
h 

a 
p

ix
el

 r
es

ol
ut

io
n 

of
 1

3
 m

 c
an

 p
ro

v
id

e 
fo

r 
ev

en
 

m
or

e 
de

ta
ile

d 
cl

as
si

fi
ca

ti
on

s 
(W

hi
te

 a
nd

 M
ac

ke
nz

ie
 1

9
86

; P
et

er
 W

hi
te

, p
er

so
na

l c
om

m
un

ic
at

io
n)

 

b
u

t 
ar

e 
su

bj
ec

t 
to

 o
th

er
 p

ro
bl

em
s 

(e
.g

.,
 d

iff
ic

ul
ti

es
 i

n
 g

eo
re

ct
if

ic
at

io
n 

du
e 

to
 t

op
og

ra
ph

y)
. 

T
he

se
 r

es
ul

ts
 i

n
di

ca
te

 t
he

 i
m

po
rt

an
ce

 o
f 

co
ns

id
er

in
g

 s
pa

ti
al

 a
tt

ri
bu

te
s 

in
 t

he
 c

on
te

xt
 o

f 
bo

th
 

ex
te

nt
 a

nd
 g

ra
in

 (
T

ur
ne

r 
et

 a
l. 

19
89

).
 

C
ha

pt
er

 I
II

 c
on

si
de

rs
 t

he
 v

eg
et

at
io

n 
of

 G
R

SM
 i

n
 t

he
 c

on
te

xt
 o

f 
bo

th
 s

pa
ce

 a
nd

 t
im

e.
 

T
h

is
 c

ha
pt

er
 p

ro
v

id
es

 i
n

si
gh

ts
 in

to
 th

e 
su

cc
es

si
on

al
 d

yn
am

ic
s 

of
 th

e 
pa

rk
's

 v
eg

et
at

io
n 

an
d 

ho
w

 

th
es

e 
dy

na
m

ic
s 

va
ry

 i
n

 r
el

at
io

n 
to

 p
os

it
io

n
 a

lo
ng

 th
e 

co
m

pl
ex

 m
oi

st
ur

e-
el

ev
at

io
n 

g
ra

di
en

t.
 T

he
 

in
te

gr
at

io
n 

of
 g

ra
di

en
t 

an
al

ys
is

 (
K

es
se

ll 
19

79
) 

w
it

h 
g

ap
 m

od
el

s 
of

 f
or

es
t 

su
cc

es
si

on
 (

Sh
ug

ar
t 

19
84

) 
pr

ov
id

es
 a

 m
ec

ha
ni

sm
 f

or
 t

he
 c

on
cu

rr
en

t 
an

al
y

si
s 

of
 b

ot
h 

sp
at

ia
l 

an
d 

te
m

po
ra

l 
dy

na
m

ic
s 

of
 s

pe
ci

es
 r

es
po

n
se

. 
F

or
 e

xa
m

p
le

, 
th

is
 i

nt
eg

ra
ti

on
 a

llo
w

ed
 f

or
 t

he
 a

na
ly

si
s 

of
 th

e 
d

is
tr

ib
ut

io
n 

o
f 

Ca
st

an
ea

 d
en

ta
ta

 i
n

 G
R

SM
 p

ri
or

 t
o 

th
e 

ch
es

tn
ut

 b
li

gh
t,

 i
n

 t
he

 c
on

te
xt

 o
f 

bo
th

 s
pa

ce
 a

nd
 

ti
m

e.
 

It
 a

ls
o 

sh
ow

ed
 t

h
at

 t
h

e 
re

pl
ac

em
en

t 
of

 C
as

ta
ne

a 
de

nt
at

a 
af

te
r 

th
e 

b
li

gh
t 

v
ar

ie
d 

as
 a

 

fu
nc

ti
on

 o
f 

p
o

si
ti

on
 a

lo
ng

 t
he

 c
om

pl
ex

 m
oi

st
ur

e-
el

ev
at

io
n 

gr
ad

ie
nt

. 
M

os
t 

ga
p 

m
od

el
s 

of
 fo

re
st

 

su
cc

es
si

on
 h

av
e 

de
al

t 
m

ai
nl

y 
w

it
h 

te
m

po
ra

l 
fe

at
ur

es
. 

T
he

 in
te

gr
at

io
n

 o
f 

g
ra

di
en

t 
an

al
y

si
s 

w
it

h 

ga
p 

m
od

el
s 

pr
ov

id
es

 
on

e 
m

ec
h

an
is

m
 f

or
 

ad
di

ng
 a

 s
pa

ti
al

 
co

m
po

ne
nt

 
to

 
fo

re
st

 s
u

cc
es

si
on

 

m
od

el
s.

 

10
7

 



L
IS

T
 O

F
 R

E
F

E
R

E
N

C
E

S
 



A
b

er
, 

J.
D

. 
an

d 
J.

 M
. 

M
el

li
lo

. 
19

82
. 

F
O

R
T

N
IT

E
: 

a 
co

m
pu

te
r 

m
od

el
 o

f 
or

g
an

ic
 m

at
te

r 
an

d 
ni

tr
og

en
 d

yn
am

ic
s 

in
 f

or
es

t 
ec

os
ys

te
m

s.
 

U
ni

v
er

si
ty

 o
f 

W
is

co
n

si
n

 R
es

ea
rc

h 
B

ul
le

ti
n,

 
R

3
13

0
. 

A
m

br
os

ia
, 

V
. 

19
80

. 
T

er
ra

in
 c

ov
er

 a
nd

 s
ha

do
w

 d
is

cr
im

in
at

io
n 

fr
o

m
 L

A
N

D
SA

T
 d

at
a 

o
f 

th
e 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l 
P

ar
k.

 
M

.A
. 

T
he

si
s,

 T
he

 U
ni

v
er

si
ty

 o
f 

T
en

ne
ss

ee
, 

K
no

xv
il

le
. 

A
nd

er
so

n
, 

J.
 R

.,
 E

. 
E

. 
H

ar
dy

, 
J.

 T
. 

R
oa

ch
, 

an
d 

R
. 

E
. 

W
it

m
er

. 
19

76
. 

A
 l

an
d 

us
e 

an
d 

la
nd

 
co

ve
r 

cl
as

si
fi

ca
ti

on
 s

ys
te

m
 f

or
 u

se
 w

it
h 

re
m

ot
e 

se
ns

or
 d

at
a.

 
U

S
D

I,
 G

eo
lo

g
ic

al
 S

u
rv

ey
 

P
ro

fe
ss

io
n

al
 P

ap
er

 9
64

. 

A
re

nd
s,

 E
. 

19
8

1.
 

V
eg

et
at

io
n 

pa
tt

er
ns

 a
 h

al
f 

ce
nt

ur
y 

fo
ll

ow
in

g 
th

e 
ch

es
tn

ut
 b

li
gh

t 
in

 G
re

at
 

S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k
. 

M
.S

. 
T

he
si

s,
 U

ni
v

er
si

ty
 o

f 
T

en
ne

ss
ee

. 

A
yr

es
, 

H
. 

B
. 

an
d 

W
. 

W
. 

A
sh

e.
 

19
05

. 
T

he
 s

ou
th

er
n 

A
pp

al
ac

hi
an

 f
or

es
ts

. 
U

SG
S 

P
ro

fe
ss

io
na

l 
P

ap
er

 N
o

. 
37

, 
W

as
hi

ng
to

n,
 D

.C
. 

B
ar

et
t,

 H
. 

19
9

3
. 

A
ss

es
sm

en
t 

o
f 

po
te

nt
ia

l 
im

pa
ct

s 
o

f 
g

yp
sy

 m
ot

hs
 o

n
 t

he
 f

or
es

ts
 o

f 
G

re
at

 
S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l 
P

ar
k

. 
M

.S
. 

T
he

si
s,

 U
ni

v
er

si
ty

 o
f 

T
en

ne
ss

ee
. 

B
ir

ds
ey

, 
R

. 
A

. 
an

d 
S

ch
re

ud
er

, 
H

. 
T

. 
19

9
2

. 
A

n
 o

ve
rv

ie
w

 o
f 

fo
re

st
 i

nv
en

to
ry

 a
n

d 
an

al
ys

is
 

es
ti

m
at

io
n 

pr
oc

ed
ur

es
 i

n
 th

e 
ea

st
er

n 
U

n
it

ed
 S

ta
te

s-
-w

it
h 

an
 e

m
ph

as
is

 o
n

 th
e 

co
m

po
ne

nt
s 

of
 c

ha
ng

e.
 

G
en

er
al

 T
ec

hn
ic

al
 R

ep
or

t 
R

M
-2

14
. 

F
or

t 
C

ol
li

n
s,

 C
O

: 
U

. 
S

. 
D

ep
ar

tm
en

t 
of

 A
g

ri
cu

lt
ur

e,
 F

or
es

t 
S

er
v

ic
e,

 R
oc

ky
 M

ou
nt

ai
n 

F
or

es
t 

an
d 

R
an

ge
 E

xp
er

im
en

t 
St

at
io

n
. 

B
ot

ki
n,

 D
. 

B
.,

 J
. 

F
. 

Ja
na

k,
 a

nd
 J

. 
R

. 
W

al
li

s.
 

19
7

0
. 

A
 s

im
ul

at
or

 f
or

 n
or

th
ea

st
er

n 
fo

re
st

 
gr

ow
th

: 
a 

co
nt

ri
bu

ti
on

 o
f 

th
e 

H
ub

ba
rd

 B
ro

ok
 e

co
sy

st
em

 s
tu

dy
 a

nd
 I

B
M

 r
es

ea
rc

h
. 

IB
M

 
R

es
ea

rc
h 

R
ep

or
t 

3
14

0
. 

B
ot

ki
n,

 D
. 

B
.,

 J
. 

F
. 

Ja
na

k,
 a

nd
 J

. 
R

. 
W

al
li

s.
 

19
72

. 
So

m
e 

ec
ol

og
ic

al
 c

on
se

qu
en

ce
s 

of
 a

 
co

m
pu

te
r 

m
od

el
 o

f 
fo

re
st

 g
ro

w
th

. 
Jo

ur
na

l 
of

 E
co

lo
g

y 
6

0
:8

49
-8

73
. 

B
ra

tt
on

, 
S

. 
19

74
a.

 
A

n
 i

nt
eg

ra
te

d 
ec

ol
og

ic
al

 a
pp

ro
ac

h 
to

 t
he

 m
an

ag
em

en
t 

of
 E

ur
op

ea
n 

w
il

d 
b

oa
r 

(S
us

 s
cr

oj
a)

 in
 G

SM
N

P
. 

U
S

D
I 

N
P

S-
SE

R
, 

U
pl

an
ds

 F
ie

ld
 R

es
ea

rc
h 

L
ab

or
at

or
y 

M
an

ag
em

en
t 

R
ep

or
t 

N
um

be
r 

3
. 

B
ra

tt
on

, 
S

. 
P

.,
 M

. 
E

. 
H

ar
m

on
, 

an
d 

P
. 

S
. 

W
hi

te
. 

19
82

. 
P

at
te

rn
s 

of
 E

ur
op

ea
n 

w
il

d 
bo

ar
 

ro
ot

in
g 

in
 t

he
 w

es
te

rn
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

n
s.

 
C

as
ta

ne
a 

47
:2

30
-2

42
. 

B
ra

un
, 

E
. 

L
. 

19
5

0
. 

D
ec

id
uo

us
 f

or
es

t 
of

 e
as

te
rn

 N
or

th
 A

m
er

ic
a.

 
H

afn
er

 P
u

b
lis

hi
n

g
, 

N
ew

 
Y

or
k

. 

B
ra

y,
 J

. 
R

. 
an

d 
J.

 T
. 

C
ur

ti
s.

 
19

57
. 

A
n 

or
di

n
at

io
n

 o
f 

u
pl

an
d 

fo
re

st
 c

om
m

un
it

ie
s 

of
 s

ou
th

er
n 

W
is

co
n

si
n

. 
E

co
lo

g
ic

al
 M

on
og

ra
ph

s 
27

:3
25

-3
4

9
. 

10
9 



B
u

si
n

g
, 

R
. 

T
. 

an
d 

E
. 

E
. 

C
. 

C
le

b
sc

h
. 

19
87

. 
A

pp
li

ca
ti

on
 o

f 
a 

sp
ru

ce
-f

ir
e 

fo
re

st
 c

an
op

y 
ga

p 
m

od
el

. 
F

or
es

t 
E

co
lo

gy
 a

nd
 M

an
ag

em
en

t 
2

0
:1

5
1-

16
9

. 

C
ai

n
, 

S
. 

A
. 

19
30

. 
A

n 
ec

ol
og

ic
al

 s
tu

dy
 o

f
 th

e 
he

at
h 

b
al

ds
 o

f
 th

e 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
. 

B
ut

le
r 

U
n

iv
er

si
ty

 B
ot

an
ic

al
 S

er
ie

s 
1:

17
7-

20
8

. 

C
ai

n
, 

S
. 

A
. 

19
3

1.
 

E
co

lo
g

ic
al

 s
tu

di
es

 o
f 

th
e 

ve
ge

ta
ti

on
 o

f 
th

e 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 o

f 
N

or
th

 C
ar

ol
in

a 
an

d 
T

en
ne

ss
ee

. 
I.

 S
o

il
 r

ea
ct

io
n 

an
d 

p
la

n 
di

st
ri

bu
ti

on
. 

B
ot

. G
az

. 9
1 :

2
2

-
4

1.
 

C
ai

n
, 

S
. 

A
. 

19
35

. 
E

co
lo

g
ic

al
 s

tu
di

es
 o

f 
th

e 
ve

ge
ta

ti
on

 o
f 

th
e 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
n

s.
 

II
. 

T
he

 q
ua

dr
at

 m
et

ho
d 

ap
pl

ie
s 

to
 s

am
pl

in
g

 s
pr

uc
e 

an
d 

fo
r 

fo
re

st
 ty

pe
s.

 
A

m
er

ic
an

 M
id

la
nd

 
N

at
ur

al
is

t 
16

:5
66

-5
84

. 

C
ai

n
, 

S
. 

A
. 

19
4

3
. 

T
he

 t
er

ti
ar

y 
ch

ar
ac

te
r 

o
f 

th
e 

co
v

e 
ha

rd
w

oo
d 

fo
re

st
 o

f 
th

e 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k.
 

B
u

ll
et

in
 o

f 
th

e 
T

or
re

y 
B

ot
an

ic
al

 C
lu

b 
70

:2
13

-2
35

. 

C
al

la
w

ay
, 

R
. 

M
.,

 E
. E

. C
. 

C
le

bs
ch

, 
an

d 
P

. 
S

. W
h

it
e.

 
19

87
. 

A
 m

ul
ti

va
ri

at
e 

an
al

ys
is

 o
f 

fo
re

st
 

co
m

m
un

it
ie

s 
in

 t
he

 w
es

te
rn

 G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l 
P

ar
k

. 
T

he
 A

m
er

ic
an

 
M

id
la

nd
 N

at
ur

al
is

t 
11

8:
 10

7
-1

20
. 

C
le

b
sc

h
, 

E
. 

E
. 

C
. 

an
d 

R
. 

T
. 

B
u

si
n

g
. 

19
89

. 
S

ec
on

da
ry

 s
uc

ce
ss

io
n

, 
ga

p 
dy

na
m

ic
s,

 
an

d 
co

m
m

un
it

y 
st

ru
ct

ur
e 

in
 a

 s
ou

th
er

n 
ap

pa
la

ch
ia

n 
co

ve
 f

or
es

t. 
E

co
lo

g
y 

70
(3

):
72

8-
7

35
. 

C
og

b
il

l,
 C

. 
V

. 
an

d
 P

. 
S

. 
W

hi
te

. 
19

9
1.

 
T

h
e 

la
ti

tu
de

-e
le

va
ti

on
 r

el
at

io
ns

hi
p 

fo
r 

A
pp

al
ac

hi
an

 
sp

ru
ce

-f
ir

. 
V

eg
et

at
io

 9
4

:1
5

3-
17

5
. 

C
oh

en
, 

J.
 

19
60

. 
A

 c
oe

ffi
ci

en
t 

of
 a

gr
ee

m
en

t 
fo

r 
no

m
in

al
 s

ca
le

s.
 

E
du

ca
ti

on
al

 P
sy

ch
ol

og
y 

M
ea

su
re

m
en

t
20

:3
7-

4
6.

 

C
on

g
al

to
n,

 R
. 

G
. 

19
9

1.
 

A
 r

ev
ie

w
 o

f 
as

se
ss

in
g

 t
he

 a
cc

ur
ac

y 
of

 c
la

ss
if

ic
at

io
ns

 o
f 

re
m

ot
el

y 
se

ns
ed

 d
at

a.
 

R
em

ot
e 

S
en

si
ng

 o
f 

E
nv

ir
on

m
en

t 
37

:3
5-

4
6

. 

C
on

g
al

to
n,

 R
. 

G
.,

 R
. 

G
. 

O
de

rw
al

d
, 

an
d 

R
. 

A
. 

M
ea

d
. 

19
83

. 
A

ss
es

si
ng

 L
an

ds
at

 c
la

ss
if

ic
at

io
n 

ac
cu

ra
cy

 
u

si
ng

 
di

sc
re

te
 

m
ul

ti
va

ri
at

e 
st

at
is

ti
ca

l 
te

ch
ni

qu
es

. 
P

ho
to

gr
am

m
et

ri
c 

E
ng

in
ee

ri
ng

 a
nd

 R
em

ot
e 

S
en

si
ng

 5
4

:5
93

-6
0

0
. 

D
al

e,
 V

. 
H

.,
 T

. 
W

. 
D

oy
le

, 
an

d 
H

. 
H

. 
Sh

ug
ar

t. 
19

85
. 

A
 c

om
pa

ri
so

n 
o

f
tr

ee
 g

ro
w

th
 m

od
el

s.
 

E
co

lo
g

ic
al

 M
od

el
li

ng
 2

4
:1

45
-1

69
. 

D
eS

el
m

, 
H

. R
. 

an
d 

T
. W

. T
ay

lo
r.

 
19

73
. 

V
eg

et
at

io
n

 b
ou

nd
ar

ie
s 

o
n

 E
R

T
S

-1
 im

ag
er

y
. 

R
em

ot
e 

S
en

si
ng

 o
f 

E
ar

th
 R

es
ou

rc
es

 1
1:

9
2

5-
9

33
. 

D
eY

ou
ng

, 
H

. 
R

.,
 

P
. 

S
. 

W
hi

te
, 

an
d 

H
. 

R
. 

D
eS

el
m

. 
19

82
. 

V
eg

et
at

io
n

 o
f 

th
e 

so
ut

he
rn

 
A

pp
al

ac
hi

an
s:

 
an

 i
nd

ex
ed

 b
ib

li
og

ra
ph

y,
 

18
0

5-
19

82
. 

U
S

D
I 

N
at

io
na

l 
P

ar
k 

S
er

vi
ce

, 
R

es
ea

rc
h/

R
es

ou
rc

e 
M

an
ag

em
en

t 
R

ep
or

t 
SE

R
-4

6
. 

11
0 



E
ag

ar
, 

C
. 

19
84

a.
 

D
es

cr
ip

ti
on

 o
f 

co
m

m
un

it
y 

ty
pe

s.
 

R
ep

or
t 

av
ai

la
bl

e 
fr

om
 U

pl
an

ds
 F

ie
ld

 
R

es
ea

rc
h 

L
ab

, 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k,
 G

at
lin

bu
rg

, 
T

N
. 

E
ag

ar
, 

C
. 

19
84

b
. 

R
ev

ie
w

 o
f 

th
e 

bi
ol

og
y 

an
d 

ec
ol

og
y 

o
f 

th
e 

ba
ls

am
 w

oo
ll

y
 a

ph
id

 i
n

 s
ou

th
er

n 
A

pp
al

ac
hi

an
 s

pr
uc

e-
fi

r 
fo

re
st

s.
 

In
 P

. 
S.

 W
hi

te
 [

ed
.]

, 
th

e 
so

ut
he

rn
 A

pp
al

ac
hi

an
 S

p
ru

ce


F
ir

 
ec

os
ys

te
m

: 
it

s 
b

io
lo

g
y 

an
d 

th
re

at
s.

 
U

S
D

I,
 

N
at

io
na

l 
P

ar
k 

S
er

vi
ce

, 
R

es
ea

rc
h/

R
es

ou
rc

e 
M

an
ag

em
en

t 
R

ep
or

t 
SE

R
-7

1.
 

E
ag

ar
, 

C
. 

an
d 

M
. 

B
. 

A
da

m
s 

[e
ds

].
 

19
9

2
. 

E
co

lo
gy

 a
nd

 d
ec

lin
e 

o
f 

re
d 

sp
ru

ce
 i

n 
th

e 
ea

st
er

n 
U

n
it

ed
 S

ta
te

s.
 

Sp
ri

ng
er

-V
er

la
g,

 N
ew

 Y
or

k
. 

E
b

do
n

, 
D

. 
19

77
. 

St
at

is
ti

c 
in

 g
eo

gr
ap

h
y:

 a
 p

ra
ct

ic
al

 a
pp

ro
ac

h
. 

B
. 

B
la

ck
w

el
l,

 O
xf

or
d

. 

E
rd

as
. 

19
8

8
. 

E
rd

as
 P

C
 s

ys
te

m
 v

er
si

on
 7

.3
: 

Im
ag

e 
pr

oc
es

si
n

g
 s

ys
te

m
 u

se
r'

s 
g

u
id

e.
 

E
rd

as
 

In
c.

, 
A

tl
an

ta
, 

G
A

. 

E
li

as
, 

T
. 

S
. 

19
80

. 
T

h
e 

co
m

pl
et

e 
tr

ee
s 

of
 N

or
th

 A
m

er
ic

a.
 

V
an

 N
os

tr
an

d 
R

ei
nh

ol
d 

C
o

, 
N

ew
 

Y
or

k
. 

F
en

ne
m

an
, 

N
. 

M
. 

19
3

8
. 

P
hy

si
og

ra
ph

y 
o

f 
th

e 
ea

st
er

n 
U

ni
te

d 
St

at
es

. 
M

cG
ra

w
-H

il
l,

 N
Y

. 

P
ow

el
ls

, 
H

. 
A

. 
19

6
5

. 
S

ilv
ic

s 
of

 fo
re

st
 t

re
es

 o
f 

th
e 

U
ni

te
d 

St
at

es
. 

A
g

ri
cu

lt
ur

e 
H

an
db

oo
k 

N
o

. 
2

7
1,

 U
S

D
A

 F
or

es
t 

Se
rv

ic
e,

 W
as

hi
ng

to
n,

 D
C

. 

G
au

ch
, 

H
. 

G
.,

 J
r.

 
19

73
. 

Th
e 

C
or

ne
ll 

E
co

lo
gy

 P
ro

gr
am

 s
er

ie
s.

 
B

u
ll

et
in

 o
f 

th
e 

E
co

lo
g

ic
al

 
S

oc
ie

ty
 o

f 
A

m
er

ic
a 

54
: 1

0-
11

. 

G
au

ch
, 

H
. 

G
.,

 J
r.

 
19

82
. 

M
ul

ti
va

ri
at

e 
an

al
ys

is
 i

n
 c

om
m

un
it

y 
ec

ol
og

y
. 

C
am

br
id

ge
 U

ni
ve

rs
it

y 
P

re
ss

, 
C

am
br

id
g

e.
 

G
au

ch
, 

H
. 

G
.,

 J
r.

 a
nd

 R
. 

H
. 

W
hi

tt
ak

er
. 

19
7

2
. 

C
oe

no
cl

in
e 

si
m

ul
at

io
n

. 
E

co
lo

g
y 

5
3:

44
6-

45
1.

 

G
ol

de
n

, 
M

. 
S

. 
19

7
4

. 
F

or
es

t 
ve

ge
ta

ti
on

 a
nd

 s
it

e 
re

la
ti

on
sh

ip
s 

in
 t

he
 c

en
tr

al
 p

or
ti

on
 o

f 
th

e 
G

re
at

 
Sm

ok
y 

M
ou

nt
ai

ns
 

N
at

io
na

l 
P

ar
k.

 
P

h
.D

. 
D

is
se

rt
at

io
n

, 
T

he
 

U
ni

v
er

si
ty

 
of

 
T

en
ne

ss
ee

, 
K

n
ox

v
ill

e.
 

G
ol

de
n

, 
M

. 
S

. 
19

8
1.

 
A

n
 in

te
gr

at
ed

 m
ul

ti
va

ri
at

e 
an

al
y

si
s 

of
 fo

re
st

 c
om

m
un

it
ie

s 
of

 th
e 

ce
nt

ra
l 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

. 
Th

e 
A

m
er

ic
an

 M
id

la
nd

 N
at

ur
al

is
t 

10
6

:3
7

-5
3

. 

G
ol

de
n

 S
oft

w
ar

e,
 I

n
c.

 
19

89
. 

SU
R

F
E

R
 r

ef
er

en
ce

 m
an

u
al

. 
G

ol
de

n 
S

oft
w

ar
e,

 I
nc

.,
 G

ol
de

n,
 

C
O

. 

G
ri

g
al

, 
D

. 
F

. 
an

d 
R

. 
A

. 
G

ol
ds

te
in

. 
19

7
1.

 
A

n
 in

te
gr

at
ed

 o
rd

in
at

io
n-

cl
as

si
fi

ca
ti

on
 a

na
ly

si
s 

o
f 

an
 in

te
ns

iv
el

y 
sa

m
pl

ed
 o

ak
-h

ic
ko

ry
 f

or
es

t. 
Jo

ur
na

l 
of

 E
co

lo
g

y 
59

:4
8

1-
49

3
. 

H
ar

lo
w

, 
W

. 
M

., 
E

. 
S

. 
H

ar
ra

r,
 a

nd
 F

. 
M

. 
W

hi
te

. 
19

7
9

. 
T

ex
tb

oo
k

 o
f 

de
nd

ro
lo

g
y,

 6
th

 e
d.

 
M

cG
ra

w
 H

il
l 

B
oo

k
 C

o
, 

N
ew

 Y
or

k
. 

11
1 



H
ar

m
on

, 
M

. 
E

. 
19

80
. 

T
he

 in
fl

ue
nc

e 
of

 fi
re

 a
nd

 s
it

e 
fa

ct
or

s 
on

 v
eg

et
at

io
n

 p
at

te
rn

 a
nd

 p
ro

ce
ss

: 
a 

ca
se

 s
tu

dy
 o

f 
th

e 
w

es
te

rn
 p

or
ti

on
 o

f 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k
. 

M
.S

. 
T

he
si

s,
 U

ni
v

er
is

ty
 o

f 
T

en
ne

ss
ee

. 

H
ar

m
o

n
, 

M
. 

E
. 

19
8

1.
 

F
ir

e 
h

is
to

ry
 o

f 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k-
-1

94
0-

19
79

. 
U

S
D

I,
 

N
at

io
na

l 
P

ar
k 

S
er

v
ic

e,
 

So
ut

he
as

t 
R

eg
io

na
l 

O
ffi

ce
, 

R
es

ea
rc

h/
R

es
ou

rc
e 

M
an

ag
em

en
t 

R
ep

or
t 

SE
R

-4
6

. 

H
ar

m
on

, 
M

. 
E

., 
S

. 
P

. 
B

ra
tt

on
, 

an
d 

P
. 

S
. 

W
hi

te
. 

19
83

. 
D

is
tu

rb
an

ce
 a

nd
 v

eg
et

at
io

n 
re

sp
on

se
 

in
 r

el
at

io
n 

to
 

en
vi

ro
nm

en
ta

l 
gr

ad
ie

nt
s 

in
 t

he
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
. 

V
eg

et
at

io
 

5
5

:1
29

-1
39

. 

H
ar

ri
so

n
, E

. A
. 

an
d 

H
. H

. 
Sh

ug
ar

t. 
19

9
0

. 
E

va
lu

at
in

g 
th

e 
pe

rf
or

m
an

ce
 o

f 
a

n
 A

pp
al

ac
hi

an
 O

ak
 

F
or

es
t 

dy
na

m
ic

s 
m

od
el

. 
V

eg
et

at
io

 8
6:

 1
-1

3
. 

H
il

l,
 M

. 
0

. 
19

7
3

. 
R

ec
ip

ro
ca

l 
av

er
ag

in
g

: 
an

 e
ig

en
ve

ct
or

 m
et

ho
d 

o
f

 o
rd

in
at

io
n

. 
Jo

ur
na

l 
of

 
E

co
lo

g
y 

5
3

:2
37

-2
4

9.
 

H
il

l,
 M

. 
0

. 
19

7
9

a.
 

T
W

IN
SP

A
N

 a
 f

or
tr

an
 p

ro
gr

am
 f

or
 a

rr
an

gi
ng

 m
ul

ti
v

ar
ia

te
 d

at
a 

in
 a

n
 

or
de

re
d 

tw
o-

w
ay

 t
ab

le
 b

y 
cl

as
si

fi
ca

ti
on

 o
f 

th
e 

in
di

v
id

ua
ls

 a
n

d 
at

tr
ib

ut
es

. 
E

co
lo

g
y 

an
d 

S
ys

te
m

at
ic

s,
 C

or
ne

ll 
U

ni
v

er
si

ty
, 

It
ha

ca
, 

N
Y

. 

H
il

l,
 M

. 
0

. 
19

79
b

. 
D

E
C

O
R

A
N

A
 a

 f
or

tr
an

 p
ro

gr
am

 f
or

 d
et

re
nd

ed
 c

or
re

sp
on

de
nc

e 
an

al
ys

is
 

an
d 

re
ci

pr
oc

al
 a

ve
ra

gi
ng

. 
E

co
lo

gy
 a

n
d 

S
ys

te
m

at
ic

s,
 C

or
ne

ll 
U

ni
v

er
si

ty
, 

It
ha

ca
, 

N
Y

. 

H
il

l,
 M

. 
0

.,
 R

. 
G

. 
H

. 
B

u
n

ce
, a

n
d 

M
. 

N
. 

Sh
aw

. 
19

7
5

. 
In

di
ca

to
r 

sp
ec

ie
s 

an
al

y
si

s.
 

A
 d

iv
is

iv
e 

p
ol

yt
he

ti
c 

m
et

ho
d 

of
 c

la
ss

if
ic

at
io

n 
an

d 
it

s 
ap

pl
ic

at
io

n 
to

 a
 s

ur
ve

y 
of

 n
at

iv
e 

p
in

el
an

ds
 i

n 
S

co
tl

an
d

. 
Jo

ur
na

l 
of

 E
co

lo
g

y 
63

:5
97

-6
13

. 

H
ub

ba
rd

, 
E

. 
H

.,
 M

. 
E

. 
A

us
ti

n,
 C

. 
B

. 
B

ea
dl

es
, 

W
. 

E
. 

C
ar

tw
ri

gh
t,

 J
. 

A
. 

E
ld

er
, 

an
d 

E
. 

P
. 

W
hi

te
si

d
e.

 
19

5
6

. 
So

il
 s

ur
ve

y 
o

f 
S

ev
ie

r 
C

ou
nt

y,
 T

en
ne

ss
ee

. 
U

S
D

A
 S

o
il

 C
on

se
rv

at
io

n 
Se

rv
ic

e.
 

R
u

sc
h

, 
B

.,
 C

. 
I.

 M
ill

er
, 

an
d 

T
. 

W
. 

B
ee

rs
. 

19
82

. 
F

or
es

t 
m

en
su

ra
ti

on
, 

3r
d 

ed
. 

Jo
hn

 W
il

ey
 

an
d 

S
on

s,
 N

ew
 Y

or
k

. 

K
ra

m
er

, 
P

. 
J.

 a
nd

 T
. 

T
. 

K
oz

lo
w

sk
i. 

19
6

0
. 

P
hy

si
ol

og
y 

of
 tr

ee
s.

 
M

cG
ra

w
-H

il
l,

 N
ew

 Y
or

k
. 

K
er

, 
J.

 
W

. 
an

d 
J.

 
H

. 
G

. 
Sm

it
h

. 
19

55
. 

A
dv

an
ta

ge
s 

o
f

 t
he

 
pa

ra
b

o
li

c 
ex

pr
es

si
on

 
of

 
he

ig
ht

-d
ia

m
et

er
 r

el
at

io
ns

h
ip

s.
 

F
or

es
t 

C
hr

on
ic

le
s 

3
1:

23
5-

24
6

. 

K
es

se
ll

, 
S

. 
R

. 
19

7
6

. 
G

ra
di

en
t 

M
od

el
in

g
: 

a 
n

ew
 a

pp
ro

ac
h 

to
 f

ir
e 

m
od

el
in

g
 a

nd
 w

il
de

rn
es

s 
re

so
ur

ce
 m

an
ag

em
en

t.
 

E
nv

ir
on

m
en

ta
l 

M
an

ag
em

en
t 

1:
39

-4
8.

 

K
es

se
ll

, 
S

. 
R

. 
19

7
7

. 
G

ra
di

en
t 

m
od

el
in

g
: 

a 
ne

w
 a

pp
ro

ac
h 

to
 f

ir
e 

m
od

el
in

g
 a

nd
 r

es
ou

rc
e 

m
an

ag
em

en
t. 

In
 C

. 
A

. 
S

. 
H

al
l 

an
d 

J.
 W

. 
D

ay
, 

Jr
. 

[e
ds

].
 

E
co

sy
st

em
 m

od
el

in
g

 i
n 

th
eo

ry
 a

nd
 p

ra
ct

ic
e:

 a
n 

in
tr

od
uc

ti
on

 w
it

h 
ca

se
 h

is
to

ri
es

. 
W

ile
y,

 N
ew

 Y
or

k
. 

11
2 



K
es

se
l l

, 
S

. R
. 

19
7

9
. 

G
ra

di
en

t 
an

al
y

si
s:

 r
es

ou
rc

e 
an

d 
fi

re
 m

an
ag

em
en

t.
 

S
p

ri
ng

er
-V

er
la

g,
 N

ew
 

Y
or

k
. 

K
in

g
, 

P
. 

B
.,

 R
. 

B
. 

N
eu

m
an

, 
an

d 
J.

 B
. 

H
ad

le
y.

 
19

6
8.

 
G

eo
lo

g
y 

of
 th

e 
G

re
at

 S
m

ok
y

 M
ou

nt
ai

ns
 

N
at

io
na

l 
P

ar
k,

 T
en

ne
ss

ee
 a

nd
 N

or
th

 C
ar

ol
in

a.
 

U
S

D
I,

 G
eo

lo
g

ic
al

 S
ur

v
ey

 P
ro

fe
ss

io
na

l 
P

ap
er

 5
87

. 

K
uy

ke
nd

al
l,

 N
. 

W
.,

 I
II

. 
19

7
8

. 
C

om
po

si
ti

on
 a

nd
 s

tr
uc

tu
re

 o
f 

re
pl

ac
em

en
t 

fo
re

st
 s

ta
nd

s 
fo

ll
ow

in
g 

so
ut

he
rn

 p
in

e 
be

et
le

 i
nf

es
ta

ti
on

s 
as

 r
el

at
ed

 t
o 

se
le

ct
ed

 s
it

e 
va

ri
ab

le
s 

in
 t

he
 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

. 
M

.S
. 

T
he

si
s,

 U
ni

v
er

si
ty

 o
f 

T
en

ne
ss

ee
, 

K
n

ox
v

il
le

. 

L
ee

, 
J.

 E
. 

an
d 

J.
 M

. 
W

al
sh

. 
19

84
. 

M
ap

 p
ro

je
ct

io
ns

 f
or

 u
se

 w
it

h
 t

h
e 

ge
og

ra
ph

ic
 i

nf
or

m
at

io
n 

sy
st

em
. 

U
.S

. 
F

is
h 

an
d 

W
il

d
li

fe
 S

er
v

ic
e,

 F
W

S/
O

B
S-

84
/1

7
. 

L
il

le
sa

n
d,

 T
. 

M
. 

an
d 

R
. 

W
. 

K
ie

fe
r.

 
19

87
. 

R
em

ot
e 

se
ns

in
g

 a
nd

 i
m

ag
e 

in
te

rp
re

ta
ti

on
. 

Jo
hn

 
W

il
ey

 a
nd

 S
on

s,
 N

ew
 Y

or
k

, 
N

Y
. 

L
in

ds
ay

, 
M

. 
M

. 
an

d 
S

. 
P

. 
B

ra
tt

o
n

. 
19

7
6

. 
H

is
to

ry
 o

f 
th

e 
gr

as
sy

 b
al

ds
 

in
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k.
 

U
SD

I,
 N

at
io

na
l 

P
ar

k 
S

er
v

ic
e,

 S
ou

th
ea

st
 R

eg
io

n,
 U

pl
an

ds
 

F
ie

ld
 R

es
ea

rc
h 

L
ab

or
at

or
y

, 
M

an
ag

em
en

t 
R

ep
or

t 
N

um
be

r 
4

. 

L
in

ds
ay

, 
M

. 
M

. 
an

d 
S

. P
. B

ra
tt

on
. 

19
7

9
. 

G
ra

ss
y 

ba
ld

s 
o

f 
th

e 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
: T

he
ir

 
hi

st
or

y 
an

d 
fl

or
a 

in
 r

el
at

io
n 

to
 p

ot
en

ti
al

 m
an

ag
em

en
t.

 
E

nv
ir

on
m

en
ta

l 
M

an
ag

em
en

t 
3

:4
17

-4
30

. 

L
in

d
sa

y
, 

M
. 

M
. 

an
d

 S
. 

P
. 

B
ra

tt
o

n
. 

19
80

. 
T

he
 r

at
e 

of
 w

oo
dy

 p
la

nt
 i

nv
as

io
n 

on
 t

w
o 

g
ra

ss
y 

ba
ld

s.
 

C
as

ta
ne

a 
45

:7
5-

87
. 

M
ac

K
en

zi
e,

 
M

. 
D

. 
19

88
. 

R
em

ot
e 

se
ns

in
g

 o
f 

th
e 

de
ci

du
ou

s 
ve

ge
ta

ti
on

 o
f 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l P
ar

k.
 

T
ec

hn
ic

al
 P

ap
er

s,
 1

9
88

 A
C

SM
-A

SP
R

S 
A

nn
ua

l C
on

ve
nt

io
n

, 
S

t.
 L

ou
is

, 
M

O
. 

V
ol

um
e 

4
, 

pp
. 

2
12

-2
2

1.
 

M
ac

K
en

zi
e,

 
M

. 
D

. 
an

d 
J.

 R
. 

C
ar

te
r.

 
19

89
. 

C
re

at
in

g 
th

e 
90

 m
 

m
ap

 
of

 t
he

 d
ec

id
uo

us
 

ve
ge

ta
ti

on
 o

f 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k
. 

F
in

al
 R

ep
or

t 
su

bm
it

te
d 

to
 t

he
 

N
at

io
na

l 
P

ar
k 

S
er

v
ic

e.
 

A
va

ila
bl

e 
fr

om
 t

he
 D

ep
ar

tm
en

t 
o

f 
G

eo
gr

ap
h

y,
 U

ni
ve

rs
it

y 
of

 
T

en
ne

ss
ee

-K
no

xv
il

le
, 

T
N

. 

M
an

ab
e,

 S
. 

an
d 

R
. 

T
. 

W
et

he
ra

ld
. 

19
86

. 
R

ed
uc

ti
on

 i
n 

su
m

m
er

 s
oi

l 
w

et
ne

ss
 i

nd
uc

ed
 b

y 
an

 
in

cr
ea

se
 i

n 
at

m
os

ph
er

ic
 c

ar
bo

n 
d

io
xi

d
e.

 
S

ci
en

ce
 2

32
:6

26
-6

2
8

. 

M
cC

ra
ck

en
, 

R
. 

J.
, 

R
. 

E
. 

Sh
an

ks
, 

an
d 

E
. 

E
. 

C
. 

C
le

bs
ch

. 
19

62
. 

S
oi

l 
m

or
ph

ol
og

y 
an

d 
g

en
es

is
 

at
 h

ig
he

r 
el

ev
at

io
ns

 o
f 

th
e 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
n

s.
 

So
il 

S
ci

en
ce

 S
oc

ie
ty

 o
f 

A
m

er
ic

a 
P

ro
ce

ed
in

g
s.

 
26

:3
84

-3
88

. 

M
il

le
r,

 F
. 

H
. 

n
.d

. 
F

ie
ld

 n
ot

es
 a

nd
 r

ec
or

ds
 o

n
 f

il
e 

in
 th

e 
ar

ch
iv

es
 o

f 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 

N
at

io
na

l 
P

ar
k,

 G
at

lin
bu

rg
, 

T
N

. 

11
3 



M
il

le
r,

 F
. 

H
. 

19
38

. 
B

ri
ef

 n
ar

ra
ti

ve
 d

es
cr

ip
ti

on
s 

of
 t

he
 v

eg
et

at
io

n
 t

yp
es

 i
n

 G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l P
ar

k
. 

R
ep

or
t 

on
 f

ile
 in

 t
he

 a
rc

hi
ve

s 
of

 th
e 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 
N

at
io

na
l 

P
ar

k,
 G

at
lin

bu
rg

, 
T

N
. 

M
il

le
r,

 F
. 
H

. 
19

4
1.

 
V

eg
et

at
io

n 
co

ve
r 

ty
pe

s 
of

 G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l 
P

ar
k 

[m
ap

].
 

M
ap

 o
n 

di
sp

la
y 

at
 S

ug
ar

la
nd

s 
V

is
it

or
 C

en
te

r,
 G

at
lin

bu
rg

, 
T

N
. 

N
el

so
n

, 
T

. 
C

. 
19

5
5

. 
C

he
st

nu
t 

re
pl

ac
em

en
t 

on
 t

h
e 

so
ut

he
rn

 h
ig

hl
an

d
s.

 
E

co
lo

g
y 

36
:3

52
-3

5
3

. 

N
ic

h
ol

as
, 

N
. 

S
.,

 S
. 

M
. 

Z
ed

ak
er

, 
an

d 
C

. 
E

ag
ar

. 
19

9
2

. 
A

 c
om

pa
ri

so
n 

of
 o

ve
rs

to
ry

 c
om

m
un

it
y 

st
ru

ct
ur

e 
in

 t
hr

ee
 s

ou
th

er
n 

A
pp

al
ac

hi
an

 s
pr

uc
e-

fi
r 

fo
re

st
s.

 
B

u
ll

et
in

 o
f 

th
e 

T
or

re
y 

B
ot

an
ic

al
 C

lu
b 

11
(:

3
16

-3
32

. 

N
O

A
A

. 
19

82
. 

L
an

ds
at

 4
 c

ov
er

ag
e 

in
de

x.
 

N
O

A
A

 F
or

m
 3

4-
12

0
5 

[m
ap

].
 

N
at

io
na

l 
O

ce
an

ic
 

an
d 

A
tm

os
ph

er
ic

 A
dm

in
is

tr
at

io
n,

 D
ep

ar
tm

en
t 

of
 C

om
m

er
ce

. 

O
h,

 K
. 

C
. 

19
6

4
. 

th
e 

sa
m

pl
in

g
, p

at
te

rn
, a

nd
 s

ur
vi

va
l o

f 
th

e 
h

ig
he

r 
el

ev
at

io
n 

be
ec

h 
in

 th
e 

G
re

at
 

S
m

ok
y 

M
ou

nt
ai

ns
. 

P
h

.D
. 

D
is

se
ra

ti
on

, 
U

ni
v

er
si

ty
 o

f 
T

en
ne

ss
ee

. 

O
ls

on
, 

R
. 

J.
, 

C
. 

J.
 E

m
er

so
n,

 a
nd

 
M

. 
K

. 
N

un
ge

ss
er

. 
19

80
. 

G
eo

ec
ol

og
y

: 
a 

co
un

ty
 l

ev
el

 
ex

pe
ri

m
en

ta
l 

da
ta

 b
as

e 
fo

r 
th

e 
co

nt
er

m
in

ou
s 

U
n

it
ed

 S
ta

te
s.

 
R

ep
t. 

O
R

N
L

/T
M

-7
35

1.
 

O
ak

 R
id

g
e 

N
at

io
na

l 
L

ab
.,

 O
ak

 R
id

g
e,

 T
N

. 

O
os

ti
ng

s,
 H

. 
J.

 a
nd

 W
. 

D
. 

B
il

li
n

g
s.

 
19

5
1.

 
A

 c
om

pa
ri

so
n 

of
 v

ir
g

in
 s

pr
u

ce
-f

ir
 f

or
es

t 
in

 t
he

 
no

rt
he

rn
 a

nd
 s

ou
th

er
n 

A
pp

al
ac

hi
an

 s
ys

te
m

. 
E

co
lo

g
y 

32
:8

4-
10

3 

P
ar

ke
r,

 
C

. 
R

.,
 K

. 
L

an
gd

on
, 

J.
 R

. 
C

ar
te

r,
 S

. 
C

. 
N

od
v

in
, 

an
d 

H
. 

B
ar

et
t. 

19
90

. 
N

at
ur

al
 

re
so

ur
ce

s 
m

an
ag

em
en

t 
an

d 
re

se
ar

ch
 i

n 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k.
 

P
ag

es
 

25
4-

26
3 

in
 P

ro
ce

ed
in

gs
, 

R
es

ou
rc

e 
T

ec
hn

ol
og

y 
9

0
. 

S
ec

on
d 

In
te

rn
at

io
na

l 
Sy

m
po

si
um

 
o

n
 A

dv
an

ce
d 

T
ec

hn
ol

og
y 

in
 N

at
ur

al
 R

es
ou

rc
e 

M
an

ag
em

en
t.

 
W

as
hi

ng
to

n,
 D

. 
C

. 

P
ar

ke
r,

 C
. R

. 
an

d 
D

. W
. P

ip
es

. 
19

9
0

. 
W

at
er

sh
ed

s 
o

f 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k:
 

A
 g

eo
gr

ap
h

ic
 i

nf
or

m
at

io
n

 s
ys

te
m

 a
na

ly
si

s.
 

U
S 

D
ep

ar
tm

en
t 

o
f 

In
te

ri
or

, 
N

at
io

na
l 

P
ar

k 
S

er
v

ic
e,

 R
es

ea
rc

h/
R

es
ou

rc
es

 M
an

ag
em

en
t 

R
ep

or
t 

SE
R

-9
11

0
1.

 

P
ee

t,
 R

. 
K

. 
19

80
. 

O
rd

in
at

io
n 

as
 a

 t
oo

l 
fo

r 
an

al
ys

in
g

 c
om

pl
ex

 d
at

a 
se

ts
. 

V
eg

et
at

io
 4

2
:1

7
1-

17
4

. 

P
ei

ne
, 

J.
 P

.,
 C

. 
P

yl
e,

 a
nd

 P
. 

S
. 

W
h

it
e.

 
19

85
. 

E
nv

ir
on

m
en

ta
l 

m
on

it
or

in
g 

an
d 

ba
se

lin
e 

da
ta

 
m

an
ag

em
en

t 
st

ra
te

gi
es

 a
nd

 t
he

 f
oc

us
 o

f 
fu

tu
re

 r
es

ea
rc

h 
in

 G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 
N

at
io

na
l 

P
ar

k
. 

U
S 

D
ep

ar
tm

en
t 

of
 In

te
ri

or
, 

N
at

io
na

l 
P

ar
k 

S
er

v
ic

e,
 R

es
ea

rc
h/

R
es

ou
rc

es
 

M
an

ag
em

en
t 

R
ep

or
t 

SE
R

-7
6

. 

P
re

ss
, 

W
. 

H
.,

 B
. 

P
. 

F
la

nn
er

y,
 S

. 
A

. 
T

eu
ko

ls
k

y,
 a

nd
 W

. 
T

. 
V

et
te

rl
in

g
. 

19
86

. 
N

um
er

ic
al

 
re

ci
p

es
: 

th
e 

ar
t 

of
 s

ci
en

ti
fi

c 
co

m
pu

ti
ng

. 
C

am
br

id
ge

 U
ni

ve
rs

it
y 

P
re

ss
, 

C
am

br
id

g
e.

 

11
4 



P
yl

e,
 C

. 
19

85
. 

V
eg

et
at

io
n 

di
st

ur
ba

nc
e 

hi
st

or
y 

of
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k
: 

an
 

an
a l

y
si

s 
o

f 
ar

ch
iv

al
 

m
ap

s 
an

d 
re

co
rd

s.
 

U
S

D
I 

N
at

io
na

l 
P

ar
k 

S
er

v
ic

e.
 

R
es

ea
rc

h/
R

es
ou

rc
es

 M
an

ag
em

en
t 

R
ep

or
t 

SE
R

 -7
7

. 

R
ei

ne
rs

, 
W

. 
A

. 
19

7
2

. 
St

ru
ct

ur
e 

an
d 

en
er

ge
ti

cs
 o

f 
th

re
e 

M
in

ne
so

ta
 f

or
es

ts
. 

E
co

lo
g

ic
al

 
M

on
og

ra
ph

s 
4

2
:7

1-
94

. 

R
u

ss
el

l,
 N

.H
. 

19
5

3.
 

T
he

 b
ee

ch
 g

pa
s 

of
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
. 

E
co

lo
g

y 
34

:3
6

6
-3

74
. 

R
ya

n-
M

cF
ar

la
nd

 
C

or
p

. 
19

87
. 

R
M

/F
O

R
T

R
A

N
: 

u
se

r'
s 

g
ui

de
 v

er
si

on
 2

.4
 (

D
O

S
).

 
R

ya
n 

M
cF

ar
la

nd
 C

or
po

ra
ti

on
, 

T
ex

as
. 

SA
S 

In
st

it
ut

e 
In

c.
 

19
82

a.
 

SA
S 

u
se

r'
s 

g
ui

de
: 

B
as

ic
s.

 
S

A
S

 I
ns

ti
tu

te
, 

In
c,

 C
ar

y
, 

N
C

. 

S
A

S
 I

ns
ti

tu
te

 I
n

c.
 

19
82

b
. 

SA
S 

u
se

r'
s 

g
ui

de
: 

St
at

is
ti

cs
. 

S
A

S
 I

ns
ti

tu
te

, 
In

c,
 C

ar
y

, 
N

C
. 

Sh
an

k
s,

 R
. 

E
. 

19
5

4
. 

C
li

m
at

e 
of

 th
e 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
n

s.
 

E
co

lo
g

y 
3

5
:3

54
-3

6
1.

 

Sh
ug

ar
t,

 H
. H

. 
19

84
. 

A
 t

he
or

y 
o

f
 fo

re
st

 d
yn

am
ic

s.
 

Sp
ri

ng
er

-V
er

la
g

, 
N

ew
 Y

or
k

. 

Sh
ug

ar
t,

 H
. 

H
. 

an
d 

I.
 R

. 
N

ob
le

. 
19

8
1.

 
A

 c
om

pu
te

r 
m

od
el

 o
f 

su
cc

es
si

on
 a

n
d 

fi
re

 r
es

po
n

se
 to

 
th

e 
h

ig
h

 
al

ti
tu

de
 E

uc
al

yp
tu

s 
fo

re
st

 
of

 t
he

 
B

ri
nd

ab
el

la
 

R
an

ge
, 

A
us

tr
al

ia
n 

C
ap

it
al

 
T

er
ri

to
ri

es
. 

A
us

tr
al

ia
n 

Jo
ur

na
l 

of
 E

co
lo

gy
 6

:1
49

-1
64

. 

Sh
ug

ar
t,

 H
. 

H
.,

 T
. 

M
. 

Sm
ith

, 
an

d 
W

. 
M

. 
P

os
t.

 
19

9
2

. 
T

he
 p

ot
en

ti
al

 f
or

 a
pp

lic
at

io
n 

of
 

in
di

v
id

ua
l-

ba
se

d 
si

m
u

la
ti

on
-m

od
el

s 
fo

r 
as

se
ss

in
g

 t
he

 e
ff

ec
ts

 o
f 

g
lo

b
al

 c
ha

ng
e.

 
A

nn
ua

l 
R

ev
ie

w
 o

f 
E

co
lo

g
y 

an
d 

Sy
st

em
at

ic
s 

23
:1

5
-3

8
. 

Sh
ug

ar
t,

 H
. 

H
. 

an
d 

D
. 

C
. 

W
es

t. 
19

7
7

. 
D

ev
el

op
m

en
t 

o
f 

a
n

 A
pp

al
ac

hi
an

 d
ec

id
uo

us
 f

or
es

t 
su

cc
es

si
on

 m
od

el
 a

nd
 i

ts
 a

pp
lic

at
io

n 
to

 a
ss

es
sm

en
t 

o
f 

th
e 

im
pa

ct
 o

f 
th

e 
C

he
st

nu
t B

li
g

h
t.

 
Jo

u
rn

al
 o

f 
E

nv
ir

on
m

en
ta

l 
M

an
ag

em
en

t 
5:

 1
6

1-
17

9
. 

Sh
ug

ar
t,

 H
. 

H
. 

an
d 

D
. 

C
. 

W
es

t. 
19

79
. 

S
iz

e 
an

d 
pa

tt
er

n 
of

 s
im

ul
at

ed
 f

or
es

t 
st

an
d

s.
 

F
or

es
t 

S
ci

en
ce

 2
5

:1
20

-1
22

. 

Sh
ug

ar
t,

 H
. 

H
. 

an
d 

D
. 

C
. 

W
es

t. 
19

80
. 

F
or

es
t 

su
cc

es
si

on
 m

od
el

s.
 

B
io

sc
ie

nc
e 

30
:3

0
8-

3
13

. 

S
o

ll
in

s,
 P

.,
 D

. 
E

. 
R

ei
ch

le
, 

an
d 

J.
 S

. 
O

ls
on

. 
19

73
. 

O
rg

ai
ni

c 
m

at
te

r 
bu

dg
et

 a
n

d
 m

od
el

 f
or

 t
he

 
so

ut
he

rn
 A

pp
al

ac
hi

an
 L

iri
od

en
dr

on
 f

or
es

t. 
E

D
F

B
/F

P
B

-7
3

12
. 

O
ak

 R
id

g
e 

N
at

io
na

l 
L

ab
or

at
or

y
, 

O
ak

 R
id

ge
, 

T
N

. 

So
lo

m
on

, 
A

. 
M

.,
 M

. 
L

. 
T

ha
rp

, 
D

. 
C

. 
W

es
t,

 G
. 

E
. 

T
ay

lo
r,

 J
. 

W
. 

W
eb

b,
 a

nd
 J

. 
L

. 
T

ri
m

b
le

. 
19

84
. 

R
es

po
ns

es
 o

f 
un

m
an

ag
ed

 
fo

re
st

s 
to

 C
0

2-
in

du
ce

d 
cl

im
at

e 
ch

an
g

e:
 

av
ai

la
bl

e 
in

fo
rm

at
io

n
, 

in
it

ia
l 

te
st

s,
 a

nd
 d

at
a 

re
qu

ir
em

en
ts

. 
R

ep
or

t 
T

R
00

9
, 

U
S

 D
ep

ar
tm

en
t 

of
 

E
ne

rg
y

, 
W

as
hi

ng
to

n,
 D

C
. 

11
5 



So
lo

m
on

, 
A

. 
M

. 
19

86
. 

T
ra

ns
ie

nt
 r

es
po

ns
e 

of
 f

o
re

st
s 

to
 

C
0

2-
in

du
ce

d 
cl

im
at

e 
ch

an
ge

: 
si

m
ul

at
io

n 
m

od
el

in
g

 e
xp

er
im

en
ts

 i
n 

ea
st

er
n 

N
or

th
 A

m
er

ic
a.

 

SP
SS

 I
n

c.
 

19
86

. 
S

P
S

S
-X

 u
se

r'
s 

g
u

id
e,

 2
n

d
 e

d
. 

SP
SS

 I
n

c,
 C

hi
ca

g
o,

 I
L

. 

St
ep

he
n

s,
 L

. 
A

. 
19

69
. 

A
 c

om
pa

ri
so

n 
of

 c
lim

at
ic

 e
le

m
en

ts
 a

t 
fo

u
r 

el
ev

at
io

ns
 i

n
 t

h
e 

G
re

at
 

Sm
ok

y 
M

ou
nt

ai
ns

. 
M

.S
. 

T
he

si
s,

 T
he

 U
ni

ve
rs

it
y 

of
 T

en
ne

ss
ee

, 
K

no
xv

il
le

. 

St
ra

tt
o

n
, 

D
. 

A
. 

an
d 

P
. 

S.
 W

hi
te

. 
19

82
. 

G
ra

ss
y 

b
al

ds
 o

f 
G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k:
 v

as
cu

la
r 

p
la

nt
 fl

or
is

ti
cs

, r
ar

e 
p

la
nt

 d
is

tr
ib

ut
io

ns
, a

nd
 a

n 
as

se
ss

m
en

t 
of

 th
e 

fl
or

is
ti

c 
da

ta
 b

as
e.

 
U

S
D

I,
 N

at
io

na
l 

P
ar

k 
S

er
vi

ce
, 

So
ut

he
as

t 
R

eg
io

n,
 U

p
la

nd
s 

F
ie

ld
 R

es
ea

rc
h 

L
ab

.,
 R

es
ea

rc
h/

R
es

ou
rc

es
 M

an
ge

m
en

t 
R

ep
or

t 
SE

R
-5

8
. 

T
urn

er
, 

M
. 

G
.,

 D
al

e,
 V

. 
H

.,
 a

nd
 G

ar
dn

er
, 

R
. 

H
. 

19
89

. 
P

re
di

ct
in

g 
ac

ro
ss

 s
ca

le
s:

 t
he

or
y 

de
ve

lo
pm

en
t 

an
d 

te
st

in
g.

 
L

an
ds

ca
pe

 E
co

lo
gy

 3
:2

4
5-

25
2.

 

U
S

 M
A

B
. 

19
82

a.
 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 B
io

sp
he

re
 R

es
er

v
e:

 a
 b

ib
li

og
ra

ph
y 

o
f 

sc
ie

nt
if

ic
 

st
ud

ie
s.

 
U

S 
M

an
 a

nd
 t

he
 B

io
sp

he
re

 P
ro

gr
am

, 
R

ep
or

t 
N

o
. 

4
. 

U
S

 M
A

B
. 

19
82

b
. 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 B
io

sp
he

re
 R

es
er

ve
: h

is
to

ry
 o

f 
sc

ie
nt

if
ic

 s
tu

d
y

. 
U

S
 

M
an

 a
nd

 t
he

 B
io

sp
he

re
 P

ro
gr

am
, 

R
ep

or
t 

N
o

. 
5

. 

W
al

ke
r,

 G
. 

L
. 

19
7

8
. 

A
 c

om
pa

ra
ti

ve
 v

eg
et

at
io

na
l 

an
al

ys
is

 o
f 

co
ve

 h
ar

dw
oo

d 
co

m
m

un
it

ie
s 

in
 

th
e 

G
re

at
 

S
m

ok
y 

M
ou

nt
ai

ns
 

N
at

io
na

l 
P

ar
k.

 
M

.S
. 

T
he

si
s.

 
W

es
te

rn
 

C
ar

ol
in

a 
U

ni
v

er
si

ty
. 

W
ei

ns
te

in
, 

D
. 

A
.,

 H
. 

H
. 

Sh
ug

ar
t,

 a
nd

 D
. 

C
. 

W
es

t. 
19

82
. 

T
he

 l
o

ng
-t

er
n 

nu
tr

ie
nt

 r
et

en
ti

on
 

pr
op

er
ti

es
 o

f 
fo

re
st

 e
co

sy
st

em
s:

 a
 s

im
ul

at
io

n 
in

ve
st

ig
at

io
n

. 
U

ni
v

er
si

ty
 o

f 
T

en
ne

ss
ee

, 
K

no
xv

il
le

. 
P

h
.D

. 
di

ss
er

ta
ti

on
. 

W
h

it
e,

 P
. 

S.
 

19
82

. 
T

he
 f

lo
ra

 o
f 

G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l P
ar

k
: 

an
 a

nn
ot

at
ed

 c
he

ck
lis

t 
of

 th
e 

v
as

cu
la

r 
p

la
nt

s 
an

d 
a 

re
v

ie
w

 o
f 

pr
ev

io
us

 fl
or

is
ti

c 
w

or
k.

 
U

S
 D

ep
ar

tm
en

t 
of

 t
he

 
In

te
ri

or
, 

N
at

io
na

l 
P

ar
k 

S
er

v
ic

e,
 R

es
ea

rc
h/

R
es

ou
rc

es
 M

an
ag

em
en

t 
R

ep
or

t 
SE

R
-5

5
. 

W
hi

te
, 

R
. 

M
. 

19
9

0
. 

T
he

 g
re

at
 c

li
m

at
e 

de
ba

te
. 

Sc
ie

nt
ifi

c 
A

m
er

ic
an

 2
6

3
(1

):
36

-4
3

. 

W
hi

tt
ak

er
, 

R
. 

H
. 

19
5

6
. 

T
he

 v
eg

et
at

io
n 

of
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
. 

E
co

lo
g

ic
al

 M
on

og
ra

ph
s 

2
6

:1
-8

0
. 

W
hi

tt
ak

er
, 

R
. 

H
. 

19
6

3
. 

N
et

 p
ro

du
ct

io
n 

of
 h

ea
th

 b
al

ds
 a

nd
 f

or
es

t 
he

at
hs

 i
n

 t
he

 G
re

at
 S

m
ok

y 
M

ou
nt

ai
n

s.
 

E
co

lo
g

y 
44

:1
76

-1
82

. 

W
hi

tt
ak

er
, 

R
. 

H
. 

19
6

6
. 

F
or

es
t 

di
m

en
si

on
s 

an
d 

pr
od

uc
ti

on
 i

n
 t

he
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
. 

E
co

lo
gy

 4
7

:1
0

3-
12

1.
 

W
hi

tt
ak

er
, 

R
. 

H
. 

19
67

. 
G

ra
di

en
t 

an
al

ys
is

 o
f 

ve
ge

ta
ti

on
. 

B
io

lo
gi

ca
l 

R
ev

ie
w

 4
9

:2
0

7-
26

4
. 

11
6 



W
hi

tt
ak

er
, 

R
. 

H
. 

19
75

. 
C

om
m

un
it

ie
s 

an
d 

ec
os

ys
te

m
s,

 2
nd

 e
d.

 
M

ac
M

il
la

n
 P

ub
lis

hi
ng

 C
o

, 
N

ew
 Y

or
k

. 

W
hi

tt
ak

er
, 

R
. 

H
. 

[e
d]

. 
19

7
8.

 
O

rd
in

at
io

n 
of

 p
la

nt
 c

om
m

u
n

it
ie

s.
 

Ju
n

k
, 

T
he

 H
ag

ue
. 

W
oo

ds
, 

F
. 

W
. 

an
d 

R
. 

E
. 

Sh
an

ks
. 

19
5

7
. 

R
ep

la
ce

m
en

t 
o

f 
C

he
st

nu
t 

in
 t

he
 G

re
at

 S
m

ok
y 

M
ou

nt
ai

ns
 o

f 
T

en
ne

ss
ee

 a
nd

 N
or

th
 C

ar
ol

in
a.

 
Jo

ur
na

l 
of

 F
or

es
tr

y 
5

5
:8

4
7.

 

W
oo

ds
, 

F
. 

W
. 

an
d 

R
. 

E
. 

Sh
an

ks
. 

19
59

. 
N

at
ur

al
 r

ep
la

ce
m

en
t 

of
 c

he
st

nu
t 

b
y 

ot
he

r 
sp

ec
ie

s 
in

 
th

e 
G

re
at

 S
m

ok
ie

s 
M

ou
nt

ai
ns

 N
at

io
na

l 
P

ar
k.

 
E

co
lo

g
y 

4
0

:3
4

9-
3

6
1.

 

Z
ed

ac
ke

r,
 S

. 
M

., 
N

. 
S

. 
N

ic
h

ol
as

, 
an

d 
C

. 
E

ag
ar

. 
19

88
. 

A
ss

es
sm

en
t 

o
f

 fo
re

st
 d

ec
lin

e 
in

 t
he

 
so

ut
he

rn
 A

pp
al

ac
hi

an
 s

pr
uc

e-
fi

r 
fo

re
st

, 
U

S
A

. 
P

ag
es

 2
39

-2
4

4
 I

n 
J.

 
B

. 
B

uc
he

r 
an

d 
J.

 
B

uc
he

r-
W

al
in

 
[e

ds
],

 
A

ir
 

po
ll

u
ti

on
 

an
d 

fo
re

st
 

de
cl

in
e.

 
P

ro
ce

ed
in

gs
 

o
f 

th
e 

14
th

 
In

te
rn

at
io

na
l 

M
ee

ti
ng

 f
or

 S
pe

ci
al

is
ts

 i
n 

A
ir

 P
ol

lu
ti

on
 E

ff
ec

ts
 o

n 
F

or
es

t 
E

co
sy

st
em

s,
 

IU
F

R
O

 P
2

.0
5,

 I
nt

er
la

ke
n,

 S
w

it
ze

rl
an

d
. 

O
ct

ob
er

 2
-8

. 
B

ir
m

en
sd

o
rf

. 

11
7 



A
P

P
E

ND
IX

E
S

 



A
pp

en
di

x 
A

. 
D

o
cu

m
en

ta
ti

on
 f

or
 M

il
le

r 
da

ta
. 

11
9

 



P
l

o
t 

N
o

. 
T

r
a

�
t

 
Cu

lti.
lo

uc
flv

u 
-

-
-

--
-

-
-

-
-

--
-

'!o
r t

l t  
0�

 D
e0

u 
Gr

.·o
 n

ea
i_

 ?
ar

k _
B..Q

un
da

ry
 L

in
e 

G
e

o
_;

;-:-
o.

p
h

 i
c

 L
o

ca
 t

i0
11

 

E
l

e
v

a
t

io
n

 
_

_
 

)2
JJ

 
�

-
_

_
_

_
__

_
_

_
_

_
_

_
 

·-
_

_
_

_
_

_
_

_
 . 

__
__

_
_

 _ 

�p
<Jc

ie
s 

L 

�
5 

l 
r<"

'?""
M

;y 
!4E..

.-cv/v
..:o 

1 
_sf!

ad
ra

 
1/h/

-=
.1.7

 
I c

dr<'
kn

<l 
I v�

-er
 

I sac
chaa//Tl 
! 

r 
I 

Tota
l 

*Tr
ee

 T
al

ly
 -

-
.2

 A
c

r
e

s
 

t 
1a

t1P.
 

e
r

 
:::;:.

�
;u

 
4�ll�

�;:�
 2.4.

 3'>E
 1 

I 
�

-�
·

�·�
I I I 

3
 

/0
 

I 
I 

I 
I 

I 
I 

I 
I ! I 

I 
14-

I 12
 

2
 

l_
. _

_
 -

-
.

.
 

* 
2 

x
 

l 
ch

ai
ns

 

F
igu

re
 A

-1
. 

C
op

y 
o

f 
th

e 
fr

on
t 

of
 a

 M
ill

er
 f

ie
ld

 d
at

a 
sh

ee
t. 

12
0

 

"
.

 

To
ta

l 
I F"L

. 

I/
 

I 
35

- -

/4
 

4
7

 

I 
zs

 

2
. 

4CJ
 

2
8

 
+-



Ty
pe

 
Co

ve:
 i

!t
u·J

wo
od

" 
J.

.A 
--

--------------------------------
-------

E
xp

o
s

u
r

e 
-

--
-''! -"' o

.._r,_\,
,_,_ h __

 
--

----
Sl

op
e 

pe
r 

::L-
n

c 
25�-

------------------
Ye

ar
 o

f
 l

a
st

 
bu

rn
 

U
nd

e
te

rm
in

ed
 

--
-----------

S
it

e
 

In
d

ex
--

-------------

P
e

n
e

t
ra

b
il

it
y

 
(i

nd
i

ca
te

 
b

y
 

ch
ec

k/
) 

ee.
sy

/
 

d
if

f
i

cu
l

t 

S
O

IL
 

(C
he

ck
 t

e
rm

s 
a

pp
l

i
ca

bl
e

..-)
 

De
p

th
 

C
h

ar
a

c
t

e
r

 

Or
ig

in
 (

P
a

re
n

t 
r

o
ck

) 

IG
NEO

U
S

 
fe

ls
it

e 
b

a
sa

lt
 

g
r

a
n

it
e

 
g

a
bb

r
o 

p
o

rp
h

y
r

y
 

tu
f

f
 

o
b

s
id

ia
n

 

S
h

a
ll

ow
 

(u
n

d
er

 1
') 

Re
eky

 

G
r

a
v

el
ly

 

S
u

n
dy

�
 

L
oam

�
 

S
il

t 

C
l

a
y

 

/
S

E
D

IMEN
T

A
RY

 
a

ll
u

v
ium

 
sa

n
d

s
t

on
e 

s
h

a
le

 
l

im
es

to
n

e 

m
ed

iu
m

 

im
p

e
n

e
t

ra
b

le
 

Me
di

il
lll�

 
De

e
p

 
(1

'·-
3'

) 

A
b

o
d

e 

(o
v

e
r

 

ME
T

AM
O

PP
H

IC
 

sc
h

is
t 

g
ne

is
s

 
sl

a
t

e 
qu

ar
tz

it
e

 
s

e
rp

en
t

in
e 

Ad
d

it
io

n
a

l 
G

r
oun

d
 

C
o

v
er

 S
p

e
c

ie
s

 

A
e

e
c

u
l

u
e

 
g

l
a

b
r

�
, 

A
c

e
r

 
s

a
c

c
h

a
r

�
�

,
F

e
r

a
e

, 
A

n
n

u
a

l
s

 

Rem
a

rk
s 

Fi
gu

re
 A

-2
. 

C
op

y 
of

 th
e 

ba
ck

 o
f 

a 
M

ill
er

 fi
el

d 
da

ta
 s

he
et

. 

12
1 

3'
 



D
A

T
A

 D
O

C
U

M
E

N
T

A
T

IO
N

: 

V
A

R
IA

B
L

E
 F

O
R

M
A

T
 

D
at

a 
Se

t 
N

am
e:

 

C
re

at
ed

 b
y

: 

D
es

cr
ip

ti
on

: 

V
ar

ia
b

le
 N

am
e:

 

w
s 

P
L

O
T

 
SP

C
 

B
R

U
SH

 
B

A
 

D
B

A
 

D
E

N
 

D
D

E
N

 
N

U
M

 
D

N
U

M
 

SU
M

B
A

 
S

U
M

D
E

N
 

R
E

L
B

A
 

R
E

L
D

E
N

 
IV

20
0 

M
IL

L
E

R
.R

A
W

 

M
ar

k 
M

ac
K

en
zi

e 

Sp
ec

ie
s 

da
ta

, b
ot

h 
ov

er
st

or
y 

an
d 

un
de

rs
to

ry
, c

ol
le

ct
ed

 b
y 

M
ill

er
 a

nd
 h

is
 

fi
el

d 
cr

ew
s 

in
 th

e 
19

30
's

. 
T

he
se

 d
at

a 
w

er
e 

or
ig

in
al

ly
 d

er
iv

ed
 fr

om
 t

he
 

M
il

le
r 

fi
el

d 
da

ta
 

sh
ee

ts
 

on
 

fi
le

 
in

 
th

e 
ar

ch
iv

es
 

of
 G

re
at

 
Sm

ok
y 

M
ou

nt
ai

ns
 N

at
io

na
l 

P
ar

k.
 

D
at

a 
ar

e 
in

 a
 S

A
S

 d
at

a 
fo

rm
at

 a
nd

 m
us

t 
be

 
re

ad
 u

si
ng

 t
he

 S
A

S
 s

ta
ti

st
ic

al
 p

ac
ka

g
e.

 T
he

re
 is

 o
ne

 r
ec

or
d 

pe
r 

sp
ec

ie
s 

p
er

 p
lo

t.
 

F
O

R
T

R
A

N
 

C
od

ed
 

M
is

si
ng

 V
al

ue
 

F
or

m
at

: 
(X

): 
C

od
e:

 

N
ot

 a
pp

li
ca

bl
e 

X
 

M
is

si
ng

 v
al

ue
 

in
 S

A
S 

da
ta

 
in

fo
rm

at
io

n 
is

 
fo

rm
at

 
X

 
in

co
rp

or
at

ed
 i

n 
th

e 
S

A
S

 d
at

a 
fo

rm
at

 

12
2

 



D
A

T
A

 D
O

C
UM

E
N

T
A

T
IO

N
: 

V
A

R
IA

B
L

E
 D

E
SC

R
IP

T
IO

N
 

D
at

a 
S

et
 N

am
e:

 
M

IL
L

E
R

.E
N

V
 

V
ar

ia
bl

e 
N

am
e:

 

w
s 

P
L

O
T

 
S

P
C

 
B

R
U

S
H

 
B

A
 

D
B

A
 

D
E

N
 

D
D

E
N

 
N

U
M

 
D

N
U

M
 

S
U

M
B

A
 

S
U

M
D

E
N

 
R

E
L

B
A

 
R

E
L

D
E

N
 

IV
200

 

P
re

ci
s

U
ni

ts
: 

si
o

n
: 12

3 

B
ri

ef
 D

es
cr

ip
ti

on
 o

f 
V

ar
ia

b
le

: 

W
at

er
sh

ed
 

P
lo

t 
nu

m
be

r 
w

it
hi

n 
w

at
er

sh
ed

 
Sp

ec
ie

s 
C

od
e 

P
er

ce
nt

 s
pe

ci
es

 s
hr

ub
 d

om
in

an
ce

 
S

p
ec

ie
s 

ba
sa

l 
ar

ea
 o

f 
liv

e 
tr

ee
s 

(m
2/h

a)
 

S
p

ec
ie

s 
ba

sa
l 

ar
ea

 o
f 

de
ad

 t
re

es
 (

m
2/h

a)
 

Sp
ec

ie
s 

de
ns

it
y 

of
 l

iv
e 

tr
ee

s 
(s

te
m

s/
ha

) 
Sp

ec
ie

s 
de

ns
it

y 
of

 d
ea

d 
tr

ee
s 

(s
te

m
s/

ha
) 

N
um

be
r 

of
 l

iv
e 

tr
ee

s 
in

 p
lo

t 
N

um
be

r 
of

 d
ea

d 
tr

ee
s 

in
 p

lo
t 

T
ot

al
 b

as
al

 a
re

a 
in

 p
lo

t 
T

ot
al

 d
en

si
ty

 i
n

 p
lo

t 
S

p
ec

ie
s 

re
la

ti
ve

 b
as

al
 a

re
a 

Sp
ec

ie
s 

re
la

ti
ve

 d
en

si
ty

 
Sp

ec
ie

s 
IV

200
 (

re
lb

a 
+

 re
ld

en
) 



D
A

T
A

 D
O

C
U

M
E

N
T

A
T

IO
N

: 

V
A

R
IA

B
L

E
 C

O
D

E
S 

D
at

a 
S

et
 N

am
e:

 
M

IL
L

E
R

.E
N

V
 

V
ar

ia
b

le
 N

am
e:

 
C

od
e:

 
B

ri
ef

 D
es

cr
ip

ti
on

 o
f 

C
od

e:
 

w
s 

1 
C

os
by

 C
re

ek
 

2 
In

di
an

 C
am

p 
C

re
ek

 
3 

W
eb

b 
C

re
ek

 
4 

M
id

dl
e 

P
ro

ng
 L

it
tl

e 
P

ig
eo

n 
R

iv
er

 
5 

R
oa

ri
ng

 F
or

k 
6 

W
es

t 
P

ro
ng

 L
it

tl
e 

P
ig

eo
n 

R
iv

er
 

7 
L

it
tl

e 
R

iv
er

 
8 

M
id

dl
e 

P
ro

ng
 L

it
tl

e 
R

iv
er

 
9 

W
es

t 
P

ro
ng

 L
it

tl
e 

R
iv

er
 

10
 

H
es

se
 C

re
ek

 
11

 
A

br
am

s 
C

re
ek

 
12

 
P

an
th

er
 C

re
ek

 
13

 
T

ab
ca

t 
C

re
ek

 
14

 
P

ar
so

n 
B

ra
nc

h 
15

 
T

w
en

ty
-M

il
e 

16
 

E
ag

le
 C

re
ek

 
17

 
H

az
el

 C
re

ek
 

18
 

F
or

ne
y 

C
re

ek
 

19
 

N
ol

an
d 

C
re

ek
 

20
 

D
ee

p 
C

re
ek

 
2

1 
C

oo
pe

r 
C

re
ek

 
22

 
O

co
na

lu
ft

ee
 

2
3 

B
ra

dl
ey

 F
or

k 
24

 
R

av
en

 F
or

k 
25

 
St

ra
ig

ht
 F

or
k 

26
 

B
un

ch
es

 C
re

ek
 

27
 

C
at

al
oo

ch
ee

 
28

 
B

ig
 C

re
ek

 

S
P

C
 

Se
e 

T
ab

le
 I

-1
 f

or
 c

od
es

 

12
4

 



D
A

T
A

 D
O

C
UM

E
N

T
A

T
IO

N
: 

V
A

R
IA

B
L

E
 F

O
R

M
A

T
 

D
at

a 
Se

t 
N

am
e:

M
IL

L
E

R
.E

N
V

 

C
re

at
ed

 b
y

:M
ar

k
 M

ac
K

en
zi

e 

D
es

cr
ip

ti
on

: 

V
ar

ia
b

le
 N

am
e:

 

w
s 

P
L

O
T

 
E

L
E

V
 

S
U

R
V

E
Y

 
L

IT
D

E
P

T
H

 
M

IL
L

 T
Y

P
E

 
A

SP
E

C
T

 
SL

O
P

E
 

S
O

IL
D

E
P

T
 

S
O

IL
C

H
l 

S
O

IL
C

H
2 

SO
IL

C
H

3 
P

A
R

E
N

T
M

 
B

U
R

N
E

D
 

L
O

G
G

E
D

 

E
nv

ir
on

m
en

ta
l o

r 
si

te
 d

at
a 

co
ll

ec
te

d 
b

y 
M

il
le

r 
an

d 
hi

s 
fi

el
d 

cr
ew

s 
in

 t
he

 
19

30
's

. 
T

he
se

 d
at

a 
w

er
e 

or
ig

in
al

ly
 d

er
iv

ed
 f

ro
m

 t
he

 M
il

le
r 

fi
el

d 
da

ta
 

sh
ee

ts
 o

n
 f

ile
 in

 t
he

 a
rc

hi
ve

s 
of

 G
re

at
 S

m
ok

y 
M

ou
nt

ai
ns

 N
at

io
na

l P
ar

k.
 

D
at

a 
ar

e 
in

 A
SC

II
 f

or
m

at
. 

T
he

re
 i

s 
on

e 
re

co
rd

 p
er

 p
lo

t.
 

F
O

R
T

R
A

N
 

C
od

ed
 

M
is

si
n

g
 V

al
ue

 
F

or
m

at
: 

(X
): 

C
od

e:
 

12
 

X
 

13
 

1X
,I

4
 

B
la

nk
 

1X
,I

2
 

B
la

nk
 

1X
,F

4
.1

 
B

la
nk

 
1X

,A
2 

X
 

B
la

nk
 

lX
,I

l 
X

 
B

la
nk

 
1X

,I
2

 
B

la
nk

 
1X

,I
2 

X
 

B
la

nk
 

lX
,I

l 
X

 
B

la
nk

 
I1

 
X

 
B

la
nk

 
I1

 
X

 
B

la
nk

 
lX

,I
l 

X
 

B
la

n
k

 
2

X
,I

2 
B

la
nk

 
3X

,1
2

 
B

la
nk

 

12
5 



D
A

T
A

 D
O

C
UM

E
N

T
A

T
IO

N
: 

V
A

R
IA

B
L

E
 D

E
S

C
R

IP
T

IO
N

 

D
at

a 
Se

t 
N

am
e:

 
M

IL
L

E
R

.E
N

V
 

V
ar

ia
b

le
 N

am
e:

 

w
s 

P
L

O
T

 

E
L

E
V

A
T

IO
N

 

SU
R

V
E

Y
 

L
IT

D
E

P
T

H
 

M
IL

L
 T

Y
P

E
 

A
S

P
E

C
T

 

S
L

O
P

E
 

S
O

IL
D

E
P

T
 

SO
IL

C
H

l 

S
O

IL
C

H
2 

SO
IL

C
H

3 

P
A

R
E

N
T

M
 

B
U

R
N

E
D

 

L
O

G
G

E
D

 

P
re

ci
s

U
ni

ts
: 

si
o

n
: 

ft
 

10
ft

 

in
 

0
.5

 i
n

 

%
 

1%
 12

6 

B
ri

ef
 D

es
cr

ip
ti

on
 o

f 
V

ar
ia

b
le

: 

W
at

er
sh

ed
 

P
lo

t 
nu

m
be

r 
w

it
hi

n 
w

at
er

sh
ed

 

E
le

va
ti

on
 o

f 
pl

ot
 

Y
ea

r 
su

rv
ey

ed
. 

Su
rv

ey
 d

at
e 

is
 1

9x
x 

L
it

te
r 

de
pt

h 

V
eg

et
at

io
n 

ty
pe

 a
ss

ig
ne

d 
by

 M
il

le
r.

 

A
sp

ec
t 

of
 p

lo
t 

Sl
op

e 
of

 p
lo

t 

So
il

 d
ep

th
 

P
ri

m
ar

y 
so

il
 c

ha
ra

ct
er

 

S
ec

on
da

ry
 s

o
il

 c
ha

ra
ct

er
 

T
er

ti
ar

y 
so

il
 c

ha
ra

ct
er

 

P
ar

en
t 

m
at

er
ia

l 

Y
ea

r 
la

st
 b

ur
ne

d
. 

V
al

ue
s 

>
 3

8 
ar

e 
18

x
x

. 
A

 v
al

ue
 o

f 
-1

 r
ep

re
se

nt
s 

in
de

te
r

m
in

ab
le

; 
0 

in
di

ca
te

s 
no

 s
ig

n
 o

f 
fi

re
. 

Y
ea

r 
la

st
 l

og
ge

d
. 

V
al

ue
s 

>
 3

8
 a

re
 

18
x

x
. 

A
 v

al
ue

 o
f 

-!
re

pr
es

en
ts

 i
n

de
te

r
m

in
ab

le
; 

0 
in

d
ic

at
es

 n
o 

lo
g

g
in

g
. 



D
A

T
A

 D
O

C
U

M
E

N
T

A
T

IO
N

: 

V
A

R
IA

B
L

E
 C

O
D

E
S 

P
ag

e 
1 

of
 2

 

D
at

a 
Se

t 
N

am
e:

 
M

IL
L

E
R

.E
N

V
 

V
ar

ia
bl

e 
N

am
e:

 

w
s 

M
IL

L
 T

Y
P

E
 

C
od

e:
 

1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

2
1 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

B
 

C
H

 
c

o
 

C
R

 
G

 
H

 
N

H
 

o
c 

O
F

 

12
7 

B
ri

ef
 D

es
cr

ip
ti

on
 o

f 
C

od
e:

 

C
os

by
 C

re
ek

 
In

di
an

 C
am

p 
C

re
ek

 
W

eb
b 

C
re

ek
 

M
id

dl
e 

P
ro

ng
 L

it
tl

e 
P

ig
eo

n 
R

iv
er

 
R

oa
ri

ng
 F

or
k 

W
es

t 
P

ro
ng

 L
it

tl
e 

P
ig

eo
n 

R
iv

er
 

L
it

tl
e 

R
iv

er
 

M
id

dl
e 

P
ro

ng
 L

it
tl

e 
R

iv
er

 
W

es
t 

P
ro

ng
 L

it
tl

e 
R

iv
er

 
H

es
se

 C
re

ek
 

A
br

am
s 

C
re

ek
 

P
an

th
er

 C
re

ek
 

T
ab

ca
t 

C
re

ek
 

P
ar

so
n 

B
ra

nc
h 

T
w

en
ty

-M
il

e 
E

ag
le

 C
re

ek
 

H
az

el
 C

re
ek

 
F

or
ne

y 
C

re
ek

 
N

ol
an

d 
C

re
ek

 
D

ee
p 

C
re

ek
 

C
oo

pe
r 

C
re

ek
 

O
co

na
lu

ft
ee

 
B

ra
dl

ey
 F

or
k 

R
av

en
 F

or
k 

St
ra

ig
ht

 F
or

k 
B

un
ch

es
 C

re
ek

 
C

at
al

oo
ch

ee
 

B
ig

 C
re

ek
 

B
ur

ne
d 

O
ve

r 
C

ov
e 

H
ar

dw
oo

d 
C

ut
 O

ve
r 

? G
ra

ss
la

nd
 

H
em

lo
ck

 
N

or
th

er
n 

H
ar

dw
oo

d 
O

ak
 C

he
st

nu
t 

O
ld

 F
ie

ld
 



D
A

T
A

 D
O

C
UM

E
N

T
A

T
IO

N
: 

V
A

R
IA

B
L

E
 C

O
D

E
S 

P
ag

e 
2 

of
 2

 

D
at

a 
S

et
 N

am
e:

 
M

IL
L

E
R

.E
N

V
 

V
ar

ia
bl

e 
N

am
e:

 

M
IL

L
T

Y
P

E
 (

co
nt

) 

A
SP

E
C

T
 

S
O

IL
D

E
P

T
 

SO
IL

C
H

R
 1

-3
 

P
A

R
E

N
T

M
 

C
od

e:
 

s SL
 

W
P

 
y

p 

1 2 3 4 5 6 7 8 1 2 3 0 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

12
8 

B
ri

ef
 D

es
cr

ip
ti

on
 o

f 
C

od
e:

 

Sp
ru

ce
 

H
ea

th
 B

al
d 

W
h

it
e 

P
in

e 
-

H
ar

dw
oo

d 
Y

el
l o

w
 P

in
e 

-
H

ar
dw

oo
d 

sw
 

s w
 

S
E

 
N

W
 

E
 

N
 

N
E

 

Sh
al

lo
w

 
M

ed
iu

m
 

D
ee

p 

? R
oc

ky
 

G
ra

ve
ly

 
Sa

nd
y 

L
oa

m
 

S
il

t 
C

la
y

 
? Ig

ne
ou

s 
Se

di
m

en
ta

ry
 a

nd
 M

et
am

or
ph

ic
 

M
et

am
o

rp
hi

c 
? Se

di
m

en
ta

ry
 

'") ? 



A
pp

en
di

x 
B

. 
Su

pp
le

m
en

ta
l 

ta
bl

es
 a

nd
 f

ig
ur

es
 f

or
 C

ha
pt

er
 I

I.
 

12
9

 



T
ab

le
 B

-1
. 

D
is

cr
im

in
an

t 
an

al
ys

is
 m

at
ri

x 
pa

ra
m

et
er

s.
 

S
p

ec
tr

al
* 

M
ea

n
 T

M
 D

ig
it

a
l

 N
u

m
b

er
 

C
la

ss
 

F
re

q
u

en
cy

 
B

an
d

 1
 

B
an

d
 2

 
B

an
d

 3
 

B
an

d
 4

 
B

an
d

 4
 

B
an

d
 6

 
B

an
d

 7
 

1
 

3
9

0
1

 
5

8
.6

4
4

 
1

9
.4

5
8

 
1

5
.6

7
2

 
6

7
.7

1
9

 
4

2
.0

5
3

 
1

2
2

.8
0

3
 

1
0

.5
1

0
 

2
 

l
l

7
1

0
 

6
l

.l
3

5
 

2
2

.3
2

3
 

1
8

.2
7

8
 

1
00

.6
2

7
 

6
2

.3
0

3
 

1
2

3
.2

7
7

 
1

6
.1

8
0

 

3
 

3
5

3
8

 
6

3
.2

9
5

 
2

4
.3

4
4

 
2

0
.6

8
2

 
8

5
.3

6
0

 
5

5
.1

2
5

 
1

2
9

.0
5

1
 

1
4

.7
1

6
 

4
 

1
9

0
9

 
6

2
.5

4
4

 
2

4
.3

8
0

 
2

3
.3

0
2

 
9

4
.7

5
2

 
9

0
.8

5
9

 
1

1
7

.4
5

7
 

2
8

.9
3

8
 

5
 

2
3

6
2

 
6

1
.0

2
9

 
2

2
.8

8
7

 
2

1
.4

6
4

 
7

7
.6

1
5

 
7

4
.4

9
7

 
l

l
6

.6
7

0
 

2
3

.9
8

5
 

6
 

4
0

0
 

6
7

.6
9

8
 

2
8

.2
7

8
 

2
3

.4
2

5
 

10
3

.7
3

0
 

7
1

.0
1

0
 

1
2

9
.2

7
3

 
1

9
.9

6
3

 

7
 

2
5

8
2

 
6

6
.8

4
4

 
2

6
.2

2
9

 
2

2
.0

1
1

 
8

9
.6

4
8

 
5

9
.0

1
4

 
1

3
0

.1
0

1
 

1
6

.2
8

1
 

8
 

1
4

7
 

6
6

.8
6

4
 

2
9

.2
7

2
 

2
3

.2
9

9
 

1
3

0
.4

9
0

 
8

3
.5

8
5

 
1

3
1

.9
1

2
 

2
1

.9
3

9
 

1
0

 
5

3
4

9
 

5
8

.3
5

4
 

1
9

.2
3

4
 

1
6

.0
1

2
 

6
3

.9
6

8
 

4
4

.8
2

9
 

1
1

6
.4

0
9

 
1

2
.6

4
7

 

l
l

 
5

4
7

 
6

4
.4

2
0

 
2

6
.0

4
8

 
2

5
.6

6
5

 
9

9
.3

4
4

 
1

0
1

.2
6

7
 

l
l

7
.8

3
9

 
3

3
.1

6
3

 

1
3

 
3

2
8

2
 

5
8

.1
4

0
 

2
1

.5
8

1
 

1
8

.3
5

2
 

8
6

.6
9

7
 

6
2

.1
6

8
 

1
1

9
.0

6
6

 
1

7
.8

7
0

 

1
4

 
4

7
6

2
 

6
6

.4
3

0
 

2
6

.5
1

7
 

2
2

.00
1

 
12

1
.4

0
3

 
8

0
.3

2
8

 
1

2
5

.1
2

5
 

2
0

.8
9

5
 

1
5

 
5

3
8

1
 

5
9

.4
8

5
 

2
1

.1
8

9
 

1
9

.00
9

 
7

3
.4

3
7

 
6

1
.2

4
1

 
1

1
5

.9
0

1
 

1
9

.0
8

6
 

1
6

 
5

5
8

6
 

6
2

.6
6

7
 

2
2

.4
9

0
 

1
7

.7
4

5
 

9
2

.5
7

3
 

5
6

.6
9

7
 

12
7

.8
7

5
 

1
4

.4
3

1
 

1
7

 
1

1
4

1
 

6
3

.3
3

6
 

2
7

.7
7

8
 

2
2

.4
7

2
 

1
16

.4
2

2
 

7
5

.0
9

6
 

1
2

2
.6

3
2

 
2

0
.1

8
6

 

1
8

 
4

2
7

8
 

5
9

.0
9

8
 

2
2

.1
8

1
 

1
7

.5
6

7
 

8
5

.3
8

4
 

5
2

.9
7

8
 

1
2

4
.4

0
6

 
1

3
.8

6
7

 

1
9

 
9

9
8

6
 

5
9

.1
3

2
 

1
9

.7
1

7
 

1
6

.1
7

5
 

7
6

.7
3

8
 

5
0

.7
2

4
 

1
2

0
.8

4
7

 
1

3
.9

6
4

 

2
0

 
1

8
2

1
 

6
5

.7
1

7
 

2
3

.1
6

6
 

1
9

.1
1

1
 

9
8

.6
7

9
 

6
5

.4
0

1
 

1
2

3
.3

8
0

 
1

7
.0

3
5

 

2
1

 
1

8
1

4
2

 
6

2
.7

1
7

 
2

3
.8

0
1

 
1

9
.9

8
2

 
1

0
1

.9
8

6
 

6
6

.8
0

6
 

1
2

4
.8

6
8

 
1

7
.6

6
5

 

2
2

 
5

2
2

4
 

6
4

.6
9

6
 

2
4

.1
0

5
 

1
9

.9
6

2
 

12
4

.4
4

5
 

7
8

.1
4

5
 

1
2

6
.4

4
4

 
2

0
.2

8
1

 

2
3

 
3

9
7

 
6

6
.1

7
4

 
2

9
.2

7
0

 
2

4
.1

7
4

 
1

2
5

.4
0

1
 

8
3

.7
9

3
 

1
2

4
.0

1
5

 
2

2
.3

3
8

 

2
5

 
3

0
1

 
6

5
.1

3
3

 
2

7
.3

6
5

 
2

2
.0

9
6

 
1

3
8

.8
2

1
 

8
8

.3
9

2
 

1
2

4
.5

1
8

 
2

4
.2

6
9

 

2
6

 
7

8
4

8
 

6
1

.9
3

9
 

2
3

.6
8

5
 

2
1

.3
7

0
 

10
8

.0
9

4
 

8
0

.8
3

3
 

1
1

9
.0

3
4

 
2

2
.6

3
8

 

2
8

 
5

06
3

 
6

6
.00

5
 

2
4

.4
3

1 
2

0
.5

4
3

 
1

0
0

.8
1

8
 

6
5

.5
2

2
 

1
2

8
.6

7
4

 
1

7
.

1
7

1
 

2
9

 
1

 
8

1
.00

0 
3

5
.00

0 
4

1
.00

0
 

7
9

.0
00

 
8

2
.00

0
 

1
3

3
.00

0
 

4
1

.00
0

 

3
0

 
l

l
2

0
5

 
6

2
.8

8
8

 
2

4
.9

4
5

 
2

1
.4

7
3

 
1

2
5

.4
9

8
 

8
3

.2
3

6
 

1
2

2
.3

6
5

 
2

1
.8

8
4

 

3
1

 
7

0
6

 
6

5
.6

2
5

 
2

4
.7

5
4

 
2

2
.3

0
3

 
1

1
5

.5
2

7
 

8
7

.2
8

9
 

1
1

9
.5

3
5

 
2

4
.8

3
6

 

3
2

 
2

2
1

 
6

6
.8

3
7

 
2

4
.8

8
2

 
2

1
.6

7
4

 
9

3
.9

1
4

 
7

5
.4

4
8

 
1

2
6

.7
3

8
 

2
0

.6
3

8
 

3
3

 
9

7
9

4
 

6
1

.0
3

1
 

2
2

.4
8

4
 

1
9

.3
1

3
 

9
6

.9
4

4
 

7
0

.0
7

8
 

1
1

9
.6

0
4

 
1

9
.7

2
0

 

3
4

 
2

 
7

3
.00

0 
3

3
.5

00
 

3
8

.00
0 

11
4

.00
0 

1
0

2
.5

0
0

 
1

2
2

.0
00

 
3

8
.0

0
0

 

3
5

 
2

2
7

0
 

5
6

.6
6

3
 

1
9

.7
4

0
 

1
7

.0
3

8
 

6
9

.7
8

0
 

5
2

.2
8

2
 

11
6

.5
7

1
 

1
5

.1
7

2
 

3
6

 
1

7
8

4
 

6
2

.6
5

9
 

2
4

.7
9

9
 

2
2

.4
9

6
 

1
19

.2
9

8
 

9
5

.8
4

8
 

1
1

9
.2

3
5

 
2

7
.9

1
0

 

3
7

 
4

7
7

3
 

6
5

.5
1

6
 

2
4

.2
3

7
 

2
1

.2
4

4
 

1
1

8
.4

0
9

 
7

6
.1

1
0

 
1

2
3

.0
2

7
 

1
9

.6
8

4
 

3
8

 
8

4
4

2
 

6
1

.9
0

4
 

2
3

.2
7

7
 

1
9

.8
1

5
 

1
1

9
.1

7
3

 
7

6
.2

8
7

 
1

2
2

.4
3

0
 

2
0

.0
0

9
 

3
9

 
8

6
7

 
5

9
.8

0
3

 
1

8
.6

6
7

 
1

4
.9

3
4

 
5

4
.2

4
3

 
3

4
.2

4
5

 
1

2
3

.8
3

9
 

9
.3

5
5

 

4
0

 
1

 
7

3
.00

0 
3

3
.00

0 
3

3
.0

0
0

 
1

1
0

.0
00

 
8

0
.0

0
0

 
1

2
0

.0
0

0
 

2
8

.0
0

0
 

4
1

 
1

7
0

5
2

 
6

1
.6

8
6

 
2

1
.5

9
3

 
1

7
.6

4
8

 
8

3
.0

6
0

 
5

2
.0

0
4

 
1

2
3

.1
6

8
 

1
3

.5
8

9
 

4
3

 
8

5
6

9
 

6
0

.4
3

6
 

2
1

.6
2

5
 

1
7

.9
1

3
 

8
4

.8
5

1 
5

5
.5

7
7

 
1

1
7

.8
0

7
 

1
4

.6
8

5
 

4
4

 
4

0
1

2
 

6
4

.9
0

7
 

2
3

.4
7

3
 

1
9

.5
5

2
 

7
7

.6
8

0
 

4
9

.3
7

1
 

1
2

6
.6

4
0

 
1

3
.3

0
9

 

4
5

 
2

6
 

6
7

.1
9

2
 

2
9

.
l

l
5

 
3

0
.8

0
8

 
9

9
.2

3
1 

9
8

.1
5

4
 

1
2

0
.3

8
5

 
3

2
.3

4
6

 

4
6

 
1

7
1

7
 

6
1

.6
6

5
 

2
1

.1
3

7
 

1
6

.7
1

7
 

6
6

.2
7

4
 

3
9

.6
4

1
 

1
2

2
.5

9
7

 
1

0
.3

3
0

 

4
7

 
5

5
9

 
5

5
.6

0
3

 
1

7
.9

6
6

 
1

4
.6

9
2

 
5

0
.6

2
6

 
3

4
.3

8
8

 
1

1
8

.5
8

5
 

9
.5

8
5

 

4
8

 
1

0
6

3
 

5
9

.7
7

0
 

2
3

.1
8

2
 

2
0

.9
16

 
9

9
.2

5
0

 
8

4
.8

7
7

 
1

1
7

.8
9

2
 

2
4

.9
2

1 

4
9

 
2

5
3

1 
6

1
.8

3
4

 
2

3
.9

3
4

 
2

0
.3

9
1

 
1

1
8

.5
8

3
 

7
3

.7
3

4
 

1
2

8
.5

0
2

 
1

9
.4

1
6

 

5
0

 
4

3
1

6
 

6
4

.4
7

0
 

2
6

.7
9

4
 

2
1

.9
8

2
 

1
1

7
.6

9
0

 
7

4
.8

9
8

 
1

2
8

.7
9

2
 

1
9

.8
4

0
 

6
0

 
3

2
1

 
6

1
.00

0 
2

4
.3

2
4

 
2

1
.5

6
1

 
10

2
.7

5
1 

6
4

.0
4

4
 

1
1

6
.4

3
6

 
1

8
.

1
6

5
 

6
1

 
5

1
4

0
 

5
2

.8
2

1
 

1
6

.8
6

4
 

1
3

.9
3

3
 

3
1

.4
9

6
 

2
2

.6
4

0
 

11
4

.1
9

1
 

7
.3

0
3

 

6
2

 
4

8
4

9
 

5
8

.2
7

8
 

2
0

.5
2

9
 

1
8

.2
3

1
 

6
4

.7
3

6
 

5
4

.1
6

3
 

1
1

5
.6

9
8

 
18

.0
5

4
 

6
3

 
2

2
9

6
 

5
9

.9
5

4
 

2
2

.9
7

2
 

2
1

.5
5

3
 

7
1

.1
8

7
 

6
6

.1
0

5
 

1
1

6
.4

4
6

 
2

3
.3

4
3

 

6
4

 
2

4
8

 
7

5
.0

8
9

 
2

6
.8

0
6

 
2

0
.3

1
5

 
1

1
.8

8
3

 
6

.9
2

3
 

1
3

5
.3

6
3

 
3

.2
8

6
 

*M
is

si
n

g
 s

p
ec

tr
al

 c
la

ss
es

 b
et

w
ee

n
 1

 a
n

d
 5

0
 r

ep
re

se
n

t 
sp

ec
tr

al
 si

gn
at

u
re

s 
th

at
 w

er
e 

o
ri

g
in

al
ly

 i
n

te
rp

re
te

d
 a

s 
H

em
lo

ck
 -

H
ar

d
w

o
o

d
 

an
d

 w
er

e 
su

b
se

q
u

en
tl

y
 r

e
m

ov
ed

. 
S

p
ec

tr
al

 cl
as

se
s 

6
0

 t
h

ro
u

g
h

 6
4

 r
e

p
re

se
n

t 
sp

ec
tr

al
 si

g
na

tu
re

s 
fo

r 
W

at
er

 a
n

d
 S

p
ru

ce
-

F
ir

 t
h

at
 w

er
e 

ad
d

ed
 a

fte
r 

th
e

 o
ri

g
in

al
 c

la
ss

ifi
ca

ti
o

n
 o

f 
th

e 
T

h
u

n
d

er
h

ea
d

 M
o

u
n

ta
in

 t
e

st
 s

tu
d

y 
a

re
a

. 

13
0 



T
ab

le
 B

-2
. 

P
oo

le
d 

w
it

h
in

 g
ro

up
 d

is
cr

im
in

an
t 

an
al

ys
is

 c
ov

ar
ia

nc
e 

m
at

ri
x

. 

B
an

d
1 

1 
2

 
3

 
4

 
5

 
6

 
7

 

1 
1

.4
4

9
 

2
 

0
.

1
10

 
0

.8
7

8
 

3
 

0
.0

5
3

 
0

.3
5

7
 

1
.2

0
1 

4
 

1
.3

7
7

 
1

.2
1

7
 

0
.4

2
7

 
6

8
.4

0
4

 

5
 

0
.3

5
8

 
0

.3
0

6
 

0
.2

0
0

 
1

7
.

1
8

9
 

3
0

.3
1

4
 

6
 

0
.

1
7

7
 

-0
.

1
8

3
 

-0
.2

1
6

 
0

.9
7

0
 

0
.7

3
5

 
3

.7
4

9
 

7
 

0
.0

1
6

 
0

.0
7

6
 

0
.1

4
7

 
2

.0
8

8
 

4
.7

2
6

 
0

.
1

0
4

 
2

.8
8

8
 

1 B
an

d
s 

ar
e 

th
em

at
ic

 m
ap

p
er

 b
an

d
s 

o
n

e 
th

ro
u

g
h

 s
ev

en
. 

13
1 



T
ab

le
 B

-3
. 

Sp
ec

tr
al

 c
la

ss
 t

o 
ve

ge
ta

ti
on

 t
yp

e 
in

te
rp

re
ta

ti
on

 r
u

le
s.

 

S
pe

ct
ra

l 
S

p
ec

tr
al

 
C

la
ss

 
V

eg
et

at
io

n 
T

yp
e 

C
la

ss
 

V
eg

et
at

io
n 

T
yp

e 

1 
C

ov
e 

H
ar

dw
oo

d 
30

 
C

ov
e 

H
ar

dw
oo

d 

2 
C

ov
e 

H
ar

dw
oo

d 
3

1 
M

es
ic

 O
ak

 
3 

P
in

e 
32

 
P

in
e

-
O

ak
 

4 
N

or
th

er
n 

H
ar

dw
oo

d 
3

3
 

C
ov

e 
H

ar
dw

oo
d 

5 
N

or
th

er
n 

H
ar

dw
oo

d 
34

 
T

re
el

es
s 

6 
P

in
e

-
O

ak
 

35
 

N
or

th
er

n 
H

ar
dw

oo
d 

7 
X

er
ic

 O
ak

 
36

 
N

or
th

er
n 

H
ar

dw
oo

d 
8 

X
er

ic
 O

ak
 

37
 

M
es

ic
 O

ak
 

10
 

N
or

th
er

n 
H

ar
dw

oo
d 

3
8

 
M

es
ic

 O
ak

 
11

 
N

or
th

er
n 

H
ar

dw
oo

d 
39

 
G

ra
pe

 T
hi

ck
et

 
13

 
C

ov
e 

H
ar

dw
oo

d 
4

0 
T

re
el

es
s 

14
 

X
er

ic
 O

ak
 

4
1 

M
ix

ed
 M

es
ic

 H
ar

dw
oo

d 
15

 
N

or
th

er
n 

H
ar

dw
oo

d 
4

3 
C

ov
e 

H
ar

dw
oo

d 
16

 
T

ul
ip

 P
op

la
r 

4
4

 
P

in
e 

17
 

M
es

ic
 O

ak
 

45
 

T
re

el
es

s 
18

 
T

u
li

p 
P

op
la

r 
46

 
C

ov
e 

H
ar

dw
oo

d 
19

 
C

ov
e 

H
ar

dw
oo

d 
47

 
C

ov
e 

H
ar

dw
oo

d 
20

 
M

ix
ed

 M
es

ic
 H

ar
dw

oo
d 

4
8 

N
or

th
er

n 
H

ar
dw

oo
d 

2
1 

M
ix

ed
 M

es
ic

 H
ar

dw
oo

d 
49

 
C

ov
e 

H
ar

dw
oo

d 
22

 
X

er
ic

 O
ak

 
50

 
X

er
ic

 O
ak

 
2

3 
X

er
ic

 O
ak

 
60

 
T

re
el

es
s 

25
 

M
es

ic
 O

ak
 

6
1 

Sp
ru

ce
-

F
ir

 
26

 
M

es
ic

 O
ak

 
6

2 
Sp

ru
ce

-
F

ir
 

28
 

M
ix

ed
 M

es
ic

 H
ar

dw
oo

d 
63

 
Sp

ru
ce

-
F

ir
 

29
 

T
re

el
es

s 
64

 
W

at
er

 

13
2 



T
ab

le
 B

-4
. 

M
ea

n 
of

 s
pe

ci
es

 b
as

al
 a

re
a 

(m
2/h

a)
 a

nd
 n

um
be

r 
(N

) 
of

 p
lo

ts
 b

y 
ve

ge
ta

ti
on

 t
yp

e.
 

V
eg

et
at

io
n

 T
y

pe
 

S
p

ru
ce

 
N

o
rth

ern
 

C
ov

e 
M

es
ic

 
Mi

xed
 

T
ul

ip
 

X
er

ic
 

Oak
 

S E
ie

s 
F

ir
 

H
ard

w
ood

 
H

ard
w

ood
 

O
ak

 
M

es
ic

 
P�

la
r 

O
ak

 
P

in
e 

P
in

e 
A

C
R

P
N

S 
1

.0
5

 
0

.4
3

 
0

.2
1

 
0

.0
0

 
0

.1
8

 
0

.0
0

 
0

.0
3

 
0

.0
0

 
0

.0
5

 

A
C

R
R

B
R

 
2

.0
4

 
2

.3
4

 
4

.6
0

 
8

.1
1

 
5

.4
7

 
4

.8
6

 
5

.4
1

 
2

.2
8

 
1

.8
9

 

A
C

R
SC

C
 

0
.00

 
0

.00
 

0
.0

1
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

A
C

R
SC

R
 

0
.00

 
0

.7
5

 
1

.5
9

 
0

.8
0

 
0

.5
8

 
0

.5
0

 
O

.Q
3

 
0

.0
0

 
0

.0
0

 

A
C

R
S

P
C

 
0

.0
0

 
0

.0
3

 
0

.0
1

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

A
ML

A
R

B
 

0
.00

 
0

.00
 

0
.0

3
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

A
ML

L
V

S 
0

.0
0

 
0

.4
2

 
0

.2
3

 
0

.2
8

 
0

.1
7

 
0

.0
0

 
0

.0
6

 
0

.0
0

 
0

.0
0

 

A
R

L
S

P
N

 
0

.00
 

0
.00

 
0

.00
 

0
.00

 
0

.0
2

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

A
S

L
OCT

 
0

.3
6

 
0

.8
8

 
1

.4
9

 
0

.4
6

 
0

.4
9

 
0

.2
2

 
0

.0
3

 
0

.0
0

 
0

.0
0

 

B
T

L
L

N
T

 
0

.00
 

3
.3

3
 

4
.6

1
 

0
.6

2
 

1
.9

8
 

0
.3

5
 

0
.5

5
 

0
.0

0
 

0
.0

8
 

B
T

L
L

ti
T

 
1

7
.6

6
 

1
1

.5
4

 
2

.2
8

 
0

.5
7

 
0

.8
6

 
0

.1
6

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

B
T

L
S

P
P

 
0

.00
 

0
.1

7
 

0
.0

6
 

0
.00

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
L

D
K

N
T

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.2

2
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
RNFL

R
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.00
 

0
.1

3
 

0
.

12
 

0
.4

1
 

0
.0

0
 

0
.3

4
 

C
RP

C
R

L
 

0
.0

0
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.1
5

 
0

.0
0

 
0

.0
5

 
0

.0
0

 
0

.0
0

 

C
R

Y
C

R
D

 
0

.00
 

0
.00

 
0

.0
1

 
0

.0
0

 
0

.1
0

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

C
R

Y
G

L
B

 
0

.00
 

0
.00

 
0

.0
0

 
0

.2
8

 
0

.4
4

 
0

.0
0

 
0

.5
4

 
0

.0
0

 
0

.0
0

 

C
R

Y
O

V
L

 
0

.00
 

0
.00

 
0

.00
 

0
.00

 
0

.0
3

 
0

.00
 

0
.0

0
 

0
.00

 
0

.0
0

 

C
R

Y
P

L
L

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

2
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

C
R

Y
SP

P
 

0
.00

 
0

.00
 

0
.0

3
 

0
.0

0
 

0
.1

2
 

0
.1

6
 

0
.1

3
 

0
.00

 
0

.0
0

 

C
R

Y
T

MN
 

0
.00

 
0

.00
 

0
.0

0
 

0
.

19
 

0
.1

4
 

0
.0

0
 

0
.4

5
 

0
.0

0
 

0
.3

3
 

C
ST

D
N

T
 

0
.0

0
 

0
.0

0
 

0
.0

2
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

FG
SG

R
N

 
0

.
1

7
 

5
.2

3
 

1
.5

8
 

0
.5

1
 

0
.0

7
 

0
.0

0
 

0
.0

9
 

0
.0

0
 

0
.0

0
 

F
R

X
SP

P
 

0
.00

 
0

.00
 

0
.3

7
 

0
.1

9
 

0
.2

3
 

0
.3

5
 

0
.0

3
 

0
.0

0
 

0
.0

5
 

H
L

S
C

R
L

 
0

.00
 

1
.3

9
 

4
.2

5
 

0
.6

5
 

0
.5

9
 

3
.6

6
 

0
.

1
8

 
0

.0
0

 
0

.0
5

 

HM
MV

R
G

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
2

 
0

.
1

2
 

0
.0

3
 

0
.2

4
 

0
.0

0
 

IL
XMN

T
 

0
.00

 
0

.00
 

0
.0

6
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

IL
X

O
P

C
 

0
.00

 
0

.00
 

0
.0

5
 

0
.00

 
0

.0
2

 
0

.0
0

 
0

.0
0

 
0

.00
 

0
.0

8
 

JG
L

C
N

R
 

0
.00

 
0

.00
 

0
.0

3
 

0
.0

0
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

JG
L

N
G

R
 

0
.00

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
8

 
0

.1
2

 
0

.1
8

 
0

.0
0

 
0

.0
0

 

JN
P

V
R

G
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.00

 
0

.0
4

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
5

 

K
L

ML
T

F
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
2

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

L
Q

D
ST

Y
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.00
 

0
.2

0
 

0
.0

0
 

0
.

1
1

 
0

.0
0

 
0

.3
4

 

L
R

D
T

L
P

 
0

.2
3

 
0

.0
0

 
3

.2
4

 
0

.5
1

 
10

.6
0

 
2

3
.5

6
 

2
.8

7
 

0
.0

0
 

1
.4

7
 

M
G

N
A

C
M

 
0

.00
 

0
.00

 
0

.3
5

 
0

.00
 

0
.1

8
 

0
.3

2
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

M
G

N
F

R
S 

0
.0

0
 

0
.1

5
 

1
.3

1
 

0
.5

3
 

0
.2

4
 

0
.1

2
 

0
.1

2
 

0
.0

0
 

0
.0

0
 

M
R

SR
B

R
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

3
 

0
.0

0
 

0
.0

0
 

N
Y

SS
Y

L
 

0
.0

0
 

0
.00

 
0

.0
8

 
1

.8
7

 
0

.
1

7
 

0
.0

0
 

0
.2

2
 

2
.9

0
 

0
.9

1
 

O
ST

V
R

G
 

0
.00

 
0

.0
0

 
0

.0
2

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
3

 
0

.0
0

 
0

.0
0

 

O
X

Y
A

R
B

 
0

.3
1 

0
.00

 
0

.2
1 

1
.0

4
 

1
.

1
1

 
0

.6
2

 
2

.4
2

 
0

.4
7

 
1

.6
8

 

P
IC

R
B

N
 

1
5

.7
6

 
2

.1
7

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

P
L

T
OC

C
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

8
 

0
.1

6
 

0
.0

4
 

0
.0

0
 

0
.0

0
 

P
N

SE
C

H
 

0
.00

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
2

 
0

.0
0

 
0

.2
9

 
0

.0
0

 
0

.9
4

 

P
N

S
P

N
G

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

4
 

0
.0

0
 

0
.

1
9

 
1

3
.9

3
 

1
1

.5
4

 

P
N

SR
G

D
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.00

 
0

.7
1

 
0

.1
2

 
1

.9
6

 
4

.2
5

 
9

.3
9

 

P
N

S
S

T
B

 
0

.00
 

0
.00

 
0

.0
2

 
0

.00
 

0
.2

8
 

0
.0

0
 

0
.1

8
 

0
.0

0
 

0
.3

7
 

P
N

SV
R

G
 

0
.00

 
0

.00
 

0
.0

0
 

0
.00

 
0

.1
3

 
0

.0
0

 
0

.6
1

 
0

.0
0

 
2

.4
7

 

P
R

N
P

N
S 

0
.6

5
 

1
.7

6
 

0
.1

6
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

P
R

N
S

R
T

 
0

.00
 

0
.5

3
 

1
.0

4
 

0
.5

0
 

0
.1

4
 

0
.0

8
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

Q
R

C
A

L
B

 
0

.0
0

 
0

.0
0

 
0

.0
1

 
0

.6
3

 
0

.4
2

 
0

.0
0

 
1

.8
4

 
1

.3
4

 
0

.0
9

 

Q
R

C
C

C
C

 
0

.00
 

0
.0

5
 

0
.0

2
 

0
.5

0
 

0
.2

2
 

0
.0

0
 

2
.0

5
 

5
.5

5
 

2
.3

0
 

Q
R

C
F

L
C

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.00

 
0

.00
 

0
.0

0
 

0
.0

6
 

0
.0

0
 

0
.0

0
 

Q
R

C
P

R
N

 
0

.0
0

 
0

.1
0

 
0

.5
9

 
5

.9
9

 
2

.4
3

 
0

.0
0

 
5

.8
0

 
2

.6
1

 
1

.2
8

 

Q
R

C
R

B
R

 
0

.0
0

 
2

.2
8

 
3

.1
6

 
1

4
.6

8
 

1
.6

3
 

0
.0

0
 

1
.6

2
 

0
.6

3
 

0
.2

3
 

Q
R

C
R

E
D

 
0

.00
 

0
.00

 
0

.1
2

 
0

.0
9

 
0

.1
3

 
0

.0
0

 
0

.2
3

 
0

.0
0

 
0

.0
0

 

Q
R

C
V

L
T

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.00
 

0
.1

6
 

0
.0

0
 

1
.6

7
 

0
.0

0
 

0
.1

7
 

R
B

N
P

S
D

 
0

.3
3

 
0

.0
3

 
0

.7
6

 
1.7

5 
0

.6
9

 
1

.6
2

 
0

.4
9

 
0

.4
0

 
0

.0
8

 

R
H

D
M

XM
 

0
.0

0
 

0
.0

0
 

0
.0

2
 

0
.0

0
 

0
.0

4
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

R
H

D
S

P
P

 
0

.0
0

 
0

.0
0

 
0

.0
6

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
3

 
0

.0
0

 
0

.0
0

 

S
R

B
A

M
R

 
0

.00
 

0
.2

8
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

SS
SA

L
B

 
0

.0
0

 
0

.0
0

 
0

.1
7

 
0

.1
0

 
0

.5
8

 
0

.2
7

 
0

.1
8

 
0

.0
0

 
0

.0
0

 

T
IL

H
T

R
 

0
.0

0
 

0
.5

1
 

2
.2

9
 

1
.3

6
 

0
.4

3
 

1
.1

2
 

0
.0

4
 

0
.0

0
 

0
.0

0
 

T
SG

C
N

D
 

0
.3

2
 

2
.4

6
 

7
.5

9
 

1
.2

8
 

2
.7

9
 

1
.8

8
 

1
.5

7
 

0
.3

7
 

1
.3

7
 

N
 o

f 
pl

ot
s 

5
 

4
0

 
6

8
 

1
4

 
4

0
 

1
0

 
2

9
 

2
 

15
 

13
3 



Ta
bl

e 
B

-5
. 

St
an

da
rd

 d
ev

ia
tio

n 
of

 sp
ec

ie
s 

ba
sa

l a
re

a 
an

d 
nu

m
be

r (
N

) 
of

 p
lo

ts
 b

y 
ve

ge
ta

tio
n 

ty
pe

. 

V
eg

et
at

io
n 

T
yp

e 

Sp
ru

ce
 

N
or

th
ern

 
C

ov
e 

M
es

1c
 

M
ix

ed
 

T
ul

ip
 

X
eri

c 
O

ak
 

P
ine

 
S E

ie
s 

F
ir

 
H

ar
dw

ood
 

H
ar

dw
ood

 
O

ak
 

M
es

ic
 

P
oe

la
r 

O
ak

 
P

in
e 

A
C

R
P

N
S 

1
.5

6
 

1
.4

7
 

0
.6

4
 

0
.00

 
0

.7
1

 
0

.00
 

0
.1

6
 

0
.0

0
 

0
.2

1
 

A
C

R
R

B
R

 
3

.8
5

 
4

.1
8

 
4

.2
4

 
4

.5
4

 
4

.9
2

 
5

.7
6

 
4

.0
7

 
3

.2
2

 
2

.3
4

 

A
C

R
SC

C
 

0
.00

 
0

.0
0

 
0

.1
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

A
C

R
SC

R
 

0
.0

0
 

1
.6

4
 

3
.5

0
 

1
.9

3
 

1
.2

4
 

0
.8

7
 

0
.

1
7

 
0

.0
0

 
0

.0
0

 

A
C

R
SP

C
 

0
.00

 
0

.1
6

 
0

.1
1

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.00
 

0
.00

 

AMI.
. ARB

 
0

.0
0

 
0

.00
 

0
.2

3
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

A
M

L
L

V
S

 
0

.00
 

0
.8

4
 

0
.66

 
0

.8
2

 
0

.8
1 

0
.0

0
 

0
.2

2
 

0
.0

0
 

0
.0

0
 

A
R

L
SP

N
 

0
.00

 
0

.00
 

0
.00

 
0

.0
0

 
0

.1
3

 
0

.0
0

 
0

.0
0

 
0

.00
 

0
.0

0
 

A
S

L
OCT

 
0

.8
0

 
2

.4
1

 
3

.2
9

 
1

.3
9

 
1

.2
7

 
0

.4
7

 
0

.1
4

 
0

.0
0

 
0

.0
0

 

B
T

L
L

N
T

 
0

.00
 

5
.7

4
 

5
.3

5
 

1
.3

4
 

3
.1

4
 

0
.8

7
 

1
.2

8
 

0
.0

0
 

0
.3

0
 

B
T

L
L

U
T

 
9

.
1

2
 

1
1

.6
5

 
3

. 3
9

 
1

.7
7

 
2

.00
 

0
.5

0
 

0
.0

0
 

0
.00

 
0

.0
0

 

B
T

L
S

P
P

 
0

.00
 

0
.66

 
0

.2
9

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

C
L

D
K

N
T

 
0

.00
 

0
.00

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.4

7
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
R

N
F

L
R

 
0

.00
 

0
.00

 
0

.00
 

0
.0

0
 

0
.4

2
 

0
.3

7
 

0
.9

1 
0

.0
0

 
0

.6
8

 

C
R

P
C

R
L

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.8
0

 
0

.0
0

 
0

.2
8

 
0

.0
0

 
0

.0
0

 

C
R

Y
C

R
D

 
0

.0
0

 
0

.00
 

0
.0

5
 

0
.0

0
 

0
.5

1
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

C
R

Y
G

L
B

 
0

.00
 

0
.00

 
0

.00
 

0
.7

3
 

0
.9

1
 

0
.00

 
1

.4
7

 
0

.0
0

 
0

.0
0

 

C
R

Y
O

V
L

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.1
8

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
R

Y
P

L
L

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.1

5
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
R

Y
SP

P
 

0
.00

 
0

.00
 

0
.

1
7

 
0

.0
0

 
0

.4
9

 
0

.4
9

 
0

.3
4

 
0

.0
0

 
0

.0
0

 

C
R

Y
T

M
N

 
0

.00
 

0
.00

 
0

.00
 

0
.7

2
 

0
.4

4
 

0
.0

0
 

1
.1

2
 

0
.0

0
 

1
.2

9
 

C
ST

D
N

T
 

0
.0

0
 

0
.0

0
 

0
.1

4
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

F
G

SG
R

N
 

0
.3

7
 

6
.9

2
 

3
.2

5
 

1
.1

5
 

0
.3

2
 

0
.0

0
 

0
.2

8
 

0
.0

0
 

0
.0

0
 

F
R

X
SP

P
 

0
.00

 
0

.00
 

1
.0

8
 

0
.4

9
 

0
.5

7
 

0
.8

7
 

0
.1

4
 

0
.0

0
 

0
.2

0
 

H
L

S
C

R
L

 
0

.00
 

3
.4

0
 

5
.4

4
 

1
.2

7
 

1
.0

6
 

3
.6

6
 

0
.4

3
 

0
.0

0
 

0
.1

8
 

H
MM

V
R

G
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.00
 

0
.1

5
 

0
.3

7
 

0
.1

6
 

0
.3

3
 

0
.0

0
 

lL
XMN

T
 

0
.0

0
 

0
.00

 
0

.4
8

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

lL
X

O
P

C
 

0
.00

 
0

.00
 

0
.3

9
 

0
.0

0
 

0
.1

3
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.3

0
 

JG
L

C
N

R
 

0
.00

 
0

.00
 

0
.2

1
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

JG
L

N
G

R
 

0
.00

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.3

8
 

0
.3

6
 

0
.4

6
 

0
.0

0
 

0
.0

0
 

JN
P

V
R

G
 

0
.00

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.2

4
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.2

0
 

K
L

M
L

T
F

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.

1
4

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

L
Q

D
ST

Y
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

1
.0

1
 

0
.0

0
 

0
.4

5
 

0
.0

0
 

0
.9

2
 

L
R

D
T

L
P

 
0

.5
1

 
0

.0
0

 
6

.1
8

 
0

.8
9

 
9

.6
0

 
5

.6
8

 
4

.7
6

 
0

.0
0

 
2

.2
9

 

M
G

N
A

C
M

 
0

.00
 

0
.00

 
0

.8
6

 
0

.0
0

 
0

.4
6

 
1

.0
2

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

M
G

NFR
S 

0
.00

 
0

.5
8

 
2

.3
0

 
1

.4
9

 
0

.5
2

 
0

.3
8

 
0

.4
1

 
0

.0
0

 
0

.0
0

 

M
R

S
R

B
R

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.1
4

 
0

.0
0

 
0

.0
0

 

N
Y

SS
Y

L
 

0
.00

 
0

.00
 

0
.4

1
 

5
.3

6
 

0
.5

1
 

0
.0

0
 

0
.5

5
 

0
.3

8
 

1
.0

9
 

O
ST

V
R

G
 

0
.0

0
 

0
.0

0
 

0
.1

4
 

0
.00

 
0

.00
 

0
.0

0
 

0
.1

7
 

0
.0

0
 

0
.0

0
 

O
X

Y
A

R
B

 
0

.7
0

 
0

.00
 

0
.7

4
 

1
.4

8
 

1
.3

6
 

1
.9

5
 

1
.8

8
 

0
.6

6
 

1
.9

2
 

P
IC

R
B

N
 

1
1

.6
2

 
3

.6
6

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

P
L

T
OC

C
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.4
9

 
0

.4
9

 
0

.1
9

 
0

.0
0

 
0

.0
0

 

P
N

S
E

C
H

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.1

2
 

0
.0

0
 

0
.6

9
 

0
.0

0
 

3
.6

4
 

P
N

SP
N

G
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.2
7

 
0

.0
0

 
0

.7
1

 
1

9
.7

0
 

1
3

.4
7

 

P
N

SR
G

D
 

0
.00

 
0

.00
 

0
.00

 
0

.0
0

 
1

.6
5

 
0

.3
7

 
2

.6
1

 
2

.6
4

 
6

.0
4

 

P
N

SS
T

B
 

0
.00

 
0

.00
 

0
.1

9
 

0
.0

0
 

0
.8

3
 

0
.0

0
 

0
.5

7
 

0
.0

0
 

1
.4

4
 

P
N

SV
R

G
 

0
.00

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.5

2
 

0
.0

0
 

1
.2

2
 

0
.0

0
 

2
.6

5
 

P
R

N
P

N
S 

1
.4

6
 

4
.0

8
 

1
.

1
4

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

P
R

N
SR

T
 

0
.00

 
1

.5
9

 
2

.2
6

 
1

.3
2

 
0

.7
4

 
0

.2
5

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

Q
R

C
A

L
B

 
0

.00
 

0
.00

 
0

.
1

0
 

1
.7

6
 

1
.5

8
 

0
.0

0
 

3
.2

1
 

1
.8

9
 

0
.3

5
 

Q
R

C
C

C
C

 
0

.00
 

0
.3

2
 

0
.2

0
 

1
.8

7
 

0
.6

6
 

0
.0

0
 

3
.

1
9

 
4

.4
7

 
2

.6
0

 

Q
R

C
F

L
C

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.2

2
 

0
.0

0
 

0
.0

0
 

Q
R

C
P

R
N

 
0

.00
 

0
.6

1
 

1
.8

4
 

6
.4

0
 

4
.0

1
 

0
.0

0
 

6
.1

0
 

3
.0

2
 

2
.6

4
 

Q
R

C
R

B
R

 
0

.0
0

 
5

.2
5

 
4

.8
7

 
9

.2
2

 
1

.9
3

 
0

.0
0

 
2

.5
4

 
0

.2
3

 
0

.7
1

 

Q
R

C
R

E
D

 
0

.00
 

0
.00

 
0

.7
0

 
0

.3
2

 
0

.4
8

 
0

.0
0

 
0

.5
8

 
0

.00
 

0
.0

0
 

Q
R

C
V

L
T

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.5
7

 
0

.0
0

 
4

.5
3

 
0

.0
0

 
0

.6
5

 

R
B

N
P

S
D

 
0

.7
4

 
0

.2
0

 
1

.6
1

 
2

.6
4

 
1

.2
1

 
1

.6
9

 
1

.0
1

 
0

.5
6

 
0

.3
0

 

R
H

D
M

XM
 

0
.00

 
0

.0
0

 
0

.1
4

 
0

.0
0

 
0

.2
5

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

R
H

D
S

P
P

 
0

.0
0

 
0

.0
0

 
0

.4
8

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.1
6

 
0

.0
0

 
0

.0
0

 

SR
B

A
M

R
 

0
.0

0
 

1
.0

9
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

S
S

S
A

L
B

 
0

.0
0

 
0

.0
0

 
0

.7
3

 
0

.3
6

 
1

.4
3

 
0

.4
5

 
0

.5
3

 
0

.0
0

 
0

.0
0

 

T
IL

H
T

R
 

0
.00

 
2

.9
7

 
4

.0
2

 
3

.4
6

 
1

.1
2

 
2

.6
1

 
0

.2
4

 
0

.0
0

 
0

.0
0

 

T
SG

C
N

D
 

0
.7

2
 

4
.6

3
 

9
.0

2
 

4
.7

8
 

3
.9

9
 

2
.0

4
 

2
.4

7
 

0
.5

2
 

3
.5

9
 

N
 o

f 
p

lo
ts

 
5

 
4

0
 

6
8

 
1

4
 

4
0

 
1

0
 

2
9

 
2

 
15

 

13
4

 



T
ab

le
 B

-6
. 

F
re

qu
en

cy
 o

f 
sp

ec
ie

s 
oc

cu
re

nc
e 

an
d 

nu
m

be
r 

(N
) 

o
f 

p
lo

ts
 b

y
 v

eg
et

at
io

n 
ty

pe
. 

V
eg

et
at

io
n 

T
yp

e 
Sp

ru
ce

 
N

o
rth

ern
 

C
o

ve
 

M
es

ic
 

Mi
xed

 
T

ul
ip

 
X

er
ic

 
O

ak
 

S �
ie

s 
F

ir
 

H
ard

w
o

od
 

H
ard

w
o

od
 

Oak
 

M
es

ic
 

P
o2

la
r 

Oak
 

P
in

e 
P

in
e 

A
C

R
P

N
S 

2
.00

 
8

.00
 

8
.0

0
 

0
.00

 
3

.00
 

0
.0

0
 

1
.0

0
 

0
.0

0
 

1
.0

0
 

A
C

R
R

B
R

 
2

.00
 

1
6

.00
 

5
5

.0
0

 
1

3
.00

 
3

5
.0

0
 

7
.00

 
2

9
.0

0
 

1
.0

0
 

8
.0

0
 

A
C

R
SC

C
 

0
.00

 
0

.0
0

 
1

.00
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

A
C

R
SC

R
 

0
.00

 
9

.00
 

2
4

.0
0

 
4

.00
 

1
2

.00
 

3
.00

 
1

.0
0

 
0

.0
0

 
0

.0
0

 

A
C

R
SP

C
 

0
.00

 
1

.00
 

1
.00

 
0

.00
 

0
.00

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

A
ML

A
R

B
 

0
.00

 
0

.00
 

1
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

A
ML

L
V

S
 

0
.00

 
1

0
.00

 
9

.00
 

2
.0

0
 

3
.0

0
 

0
.00

 
2

.0
0

 
0

.0
0

 
0

.0
0

 

A
R

L
S

P
N

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

1
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

A
S

L
OCT

 
1

.00
 

7
.00

 
2

7
.0

0
 

2
.00

 
6

.0
0

 
2

.0
0

 
1

.0
0

 
0

.0
0

 
0

.0
0

 

B
T

L
L

N
T

 
0

.00
 

2
0

.00
 

5
1

.0
0

 
3

.0
0

 
2

2
.0

0
 

2
.0

0
 

8
.0

0
 

0
.0

0
 

1
.0

0
 

B
T

L
L

U
T

 
5

.00
 

3
3

.00
 

4
0

.0
0

 
2

.00
 

8
.0

0
 

1
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

B
T

L
S

P
P

 
0

.00
 

3
.0

0
 

3
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
L

D
K

N
T

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
2

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

C
R

N
F

L
R

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
4

.0
0

 
1

.0
0

 
6

.0
0

 
0

.0
0

 
4

.0
0

 

C
R

P
C

R
L

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
2

.0
0

 
0

.0
0

 
1

.0
0

 
0

.0
0

 
0

.0
0

 

C
R

Y
C

R
D

 
0

.00
 

0
.00

 
1

.0
0

 
0

.0
0

 
2

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
R

Y
G

L
B

 
0

.00
 

0
.00

 
0

.0
0

 
2

.0
0

 
1

0
.0

0
 

0
.0

0
 

4
.0

0
 

0
.0

0
 

0
.0

0
 

C
R

Y
O

V
L

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
0

 
1

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
R

Y
P

L
L

 
0

.0
0

 
0

.00
 

0
.00

 
0

.00
 

1
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

C
R

Y
SP

P
 

0
.00

 
0

.00
 

2
.0

0
 

0
.00

 
3

.00
 

1
.0

0
 

4
.0

0
 

0
.00

 
0

.0
0

 

C
R

YT
M

N
 

0
.0

0
 

0
.00

 
0

.00
 

1
.0

0
 

4
.0

0
 

0
.0

0
 

5
.0

0
 

0
.0

0
 

1
.0

0
 

C
ST

D
N

T
 

0
.00

 
0

.00
 

1
.00

 
0

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

F
G

SG
R

N
 

1
.0

0
 

2
4

.00
 

2
3

.0
0

 
3

.0
0

 
2

.0
0

 
0

.00
 

3
.0

0
 

0
.0

0
 

0
.0

0
 

F
R

X
S

P
P

 
0

.00
 

0
.0

0
 

1
1

.00
 

2
.0

0
 

7
.0

0
 

2
.0

0
 

1
.0

0
 

0
.0

0
 

1
.0

0
 

HLS
CRL

 
0

.00
 

9
.00

 
4

5
.0

0
 

4
.00

 
12

.0
0

 
9

.0
0

 
5

.0
0

 
0

.0
0

 
1

.0
0

 

HM
MV

R
G

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

1
.0

0
 

1
.00

 
1

.0
0

 
1

.0
0

 
0

.0
0

 

lL
XMN

T
 

0
.00

 
0

.00
 

1
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

lL
X

O
P

C
 

0
.00

 
0

.00
 

1
.0

0
 

0
.0

0
 

1
.0

0
 

0
.0

0
 

0
.0

0
 

0
.00

 
1

.0
0

 

JG
L

C
N

R
 

0
.00

 
0

.0
0

 
1

.0
0

 
0

.00
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

JG
L

N
G

R
 

0
.00

 
0

.00
 

0
.00

 
0

.0
0

 
2

.0
0

 
1

.0
0

 
4

.0
0

 
0

.0
0

 
0

.0
0

 

JN
P

V
R

G
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
1

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

1
.0

0
 

K
L

ML
T

F
 

0
.0

0
 

0
.00

 
0

.00
 

0
.00

 
1

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

L
Q

D
ST

Y
 

0
.00

 
0

.00
 

0
.00

 
0

.0
0

 
2

.0
0

 
0

.0
0

 
2

.0
0

 
0

.0
0

 
3

.0
0

 

L
R

D
T

L
P

 
1

.00
 

0
.00

 
2

2
.00

 
4

.0
0

 
3

4
.00

 
10

.00
 

1
7

.0
0

 
0

.0
0

 
6

.0
0

 

M
G

N
A

C
M

 
0

.00
 

0
.00

 
1

2
.0

0
 

0
.0

0
 

6
.0

0
 

1
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

M
G

N
F

R
S 

0
.0

0
 

3
.00

 
2

5
.0

0
 

3
.0

0
 

8
.0

0
 

1
.0

0
 

3
.0

0
 

0
.0

0
 

0
.0

0
 

M
R

S
R

B
R

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
1

.0
0

 
0

.0
0

 
0

.0
0

 

N
Y

SS
Y

L
 

0
.00

 
0

.0
0

 
3

.0
0

 
3

.0
0

 
5

.0
0

 
0

.0
0

 
5

.0
0

 
2

.0
0

 
7

.0
0

 

O
ST

V
R

G
 

0
.00

 
0

.00
 

1
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

1
.0

0
 

0
.00

 
0

.0
0

 

O
X

Y
A

R
B

 
1

.00
 

0
.0

0
 

6
.0

0
 

6
.0

0
 

2
2

.0
0

 
1

.0
0

 
2

7
.0

0
 

1
.0

0
 

9
.0

0
 

P
IC

R
B

N
 

4
.00

 
2

1
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 

P
L

T
OC

C
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
1

.0
0

 
1

.0
0

 
1

.0
0

 
0

.0
0

 
0

.0
0

 

P
N

SE
C

H
 

0
.00

 
0

.00
 

0
.00

 
0

.0
0

 
1

.0
0

 
0

.0
0

 
5

.0
0

 
0

.00
 

1
.0

0
 

P
N

SP
N

G
 

0
.0

0
 

0
.00

 
0

.00
 

0
.0

0
 

1
.0

0
 

0
.0

0
 

3
.0

0
 

1
.0

0
 

9
.0

0
 

P
N

S
R

G
D

 
0

.0
0

 
0

.00
 

0
.0

0
 

0
.0

0
 

9
.0

0
 

1
.0

0
 

1
4

.0
0

 
2

.0
0

 
1

5
.0

0
 

P
N

SS
T

B
 

0
.00

 
0

.00
 

1
.00

 
0

.0
0

 
6

.0
0

 
0

.0
0

 
3

.0
0

 
0

.0
0

 
1

.0
0

 

P
N

SV
R

G
 

0
.0

0
 

0
.00

 
0

.0
0

 
0

.0
0

 
3

.0
0

 
0

.0
0

 
8

.0
0

 
0

.0
0

 
1

1
.0

0
 

P
R

N
P

N
S 

1
.00

 
1

3
.0

0
 

2
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

P
R

N
SR

T
 

0
.00

 
8

.00
 

3
0

.00
 

2
.0

0
 

2
.00

 
1

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

Q
R

C
A

L
B

 
0

.00
 

0
.0

0
 

1
.0

0
 

2
.0

0
 

4
.00

 
0

.0
0

 
1

1
.0

0
 

1
.0

0
 

1
.0

0
 

Q
R

C
C

C
C

 
0

.00
 

1
.00

 
1

.00
 

1
.0

0
 

6
.00

 
0

.0
0

 
1

6
.00

 
2

.0
0

 
1

0
.0

0
 

Q
R

C
F

L
C

 
0

.00
 

0
.00

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.00
 

2
.0

0
 

0
.0

0
 

0
.0

0
 

Q
R

C
P

R
N

 
0

.00
 

1
.00

 
1

0
.0

0
 

8
.0

0
 

1
7

.0
0

 
0

.0
0

 
1

9
.0

0
 

2
.0

0
 

5
.0

0
 

Q
R

C
R

B
R

 
0

.00
 

1
1

.0
0

 
3

5
.0

0
 

1
3

.0
0

 
2

5
.0

0
 

0
.0

0
 

1
5

.0
0

 
2

.0
0

 
2

.0
0

 

Q
R

C
R

E
D

 
0

.0
0

 
0

.00
 

2
.00

 
1

.0
0

 
3

.0
0

 
0

.0
0

 
4

.0
0

 
0

.0
0

 
0

.0
0

 

Q
R

C
V

L
T

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
4

.0
0

 
0

.0
0

 
6

.0
0

 
0

.0
0

 
1

.0
0

 

R
B

N
P

S
D

 
1

.0
0

 
1

.0
0

 
1

8
.0

0
 

7
.0

0
 

1
5

.0
0

 
6

.0
0

 
7

.0
0

 
1

.0
0

 
1

.0
0

 

R
H

D
M

XM
 

0
.00

 
0

.00
 

2
.0

0
 

0
.0

0
 

1
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

R
H

D
S

P
P

 
0

.0
0

 
0

.0
0

 
1

.0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
1

.0
0

 
0

.0
0

 
0

.0
0

 

SR
B

A
M

R
 

0
.00

 
3

.00
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

SS
SA

L
B

 
0

.0
0

 
0

.00
 

4
.0

0
 

1
.0

0
 

1
0

.0
0

 
3

.0
0

 
3

.0
0

 
0

.0
0

 
0

.0
0

 

T
IL

H
T

R
 

0
.0

0
 

2
.0

0
 

2
6

.0
0

 
2

.0
0

 
7

.0
0

 
2

.0
0

 
1

.0
0

 
0

.0
0

 
0

.0
0

 

T
SG

C
N

D
 

1
.0

0
 

1
8

.0
0

 
4

8
.0

0
 

1
.0

0
 

2
5

.0
0

 
7

.0
0

 
1

5
.0

0
 

1
.0

0
 

4
.0

0
 

N
 o

f 
pl

o
ts

 
5

 
40

 
68

 
14

 
4

0
 

10
 

2
9

 
2

 
1

5
 

13
5 



A
.  

S
p

ru
ce

 -
F

i r
 

B
. 

N
o

rt
h

er
n

 H
ar

dw
o

o
d 

-�·
 

.
 

. •
"

 

C
. 

C
o

v
e 

H
ar

d
w

o
o

d 

F
ig

u
re

 B
-1

.  
D

is
tr

ib
u

ti
o

n
 o

f 
ve

g
et

at
io

n
 t

y
p

es
 w

it
h

in
 G

R
S

M
. 

13
6

 



D
. 

M
es

ic
 O

ak
 

E
. 

M
ix

ed
 M

 es
ic

 H
ar

dw
oo

d 

F
. 

. ·,·};J:,
c:·i· 

:;�fl
tf�:

�7��
'':jf:

·!�� 
> 

''i
< 

.,,. :"':.�
 

.
...

.. 

T
u

li
p

 P
op

la
r 

..
....

 -
· 

-
co

nt
in

ue
d)

 
F

igu
re

 B
 1

 (
 

13
7 



G
. 

Xe
ric

 O
ak

 

H
. 

O
ak

-
Pin

e 

'·
 ..
..

 ·�
 ..

•
..

.
 

� ...
. ·. 

.. 

Fi g
ure

 B
-1 

(co
nti

nu
ed

) 
13

8 



J.
 H

ea
th

 B
al

d 

"·<f.
.. 

_; 
,.I

. 
.•

. 
'

•.
 

K
. 

G
ra

ss
y 

B
al

d 

L
. 

G
ra

pe
 Th

ic
ke

t 

F
ig

ur
e 

B
-1

 (
co

nt
in

ue
d)

 

13
9 



M
. 

T
re

el
es

s 

/ 

N
. 

W
at

er
 

F
ig

u
re

 B
-1

 (
co

nt
in

ued
) 

14
0 



A
pp

en
di

x 
C

. 
F

O
R

SM
O

 s
ou

rc
e 

co
de

. 

14
1 



....... 
� N 

c ..... 
C .•... FORSMO FOREST SUCCESSION MODEL-VERSION 6.0 
c ..... 3/2!92 
c .... . 

COMMON/FOREST/NTREES(100),DBH(700),1AGE(700),KSPRT(100), 
1NEYTR(100),SUMLA(700),NEY(100),SYTCH(5) 

COMMON/PARAM/AAA(100,6),DMAX(100),DMIN(100),B3(100),B2(100), 
11TOL(100),AGEMX(100),CURVE(100),G(100),SPRTN0(100),SPRTMN(100), 
2SPRTMX(100),SYITCH(100,5),KTIME(100),CMODE(100),CSTD(100), 
3GRADM(100) 

COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/RAN/YFL 
COMMON NSELCT(100) 
COMMON/OUTPT/101,I02,PLOT,PRINT,LIST 
COMMON/PAREA/HTREE(700) 
COMMON/DEAD/NOGR0(700),NTEMP(700) 
COMMON/COUNT/NTOT,NYEAR 
COMMON/TEMP/DTEMP(700),1TEMP(700) 
COMMON/OUTSYT/OUTSYT(4) 
DIMENSION Z(2) 
character*SO filenam,filenam1,filenam2,filenam3,filenam4, 

> filenam5,filenam6 
LOGICAL SYITCH,SYTCH,PLOT,PRINT,LIST,OUTSYT 
DATA NCT/0/ 
VERS=6.0 
write(*,5) vers 

5 format(' FORSMO Version ',f8.3,//) 
c .... . 

c ..... *********************************************** 

C ..... ARRAYS USED IN THE MODEL 
C ..... NTREES-NUMBER OF TREES FOR EACH SPECIES 
C ..... DBH-DIAMETER AT BREAST HEIGHT FOR EACH TREE 
C ..... KSPRT-TREES THAT CAN SPROUT 
C ..... NOGRO-TREES THAT DON'T GROY 
C .•... IAGE-THE AGE OF EACH TREE 
C ..... NEYTR-NEY TREES YHICH ARE ADDED TO PLOT 
C ..... SUMLA-LEAF AREA OF EACH TREE 
C ..... NEY-SPECIES ELIGIBLE TO SPROUT 
C ..... DTEMP -TEMPORARY STORAGE FOR DBH 
C ..... ITEMP-TEMPORARY STORAGE FOR TREE AGES 
c ..... *********************************************** 

c .... . 

C ..... The current random number generator has an 
C ..... "infinite" period thereby eliminating the 
c ..... need for indiviudal seeds as in the original 
C ..... FORET model 
c .... . 

C ..••. SELECT OUTPUT MODE 
c ..... 

c .... . 

PLOT = .FALSE. 
LIST = . TRUE. 

C ..... SET DEVICE SYITCHES 
c .... . 

C ••... SYITCH 
c..... 101 
c..... 102 
c..... 103 

IBM DEVICE # 
5 (CARDS) 
6 (PRINTER) 
4 (TAPE) 

c ..... 

500 
510 

101 = 5 
102 = 11 
103 = 4 
open(10,file='forsmo.dat1) 
CALL INPUT(KTIMES,NYEAR,VERS,filenam) 
print=outswt(1) 

do 500 i=1,50 
if(filenam(i:i).eq.' ') goto 510 

continue 
filenam1=filenam(1:i)//1.ba' 
filenam2=filenam(1:i)//'.den' 
filenam3=filenam(1:i)//'.bio' 
filenam4=filenam(1:i)//'.age' 
filenam5=filenam(1:i)//'.per' 

if(outswt(3)) open(15,file=filenam1,access='direct', 
> status='new' ,recl=4*nspec) 

if(outswt(3)) open(16,file=filenam2,access='direct', 
> status='new' ,recl=4*nspec) 

if(outswt(3)) open(17,file=filenam3,access='direct', 
> 

if(outswt(2)) 
if(outswt(4)) 

status='new' ,recl=4*nspec) 
open(12,file=filenam4,status='new') 
open(9,file=filenam5,status='new') 

c .... . 
C ..... SET SIMULATION PARAMETERS 
c .... . 

C ..... KTIMES-NUMBER OF RUNS 
C ..... NYEAR-LENGTH OF RUN (YEARS) 
C ..... KPRNT-PRINT INTERVAL (YEARS) 
C ..... KPLOT-PLOT INTERVAL (YEARS) 
c .... . 

KPLOT = 1000 
IF(.NOT.PLOT) 
N3 = NSPEC+3 

GO TO 10 

DO 100 IVA= 1,NYEAR 
DO 100 IVS = 1,M3 



....... 
""" 
I.;.) 

100 CONTINUE 
c ..... 
C .•••. SITE VARIABLES 
C .•.•• SOILQ • THE MAXIMUM BIOMASS RECORDED FOR FORESTS IN THE AREA 
c ..... Note: The following GOD site parameters are not implemented 
C ...•• in this version of the model 
C .•.•. AM ·MEAN NUMBER OF DEGREE DAYS FOR AREA (42 DEGREE F. BASE) 
C .•.•. S · STANDARD DEVIATION OF DEGREE DAY DISTRIBUTION 
c ..... 

10 SOILQ = S0833.33333 
!PLOT = 0 
KYR = 0 
DO 200 JJ = 1,KTIMES 
CALL PLOT!N(IPLOT) 
if(print) WRITE(11,2000) !PLOT 

2000 FORMAT(S8X,'PLOT NUMBER ',14) 
CALL !NIT 
write(*,*) 
DO 2SO I = 1,NYEAR 
write(*,76S4) i,iplot 

76S4 format('+' ,'YEAR: ',iS,' PASS: ',iS) 
KYR = I 
NCT = NCT+1 
!F(NCT.EQ.2) GO TO 30 
CALL GGNORD(Z) 
GO TO 40 

30 Z(1) = Z(2) 
NCT = 0 

40 CALL KILL 
CALL BIRTH(KYR) 
CALL GROW(IPLOT) 
CALL OUTPUT (KYR,IPLOT) 

250 CONTINUE 
200 CONTINUE 

if(print) write(11,*) char(12) 
IF(.NOT.PLOT) STOP 
ZNYR = !PLOT 
NYR1 = NYEAR+1 
DO 300 IV1 = 1,NYR1 
TIMEX= IV1·1 
write(11,2010) TIMEX 

2010 FORMAT(' ',E10.3) 
3SO CONTINUE 
300 CONTINUE 

STOP 
END 

c ..... 

c .... . 
c .... . 

SUBROUTINE INPUT(KTIMES,NYEAR,VERS,filenam) 
COMMON/PARAM/AAA(100,6),DMAX(100),DMIN(100),B3(100),B2(100), 

> ITOL(100),AGEMX(100),CURVE(100),G(100),SPRTND(100),SPRTMN(100), 
> SPRTMX(100),SWITCH(100,S),KTIME(100),CMODE(100),CSTD(100), 
> GRADM(100) 

c ..... 

COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/OUTSWT/OUTSWT(4) 
LOGICAL OUTSWT,switch 
character*SO filenam,filenam6 
DIMENSION NSELCT(100) 

C •..•• NSPEC · NUMBER OF SPECIES 
C..... NSELCT CONTAINS THE SPECIES NUMBER FOR THOSE SPECIES 
C..... THAT WILL BE USED IN THE SIMULATION 
c ..... 

write(*,*) 'Enter Gradient Position, number of passes, and' 
write(*,*) 'number of years (seperated by commas):' 
read(*,*) gradl,ktimes,nyear 
write(*,*) 
write(*,*) 
write(*,*) 
write(*,*) 
write(*,*) 
write(*,*) 

'Do you want 
'Do you want 
'Do you want 
'Do you want 

printed output?' 
age and dbh data?' 
den, ba, and bio files?' 
percent biomass file?' 

write(*,*) 'Answer the above 4 questions with logicals T or F' 
write(*,*) 'not separated by commas:' 
read(*,'(4l1)') outswt 
if(outswt(2)) open(12,file='agedbh.dat') 
if(outswt(2).or.outswt(3).or.outswt(4)) then 

write(*,*) 'Enter output file name (without ext) for data 1, 
> 'output.' 

write(*,*) 'Input string must be enclosed with single quotes.' 
write(*,*) 'Extension will be added by program.' 
write(*,*> 
read(*,*) filenam 

endif 
do SOO i=1,50 

if(filenam(i:i).eq.' ') goto 510 
SOO continue 
510 filenam6=filenam(1:i)//' .out' 

open(11,file=filenam6,status='new') 
READ(10,9000) NSPEC 

9000 FORMAT(IS) 

9911 
write(11,9911) GRADL,(OUTSWT(I),I=1,4),VERS 
FORMAT('LOCATION ON THE GRADIENT IS 1 ,FS.1,' OUTPUT', 



-
� � 

> 1 OPTIONS: 1,4L1,' MODEL VERSION: 1 ,F8.3) 
write(11,100) nyear,ktimes 

100 format(/,'YEARS: 1 ,IS,SX,'PASSES: 1 ,15) 
write(11,110) filenam 

110 format(/,'Output filename: 1 ,a50) 
write(11,9912) 

9912 FORMAT(/,51X,1T C' ,/,27X,'DBH HT' ,16X,'0 AGE U' ,BX, 
1 1---SPROUT---', 
2 /,26X,' MAX MAX B3 B2 L MAX R G TND MIN', 
3 2X,'MAX SWTCH KTIM CMODE CSTD GRADM') 

write(11,9913) 
9913 FORMAT(/) 

c ..... 
C •••.• INPUT INDIVIDUAL SPECIES INFORMATION 
C ..... AAA-SPECIES NAME 
C .•... DMAX -MAXIMUM GROWING DEGREE DAYS (not used) 
C ...•. DMIN-MINIMUM GROWING DEGREE DAYS (not used) 
C ..... B3-INDIVIDUAL SPECIES CONSTANT USED IN GROW 
C .•.•. B2-INDIVIDUAL SPECIES CONSTANT USED IN GROW 
C ..... ITOL-LIGHT TOLERANCE CLASS 
C ..... AGEMX-MAXIMUM AGE OF SPECIES 
C ..... CURVE-DENOTES TYPE OF CURVE FOR CALCULATING BIOMASS 
C..... (NOT CURRENTLY USED) 
C ..... G-SCALES THE GROWTH RATE OF EACH SPECIES 
C ..... SPRTND-TENDENCY TO STUMP SPROUT 
C ..... SPRTMN-MINIMUM SIZE TREE THAT WILL SPROUT 
C ..... SPRTMX-MAXIMUM SIZE TREE THAT WILL SPROUT 
C ..... SWITCH-REPRODUCTION SWITCHES USED IN BIRTH 
C ..•.. KTIME-DESIGNATES SEED SOURCE LIMITATION FOR CERTAIN SPECIES 
C ....• NUM-INDIVIDUAL SPECIES NUMBER 
C ..... CMODE-COENOCLINE MODE 
C ....• CSTD -COENOCLINE STANDARD DEVIATION 
c ..... 

J=1 
DO 10 K=1,NSPEC 

read(10,9001) (AAA(J,l),l=1,6),DMAX(J),DMIN(J),B3(J),B2(J), 
> ITOL(J),AGEMX(J),CURVE(J),G(J),SPRTND(J), 
> SPRTMN(J),SPRTMX(J), 
> (SWITCH(J,l),l=1,5),KTIME(J),NUM,CMODE(J),CSTD(J) 

IF((CMODE(J)-GRADL)**2/(2*CSTD(J)**2).GT.20.) GO TO 20 
GRADM(J)=EXP(-(CMODE(J)-GRADL)**2/(2*CSTD(J)**2)) 
GO TO 30 

20 GRADM(J)=O.OO 
30 DBHMAX=B2(J)/(2*B3(J)) 

HTMAX=B2(J)**2/(4*B3(J))+137 
write(11,9002) (AAA(J,l),l=1,6),DBHMAX,HTMAX,B3(J),B2(J), 

> ITOL(J),AGEMX(J),CURVE(J),G(J), 

> SPRTND(J),SPRTMN(J),SPRTMX(J), 
> (SWITCH(J,I),l=1,5),KTIME(J),CMODE(J),CSTD(J),GRADM(J) 

J=J+1 
10 CONTINUE 

write(11,*) char(12) 
RETURN 

9001 FORMAT(6A4,F6.0,F5.0,F4.4,F5.2,11,F4.0,F2.0,F5.1,F2.0,F4.1,F4.0, 
> 5L1,14,15/2F6.1) 

9002 FORMAT(6A4,F7.0,F6.0,F7.4,F6.2,12,FS.O,F3.0,F6.1,F3.0,F5.1, 
> F5.0,1X,SL1,15,2F6.1,F5.2) 

END 
SUBROUTINE PLOTIN(IPLOT) 
COMMON/FOREST/NTREES(100),DBH(700),1AGE(700),KSPRT(100), 

> NEWTR(100),SUMLA(700),NEW(100),SWTCH(5) 
COMMON/CONST/GRAOL,NSPEC,SOILQ,DEGD 

c ..... 
C ..•.. INITIALIZE VARIABLES TO START SIMULATION ON BARE PLOT 
C ••..• NTREES CONTAINS NUMBER OF TREES FOR EACH SPECIES 
C •.•.• DBH CONTAINS DIAMETER AT BREAST HEIGHT FOR EACH TREE 
c ..... 

!PLOT = IPLOT+1 
DO 10 I=1,NSPEC 

NTREES(l) = 0 
DBH(l) = 0. 

10 CONTINUE 
NSPE1 = NSPEC+1 
DO 20 I=NSPE1,700 

DBH(l) = 0. 
20 CONTINUE 

RETURN 
END 
SUB ROUT! NE IN IT 
COMMON/FOREST/NTREES(100),DBH(700),1AGE(700),KSPRT(100), 

> NEWTR(100),SUMLA(700),NEW(100),SWTCH(5) 
COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/DEAD/NOGR0(700),NTEMP(700) 

c .... . 
C ..... INITIALIZE VARIABLES TO ZERO FOR REPLICATE PLOTS 
c .... . 
C ..... KSPRT IS USED TO FLAG THE TREES THAT CAN SPROUT 
C ...•. NOGRO IS USED TO FLAG THE TREES THAT DON'T GROW 
C ..... IAGE CONTAINS THE AGE FOR EACH TREE 
c .... . 
c .... . 

DO 10 I=1,NSPEC 
NOGRO(l) = 0 
KSPRT( I) = 1 
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!AGE(!) = 0 
10 CONTINUE 

NSPE1 = NSPEC+1 
DO 20 I=NSPE1,700 

NOGRO(l) = 0 
!AGE(!) = 0 

20 CONTINUE 

c .... . 

RETURN 
END 
SUBROUTINE RANDOM 
COMMON/RAN/YFL 

C ..... SUBROUTINE RANDOM CALLS THE UNIFORM RANDOM NUMBER GENERATOR AND 
C..... RETURNS THE RANDOM NUMBER IN YFL 
c ..... 

YFL = RANDU() 
RETURN 
END 
SUBROUTINE KILL 
COMMON/FOREST/NTREES(100),DBH(700),1AGE(700),KSPRT(100), 

> NEWTR(100),SUMLA(700),NEW(100),SWTCH(5) 
COMMON/PARAM/AAA(100,6),DMAX(100),DM!N(100),B3(100),B2(100), 

> ITOL(100),AGEMX(100),CURVE(100),G(100),SPRTND(100),SPRTMN(100), 
> SPRTMXC100),SWITCH(100,5),KTIME(100),CMODE(100),CSTD(100), 
> GRADM(100) 

c .... . 

COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/RAN/YFL 
COMMON/DEAD/NOGR0(700),NTEMP(700) 
COMMON/COUNT/NTOT,NYEAR 
COMMON/TEMP/DTEMP(700),1TEMP(700) 
LOGICAL SWITCH,SWTCH 
KNT = 0 
DO 30 I=1,NSPEC 

IF (NTREES(l).EQ.O) GO TO 30 
NL = KNT+1 
NU = NTREES(l)+KNT 
DO 20 K=NL,NU 

CALL RANDOM 

C ..... KILL TREES BASED ON PROBABILITY THAT ONLY 1% REACH MAXIMUM AGE 
c .... . 

IF (YFL.LE.(4.605/AGEMX(l)).OR.IAGE(K).GT.AGEMX(l)) 
> GO TO 10 

c ..... 
C ••... CHECK TO SEE IF THERE WAS ANY GROWTH FOR TREE 
c ..... 

IF (NOGRO(K).EQ.O) GO TO 20 

CALL RANDOM 
IF (YFL.GT.0.368) GO TO 20 

10 CONTINUE 
NTREES(l) = NTREES(I)-1 

c ..... 
C ..•.. CHECK TO SEE IF DEAD TREE CAN STUMP SPROUT. SET KSPRT = -1 
C ..... IF TREE CAN SPROUT 
c .... . 

IF (DBH(K).GT.SPRTMN(l).AND.DBH(K).LT.SPRTMX(l)) 
> KSPRT(l) = -1 

DBH(K) = -1.0 
20 CONTINUE 

KNT = NU 
30 CONTINUE 

c ..... 
C •••.. REWRITE DIAMETERS AND AGES TO ELIMINATE DEAD TREES 
c ..... 

K = 0 
DO 40 1=1,700 

IF (DBH(l).EQ.O.) GO TO 50 
IF (DBH(l).LT.O.) GO TO 40 
K = K+1 
DBH(K) = DBH(l) 
IAGE(K) = !AGE(!) 
NOGRO(K) = NOGRO(l) 

40 CONTINUE 
50 NTOT = K 

IF (NTOT.EQ.O) RETURN 
NTOT1 = K+1 
DO 60 I=NTOT1,NU 

DBH(l) = 0. 
!AGE( 1) = 0 
NOGRO(l) = 0 

60 CONTINUE 
RETURN 
END 
SUBROUTINE SPROUT 
COMMON/FOREST/NTREES(100),DBH(700),IAGE(700),KSPRT(100), 

> NEWTR(100),SUMLA(700),NEW(100),SWTCH(5) 
COMMON/PARAM/AAA(100,6),DMAX(100),DMIN(100),B3(100),B2(100), 

> ITOL(100),AGEMX(100),CURVE(100),G(100),SPRTND(100),SPRTMN(100), 
> SPRTMX(100),SWITCH(100,5),KTIME(100),CMODEC100),CSTD(100), 
> GRADMC100) 

COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/RAN/YFL 
COMMON/DEAD/NOGR0(700),NTEMP(700) 
COMMON/COUNT/NTOT,NYEAR 



,_. 

� 

c ..... 

COMMON/TEMP/DTEMP(700),ITEMP(700) 
LOGICAL SWITCH,SWTCH 

C .•... SMALLEST AVERAGE STUMP SPROUT IS .1 CM 
c ..... 

SIZE= .1 
c ..... 
C ....• SUM TOTAL NUMBER OF TREES 
c ..... 

NTOT = 0 
DO 10 I=1,NSPEC 

IF (NTREES(I).EQ.O) GO TO 10 
NTOT = NTOT+NTREES(I) 

10 CONTINUE 
c .... . 

C ..... DETERMINE WHICH SPECIES CAN SPROUT 
c .... . 

NW = 0 
DO 20 I=1,NSPEC 

IF (SPRTND(I).LE.O.) GO TO 20 
IF (KSPRT(I).GE.O) GO TO 20 
NW = NW+1 

20 
c ..... 

NEW(NW) = I 
CONTINUE 

C ..•.. CHECK FOR SPROUTS 
c ..... 

30 
c .... . 

IF (NW.EQ.O) GO TO 90 
DO 30 J=1,NTOT 

ITEMP(J) = IAGE(J) 
DTEMP(J) = DBH(J) 
NTEMP(J) = NOGRO(J) 
CONTINUE 

C ..... CHOOSE RANDOM NUMBER OF SPROUTS 
c .... . 

CALL RANDOM 
NW = NW*YFL+1.0 

c .... . 
C ..... SELECT SPECIES TO SPROUT 
c .... . 

NSPC = NEW(NW) 
NSUM = 0 
DO 40 I=1,NSPC 

40 NSUM = NSUM+NTREES(I) 
c .... . 
C ..... SPRTND IS THE TENDENCY FOR THE ITH SPECIES TO STUMP OR 

C ••••. ROOT SPROUT. THE VALUE OF SPRTND IS THE AVERAGE NUMBER 
C .•••• OF SPROUTS THAT MIGHT OCCUR WITH A TREE DEATH 
c ..... 

CALL RANDOM 
c .... . 

C ..... RANDOMLY SELECT NUMBER OF TREES TO SPROUT 
c .... . 

c ..... 

NSPRT = YFL*SPRTND(NSPC)+1 
NL = NSUM+1 
NUP = NTOT 
DO 50 I=1,NSPRT 

NSUM = NSUM+1 
NTREES(NSPC) = NTREES(NSPC)+1 
NTOT = NTOT+1 
IF (NTOT.GT.700) CALL ERR 
ITEMP(NSUM) = 0 
CALL RANDOM 
DTEMP(NSUM) = SIZE+.1*(1.0-YFL)**3 
NTEMP(NSUM) = 0 

C ....• STORE DIAMETERS AND AGES FOR NEW SPROUTS 
c ..... 

50 

60 
c ..... 

CONTINUE 
IF (NL.GT.NUP) GO TO 70 
N1 = NSUM+1 
DO 60 J=NL,NUP 

DTEMP(N1) = DBH(J) 
ITEMP(N1) = IAGE(J) 
NTEMP(N1) = NOGRO(J) 
N1 = N1+1 
CONTINUE 

C •.••. REINITIALIZE ORIGINAL DIAMETERS AND AGES 
c ..... 

70 DO 80 L=1,NTOT 
IAGE(L) = ITEMP(L) 
NOGRO(L) = NTEMP(L) 

80 DBH(L) = DTEMP(L) 
90 CONTINUE 

c ..... 
C .•.•. REINITIALIZE SPROUT SWITCH FOR EACH SPECIES 
c ..... 

DO 100 I=1,NSPEC 
100 KSPRT(I) = 1 

RETURN 
END 
SUBROUTINE GROW(IPLOT) 
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COMMON/FOREST/NTREES(100),DBH(700),1AGE(700),KSPRT(100), 
> NEWTR(100),SUMLA(700),NEW(100),SWTCH(5) 

COMMON/PARAM/AAA(100,6),DMAX(100),DMIN(100),B3(100),B2(100), 
> ITOL(100),AGEMX(100),CURVE(100),G(100),SPRTND(100),SPRTMN(100), 
> SPRTMX(100),SWITCH(100,5),KTIME(100),CMODE(100),CSTD(100), 
> GRADM(100) 

c ..... 

COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/RAN/YFL 
COMMON/DEAD/NOGR0(700),NTEMP(700) 
COMMON/COUNT/NTOT,NYEAR 
COMMON/TEMP/DTEMP(700),1TEMP(700) 
LOGICAL SWITCH,SWTCH 

C ....• DBH IS IN CENTIMETERS 
C •.... EACH TREE IS REQUIRED TO ADD A 1.0 MM GROWTH RING EACH YEAR 
c ..... 

c .... . 

TINC = .1 
PHI = 1. 

C ..... CALCULATE TOTAL NUMBER OF TREES 
c .... . 

NTOT = 0 
DO 10 1=1,NSPEC 

10 NTOT = NTOT+NTREES(I) 
IF (NTOT.EQ.O) RETURN 

c .... . 
C ..... SUM LEAF AREA OF ALL TREES THAT ARE OF APPROXIMATELY 
C ..... THE SAME HEIGHT 
c .... . 

DO 20 1=1,700 
NOGRO(I) = 0 

20 SUMLA(I) = 0. 

c .... . 

NL = 1 
SBIO = 0. 
DO 40 J=1,NSPEC 

IF (NTREES(J).EQ.O) GO TO 40 
NU = NL+NTREES(J) -1 
DO 30 K=NL,NU 

C ..... CALCULATE STAND BIOMASS 
c .... . 

SBIO = SBI0+.1193*DBH(K)**2.393 
c ..... 
C .•... HEIGHT PROFILE IS CALCULATED IN .1 METER UNITS 
c ..... 

IHT = (B2(J)*DBH(K)-B3(J)*DBH(K)**2)/10.+1. 
IF (IHT.GT.700) GO TO 90 

30 
SUMLA(IHT) = SUMLA(IHT)+1.9283295E-4*DBH(K)**2.129 
CONTINUE 

NL = NL+NTREES(J) 
40 CONTINUE 

50 
c ..... 

DO 50 J=1,699 
J1 = 700-J 
SUMLA(J1) = SUMLA(J1)+SUMLA(J1+1) 
CONTINUE 

C •.••. CALCULATE AMOUNT OF GROWTH FOR EACH TREE 
c ..... 

> 
> 

c > 
c > 
c ..... 

NL = 1 
DO 80 1=1,NSPEC 

IF (NTREES(I).EQ.O) GO TO 80 
NU = NL+NTREES(I)-1 
DO 70 J=NL,NU 

HT = B2(1)*DBH(J)-B3(1)*DBH(J)**2 
IHT = HT/10.+2. 
SLAR = SUMLA(IHT) 
AL = PHI*EXP(·SLAR*.25) 
GR = (137.+.25*B2(1)**2/B3(1))*(0.5*B2(1)/B3(1)) 
DNC = G(I)*DBH(J)*(1.0·(137.*DBH(J)+B2(1)*DBH(J)**2-B3(1) 

*DBH(J)**3)/GR)/(274.+3.0*B2(1) 
*DBH(J)-4.0*B3(i)*DBH(J)**2) 
*(1.0-SBIO/SOILQ) 
*4.0*(DEGD·DMIN(I))*(DMAX(I)·DEGD)/(DMAX(I)-DMIN(I))**2 

C .•... DECREMENT GROWTH AS A FUNCTION OF POSITION ON GRADIENT 
DNC=DNC*GRADM(I) 

c ..... 
DINC = 2.24*(1.-EXP(-1.136*(AL-.08)))*DNC 

c ..... 
C •.•.• CHECK FOR SHADE-TOLERANT 
c ..... 

IF (ITOL(I).LT.2) DINC=(1.0-EXP(-4.64*(AL-.05)))*DNC 
c ..... 
C ..•.. CHECK INCREMENT LESS THAN 1.0 MM REQUIRED GROWTH 

IF (DINC.LT.TINC) DINC=O.O 
IF (DINC.NE.O.) GO TO 60 
NOGRO(J) = -1 

60 DBH(J) = DBH(J)+DINC 
70 CONTINUE 

NL = NL+NTREES(I) 
80 CONTINUE 

RETURN 
90 write(11,9000) 

STOP 



...... 
""" 
00 

9000 FORMAT(11 IHT EXCEEDED 7001) 
END 
SUBROUTINE BIRTH(KYR) 
COMMON/FOREST/NTREES(100),DBH(700),1AGE(700),KSPRT(100), 

> NEWTR(100),SUMLA(700),NEW(100),SWTCH(5) 
COMMON/PARAM/AAA(100,6),DMAX(100),DMIN(100),B3(100),B2(100), 

> ITOL(100),AGEMX(100),CURVE(100),G(100),SPRTND(100),SPRTMN(100), 
> SPRTMX(100),SWITCH(100,5),KTIME(100),CMODE(100),CSTD(100), 
> GRADM(100) 

c .... . 

COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/RAN/YFL 
COMMON/DEAD/NOGR0(700),NTEMP(700) 
COMMON/COUNT/NTOT,NYEAR 
COMMON/TEMP/DTEMP(700),1TEMP(700) 
LOGICAL SWITCH,SWTCH 

C ..... SAPLINGS ENTER THE PLOT AT AVERAGE SIZE OF 1.27 CM DBH 
c .... . 

c .... . 

SIZE= 1.27 
CALL RANDOM 

C ..... SELECT A SPECIES FROM 1 TO 3 TIMES 
c .... . 

c ... . 

NPLANT = 3.*YFL+1. 
CALL RANDOM 

C .... RAT RANDOM NUMBER IS FIXED FOR YEAR-USED IN SWITCH 4 
c ... . 

RAT = YFL 
DO 140 JK=1,NPLANT 

10 BIOM = 0. 
NL = 1 

c ..... 
C ..•.. CALCULATE BIOMASS (LEAF MASS) FOR EACH SPECIES 

DO 30 J=1,NSPEC 
IF (NTREES(J).EQ.O) GO TO 30 
NU = NL+NTREES(J)-1 
DO 20 K=NL,NU 

BIOM = BIOM+1.9283295E-4*DBH(K)**2.129 
20 CONTINUE 

NL = NL+NTREES(J) 
30 CONTINUE 

c .... . 
C ..... TOTAL NUMBER OF TREES IN STAND 
c .... . 

NTOT = NL-1 
c ..... 

C ••••• SWITCH 1 IS TRUE IF THE SPECIES REQUIRES LEAF LITTER FOR 
C ..••. SUCCESSFUL RECRUITMENT 
C ..••• SWITCH 2 IS TRUE IF THE SPECIES REQUIRES MINERAL SOIL 
C •.••. SWITCH 3 IS TRUE IF THE SPECIES RECRUITMENT IS REDUCED 
c ••..• BY HOT YEAR (not used, set to false) 
C ..... SWITCH 4 IS TRUE IF THE SPECIES IS A PREFERRED FOOD OF DEER 
C ..•.. OR SMALL MAMMALS 
C ..•.• SWITCH 5 REDUCES SEEDING RATE OF DESIRABLE MAST 

DO 40 J=1,5 
SWTCH(J) = .TRUE. 

40 CONTINUE 
C ...•• SET SWITCHES BASED ON VALUE OF BIOMASS, DEGD, AND RANDOM NUMBER 
c ..... 

c .... . 

IF (BIOM.GE •• 1) SWTCH(1) = .FALSE. 
IF (BIOM.LE .. 2) SWTCH(2) = .FALSE. 
SWTCH(3) = .FALSE. 
IF (RAT.GT •• 5) SWTCH(4) =.FALSE. 
CALL RANDOM 
IF (YFL.GE •• 5) SWTCH(5) = .FALSE. 

C ..... CHECK SWITCHES TO DETERMINE IF SEEDING IS ALLOWED 
c .... . 

NW = 0 
DO 60 J=1,NSPEC 

c ..... 
C ..•.. DO NOT PLANT IF GROWTH IS DECREMENTED BY MORE THAN 95% 
C ..... DUE TO POSITION ALONG GRADIENT 
c .... . 

IF (GRADM(J).LT.0.05) GO TO 60 
DO 50 K=1,5 

IF (SWITCH(J,K).AND.SWTCH(K)) GO TO 60 
50 CONTINUE 

IF (KYR.GT.KTIME(J).AND.NTREES(J).LE.O) GO TO 60 
NW = NW+1 
NEWTR(NW) = J 

60 CONTINUE 
c ..... 
C ....• CHECK TO SEE IF THERE ARE ANY NEW TREES 
c ..... 

IF (NW.EQ.O) GO TO 130 
c .... . 
C ..... CALCULATE AGE AND DIAMETER FOR NEW TREES 
c .... . 

DO 70 1=1,NTOT 
!TEMP(!) = IAGE(l) 
DTEMP(I) = DBH(I) 
NTEMP(I) = NOGRO(I) 
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70 CONTINUE 
c ..... 
C ..••. DETERMINE THE NUMBER OF SEEDLINGS TO PLANT 0 TO 8 
c ..... 

c .... . 

CALL RANDOM 
MPLANT = 8.*YFL 

C ..... SELECT SEEDLINGS (PARTICULAR SPECIES) 
c .... . 

CALL RANDOM 
Nil= NII*YFL+1.0 
NSP = NEIITR(NII) 
NSUM = 0 
DO 80 1=1,NSP 

80 NSUM = NSUM+NTREES(I) 
c .... . 
C ..... PLANT RANDOM NUMBER OF SEEDLINGS 
c .... . 

c .... . 

NL = NSUM+1 
NUP = NTOT 
DO 90 J=1,MPLANT 

NTOT = NTOT+1 
IF (NTOT.GT.700) CALL ERR 
NSUM = NSUM+1 
NTREES(NSP) = NTREES(NSP)+1 
ITEMP(NSUM) = 0 

C ..... CALCULATE DBH FOR SEEDLINGS 
c .... . 

CALL RANDOM 
DTEMP(NSUM) = SIZE+.3*(1.0·YFL)**3 
NTEMP(NSUM) = 0 

90 CONTINUE 
IF (NL.GT.NUP) GO TO 110 
N1 = NSUM+1 
DO 100 L=NL,NUP 

DTEMP(N1) = DBH(L) 
ITEMP(N1) = IAGE(L) 
NTEMP(N1) = NOGRO(L) 
N1 = N1+1 

100 CONTINUE 
c .... . 
C ..... REINITIALIZE ORIGINAL DBH AND AGE ARRAYS· INCLUDING NEll TREES 
c .... . 
c .... . 

110 DO 120 1=1,NTOT 
!AGE(!) = !TEMP(!) 

120 
130 

140 

DBH(I) = DTEMP(I) 
NOGRO(I) = NTEMP(l) 
CONTINUE 

CONTINUE 
CALL SPROUT 
IF (BIOM.LT.0.2) GO TO 10 
CONTINUE 

c ..... 
C •••.. INCREMENT AGES 
c ..... 

DO 150 1=1,NTOT 
!AGE(!) = IAGE(I)+1 

150 CONTINUE 
RETURN 
END 
SUBROUTINE OUTPUT(KYR,IPLOT) 
COMMON/FOREST/NTREES(100),DBH(700),1AGE(700),KSPRT(100), 

> NEIITR(100),SUMLA(700),NEII(100),SIITCH(5) 
COMMON/PARAM/AAA(100,6),DMAX(100),DMIN(100),B3(100),B2(100), 

> ITOL(100),AGEMX(100),CURVE(100),G(100),SPRTND(100),SPRTMN(100), 
> SPRTMX(100),SIIITCH(100,5),KTIME(100),CMODE(100),CSTD(100), 
> GRADM(100) 

COMMON/COUNT/NTOT,NYEAR 
COMMON/CONST/GRADL,NSPEC,SOILQ,DEGD 
COMMON/OUTPT/101,102,PLOT,PRINT,LIST 
COMMON/OUTSIIT/OUTSIIT(4) 
DIMENSION BAR(100),NDEN(100),BA(100),PPER(100) 
dimension bah(100),ndenh(100),barh(100),bba(100),nnden(100), 

> bbar(100) 
real*4 bar,ba 
integer*4 nden 
LOGICAL PRINT,PLOT,OUTSIIT 
KYR1 = KYR+1 
NL=1 
AREA=O.O 
TBAR=O.O 
TOBAR=O.O 
NTOT = 0 
DO 100 1=1,NSPEC 
BA(I )=0.0 
BAR(! >=0. 0 
IF(NTREES(I).EQ.O) GO TO 100 
NU=NL+NTREES(I) · 1 
DO 150 J =NL,NU 
IF (0UTSIIT(2)) write(12,3030) IPLOT,KYR, 

> (AAA(I,K),K=1,6),1AGE(J),DBH(J) 
3030 FORMAT(213,6A4,14,F6.1) 
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c .... . 
C ..... BA(I) • BASAL AREA OF SPECIES I IN M2/HA 
C ..... TOBAR · TOTAL BASAL AREA ON PLOT IN M2/HA 
C •••.• TBAR ·TOTAL BIOMASS ON PLOT 
C ..•.• BAR(I) · BIOMASS OF SPECIES I 
C ••... NDEN(I) ·DENSITY OF SPECIES I IN STEMS/HA 
C .•... PPER(I) · PERCENT BIOMASS OF SPECIES I 
c ..... 

BA(I)=BA(I)+0.7854*(DBH(J)*DBH(J))*0.0012 
AREA=AREA+1.9283295E·4*DBH(J)**2.129 
BAR(I)=BAR(I)+.1193*DBH(J)**2.393 

150 CONTINUE 
TBAR=TBAR+BAR(I) 
TOBAR=TOBAR+BA(I) 
NTOT=NTOT+NTREES(I) 
NL=NL+NTREES(I) 
NDEN(I)=NTREES(I)*12 

100 CONTINUE 
PER=(BAR(I)/TBAR)*100. 
DO 400 I=1,NSPEC 

PPER(I)=BAR(I)/TBAR*100. 
400 CONTINUE 

if(iplot.gt.1.and.outswt(3)) then 
read(15,rec=kyr) (bah(i),i=1,nspec) 
read(16,rec=kyr) (ndenh(i),i=1,nspec) 
read(17,rec=kyr) (barh(i),i=1,nspec) 
do 5000 i=1,nspec 

bba(i)=(bah(i)*(iplot·1)+ba(i))/iplot 
nnden(i)=(ndenh(i)*(iplot·1)+nden(i))/iplot 
bbar(i)=(barh(i)*(iplot·1)+bar(i))/iplot 

5000 continue 
elseif(iplot.eq.1.and.outswt(3)) then 

do 5010 i=1,nspec 
bba(i)=ba(i) 
nnden(i)=nden(i) 
bbar(i)=bar(i) 

5010 continue 
endif 
IF (0UTS�T(3)) �RITEC15,rec=kyr) (bba(nn),nn=1,nspec) 
IF (OUTS�T(3)) �RITE(16,rec=kyr) (nNDEN(nn),nn=1,nspec) 
IF (OUTS�T(3)) �RITEC17,rec=kyr) (bBAR(nn),nn=1,nspec) 
IF (OUTS�T(4)) �RITE(9,3000) GRADL,IPLOT,KYR 
IF (OUTS�T(4)) �RITE(9,3010) (PPER(I),I=1,NSPEC) 

3000 FORMAT(F8.1,218) 
3010 FORMAT(10F8.2) 
3020 FORMAT(10!8) 

IF(.NOT.PRINT) RETURN 

IF (PRINT) �RITE(I02,2000) KYR 
2000 FORMAT('OYEAR' ,15) 

IF (PRINT) �RITE(I02,2010) 
2010 FORMAT('OSPECIES' ,17X,'STEMS' ,2X,'S/HA' ,2X,'M2/HA' ,2X,'BIOMASS' I 

12X,'% BIOM' ,38X,'DBH') 
NL=1 
DO 200 I =1,NSPEC 
IF(NTREES(I).EQ.O) GO TO 200 

NDEN(I)=NTREES(1)*12 
PER=(BAR(I)/TBAR)*100. 
NU=NL+NTREES(I) · 1 
NLINES=((NTREES(I)·1)/8)+1 
NLI NES=NLI NES·1 
IF (NLINES.EQ.O) GO TO 10 
L1=NL+7 
IF (PRINT) �RITE(I02,2020)CAAA(I,J),J=1,6),NTREES(I),NDEN(I), 

1 BA(I),BAR(I),PER,(DBH(li),II=NL,L1) 
2020 FORMAT('0' ,6A4,2X,I3,2X,I4,2X,F6.2,1X,F7.1,2X,F6.1,7X, 

18(F6.1 ,2X)) 
DO 250 J=1,NLINES 
L2=L1+1 
L1=L1+8 
IF (J.EQ.NLINES) L1=NU 
IF (PRINT) �RITE(I02,2030)(DBH(Il),II=L2,L1) 

2030 FORMAT(67X,8(F6.1,2X)) 
250 CONTINUE 

GO TO 20 
10 IF (PRINT) �RITE(I02,2020)(AAA(I,J),J=1,6),NTREES(I),NDEN(I), 

1 BA(I),BAR(I),PER,(DBH(li),II=NL,NU) 
20 NL=NL+NTREES(I) 

200 CONTINUE 
NTOTHA=NTOT*12 
�RITE(I02,2050) NTOT,NTOTHA,TOBAR,TBAR 

2050 FORMAT('0' ,18X,'TOTALS' ,2X,I3,2X,I4,2X,F6.2,1X,F7.1) 
IF(.NOT.PLOT) RETURN 

C DO 300 IV1 = 1,NSPEC 
C 300 CONTINUE 
C ATOT=NTOT 
C N1 = NSPEC+1 
C N2 = N1+1 
C N3 = N2+1 

RETURN 
END 
SUBROUTINE ERR 
write(11,9000) 
STOP 

9000 FORMATC'1 THE NUMBER OF TREES HAS EXCEEDED 700') 



........ 
Vl 

END 
function randu() 

C ...•• Code for random number generator obtained from 
c ..... Press et al. 1986. Numerical Recipes. Cambridge 
C ..... University Press. p 197. 

integer*4 m1,m2,m3,ix1,ix2,ix3,ic1,ic2,ic3 
dimension r(97) 
parameter (m1=6655,ia1=936,ic1=1399,rm1=1./m1) 
parameter (m2=6075,ia2=1366,ic2=1283,rm2=1./m2) 
parameter (m3=11979,ia3=430,ic3=2531) 
data iff /0/ 

c ..... idum is the generator seed 
idum=1231 
if(idum.lt.O.or.iff.eq.O) then 

iff=1 
ix1=mod(ic1-idum,m1) 
ix1=mod(ia1*ix1+ic1,m1) 
ix2=mod(ix1,m2) 
ix1=mod(ia1*ix1+ic1,m1) 
ix3=mod(ix1,m3) 
do 10 j=1, 97 

ix1=mod(ia1*ix1+ic1,m1) 
ix2=mod(ia2*ix2+ic2,m2) 
r(j)=(float(ix1)+float(ix2)*rm2)*rm1 

10 continue 

c .... . 

idum=1 
endif 
ix1=mod(ia1*ix1+ic1,m1) 
ix2=mod(ia2*ix2+ic2,m2) 
ix3=mod(ia3*ix3+ic3,m3) 
j=1+(97*ix3)/m3 
if(j.gt.97.or.j.lt.1) stop 
randu=r(j) 
r(j)=(float(ix1)+float(ix2)*rm2)*rm1 
return 
end 
SUBROUTINE GGNORD(Z) 
DIMENSION Z(1) 
DATA PI2/0.62831853E01/ 

C ..... CALCULATES NORMALLY DISTRIBUTED RANDOM NUMBERS 
c .... . 

K = 0 
A1 = RANDU() 
A2 = RANDU() 
K = K+1 
Z(K) = SQRT(-.2E01*ALOG(A1))*SIN(PI2*A2) 

K = K+1 
Z(K) = SQRT(-0.2E01*ALOG(A1))*COS(PI2*A2) 
RETURN 
END 
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