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PREFACE 

This technical appendix is one of a series that reports 

studies undertaken during the preparation of the Department 

of Energy's Advanced System Demonstration for Utilization of 

Biomass as an Energy Source. This document is organized by 

major environmental topic and does not follow the format of 

the environmental report. It provides data and analyses to 

support the environmental report and allows all the material 

on this topiq to be brought together in one report. Although 

this approach leads to some duplication of text, it allows 

the reader to understand the conclusions more fully and in- 

creases the value of the study for future environmental 

assessments of biomass facilities. 
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THE PLANT SITE 

ZXISTING TERKESTRIAL ECOSYSTEMS 

The S.  D. Sarren p roper ty ,  l o c a t i o n  of the proposed ~ 3 l a n t ,  i s  

develosed,  paved, o r  otherwise d i s t u r b e d ,  with the except ion of a 

s ~ ; ~ a l l  patch of woodland a t  t h e  northern end' of t h e  p roper ty .  'The 

a r e a s  t h a t  would be d i r z c t l y  a f f e c t e d  by t h e  p l a n t  a r e  cha rac te r -  

i zed  by annual and pe renn ia l  herbaceous "weeds" -- t h a t  i s ,  2 l a n t s  

t h a t  co lon ize  d i s tu rbed  a r e a s .  Some of t h e s e  i ~ l a n t s  are n a t i v e ,  

soirle a l i e n .  In t h e  few low damp s p o t s  on the  s i t e ,  spec ies  clicfer 

from t h e  genera l  t r end  but o therwise  t h e r e  a r e  no d i sce rn i ' b i e  d i s -  

t r i b u t i o n  p a t t e r n s .  Although t h e  s p e c i e s  d i v e r s i t y  i s  h igh ,  t.he 

v e g e t a t i v e  s p e c i e s  p resen t  on t h e  s i t e  a r e  extreinely common and 

can be found on any vacant l o t ,  roads ide ,  o r  9oc~er- l i l le  r i2h t -o f -  

way i n  t h e  d o r t h e a s t .  No spec ies  ,&ere found t h a t  could i n  any way 

be construed a s  r a r e ,  endangered, o r  otherwise worthy of p ro tee -  

t i o n  (2rown 1978) .  

The smal l  woodlot i s  dominated by white p ine  on t h e  north-  

fac ing  s lope  and red oak on t h e  south-facing s lope .  These t r e e s  

a r e  under f i f t y  yea r s  of age.  L i t t l e  understory o r  ground cover 

has  developed. A l l  s p e c i e s  found he re  a r e  conmon i n  t h e  woodlands 

of  southern  Maine. A l i s t  of t h e s e  s s e c i e s  i s  presented  in  Table 

1. 

Because of t h e  p r e d i c t a b i l i t y  of t h e  vege ta t ion  found on t h e  

s i t e ,  an aniinal inventory was not  undertaken. However, one could 

expect  t o  f i n d  s r , ~ a l l  b i r d s  and mammals c h a r a c t e r i s t i c  ok most d l s -  

turbed  a r e a s  and woodlands i n  t h e  Northeast  (Brown 1978).  No r a r e  

o r  endangered animals are  known t o  occur h e r e .  



TABLE 1: PLANT SPECIES AT THE S I D l  WARREN SITE 

~erbaceous  P lan ts  : 

Poverty  Grass 
Witch .Grass 
S t i n k  Grass 
S t i n k  Grass 
F o x t a i l  Grass 
Nimblewi 11 
Barnyard Grass 
Burdock 
T a l l  Go1 denrod 
Grass-leaved Goldenrod 
New England Aster  
B u l l  T h i s t l e  
Cur l y  Dock 
Spotted Spurge 
Sweet Whi t e  Clover  
Queen Anne's Lace 
Evening Primrose 
R a b b i t ' s  Foot Clover  
Common M i  1  kweed 
Slender- leaved Gerard ia 
Yel low Rocket 
Purp le  Looses t r i  f e  
B l  u e j o i  n t  
Scouring Rush 

Woody P lan ts  : 

Box E lder  
Sweet Fern 
A1 der  
Cottonwood 
Black Wi l low 
Smooth Sumac 
White Pine 
Red Oak 

A Y J ~ S  .t.idu diehotornu 
Panicwn capiZZare 
Eragrostis megastachya 
E. poaoides 
Setaria g Zauca 
Muh Zenbergia frondosa 
Echinoch Zoa crusga Z Z i  
Arctiwn minus 
SoZidago aZtissima (abundant) 
S .  graminifolia 
Aster novae-angZiae 
Cirsiwn vulgare 
Rwnex cri.spus 
Euphorbia macuZata 
Me ZiZotis aZba 
Daucus capo ta  
Oenothera biennis 
Tri  fo Ziwn. arvense 
Asclepias syriaca 
Gerardia. tenui fo Zia 
Barbarea vuZgaris 
Lythrwn saZicaria 
CaZamagrostis canadensis 
Equisetwn hyemaZe 

Acer negundo 
Comptonia pere'grina 
AZnus rugosa 
PopuZus de Ztoides 
,Sa %7:x nigra 
Rhus gZabra 
Fiszus strobus 
Quercus rubra 

Source: Srom 2998. 



IMPACTS GN TERRESTRIAL ECOS'YSTEMS 

Impacts of t h e  proposed wood-f i r e d  power p1ail.t p r o j e c t  on 

t e r r e s t r i a l  ecosystems of  t h e  p l a n t  s i t e  w i l l  r e s u l t  p r i n c i 2 a l l y  

from t h e  c o n s t r u c t i o n  of t h e  new f a c i l i t y .  

Construct ion of  b u i l d i n g s ,  parking l o t s ,  and wood s t o r a g e  

a r e a s  f o r  t h e  proposed wood-fired power p l a n t  w i l l  r e s u l t  in  t h e  

perinanent d e s t r u c t i o n  of s e v e r a l  a c r e s  of land cha rac te r i zed  by 

cofialon annual and 2 e r e n n i a l  herbaceous "weeds" -- t h a t  i s ,  of an 

ecosystem composed of e a r l y  success iona l  spec ies  t h a t  co lonize  

d i s t u r b e d  a r e a s .  As t h i s  vege ta t ion  provides h a b i t a t  fo r  s r i~a l l  

b i r d s ,  narnmals, and roden t s ,  t h e s e  s s e c i e s  qill a l s o  be dis i j laced 

from t h e  s i t e .  ;\ temporary stalj-iny a r e a ,  e s t a b l i s h e d  a s  a  parking 

l o t  f o r  heavy equipment and a  s to rage  s i t e  f o r  r i ia ter ia ls ,  w i l l  

ternporarily d i s r u p t  another  p o r t i o n  of t h e  same ecosystem. I t  i s  

expected t h a t  vege ta t ion  s i m i l a r  t o  t h a t  now p r e s e n t  w i l l  r2c01- 

onize  t h e  s t a y i n g  a rea  wi th in  s e v e r a l  yea r s  a f t e r  cons t ruc t ion  i s  

completed. 

Addi t ional  damage 'may occur t o  vege ta t ion  on ad jacen t  a r e a s  

of t h e  S . D .  Warren p roper ty  a s  a r e s u l t  of blowing dus t  dur in= 

c o n s t r u c t i o n .  Dust w i l l  be c o n t r o l l e d  through use of wateriny 

t r u c k s ,  however, and it i s  expected t h a t  t h e  e f f e c t  on v e g e t a t i o n  

w i l l  be lowered p r o d u c t i v i t y  during pe r iods  when t h e  f o l i a g e  i s  

covered with d u s t .  A l l  of . the a r e a  t h a t  w i l l  be peririanently o r  

ternporarily des t royed o r  a f f e c t e d  by blowing d u s t  has bee11 pre- 

v ious ly  used f o r  i n d u s t r i a l  purposes and has experienced p r i o r  

devegeta t ion  and o t h e r  d i s tu rbance .  

A l l  s p e c i e s  found on t h e  s i t e  a r e  conunon t o  d i s t u r b e d  a r e a s  

and woodlands of  Maine; no  r a r e  o r  endanyered p l a n t s ,  animals ,  o r  

b i r d s  a r e  known t o  be p r e s e n t .  

N o  n o t i c e a b l e  impacts on t e r r e s t r i a l  ecosystems w i l l  occur 

s o l e l y  a s  a  r e s u l t  of  opera t ion  of t h e  new f a c i l i t y .  Replacement 

of t h e  S.D. Warren's e x i s t i n g  o i l - f i r e d  system with t h e  wood sys- 

tem w i l l  c a u s e ' o n l y  s l i g h t  changes of air q u a l i t y  i n  t h e  Yestbrook 

a r e a  ( s e e  A2pendix B ) .  No no t i ceab le  change i n .  p l a n t  or  aninla1 

l i f e  w i l l  occur a s  a r e s u l t  of t h i s  change. 



The .new 2 l a n t  w i l l  r e l ease  l e s s  vastewater and heat  into the 

Presumpscot fiiver than t he  curient L 'ac i l i ty ,  and t h e r e . v i l l  be 

s h a l l  changes i n  the chemical c h a r a c t e r i s t i c s  of the e f f l u e n t  ( s e e  

;??pendix C )  . m e s e  changes i n  trater q u a l i t y  , \ d i l l  have no iinpact 

o n  river-bank ecosystems. 



T H E  FUELWOOD HARVEST REGION 
FOREST SOILS 

Soi l  Cha rac t e r i s t i c s  

The s o i l s  of t he  fuelwood harves t  region a r e  pr imar i ly  

developed on a  parent  mate r ia l  of t i l l ,  outwash p l a i n s ,  and o t h e r  

y lacio-f  l u v i a l  ma te r i a l s ,  a s  wel l  as  loca l i zed  ~nar ine- lacus t r i i le  

and a l l u v i a l  depos i t s  and rock outcrops .  The s o i l s  a re  ;~redorni- 

nant ly  of t he  haplorthod and t o  a  l e s s e r  degree dys t rochrept  g r e a t  

groups. Smaller a r ea s  of the  haplayuod, f rag io r thod ,  eu t rochrep t ,  

f ragioquept ,  haplaquept ,  f luvaquent ,  humayuept, borohemist, 

uc-iipsainn~ent, and h i s t o s o l  c l a s s i f i c a t i o n s  a r e  found. The rna jor 

c h a r a c t e r i s t i c s  of these  s o i l  types a r e  given i n  Table 2 .  

The d i s t r i b u t i o n  of t he  s o i l  s e r i e s  i n  the  p o t e n t i a l  fuelwood 

harves t ing  count ies  of Maine and New kiainpshire i s  shown in  Table 

3 .  These da t a  a r e  presented a s  gercentages of t o t a l  s o i l  coverage 

wi th in  each county. 

Table 4a shows some na jo r  eros ion and ~ s i l v i c u l t u r a l  charac- 

t e r i s t i c s  of these  s o i l s .  The s o i l s  a r e  presented f i r s t  by s o i l  

subgroup a s  designated by t h e  LJ.S. s o i l  c l a s s i f i c a t i o n  system, and 

then by narne fo r  each s o i l  s e r i e s  within those subgroups. 

Erosion p o t e n t i a l ,  where data  a r e  a v a i l a b l e ,  i s . r a t e d  i n  one 

o r  two ways. The f i r s t  c l a s s i f i e s  eros ion hazard a s  s l i g h t ,  

r~~ode ra t e ,  o r  severe., a s  judged by the  U .  S .  S o i l  Conservation Ser- 

v ice  according t o . t h e  amount of erosion t h a t  occurs during o r  

following cu t t i ng  opera t ions  on exposed s o i l  along roads,  sk id  

t r a i l s ,  f i r e  l anes ,  log decking a r ea s ,  and o ther  a reas  of opera- 

t i o n  (SCS 1977a).  

The ' second eros ion index i s  a  numerical s o i l  e ros ion index, 

o r  K-factor,  and r e f e r s  t o  the  un iversa l  s o i l - l o s s  equat ion as  

defined by Llischineicr and &-nit11 (1965) .  It i s  an  exser imenta l ly  

derived value,  based on the  erosion p o t e n t i a l  of a  u n i t  p l o t  of a  

p a r t i c u l a r  s o i l .  When considered along with r a i n f a l l ,  s l ope ,  and 

cover-management, an es t imate  of annual eros ion can be c a l c u l a t e d .  

App1icat.j-ons a re  discusded i n  d e t a i l  l a t e r  i n  t h i s  a~;yeridix.  Low 

values a r e  assoc ia ted  with low erosion p o t e n t i a l .  111 the  fuelwood 



I. Spodosols:  Spodic h o r i z o n  i s  p r e c i p i t a t e d  o r g a n i c  m a t t e r ,  a l u ~ i n u n ,  
w i t h  o r  w i t h o u t  i r o n .  L i t t l e  s i l i c a t e  c l a y ;  m o s t l y  sandy. 
Vege ta t i on  i s  u s u a l l y  c o n i f e r o u s ,  b u t  some a r e  under hard-. 
woods. N a t u r a l l y  i n f e r t i l e .  

A. .Hap1 aquods : Commonly s a t u r a t e d  ( fl u c t u a t  i ng aroundwater  o r  
humid c l i m a t e ) .  Sgcdic  h o r i z o n  i s  p r i n c i p a l l y  
o f  o r g a n i c  m a t t e r ,  a1 umi num. Sandy t e x t u r e .  

B. F r a g i o r t h o d s :  F r e e l y  d ra i ned .  Spodic h o r i z o n  i s  o r g a n i c  m a t t e r ,  
aluminum, i r o n .  F rag ipan  ( loamy o r  sandy ho r i zon ,  
h i g h  b u l k  d e n s i t y ,  b r i t t l e  when m o i s t ,  "cemented" 
when d r y )  be1 ow spodi  c  h o r i z o n  . 

C .  Hap lo r thods :  F r e e l y  d ra i ned .  A1 b i c  h o r i z o n  ( c l a y ,  f r e e  i r o n  
ox ides  removed o r  segrega ted) ,  spod ic  h o r i z o n  
r e s t i n g  on a r g i l l  i c  h o r i z o n  ( c l a y  accumu la t i on ) .  

11. I n c e p t i s o l s :  Some bases, aluminum, i r o n  l o s t  by l e a c h i n g .  n n l y  
moderate p r o f i l e  development.  

A. F rag iaquepts  : Wet, poor  d ra inage .  M o t t l e d  g ray  subsurface. 
F rag ipan  a t  dep th  30 t o  50 cm. Trees have 
sha l l ow  r o o t  system. 

B. Humaquepts: Very wet. N e a r l y  b l a c k  o r  pea ty .  Ac id .  

C. Haplaquepts :  Groundwater a t  o r  near  su r f ace ,  seasona l l y  o r  
a r t i f i c i a l l y  d ra i ned .  L i g h t  co lo red .  

D. Dys t roch rep t s :  F r e e l y  d ra i ned .  Och r i c  epipedon, cambr ic  h o r i z o n  
(a1 t e r e d )  . L i g h t .  co lo red .  Ac id .  N o s t l y  under  
deciduous f o r e s t s .  

E. .Eu t rochrep ts : ,  Base r i c h ,  on ca l ca reous  sediments,  o r  b a s i c  rocks .  
Brownish. M o s t l y  under  deciduous f o r e s t .  

111. E n t i s o l s :  L i t t l e  o r  no pedogenic development:  o r g a n i c  m a t t e r  may 
accumulate', p o s s i b l e  plowed 1  ayer .  

A. F l  uvaquents:  Wet. Loarny f i n e  sand t e x t u r e  o r  f i n e r ,  may be 
s t r a t i f i e d  r e f l e c t i n g  sed imenta t ion .  B l u i s h  o r  
g ray  and m o t t l e d .  On f l o o d  p l a i n s  and d e l t a s .  

B. Udipsamments: Low w a t e r - h o l d i n g  c a p a c i t y .  I n  l a t e  P l e i s t o c e n e  
o r  more r e c e n t  sandy d e p o s i t s .  Some weatherab le  
m jne ra l s .  Brownish. M o s t l y  under dec iducus 
f o r e s t .  Suppor t  wheeled v e h i c l e s  p o o r l y .  

I V .  H i s t o s o l s :  M o s t l y  s a t u r a t e d  t h roughou t  yea r .  Organic  s o i l s ,  ove r  
h a l f  o r g a n i c  m a t t e r  by volume. 

A. Borohemists :  Up t o  2 /3  o f  o r g a n i c  m a t t e r  decomposed beyond 
b o t a n i c  recogni t ion. .  Vege ta t i on  woody o r  herbaceous. 

B. B o r o f i b r i s t s :  H igh  percen tage  w e l l  preserved,  i d e n t i f i a b l e  
b o t a n i c  o r i g i n .  

Source: SCS 1975 



TABLE 3:  PERCENT OCCURRENCE OF SO1 L SERIES BY COUNTY 
I N  FUELMOOD HARVEST REGION 

I .  The soi l  subgroup of each soil  series i s  shown i n  Table 4 .  

New Hampshire Maine 
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Tab le  3: con t .  
PIew Hamps h i  r e  Maine 

S o i l  Se r i es  



Tab le  3 :  con t .  

New Hampshire - Maine 

S o i l  Se r i es  

t: Present i n  counties where U.S. Soi l  Conservation Service survey i s  not complete. 
+: Ma,jor dis tr ibut ion i n  county. 
* : Redominant soi  2s i n  fue lwood harvest region. 

a 

Sources: Count so i l  surveys for Belkna (SCS 19681, Carroll CSCS 1977d), Straf-  
f o ~ d  (SCS 19737, Androscoggin and Saga 3 ahoc (SCS 19701, Cumberland (SCS 19741, 
Kennebec (SCS 1978), and York (SCS 1952). For Lincoln and Oxford Counties 
(Ferwerda 1978) .  

Q 7 - 0  
7 .  L 

s o  0 

1 5 1  z 
a J m r a  

L I m lu 

Suncook / <1 

C, 
Ln 

I 

: !  I 
<1 <1 j i .  __I : t  j 

Su t t on  I I 1 0 ;  i : j - .  1 6 1 1  j 
Swanton j 
Thorndi  ke 

1 1 , - , 2 i  1 t 1 j ; 
I : i I , j I 
'I 

1 1 1 .  t i  - ! 
i i < l  ; t i  I I - .  

2 1 1 ;  i ] <1- 
/ 1 1 
7- i ' I !  

I .  I 

Tog us I 
Vassalboro I 
Wal p o l  e I -- Warwi c k I 

I Waterboro 

- 

Wa umbe k 1 ; ! :  
! 

t :  ! 
West ford i 1 --- i ! ,  A , .  : ! 
Westminster - ; - j  ' 

Whately 
Whi tman 
W i  ndsor 
Winoos k i  t f  , 
Woodbri dqe* 

Other Surface Cover 

Coasta l  beach I 

Cut and f i l l  I <1 < I  ] < I  [ i '  
Dune l a n d  1 <-I ! < I  I I 

I 

Gravel  /borrow ~i ti7 <1 ! <1 <1 ! < I  1 
I- Made l a n d  < 1 <1 <1 <1 ! t i ! <1 i 

I j Marsh < 1 < 1 I 
Mixed a l l u v i a l  

i _- 
< 1 < 1 t 1 2  

Muck/pea t 3 3 1 I ' <I 1 
- 

Rock o u t c r o p  
R n ~ ~ g h  m o t ~ n t a i n  
T i d a l  marsh 

I 

<1 - 

< 1 

<1 <1 

< 1 

j t i t  
I 

2 ( < 1  ' 

4 < I  



TABLE 4 ~ :  EROSION AND S I  LVICULTURAL CHARACTERISTICS OF THE SO1 L SERIES 

OF THE FUELWOOD HARVEST REGION' 

Erosion 

1 . 1  T-ipes 1 s o i l  se r i es  " ~ Z P  
E n t i c  
Hapl aquod 

- -- .- 

s l  . 
Sauga tuc k --------- 

Au Gres 

Aer ic  
-Hap1 aquod Naumberg 

E n t i c  
Hapl o r thod  

L im i t a t i ons  
onEquipment Windthraw 

and ~ o a d s 4  I Hazard 

Agawam 

I B rook f i e l d  

I sev. 
mod.-sev. mod. -sev. 

s l  . 
--------- 

sev. 
mod. 1 ------------ 

sev. 
sev. 

sev. P 

s l  . -mod. ------------ mod. - s e w  
sev. 

s l .  . 
mod. 1 ----------- s l .  

s l  . -mod. 
mod. ----------- s l .  

S I  .-sev. 
mod.-sev. - - - - - - - - - - - '  ~1 . 

s l  .-sev. 

1. Blznks indicate no data available. Exp lanation of ratings i s  given i n  t e x t .  sZ. =sl ight ,  mod. =moderate, sev. =severe. 
2 .  F m r n  SCS 1974 aqd WLschme~:er d Smith 1965. 
3. F m r n  SCS 197 7a. WF= white pine. UO=Upland oak, NH=Northern hardwood, SF=Spruce/fir. 
4 .  F m r n  SCS 1977a. 



Table  4A: con t .  

So i  1 Types 

E n t i c  
Hap1 o r t h o d  

S o i l  Se r ies  

Col r a  i n 

Gl ouces te r  

Har t1  and 

H i n c k l e y  

Ja f f r e y  

Me1 rose  

Merrimac 

Na s hua 

S u f f i e l d  

Ja rw ick  

Windsor 

\ 

Windthrow 
Hazard 

s l  . 
b 

s l .  

s l  . 
I-' 
I-' 

s l .  

L 

s l  . 

s l  . 

s l  . 
I 

L i m i t a t i o n s  
onEquipment  

and Roads 

sl . -sev. 
------------ 

sl . sev. 

s l  .-mod. 
------------ 

s l  . -sev. 
------------ 

s l  . 

s l  . -mod. ----------- 

s l  . 
----------- 

s l .  
----------- 

s l  .-sev. 
----------- 

s l  . 

I 
Eros ion  

Hazard a n d  
Fac to r  

I 
I 

s l  .-sev. 
------- 

.49 

------- 
17 

s l .  
------ 

- 3 2  
s l  . 

------ 
.17 

mod. -sev. 
------ 

.28 

s l  . 
----- 

s l .  
------ 

.17 

S e e d l i n g ,  
M o r t a l  i t y  

mod. 

s l .  

se r .  

s l  . 

s1.-mod. 

s l .  

mod. -sev . 

WP 

f a i r -  
good 

exc. 

poor- 
f a i r  

good 

good 

poor- 
f a i r  

P l a n t  
Hardwoods 

s l .  mod. 

s1.-sev. 

s l .  

s l  . -sev. 

s1.-mod. 

s l .  

s l .  

Es t imated 
UO 

poor-  
good 

poor-  
f a i r  

poor 

C o m ~ e t i t i o n  
Softwoods 

s1.-mod. 

mod.-sev. 

s l .  

mod.-sev. 

s1.-mod. 

mod. 

s l  . 

Produc t ion  
N H 

f a i r -  
good 

exc. 

poor- 
f a i r  

good 

good 

f a i r  
t 

, 
SF 

poor 

exc. . 

f a i r  

good 

good 

poor-  
fair 



Table  4a: 

S o i l  Types 

Elnt i c-  
L i  t h i c  
Hap lo r thod  

Aquent ic  
Map1 o r t h o d  

* 

E ros ion  
Hazard and 

Fac to r  

s l .  
---------- 

s l .  
---------- 

.20 

s l .  
--------- 

s l  .-mod. 
--------- 

.49 

--------- 
.I7 

s l .  
--------- 

.32 

--------- 
.17 

-------- 
.20 

-------- 
.28 

con t .  

S o i l  Se r ies  ----- 

B r i m f i e l d  

H o l l  i s  

Shap le igh 

Acton 

Be1 grade 

Deer f  i e l  d 

-- 

E l  mwoodl 

Sudbury 

Su t ton  

N i n i g r e t  

Windthrow 
Hazard 

mod. 

mod. 

s l  . -mod. - 
s 1 . u  

P 

s l .  

s l .  

s l  . 

s l  . 

s l .  

L i m i t a t i o n s  
on Equipment 

and Roads 

s l  . -sev. ------------ 
s l  .-sev. 

s l  . 
------------ 

s l .  

s l  . -mod. 
---- ---- ---- 

mod. 

s l .  ------------ 

s l .  
------------ 

mod. 

s l  . -mod. 
------------ 

mod. 

mod. ------------ 

s l  . -mod. 
------------ 

mod. 

s l  .-mod 
------------ 

W P 

poor-  
f a i r  

f a i r  

f a i r -  
exc. 

exc . 

f a i r -  
good 
- 

exc. 

f a i r -  
good 

good 

, Seed l i ng  
M o r t a l  i t y  

sev. 

mod. 

sl, 

s l  .-mod. 

s l  . 

s l .  

s l  . 

s l .  

s l  . 

Est imated 
U 0 

poor-  
f a i r  

f a i r -  
good 

f a i r -  
good 

good 

f a i r -  
good 

P l a n t  
Hardwoods 

s l  . 

mod. 

s1.-sev. 

s l  . 

s l  . 

s l  . -sev. 

sev. 

s1.-sev. 

sev, 
. 

P r o d u c t i v i t y  
N H 

f a i r -  
good 

f a i r  

f a i r -  
exc. 

exc. 

f a i r -  
good 

exc. 

f a i r -  
good 

good 

Compet i t ion  
Softwoods 

s l .  

mod. 

mod.-sev. 

mod. 

mod. 

mod. -sev. 

sev. 

mod.-sev. 

sev. 

SF 

fair 

good 

f a i r -  
exc. 

exc. 

fair 

exc . 

fair 

good 



L i m i t a t i o n s  
on Equipment 

and Roads 

s l  .-sev. 
------------ 

mod. -sev. 

Table 4a: con t .  I 

Erosion 
Hazard and 

Factor  

s l  .-mod. 
---------- 

Windthrow 
Hazard 

mod.-sev. 

S o i l  Types 

L i  t h i c  
Hap1 o r thod  

S o i l  Ser ies 

Canaan 

L i t h i c  
Hap1 or thod 

Typic 
Hapl o r thod  

s l  .-mod. 
---------- 

.20 

---------- 
.17 

Lyman 

Thorndi ke 

Westminster 

Acworth 

Adams 

F s t h a t e d  
WP 

poor- 
good 

Seedl ing 
Mor ta l  i t y  

sev. 

A1 lagash 

Bangor 

Ber ks h i  r e  

Col ebrook 

Col t on  

mod. 

I-' s1.w 

UO . 

poor 

---------- 
.28 

--------- 
.20 

s l  . 

s l  . 

poor- 
good 

-- 

f a i r  

P l an t  
Hardwoods 

s l  . 

D i x v i l l e  
d 

sev. 

mod.-sev. 

good 

f a i r  

P roduc t i v i  
NH 

f a i r -  
good 

Competit ion 
Softwoods 

s l  . 

Forested areas support good stands o f  second-growth ye l l ow  and wh i t e  b i r ch ,  hard 
map1 e, and some spruce, fir, hemlock, beech, and popple. 

----- 

s l .  

mod.-sev. 

poor 

t v  
SF 

f a i r -  
good 

-- 

f a i r  

poor 

s l .  

s l  . 

f a i r -  
good 

f a i r  

------- 

s l  . -sev. 

s l .  

f a i r -  
good 

poor 

f a i r  

f a i r  

s l .  

s l .  

f a i r  

poor 

s l  .-sev. 
------------ 

mod. -sev. 

s l  .-sev. 
------------ 

s l .  

mod.-sev. 

s l  . 
A 

s l  .-sev. ------------ 
s l  . -sev. 

s l  .-sev. 
----------- 

s l .  



Table  4a: c o n t .  

S o i l  Types 
Windthrow 

Hazard 

s l .  

S o i l  Se r ies  

Duane 

s l .  

s l .  

I-' 
s l . &  

s l .  

s l  . 

s l .  

L i m i t a t i o n s  
on Equipment 

and Roads 

s l  . 
------------ 

s l .  

~ r o s  i on 1 

s l  . ----------- 
s l  .-sev. 

----------- 
s l  .-sev. 

s l .  ----------- 
s l  . 

s l  . -mod. 
--;-------- 

mod. 
mod. ----------- 

mod. 
----------- 

s l  . 

Hazard and Est imated P r o d u c t i v i t y  Seed1 i n g  
Mor ta l  i t y  

s l .  

s l .  

s1.-mod. 

Fac to r  

--------- 
.l: 

Typic  
Hap1 o r t h o d  

s l .  

mod.-sev. 

mod. 

mod. 

, P l a n t  
Hardwoods 

s l .  

mod. 

s1.-mod. 

' WP 
I 

f a i r  

poor-  
good poor 

Aqu i c 
Haplor thod 

Groveton 

Hermon 

Lempster 

Competi t i o n  , 

Softwoods 

mod. 

mod. 

s1.-mod. 
f a i r -  
good 

S t e t s o n  

s l .  ' 
--------- 

SF 

f a i r  

UO 

f a i r  
---- 

- 

s l .  -mod. 
--------- 

. l ?  

N H 

f a i r  

f a i r -  
good 

- 

Sa 1 mon 

Pe te rbc ro  
.- 

good --------- 
.49 

good 

s1.-sev. 

s l .  

s l  . 

good 

- 

Croghan 

Di  xmont 

Madawas ka 

N i c h o l  v i  1 l e  

.- 

Skowhegan 

- 

good 

--------- 
.20 

--------- sl- 
.24 

--------- 
.28 

s l  . 

-- 

f a i r  

-- 

exc. 

s l  . 

--------- 
.49 

--------- 
.17 

f a i r  

- 

s l .  

f a i r  

1 
I exc. 

f a i r  s l  . 

exc. s l .  



Table  4a: con t .  

Eros ion 
Hazard and. 

Fac to r  

---------- 
.17 

S o i l  Types 
Windthrow 

Hazard 

s l  . 

S o i l  Se r ies  

Waumbek 

s l  . -mod. 

s l  . -mod. 

P 
UI 

s l  . 
- 

s l  . -mod. 

s l  . -mod. 

s l  .-mod. 

L i m i t a t i o n s  
on Equipment 

and Roads 

s l  .-mod. 
------------ 

mod. 

s l  .-mod. 
------------ 

s l  . -mod. 

s1.- sev. 
------------ 

s1.- sev. 

s l  .-mod. ----------- 
s l .  

s l  .-sev. 
'----------- 

sl .-mod. 
s l  .-mod. 

----------- 
mod. 

s l  .-mod. 
----------- 

mod. 

T j p i c  
F r a g i  o r t h o d  

E n t i c  
F r a g i o r t h o d  

Seed l ing  
M o r t a l  i t y  

s l .  

Est imated P r o d u c t i v i t y  P l a n t  
Hardwoods 

s1.-sev. 
-- 

W P 

f a i r  
.- 

Compet i t ion  
Softwoods 

mod.-sev. 
- 

mod.-sev. 

mod.-sev. 

s l  . 

Becket ---------- f a i r  f a i r  f a i r  f a i r  s l .  s1.-sev. 

B l  and fo rd  

Marlow --------- good good f a i r  f a i r  s l .  s1.-sev. 
.24 

- - 

Potsdam 
.49 I 

U 0 

f a i r  
-- 

mod.-sev. 

mod.-sev. 

mod.-sev. 

-- 

'quent ic  
F r a g i  o r t h o d  

NH 

f a i r  
- 

poor 

Paxton 

S c i t u a t ?  
-- - -- -- - - 

Woodbridge 

Cra ry  

SF 

f a i r  

--------- 

s l  . 

--------- 
.24 

Essex 
-- - 

M i l l i s  

f a i r  f a i r  f a i r  f a i r  s1.-sev. 
- - - - - - - . .- - - - - - - 

--------- s l  .-sev. 

--------- 
.49 

good- 
exc. 

f a i r  f a i r  

f a i r -  
good 

-------- 

good- 
exc. 

poor 

f a i r -  
good 

mod. s l .  

s l  . s l  .-sev. 



L i m i t a t i o n s  
on Equipment 

and Roads 

s l .  
------------ 

mod. 

sl,. 
------------ 

s l  . 
s l  . -mod. ------------ 

51.  

s l .  
------------ 

mod. 

s l .  ------------ 
mod. 

s l  .-mod. 
------------ 

mod. 

sev. 
------------ 

sev. 

sev. 
------------ 

sev. 

Tab le  4a: 

S o i l  Types 

Aquic 
F r a g i o r t h o d  

Aqu i c 
Dys t roch rep t  

F l u v e n t i c  
Dys t roch rep t  

F l  uvaquent ic  
Dys t roch rep t  

D y s t r i c  
Eu t roch rep t  

Aqui c Dystr icBuxton 
Eu t roch rep t  

Typ ic  
,Fragi  aquept 

- ---.. 

Typ ic  
Hap1 aquept 

Windthrow 
Hazard 

s l  . 

s l .  

s l .  

s l .  r 
m 

s l  . 

s l  . -mod. 

sev. 

sev. 

Eros ion 
Hazard and 

Fac to r  

---------- 
.24 

---------- 
.49 

---------- 
.49 

---------- 

---------- 
.20 

---------- 
.49 

s l  .-mod. ---------- 
.28 

---------- 
.24 - 

---------- 
.32 

---------- 
.17 

con t .  

S o i l  Se r ies  

Peru 

Sc i o 

Hadley 

Ondawa 

Podunk 

Winooski 

Ac t  on 

Whi tman 

- . 

Burnham 

L e i c e s t e r  

WP 

good- 
exc. 

good 

f a i r -  
good 

good- 
exc. 

good 

fair- 
good 

poor-  
f a i r  
- 

f a i r -  
good 

Seed l ing  
Mor ta l  i t j  

s l .  

s1.-mod. 

s l .  

S l .  

s l .  

sl. -mod. 

sev. 

mod.-sev. 

Est imated 
U 0 

good 

good 

fair 

good- 
exc. 

good 

- 

Poor 

poor- 
good 

P l a n t  Com3eti 
Hardwoods 

s l .  

s1.-sev. 

s l  . - s ~ v .  

s l  . - s ~ v .  

s1.-sev. 

s l  . -sev. 

mod.-sev. 

mod.-sev. 

t i o n  
. . 

Softwoods 

mod. 

s l  .-sev, 

mod.-sev. 

mod.-sev. 

mod,-sev. 

s l . -sev .  

mod.-sev. 

mod.-sev. 

P r o d u c t i v i t v  
NH 

f a i r -  
exc. 

good 

f a i r -  
good 

good- 
exc. 

good 

f a i r -  
good 

Poor 
----- 

poor-  
f a i r  

, 
SF 

f a i r -  
exc. 

f a i r -  
good 

f a i r -  
exc. 

good 

f a i r -  
good 

poor- 
fair 

f a i r  



Table  

S o i l  Types 

A e r i c  
Hapl aquept 

M o l l  i c 
Hapl aquept 

A e r i  c 
F l  uvaquent 

Typ ic  
F l  uvaquent 

A e r i  c 
F rag iquep t  

F l  u v a q u w t i c  
Humaqueot 

4a: c o n t .  

S o i l  j e r i e s  

Mona rda 

Scan t i c  

Rayn ham 

Red Hook 

Swan t o n  

Wal p o l e  

Whately 

Rumney 

L i m e r i c c  

-- 

R i  dgebupy 

Saco 

Eros ion 
Hazard and 

Fac to r  

---------- 
.28 

---------- 'I* 
.28 

- --------- 
.49 

---------- 
.49 

s l  . 
---------- 

.32 

s l  , 
---------- 

.20 ; 

L i m i t a t i o n s  
on Equipment 

and Roads 

sev. 
------------ 

sev. 

sev. ------------ 
sev. 

sev. ----------- 
sev. 

sev. ----------- 

Windthrow 
Hazard 

sev. 

sev . 

sev. r 
4 

sev. 

sev. 

sev. 

sev. 

sev. 

Does n o t  produce t r e e s  o f  commercial va lue  

Seed l ing  
M o r t a l  i t y  

sev. 

sev. 

mod. -sev< 

sev. 

W P 

f a i r  

f a i r  

f a i r  

good 

P r o d u c t i v i  
NH 

f a i r  

f a i r  

f a i r  

qood 

Est imated 
U 0 - - - - 

poor 

poor 

poor 

sev. 
----------- 

sev. 
sev. ----------- 
sev. 

sev . ----------- 
sev. 

sev. 
----------- 

sev. 

t y  
SF 

f a i r  

f a i r  

f a i r  

good 

P l a n t  
Hardwoods 

sev. 

mod. -sev. 

mod. -sev. 

mod. 

mod. -sev. 

mod .-sev. 

mod. -sev. 

sev. 

Compet i t ion  
Softwoods 

sev. 

mod. -sev. 

mod.-sev. 

mod. 

f a i r -  
good 

poor-  
good 

- 
poor- 
good 

mod. -sev. 

-nod .-sev. 

nod.-sev. 

sev. 

good 

f a i r -  
good 

f a i r -  
good 

f a i r  

poor- 
good 

s l .  
---------- 

---------- 
.20 

s l  . 
---------- 

.24 

sev. 

sev. 

mod. -sev. 

sev. 

1 

good 

f a i r -  
good 

f a i r -  
good 



Table 4a: cont.  a 

The Sebago s o i l  se r ies  i s  c l a s s i f i e d  as being unsui ted f o r  commercial product ion o f  t imber.  
The f o l l o w i n g  se r i es  a re  no t  c l a s s i f i e d  due t o  an o r i g i n a l  broad o r  vague d e f i n i t i o n :  Barnstead, Danby, Etna, Greensboro, 

Hinsdal  e, Skerry, Waterboro Muck, and Westford. 

S o i l  Types 

Typic 
Humaquept 

H i s t i c  
Humaquept - 

Typic 
Borohemi s t  

-- .- 
T e r r i c  
B o r o f i b r i s t  

Typic 
.Borof i b r i  s t  

H i s t oso l  

Typic . 
Ud i psament  

S o i l  Ser ies 

Scarboro 

B i  ddeford 

R i f l e  
- 

Togus 

Vassal boro 

Balch 

L i t t l e f i e l d  

Suncook 

Windthrow 
Hazard 

sev. 

sev. 

- 

P 
03 

L 

s l  . 

Erosion 
Hazard and. 

Facto'r 

s l .  
---------- 

L i m i t a t i o n s  
on Equipment 

and Roads 

sev. ------------- 
sev. 

sev. 
------------- 

.. 

_A_- 

------------- s l .  
s l  . 

- 

Estimated P r o d u c t i v i t y  Seed1 i n g  
M o r t a l i t y  

sev. 

WP 

f a i r  
- 

I 1 poor 
I 

t 
i 

sev. 

---. 

.-.. 

sev. , 
- 

poor 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' UO 
.- 

, P l an t  
Hardwoods 

sev. 

Compet i t ion 
Softwoods 

sev. 

sev. 

..... 

s l .  . L  

N H 

f a i r  

sev. 
--- 

I__i-_ 

. . 

s l .  . 

..................... 

SF 

f a i r  

... 

................. 

poor- 
f a i r  

- 

............. 

poor- . L o r  
f a i r  

----- 

........ +_._ 

poor- " , -  

f a i r  
-- 



harves t  r s . j ion ,  a  range i n  K-factors frorn .15 ( i n d i c a t i n g  low ero-  

s ion  p o t e n t i a l )  t o  .49 ( i n d i c a t i n g  mcdiurn t o  h igh)  a r e  found. 

These e ros ion  p o t e n t i a l s  a r e  determined by such s o i l  p r o p e r t i e s  a s  

t e x t u r e ,  organic  ma t t e r ,  and s t r u c t u r e ,  a l l  of which a f f e c t  i n f i l -  

t r a t i o n ,  water c a p a c i t y ,  and p a r t i c l e  detachment and mobi l i ty  

(Wischmeier & Smith 1965).  

S o i l  p r o d u c t i v i t y  i n  Table 4a has been est imated by means of 

a  s i t e  index f o r  t h e  t r e e  types  t h a t  a r e  dolainant o r  codominant 

wi tk in  the  surveyed c o u n t i e s .  This i s  determined by average t r e e  

he igh t  i n  a  f u l l y  stocked f i f ty -yea r -o ld  s tand  ( S C S  1977a) .  

Seedl ing m o r t a l i t y  r e f e r s  t o  t h e  ~ o r t a l i t y  of n a t u r a l  o r  

2 lanted  seed l ings  a s  inf luenced by s o i l  o r  topograpilic c o n d i t i o n s  

idhen ,3lant cornpetition i s  assurtied not  t o  be a f a c t o r .  P lan t  com- 

p e t i t i o n  in  t h e  t a b l e  shows t h e  degree of  cornpetition t h e  d e s i r e d  

t r e e  spec ies  r e c e i v e  from undes i rab le  p l a n t  s p e c i e s ,  p a r t i c u l a r l y  

i n  t h e i r  seed l ing  per iod  ( S C S  1977a) .  

The p r i n c i p a l  l i m i t i n g  f a c t o r s  t o  t h e  use of equipment a r e  

n a t u r a l  wetness,  s teepness  of s l o p e s ,  and t h e  nu~nber of rocks and 

boulders  i n  o r  on t h e  s o i l .  The l i m i t a t i o n s  on woodland roads a r e  

based on s o i l  c h a r a c t e r i s t i c s  t h a t  r e s t r i c t  o r  p r o h i b i t  construc-  

t i o n  of those  roads .  Natural  d ra inage ,  rock iness ,  numbers of 

boulders ,  e ros ion  hazards ,  and g r a d i e n t s  a r e  examples. 'dindthrow 

hazard i s  dependent both on t h e  development of t r e e  r o o t s  and t h e  

a b i l i t y  of s o i l s  t o  hold t r e e s  f i r m l y  (SCS 1977a) .  

Table 4b l i s t s  t h e  hydrologic  and geologic  c h a r a c t e r i s t i c s  of 

the  s o i l -  s e r i e s  i n  t h e  fuelwood h a r v e s t  reg ion .  Permeabi l i ty ,  

measured i n  inches per  hour,  d e s c r i b e s  t h e  est imated r a t e  of water 

nlovement through a  s a t u r a t e d  s o i l  l a y e r .  Surface t e x t u r e  c l a s s e s  

a r e  given f o r  t h e  major s o i l  l a y e r s  according t o  t h e  U . S .  Depart- 

rnent of  Agr icul ture  c l a s s i f i c a t i o n  system, keyed i n  idote 3 a t  t h e  

bottoin of t h e  t a b l e .  Texture r e f e r s  t o t h e  r e l a t i v e  p r o p e r t i e s  of 

sand, ' s i l t ,  and c l a y  i n  s o i l  m a t e r i a l  t h a t  i s  l e s s  than two m i l l i -  

meters i n  diameter  (SCS 1977b).  

Frequency of f looding and h igh  water t a b l e  incidence a r e  

given f o r  each s o i l  s e r i e s ,  along with t h e  months t h e s e  phenomena , 

a r e  most l i k e l y  t o  occur .  The runoff p o t e n t i a l  column shows t h e  



TABLE 4B: HYDROLOGIC AND GEOLOGIC CHARACTERISTICS OF THE SOIL SERIES OF THE FUELWOOD 

HARVEST REG I ON' 

I .  Soil  types for the soi l  series are given i n  Table 3A. Blanks indicate no data available. Explanation of the 
characteristics given i n  t ex t .  

2. Key : CB=CoSbly, CN=Channe?y, .F=Fine, GR=Grave l l y ,  HM=Henric Material, G-hamy, MK=Muck, MPT=Muck.y Peat, R=Rocky , 
RE=ExtremeZy Rocky, S=Sandy, SH=ShaZy, SI=Silty,- ST=Stony, STE=Extremely Stony, V=Very. 

3. Ratings ra.qge from A i l m e s t  .runoff potential) t o  D (highest runoff potential).  

Sources: SCS 1977b and those iri  Table 3. 

Hydro1 ogi  - 
ca l  Group: 

Runoff 
F ~ t e n t i a l  

C 

,----- 

C 

B 
---- 

B 

B 

Surface 
Texture 
class2 

FSL,tS 
s 

- 

L S 

FSL 

SL , FSL 

FSL, 
STVFSL 

So i l  Permeabi l i ty 
Bedrock 

Depth 
(inches) 

>72 

- 
>6O 

>60 

48- 72 

>60 

F l  
Frequency 

None 

-. ... 

None 
-- 

None 

None 

None 

Series 

Au Gr€,s 

Naumberg 

Saugatuck 
\ 

Agawam 

Brookf ie lc  

Char1 ton  

Col r a i n  

oodi nq 
Months 

...-*...--- *.. . .-.. ""- 

----- 

High Ground 

(inches/howr) 

2.0- 6.0 

6.0-20.0 

2.0- 6.0 
- 

0.6- 2.0 

0.6- 6.0 

Frost  
Act ion 

Potent i  a1 

Moderate 

Moderate 

Low 

Moderate 

Low 

Water 
Depth 

0- 1 

- - --- --- " ..-. - .*.-.-. 

0- 1 . 5 ,  

3-1 0 

4-6 

3-10 

Shrink- 
Swell 

Po ten t ia l  

Low- 
Low 

Very Low 

Low 

Low 
- 

Low 

Ta b l  e 
Months 

- .--.--.- - 

Dec.-Jun. 

Jan.-Mar. 

Jan. -Apr. 



Hydrologi-  
ca l  Group: 

Runoff  
Po ten t ia l  

A 

B 

A 

C 

A 

C 

A 

A 

Table 

S o i l  
Ser ies 

Gloucester 
_ _  - .. 
Gra f ton  

Har t land  
-- 

Hinck ley 

4b: cont.  

Permeab i l i t y  
( inches/ho~:r)  -- 

6.0-20.0 
.... - . . -. . _ . _. . 

0.2- 2.0 
- 

6.0-20 .O 
i 

Bedrock 
Depth 

finches) 

>60 

>60 

>60 

>60 

>60 

i 

>60 

72- 84, 

>60 

Surface 
Texture 
Class 

SL ,STVSL , 
STES L. 

. .... .-.. .- - _. _. - 

I SIL, 
VFSL 

--- 

GRSL 

High Ground F ros t  
Ac t ion  

Po ten t i a l  

Low 

High 

Low 

Moderate 

Low 

High 

Low 

Low 

J a f f r e y  

Me1 rose  

Merrirnac 

Nashua 

S u f f i e l d  

Warwick 

Windsor 

B r i m f i e l d  

, 

Frequency 

None 
- . -.- ... 

None 

None 

blat~r 
Depth 

3- 6 

>6 
. 

>6 

1.5- 3.5 

>6 

> 6 

> 5 

> 6 

Shr ink-  
Swell 

Po ten t i a l  

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Floodi  nq 
Months 

-.-- 

None 

None 

None 
-- 

None 

None 

-- 

Table 
Months 

Nov.-Mar. 

Mar.-Apr. 
------ 

. . 
2.0- 6.0 

2 .0 -6 .0  I 

0.6- 2.0 

.--- 

2.0- 6.0 

6.0-20 ,O 

FSL 

FSL 

S I  L 
VFSL 

.- 

CNL, 
CN FS L 

LS 



Table 4b: cont.  
Hydrologi-  
c a l  Group: 

Runoff 
P o t e n t i a l  

High Ground Bedrock 
Depth 

f inches)  

Fros t  
Ac t i on  

P o t e n t i a l  

Shr ink-  
Swell 

Po ten t i  a1 
Soi 1 Permeabi 1 i t y  Texture 
Ser ies f inches/hour) I I Class 

Floodins 
Frequency I Months 

Moderate H o l l i s  Low 

Shapl e igh  I 
0.6- 6.0 

Low 

FSL , L 
VRFSL ,VRL 

None 1 Moderate Acton 

~ e l ~ r a d e  0.6- 2.0 I SIL, 1 VFSL Moderate 

2.0- 6.0 

Low 

h) Low h) 

FSL VSTFSL 
SL, VSTSL 

Moderate D e e r f i e l d  

E 1 mwood 2.0- 6.0 FSL, I VSTSL 

2.0-20.0 

1- 3 

1 - 3  

None 1 
LFS ,LS, 

SL 

Nov. -Ma3 

Dec.-Apr 

High 

1.5- 3.5 Nov.-Apr 

Low 

None 1 ~ u d b u r i  1 2.0- 6.0 FSL Low 

Sut ton 1 0.6- 6.0 1 FS L 
L None I Moderate Low 

N i n i g r e t  2.0- 6.0 I I FSL None I Moderate 

Moderate 

Low 

Low 

Low 

Canaan I 2.0-20.0 I FSL.,VRSL 
RESL None I 

None Lyman Moderate 2.0- 6.0 
FSL,L 

VSTFSL 
VRFSL ,VRL 



Table 4b: cont.  Hydro1 o g i  - 
c a l  Group: 

Runoff  
b t e n t i a l  

C/ D 

Adams 

Al lagash 

Bedrock 
Depth 

( inches)  

10-20 

F r o s t  
Ac t ion  

P o t e n t i a l  

Moderate 

High Ground 
Water Table S o i l  Permeab i l i t y  

Ser ies  f inches/hour) 

Shrink.- 
Swel l  

P o t e n t i a l  

Low 

Surface 
Texture 
Class 

SHSIL, 
SIL,SHVS.IL, 

YRSHIL, RESIL, 

Depth 

>6.0 Thorndike 

6.0-20 

2.0- 6.0 

Months 

- 0.6- 3.0 

F lood ing 

None VSTLS 

. FSL None I? 
Bangor 0.6- 2.0 S I L 

VSTSIL 
! None 

STEFSL 

1 .  ! 

"requency 

None 

- 

- 

- -  

Col t o n  
RSL ,CBSL, 
GSL LFS 

Months 

- 

- 

- 

N o  - 1 A-c 1 2 0 - , 6 0 1  1 Low 

- 1 ,  

4->6 

> 6 

>6.0 

>6.0 

Nov .-May 

- 

- 

B 

I 

B 

A 

B 

20->60 

>60 , 

P-p 

>60 

>60 , 

Moderate 

Moderate 

Low 

Low 

Low 

Low 

Low ; 

Low 





Hydro1 og i  - 
c a l  Group: 

Runoff 
Po ten t ia l  

C 

B 
- - - - -- 

B 

C 

C 

C 

C 

C 

C 

Table 4b: cont.  
Surface 
Texture 
Class 

SIL, 
VFSL 

LFS 

SL, 
VSTSL 

FSL 
VSTFSL 

-- - - - -. - - - - 
FSL,VSTFSL, 
VSTL ,STFSL 

FSL 

FSL ,VSTFSL 
VSTL,STEFSL 

FSL, 
VFSL 

FSL ,L ,VSTFSL, 
VSTL ,STEFSL --------- 

Soi 1 
Ser ies 

N icho l -  
V i l l e  

Skowhegan 

Waumbek 

Becket 

B l  andford 

Marl on 

Potsdam 

Essex 

M i l l  i s  

Paxton 

Sci t ua te  

Permeabi 1 i t y  
(inches/hour) 

0.6- 2.0 

2.0- 6.0 

2.0-20.0 

0.6- 2.0 

0.6- 6.0 

0.6- 2.0 

0.6- 6.0 

0.6- 2.0 

O e 6 -  6 '0  

Shr ink-  
Swell 

P o t e n t i a l  

Low 
- 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Bedrock 
Depth 

(inches) 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>48 

>60 

Fros t  
Ac t ion  

Po ten t i a l  

High 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Frequency 

None 
- -  

None 

None 

None 

None 

None 

None 

None 

None 
- 

High Ground 
Floodinq 

Months 

-- 

Water 
Depth 

1.5- 2.0 
-- -- --- --- 

1.5- 2.5 

1 .O- 3.0 

----- 

2 

2 

1.5- 3.0 

2 

2.5+ 

2 
-- 

Table 
Months 

Nov.-May 
- -- -. 

Nov.-May 
- 

Nov. -May 

- 

Nov. -Mar. 

Nov. -Mar. 

Apr.-May 

Nov. -Mar. 

Nov. -Mar. 



Table 4b: cont. I 

Bedrock 
Depth 

( inches)  

> 60 

>60 

-- - 

>60 

- 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

Hydro1 ogi  - 
High Ground cal  Group: Frost  

Act ion 
Poten t ia l  

High 

Moderate 

High 

High 

High 

Low 

Moderate 

High 

-- - 

High 

High 

Surface 
Texture 
Class 

FSL ,L y VSTFSL , 
VSTL y STEL 

FSL 

-- - - - 
FSL,L, 

VSTFSL, 
VSTL 

VFSL 

SIL 

FSL y 

S L 

FSt 

SIL 

SIL 
VST-SIL 

So i l  
Ser i  es 

Woodbridge 

Crary 

P 

Peru 

Scio 

Had1 ey 

Ondawa 

Podunk 

Winooski 

Acton 

Buxton 
4 

Water 
Depth 

1.5- 3.0 

1.5- 3.0 

- 

1 .O-3.0 

1.5- 3.5 , 

3.0- 6.0 

5 

1 -5-  3.0 

1- 3 

1- 3 

Frequency 

None 

None 

- - -- - - - -- - - 

None 

None 

Common 

Common 

Frequent 

Common 

None 

Whitman 1O.6-6.Cl 1 F:L' I None 1 I T O 0 . 5 1 S e ~ . - J u n . .  
-- 

Shrink- 
Swell 

Po ten t ia l  

Low 

Low 

Low 

Low 

Low , 
m 

Low 

Low 

Low 

- - -- - - -- _I_ 

Low 

Low 

Permeabi l i ty 
finchea/hour) 

0.6- 6.0 

0.6- 2.0 

- - 

0.6- 2.0 

0.6- 2.0 

0.6- 2.0 

2.0- 6.0 

0.6- 6.01 

0.6- 6.0 

0.2- 2.0 

Floodinq 
Months 

-- -- -- 

0ct.-Apr. 

Nov.-May 

Nov. -May 

Sept . -Apr . 

D 

Table 1 Runoff 
Months 

Nov. -Mar. 

Apr . -May 

- -- 

Nov. -Mar. 

Nov.-Apr. 

Nov. -May 

Nov . -May 

Dec . -Apr . 

Nov. -May 

p o t e n t i a l  

C 

C 

C 

B 

B 

B 

B 

B 

C 



Hydro1 ogi - 
ca l  Group: 

Runoff 
po ten t i a l  

D 

C 

D 
. 

C 

C 

B/ D 

C 

D 

C 

C 

Table 4b: cont. 
Surface 
Texture 
Class 

SIL, 
VSTS I L 

FSL y L 
VSTFSL,VSTL 

SILyVSTSIL, 
STES I L 

SIL, 
VSTSIL 

S I L 

L 

FSL 

FSL ,SL 

MK 

F SL 

SIL 

So i l  
Seri  es 

Burnham 

Leicester  

Monarda 

Scantic 

Rayn h am 

RedHook 

Swanton 

Wal pol  e 

Whately 

Rumney 

Limerick 

Bedrock 
Depth 

(inches) 

>60 

>60 

>60 

>60 

>60 

6 0  

>60 

>60 

>60 

6 0 

Permeabi 1 i t y  
(inches/hourl 

0.6- 2.0 

0.6- 6.0 

0.6- 2.0 

0.2- 2.0 

0.6- 2.0 

0 .6 -2 .0  

2.0- 6.0 

2.0- 6.0 

2.0-20 

2.0- 6.0 

0.6- 2.0 

Frost 
Act ion 

Poten t ia l  

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

F l  
Frequency 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Frequent 

Frequent 

Shrink- 
Swell 

Po ten t ia l  

Low 

Low 

Low 

Low 

h, 

Low .I 

Low 

Low 

High 

Low 

Low 

oodi na 
Months 

Oct. -Mar. 

Apr. -Jun . 

High Ground 
W a t e r  

Depth 

0- 1 

0- 1 

0 - 1 . 5  

0- 1 

0.5- 2.0 

0.5- 1.5 

0- 1.5 

0- 1 

0- 1 

0- 1.5 

0.5- 1 .5 

Table 
Months 

Oct . -Aug . 

Nov . -Apr . 

0ct.-Jun. 
-- 

Oct .-Jun. 

Mar.-Jun. 

Dec . -May 

Nov . -May 

Nov. -Apr. 

0ct.-Aug. 

Nov.-Jun. 

Jan. - Jun. 



Hydro1 ogi -  
ca l  Group: 

Runoff 
Potent ia l  

C 

D 

Bedrock 
Depth 

f inches)  

>60 

>.60 

Table 4b: cont. 

Frost  
Act ion 

Poten t ia l  

High 

High 

Surface 
Texture 
Class 

L,FSL, 
VSTFSL 

S 1.L , 
VFSL 

Soi 1 
Seri  PS 

Ridgebury 

Saco 

Shrink- 
Swell 

Po ten t ia l  

Low 

Low 

Permeabi 1 i t y  
finches/hou.r) 

0.6- 6.0 
.- - -- 

0.6- 2.0 

Scarboro 

Biddeford 

R i f l e  

Togus 

Vassalboro 

Balch 

L i t t l e -  
f i e l d  

Suncook 

Sebago 
. 

Barns tead 

LFS, FSL , 
S L -- .. . - 

MPT 

F B 

FS 

F B 

. 

L S 
-.---. - . . . 

HM 

2 .0 -6 .0  

2.0-20+ . 

20 -30 

2.0- 6.0 

2.0- 6.0 

>6.0 

2.0- 6.0 

D I >60 

>60 I 

High 

High 

High 

High 

High 

Low 

High 

Fl  
Frequency 

None 
-- - . . - - 

Common 

D 

D 

Low 

High 

High , 
a3 

Low 

Low 

High Ground 
oodi na 

Months 

. - - - - - ---- - ---. . 

>60 

>60 

water 
. Depth 

0- 1.5 
- - 

0- 0.5 

Rare 
- - - - . - 

None 

Frequent 

Frequent 

Frequent 

- 

Common ' 

. -.- -.. - . . - . 

Frequent 
-- - 

Table 
Months 

Nov. -May 

Nov.-Apr, 

0 - 1 . 0  
. .- - - - 

0- 0.5 

0- 1 
-- 

1- 0.5 

1- 0.5 

3- 6 

+ 1 - 0 . 5  
- 

-- - -. - . - - - - 

Nov. -May 

Mar. -Jun. 

Mar. -Jun. 

Mar. -May 
. .  - . .- 

Mar.-Jun. 

D 1 >60 

Jan.-Dec, 

Nov.-Aug 

Nov. - Jun 

Sep.-Jul 

Sep.-Jul 

Jun.-Apr, 

Sep.-Jun. 
- 

' A 

D 

>60 

>60 



Table 4b: cont. 

Hydrologi - 
cal  Group: 

Runoff 
Potent ia l  

C 

Surface 
1 i t y  Texture 

Class 
.--__---.----I-__-__ 

Danby 

High Ground 

Etna 
I 

Greensboro 

Hinsdale 

Skerry 0.6- 2.0 

Waterboro 
Muck - 

Westford 

Bedrock 
Depth 

(inches) 

>72 
FSL,SL, 
VSTFSL, 
VSTSL 

Table 
Months 

Nov. -Mar# 

Fl ood i nq ~ a t e r  
Frequency Months Depth 

Frost  
Act ion 

Potent ia l  

High None 

Shrink- 
Swell 

Potent ia l  

Low 

,- 
h) 
w 

__I__ _ _.___I _ - 

1.5- 3.0 



s o i l ' s  a b i l i t y  t o  absorb ra inwate r .  The hydrologic  lqroups run 

from t i  ( lowest  runoff p o t e n t i a l )  t o  v ( h i g h e s t  runoff p o t e n t i a l ) .  

F ros t  a c t i o n  p o t e n t i a l  e s t i m a t e s  t h e  s o i l s '  l i l ce l iness  t o  heave 

nhen f reez ing  occc r s ,  and the  shr ink-swell  p o t e n t i a l  d e s c r i b e s  the 

s o i l s '  2 o t e n t i a l  t o  swgll  %hen wet a n d  sh r ink  when d ry  ( S C S  

1977b).  

S o i l  Compaction 

S o i l  conpaction w i l l  r e s u l t  a t  a c u t  on s e c t o r s  t h a t  a r e  

t r a v e r s e d  by t h e  irlechanical equiprilent used f o r  c u t t i n y ,  skid din^^, 

landing ,  chipping,  and t r a n s p o r t i n g  t h e  f u e l ~ ~ o o d  frorn t h e  i o r e s t .  

The e x t e n t  of cornpaction w i l l  depend on t h e  s o i l  t e x t u r s  and nois -  

t a r e  co i l ten t ,  t he  type  of eyuipinent ased ,  and the  s i z e  of t h e  har-  

v e s t  a t  a  p a r t i c u l a r  s i t e .  S o i l s  most co~apacted w i l l  be rneiiium 

t e x t u r e d  ( i . e . ,  loams and s i l t y  l o a ~ n s )  and wet (Swanston & Dyrness 

1973) .  Within the  ha rves t ing  a r e a  t h e  most f r e q u e n t l y  occurr ing  

s o i l s  may have low t o  moderate compaction p o t e n t i a l ,  a s  they  a r e  

predoriiinantly sandy loans ( s e e  Table 4b) . With a  few excep t ions ,  

t h e  o t h e r  s o i l s  wi th in  t h e  region have s i rn i la r  t e x t u r e  and need 

some a t t e n t i o n  t o  prevent  compaction problems. Compaction pro- 

blems w i l l  be exacerbated by wet eond i t ions .  For t h i s  reason,  

a r e a s  c h a r a c t e r i z e d  by s o i l s  with chronic  f looding o r  h igh  water 

t a b l e  cond i t ions  should be avoided while h a r v e s t i n g .  idithin t h e  

ha rves t ing  area, t h e  rnajnr s o i l s  are not  flooded by s t reams and 

are found i n  regions where water t a b l e s  a t  t h e i r  h i g h e s t  a r e  not  

wi th in  t h r e e  f e e t  of t h e  s u r f a c e .  The except ions a r e  s o i l s  of t h e  

Marlow, Paxton, and Buxton s e r i e s ,  a l l  of which have water t a b l e s  

shal lower than  t h r e e  f e e t  from November t o  t h e  sp r ing .  Severa l  

s o i l s  of l e s s e r  importance i n  t h e  a r e a  a r e  o c c a s i o n a l l i  f looded 

and have x a t c r  t a b l e s  near  t h e  s i~ . r f ace .  This inforrnation i s  ;;>re- 

sented  i n  Table 4b. 

I t  should be noted. t h a t  when the  season of h igh  water t a b l e  

co inc ides  with a  snow cover ,  h a r v e s t - r e l a t e d  s o i l  compaction i s  

reduced i n  rnagnj.t,ude. I n  f a c t ,  compaction f o r  most . s o i l  types 

w i l l  be l a r g e l y  reduced by skidding on t h e  snow. Winter skidding 



on a  snow depth of twelve t o  s i x t e e n  inches with rubber - t i r ed  

v e h i c l e s  reduced compaction by over  30  percent  i n  one experii-iisnt 

(?Iace, Giil l ia~ns & Tappeiner 1971 ) . wl~ere skidding occurred 

repea ted ly  over t h e  same t r a i l s  and a t  t h e  landing s i t e  &here 

t r a f f i c  was heavy, snow cover was removed and s o i l  co~npaction ~43s  

s i m i l a r  t o  t h a t  i n  sulrurler o p e r a t i o n s .  ) h e r e  t h e s e  d i s tu rbances  

*;ere heavy, no d i f f e r e n c e  i n  iinpact xas noted,between the  skidding 

of whole t r e e s  (wi th  branches and t o s s )  and t r e e - l z n g t h  ( b o l e )  

sk idding .  C;kere d i s tu rbance  was l e s s  seve re ,  t h e  t r ee - l eng th  

skidding was found t o  r e s u l t  i n  a  g r e a t e r  depth of s o i l  coliipaction. 

This  could occur because t h e  weight i s  d i s t r i b u t e d  over a l a r g e r  

su r face  when t h e  whole t r e e  i s  dragged. I n  r la r th-cent ra l  :viainel 

t h e  compaction on sk id  t r i a l s  during winter  ha rves t ing  of t r e e  

l eng ths  was found t o  be j u s t  over h a l f  t h a t  during su~nner .  

; l in ter -harves ted  sk id  t r a i l s  had bulk d e n s i t i e s  i a  rneasure of s o i l  

s o r o s i t y )  8 . 7  pe rcen t  g r e a t e r  than  those  i n  ad,acent uncut a r e a s  

(~ioeman 1977) .  d i n t e r - c u t ,  but  not  skidded, a r e a s  were found t o  

have bulk d e n s i t i e s  g r e a t e r  than those  i n  ad jacen t  a r e a s  a t  depths  

of one t o  t h r e e  inches but  not  a t  t h r e e  t o  s i x  inches .  

During sununer o p e r a t i o n s ,  when s o i l  s u r f a c e s  a r e  unprotected 

by snow, t h e  movement of mechanized ha rves t ing  equipment w i i l  lead 

t o  an inc rease  i n  bulk d e n s i t y  o r ;  i n  o t h e r  words, a  decrease  in  

t h e  p o r o s i t y  of t h e  s o i l .  Zasada (1975) ,  i n v e s t i g a t i n g  c l e a r c u t s  

on sandy loam s o i l s ,  found t h a t  76 percent  of t h e  t o t a l  a rea  was 

d i s t u r b e d  during whole-tree skidding.  Mincral soil exposllre 

occurred ,on 46 pe rcen t  of t h e  a r e a s  with cornpaction and/or r u t t i n g  

t o  depths g r e a t e r  than four  inches .  Tree-length skidding produced 

these 'more  severe  e f f e c t s  on 3 8  percen t  of t h e  land ,  w i t h  a  t o t a l  

d i s t u r b a n c e  over 66 pe rcen t  of t h e  s i t e .  I n f i l t r a t i o n  r a t e s  on . 

t h e  medim t o  heavy d i s tu rbance  c l a s s e s  ( i . e . ,  where coclpaction of 

t h e  mineral  s o i l  occurred)  decreased by a s  I ~ L U C ~  a s  79 and 98 per -  

c e n t .  01-1 loamy sandy s o i l s ,  repeated log skidding r e s u l t e d  i n  a  

decrease  of i n f i l t r a t i o n  r a t e s  by 90 pe rcen t  i n  t h e  wheel r u t s  and 

by 6 5  pe rcen t  on log-dis turbed a r e a s  (Dickerson 1976).  On sandy 

t o  c l a y  foams, Campbell, G J i l l i s ,  and :/lay ( 1973) found t.ot.ai poro- 

s i t y  decreased by over 10  percent  on secondary skidding t r a i l s  



i~hzn rubber - t i r ed  sk idders  were used; o t h e r  decreases  .,+/ere 1 5  per -  

c e n t  on i3rirnary t r a i l s  a d  2 0  percent  a t  the  log landincj s i t e s .  

In a  s p r u c e - f i r  s t r i p  c u t  i n  Plaine, Boe~ican (1977) found t h a t  

a l though bulk d e n s i t i e s  were g r e a t e r  a t  depths of t h r e e  t o  s i x  

inches than a t  one t o  t h r e e  inches on uncut a r e a s ,  t h e  r e l a t i v e  

i n c r e a s e s  a f t e r  skidding and c u t t i n g  were g r e a t e r  a t  the  shallobier 

dep ths .  Averacje i n c r e a s e s  on sk id  t r a i l s  were 1 2  percent a t  one 

t o  t h r e e  inches and 9 s e r c e n t  a t  t h r e e  t o  s i x  inches .  On c u t  

a r e a s ,  t h e  shallow s o i l s  display-ed i n c r e a s e s  3;' 5 pe rcen t  and t h e  

deeper s o i l s '  bulk d e n s i t i e s  rose  by only 3 g e r c e n t .  

The change i n  s o i l  s u r f a c e  s t r u c t u r e  caused by compaction 

a l s o  depends ,011 t h e  type  of ec-,uipment used a t  t h e  o i je ra t ion .  

Equipment inc ludes  h a r v e s t e r s ,  s k i d d e r s ,  forwarders ,  and ch ippers .  

Table 5 shows va r ious  r e p r e s e n t a t i v e s  of t h e s e  eyuiixnent t j rpea ,  

wi th  t h e i r  weiyhts,  weight d i s t r i b u t i o n s ,  and car ry ing  c a p a c i t i e s .  

Greater  s t r e s s  on t h e  s o i l  i s  i n c l i c t e d  by rubber - t i r ed  v e h i c l e s ,  

a s  they  c a r r y  t h e i r  weight on snlaller a r e a s  than do t racked veili- 

c l e s .  Greater  depths and'magnitudes of s t r e s s  Liere exh ib i t ed  by 

t h e  wheeled v e h i c l e ,  r e s u l t i n g  i n  g r e a t e r  s o i l  con2act ion.  The 

lower ca r ry iny  c a s a c i t y  of t h e  t racked s k i d d e r s ,  however, r e q u i r e s  

rilore t r i p s  along tile sk id  roads t o  t r a n s 2 o r t  an equal  volurne of 

~ o o d  t o  t h e  landing s i t e .  Repeated skidding w i l l  cause g r e a t e r  

coinpaction; however, most of t h e  cornpaction occurs  a t  the  f i r s t  

s a s sage  (Froeh l i ch  1978; G i l l  & Vanden Serg 1967).  

'd i th in  t h e  unincorporated p o r t i o n s  of Maine, 9'0 percen t  of 

f o r e s t r y  opera t ions  use wheeled s k i d d e r s ,  while only  4 percent  use 

crawler  t r a c t o r s  (MLURC 1978b).  S i x  pe rcen t  use animals o r  o t h e r  

methods f o r  sk idding  (sorne opera t ions  employ inore than one skidd- 

ing t e c h n i q u e ) .  

Other v a r i a t i o n s  i n  equipment w i l l  a l s o  a f f e c t  s t r e s s  o n  t h e  

s o i l .  The use of a grapple  o r  a rch  and- winch k r i l l  r e s u l t  i n  l e s s  

c o n t a c t  between t h e  ground t h e  t r anspor ted  log than  ill t h e  use 

of t h e  winch a lone .  If t r e e s  a r e  skidded b u t t  forward using an 

a r c h ,  n o t  only i s  s i t e  damage reduced but  power r educ t ions  of up 

t n  3 2  pe rcen t  a r e  p o s s i b l e  (conway 1946).  Use of forwarders 

r a t h e r  than  sk idders  w i l l  e l imina te  a l l  c o n t a c t  between t r a n s p o r t -  



3 3  

TABLE 5 : GROUND PRESSURE SPEC I F 1  CAT1 ONS OF TYPICAL FOREST!?Y EQUIPMENT 

G R O U N D  
PRESSURE 

( p s i  1 

MAXIMUM 
CAPACITY EQUIPMENT TYPE WEIGHT - 

(Zb) 
John Deere 693-8 

Fel ler-Buncher Track 49,000 8 .0  (24" t r a c k )  
John Deere 743 

Fel l  er-Buncher Wheel 36,900 9 .0  (4" p e n e t r a t i o n )  
John Deere 693-B 

Fel l  er-Buncher Track 49,000 6 .4  (30" t r a c k )  
I n t e r n a t i o n a l  PAY 3966 

Fel l  er-Buncher Track 37,840 6.7 (24'" t r a c k )  26,400 l b .  
John Deere 743 

Tree Harves ter  Wheel 41,400 10.7 (4"  p e n e t r a t i o n )  

John Deere 350-C/6300 
Bull dozer  Track 10,300 5.3 (14" t r a c k )  10,850 l b .  

John Deere 450-C/6405 
Bulldozer  Track 14,230 6.1 (16" t r a c k )  18,050 I b .  

John Deere 550-C/6415 
Bu 11 dozer  Track 15,750 6.5 (16" t r a c k )  18,470 l b .  

John Deere 740 
Skidder  

John Deere 740 
Grappl e  Skidder  

John Deere 540-B 
Ski dder  

John Deere 540-8 
Grapple Skidder  

Timberjack 225D 
Skidder  

Wheel 

Wheel 

Wheel 

Wheel 

Wheel 

I  I  

I  I  

I  I  

6.3  (3"  p e n e t r a t i o n )  49,397 Ib .  

30,750 Ib .  

30,541 l b .  

20,700 Ib .  

7 .4  (3" p e n e t r a t i o n )  

5 .2  (3"  p e n e t r a t i o n )  

6.0 (3"  p e n e t r a t i o n )  

10.6 ( f r o n t  wheel 
0" p e n e t r a t i o n )  

36 .2  ( r e a r  wheel 
0" p e n e t r a t i o n )  

22.8 ( f r o n t  wheel 
6" p e n e t r a t i o n )  

9.6 ( r e a r  wheel 
6" p e n e t r a t i o n )  

Timberjack 550 
Skidder  10.5 ( f r o n t  wheel 

0" pene t r a t ion )  
40.2 ( r e a r  wheel 

0" p e n e t r a t i o n )  
3.5 ( f r o n t  wheel 

6 ' '  p e n e t r a t i o n )  
13 .3  ( r e a r  wheel 

6" p e n e t r a t i o n )  

Wheel 

I  I  

Timberjack 380 
Grappl e-Skidder 12.6 ( f r o n t  wheel 

0" p e n e t r a t i o n )  
51.9 ( r e a r  wheel 

0" p e n e t r a t i o n )  
3 .3  ( f r o n t  wheel 

6" p e n e t r a t i o n )  
13.8 ( r e a r  wheel 

6" p e n e t r a t i o n )  

Wheel 

I  I  

1 .5  cord 

I  I  

Sources: for John Deere equipment other than skidders-John Deme 3978; for John Deere 
skidders-Munns 1978; for InternationaZ eaui~ment-InternationaZ 1378: for 



ed loys and t h e  ground. The use of cha ins  o r  ' oa l l a s t  i n  t i r e s  f o r  

improved t r a c t i o n  o r  s<eight d i s t r i b u t i o n ,  however, can a l s o  r e s u l t  

i n  Grea ter  d i s tu rbance  of t h e  s u r f a c e  s o i i  l a y e r s .  

S o i l  colilpaction i s  of environriiental concern for  tgo  reasons. 

F i r s t ,  a s  s t a t e d  above, when compaction occurs ,  i n f i l t r a t i o n  r a t e s  

a r e  reduced, sometimes d r a s t i c a l l y .  ~lornbeck and Reinhart  (1964) 

Zound t h a t  i n  an a r e a  vhere the  i n f i l t r a t i o n  r a t e  of an undiu- 

turbed f o r e s t  f l o o r  idas a t  l e a s t  f i f t y  inches per hour, tile r a t e s  

a t  compacted treadmarks on a  sk id  road averaged t h r e e  itlches i>er 

hour and 'oet~deen treadmarks n ine teen  inches per hour.  ThereLCore, 

s o i l s  with adequate c a p a c i t y  t o  al low t h e  seepage of ra inwater  

before  d i s tu rbance  nay experience ovsr land flow where repeated 

skidding o r  t rans i?or t  has  cortlpacted tile s u r f a c e .  The r u t s  and 

roads o f f e r  pa ths  of l e a s t  r e s i s t a n c e  t o  the  flow of t h i s  runoff  

and thus  encourage concent ra ted  flow, increased  v e l o c i t y ,  and, 

u l t i ~ n a t e l y ,  s o i l  e ros ion .  

Second, cornpacted s o i l  i s  not  a  s u i t a b l e  environment f o r  t h e  

rees tabl i shment  of  most vege ta t ion .  Ui, pro:noting s u r f a c e  runof f ,  

compaction may h inder  s o i l  water recharge ,  thus  denying seedl ing  

r o o t s  of needed moisture .  The decreased p o r o s i t y  w i l l  a l s o  reduce 

a e r a t i o n ,  thereby c u r t a i l i n g  r o o t  ~ n e t a b o l i c  i j rocesses .  Fur the r ,  

t h e  more dense ly  packed s o i l  w i l l  provide a  block t o  roo t  growth 

and p e n e t r a t i o n  ( G i l l  & Vanden derg 1967) .  

S o i l  coinpaction i s  no t  a  permanent cond i t ion .  Followiny com- 

p a c t i o n ,  t h e  gradual  r e i n t r o d u c t i o n  ok r o o t  s j s t e ins  and burrowilly 

animals and t h e  a c t i o n  of a l terr laking freeze-thaw and wett ing-  

dry ing  cyc les  w i l l  even tua l ly  r e s u l t  i n  a  r e t u r n  t o  preharves t  

cond i t ions .  Rates of  recovery w i l l  depend on t h e  type of s o i l  and 

t.he degree of  compaction. S o i l s  with a  high f r o s t  o r  shr ink-swell  

p o t e n t i a l  may recover  sooner than o t h e r s  (Pennock e t  a l .  1975) .  

Table 4b shows t h e  f r o s t  a c t i o n  p o t e n t i a l  of t h e  s o i l s  i n  the  

fuelwood h a r v e s t  reg ion .  

In  t h e  fuelwood ha rves t  r eg ion ,  shr ink-swel l  i s  of l e s s  con- 

ce rn .  S o i l s  s u b j e c t  t o  high shrink-swell  a r e  those  w i t h  hiyh c lay  

c o n t e n t .  In  t h e  r eg ion ,  t h e  only  sni1.s  with such t e x t u r e  a re  

marine i n  o r i g i n  and n a r i n e ' c l a y s  do not have t h e  hiyh expanding 



c a 2 a c i t i e s  a s s o c i a t e d  w i t h  shr ink-swell . .  S o i l s  coritposed l a r g e l y  

of organic  1na t2 r i a l  ( h i s t o s o l s )  a l s o  have high shrink-swell  poten- 

t i a l .  i-iowever, i n  o rde r  f o r  t h e  process  t o  iilanifest i t s e l f ,  t h e  

s o i l  m u s t  be s u b j e c t  t o  a l t e r n a t e  wet t ing and d ry ing .  In t h i s  

reg ion ,  h i s t o s o l s  occur  i n  inundated l o c a t i o n s  whose poor draiclage 

prec ludes  t h i s  c y c l i c a l  change. 

Rates of s o i l  s t r u c t u r e .  r scovery  fol lowing conpact ion vary 

depending on s i t e  c h a r a c t e r i s t i c s ,  but  i n  most cases  allow f o r  

r e s t o r a t i o n  wel l  wi th in  t h e  rninirnurn t h i r t y - y e a r  c u t t i n g  r o t a t i o n  

p red ic ted  f o r  t h i s  p r o j e c t .  In a  sp ruce - f i r  f o r e s t  of c e n t r a l  

i.iaine, s o i l  d e n s i t y  on c l e a r c u t s  was found t o  approximate t h a t  of 

neighboring uncut c o n t r o l  s i t e s  e i y h t  y-ears following c u t t i n g  

(Czapowskyj , Xourke & Frank 1977) . Differences  i n  d e n s i t y  a9pear- 

ed more l i k e l y  t o  vary with pa ren t  m a t s r i a l  than w i t h  c u t t i n g  

technique a lone .  Other e s t i m a t e s  of t i n e  needed f o r  recovery 

range from e i y h t  years  f o r  log-dis turbed a r e a s  (Dickerson 197G) t o  

e igh teen  yea r s  f o r  wheeled compaction ( H a t c h e l l  s( Ralston 1971),  

altilough t h e  most seve re ly  compacted a r e a s  ( e . g . ,  where repeated  

skidding over wet s o i l s  occurred)  may need irluch g r e a t e r  time spans 

t o  recover .  In s t r i p  c u t s  i n  c e n t r a i  Xaine, iioenari (1977) found 

t h a t  t h r e e  yea r s  a f t e r  c u t t i n g ,  a  summer-harvested a r e a  showed 

cont inued compaction on s k i d  t r a i l s ,  while c u t  a r e a s  showed corn- 

p l e t e  recovery of pre-cut d e n s i t y .  A t  win ter  s i t e s ,  corrlplete 

recovery was achieved on both c u t s  and sk id  t r a i l s  a f t e r  t h r e e  

years .  

In  summary, during whole-tree u t i l i z a t i o n  t h e r e  a r e  two 

agents  of  compaction, t h e  equipment used f o r  skidding and t h e  

t r e e s  themselves.  The l e s s e r  compaction genera ted  by t h e  lower 

ground p r e s s u r e  of t racked v e h i c l e s  may be balanced by t h e  r epea t -  

ed skidding necessary f o r  those  v e h i c l e s  t o  t r a n s p o r t  an equal  

amount of w u u d  tu' the l a ~ l d i i ~ j  s i t e .  

The skidding of whole t r e e s  w i l l  compare t o  t r e e - l e n g t h  

skidding i n  cornpaction/disturbance p o t e n t i a l  according t o  t h e  sea-  

son. In  t h e  win te r ,  snow p r o t e c t s  t h e  s o i l  from d i s tu rbance  by 

branches,  and t h e  a b i l i t y  o.f t h e  added t r e e  s u r f a c e  t o  d i s t r i b u t e  

t h e  *eight  r e s u l t s  i n  lower ground i?ressures and l e s s  con~pact ion 



w i t h  c ~ n o l e - t r e e  s k i d d i n g .  Dur ing  t h e  o t h e r  s e a s o n s ,  t h e  g r e a t e r  

s p r e a d  or'  t h e  t r e e s '  rnass w i l l  r e s u l t  i n  g rea te r  c o n t a c t  w i t h ,  and 

t h e r e f o r 2  g r e a t e r  d i s t u r b a n c e  o f ,  t h e  g r o u n d  s u r f a c e .  A s  Zasada 

( 1 9 7 5 )  f o u n d ,  t h e  i n c r e a s e  i n  e x t e n t  o f  a l l  d i s t u r b a n c e s ,  as w e l l  

a s  m o d e r a t e  t o  s e v e r e  c o m p a c t i o n  a n d  s c a r r i n g ,  w a s  as ,nuch as  2 0  

p e r c e n t  f o r  w h o l e - t r e e  s k i d d i n g  as  o p p o s e d  t o  t r e e - l e n g t h  s k i d d -  

i n g .  

S o i l  E r o s i o n  

A rnajor  e n v i r o n m e n t a l  c o n c e r n  i s  t h e  e E f e c t  o f  t h e  0 2 e r a t i o n  

o f  h e a v y  e q u i p m e n t  i n  t h e  f o r e s t e d  e n v i r o n ~ n e n t  i n  tile Loss o f  t o i j  

s o i l .  Rates o f  n a t u r a l  s o i l  e r o s i o n  w i t h i n  a n  u n d i s t u r b e d  f o r e s t  

a rea  a r e  v e r y  l o w .  A v e r a g e  ra tes  r a n g e  f rom .OS t o  . 10  t o n s  p e r  

acre 2er y e a r  ( P a t r i c  1 9 7 6 ) ,  w i t h  v a l u e s  as low as . 0 1 5  t o n s  p e r  

a c re  p e r  y e a r  r e p o r t e d  a t  i iubbard  S r o o k ,  i n  N e w  i i amsph i r e  ( L i k e n s  

e t  a l .  1 9 7 7 ) .  T h e s e  v a l u e s  compare  f a v o r a b l y  w i t h  e r o s i o n  f r o r ; ~  

g r a s s l a n d s  o f  . 3 8  t o n s ,  c r o p l a n d s  o f  7 5 . 7  t o n s ,  a n d  c o n s t r u c t i o n  

s i t e s  o f  7 5 6 . 8  t o n s  p e r  a c r e  p e r  y e a r  ( M c E l r o ~  e t  a l .  1 9 7 5 ) .  E r o -  

s i o n  f r o m  a n  u n d i s t u r b e d  f o r e s t  i s  e s t i m a t e d  t o  be r o u g h l y  one-  

h a l f  d i s s o l v e d  s o l i d s  f rom t h r o u g h o u t  t h e  area a n d  o n e - h a l f  p a r t i -  

c u l a t e  matter,  l a r g e l y  e r o d e d  f r o m  stream b a n k s  a n d  b e d s  b y  f l o w -  

i n g  water ( P a t r i c  1 9 7 7 ) .  

E s t i m a t i n s  E r o s i o n  

The  u n i v e r s a l  s o i l  loss e q u a t i o n  (Wisch lne i e r  ti S m i t h  1 9 6 5 ) ,  

a l t h o u g h  o r i g i n a l l y  d e v e l o p e d  f o r  a g r i c u l t u r a l  l a n d s ,  c a n  b e  u s e d  

f o r  e s t i m a t i n g  e r o s i o n  u n d e r  u n d i s t u r b e d  f o r e s t  c o v e r .  The equa-  

t i o n  u s e s  e x p e r i 1 : l e n t a l l y  o r  ~ n a t h e n a t i c a l l y  d e r i v e d  f a c t o r s  o f  s o i l  

t y p e s ,  climate ( r a i n f a l l ) ,  s l o p e  a n d  slope l e n g t h ,  a n d  c r o p  c o v e r  

a n d  management f o r  e s t i m a t i n g  s o i l  loss a t  a c j iven s i t e .  

The r a i n f a l l  f a c t o r ,  the  p r o d u c t  o f  r a i n '  s k i n e t i c  e n e r g y  a n d  

i t s  maxiurnurn t h i r t y - m i n u t e  i n t e n s i t y ,  i s  a p p r o x i ~ n a t e l y  7 0  t o  100  

i n  t h e  f u e l w o o d  h a r v e s t  r e g i o n .  The s o i l  e r o s i o n  i n d i c e s ,  o r  

K - f a c t o r s ,  f o r  t h e  s o i l  ser ies  o f  t h e  h a r v e s t  r e g i o n  a re  l i s t e d  

i n  T a b l e  4 a .  The K - f a c t o r  i s  a v a l u e  b a s e d  o n  t h e  e r o s i o n  f rom a 



u n i t  2 l o t  of t h e  p a r t i c u l a r  s o i l  72.6 f e e t  long with a s lope  of 9 

pe rcen t  l e f t  cont inuous ly  fallocr. Mult iplying t h e  K-factor by t h e  

r a i n f a l l  index y i e l d s  an estirtlate of eroded s o i l  f o r  the  u n i t  i l lat 

in  tons  per a c r e .  Cover and management f a c t o r s  a r e  ased f o r  e s t i -  

i:lating e ros ion  under var ious  land uses .  .For s lope  cond i t ions  

varying from t h e  s tandard  p l o t ,  a  s l o s e  f a c t o r  is  used a s  a  n u l t i -  

p l i e r  ( s e e  Table 6 ) .  

Uischmeier ( 1975 ) has der ived  cover and management f a c t o r s  

f o r  undisturbed v e g e t a t i v e  covers ,  inc ludiny  Zores ts .  In Xaine, 

3 U  s e r c e n t  of  a l l  commercial f o r e s t  lands  a r e  ca tegor ized  a s  f u l l i 7  

stocked o r  overstocked (Ferguson & Kingsley 1972).  Ful ly stocked 

f o r e s t s  a r e  def ined  a s  those  with a  c losed  cdnopy (Avery 1 9 7 5 ) .  

dischmeier (1975) has  der ived  a  cover 3nd iiianagetilent f a c t o r  ( C -  

f a c t o r )  of .001 f o r  f o r e s t s  d i t h  75 t o  100 pe rcen t  t r e e  canosy, 

i n d i c a t i n g  t h a t  e ros ion  from such f o r e s t s  i s  one-t'nousandtii t h e  

value Cor Eallow land.  Table 7 shows < - f a c t o r s  f o r  f o r e s t s  with 

d i f f e r e n t  canopy covers .  

;is an example, assume a . p l o t  of well-stocked f o r e s t ,  on a  9 

s e r c e n t  s lope  of 72.6 f e e t  i n  l eng th ,  with a r a i n f a l l  index of  

100, on tiarinon s o i l  with I(= . 1 7 .  Erosion i ~ o u l d  be . 1 7  x 100 x 

,001 =.017 tons  per  a c r e ,  which matches c l o s e l y  f i g u r e s  r epor ted  

a t  idubbard 3rook (Likens e t  a l .  1977) .  

m approximate conversion frorn tons per  a c r e  t o  inches or' 

de;>t.h can be made. Assuming a  bulk d e n s i t y  of  1.40 grams per 

cubic  cent imeter  f o r  sandy loams (Hausenbuil ler  1972) ,  an e ros ion  

r a t e  of  604 t o n s  pe r  a c r e  per  year (Uormann e t  a l .  1974) i s  

roughly equ iva len t  t o  e ros ion  of .00025 inches per  year uniformly 

d i s t r i b u t e d  throughout t h e  f o r e s t .  This i s  r e l a t i v e  t o  a  n a t u r a l  

s o i l  formation r a t e  f o r  a  spodosol of .048 inches per year (Uuol,  

Eiole & blccracksn 1.973). 

The o p e r a t i o n  of  sk idders  and o t h e r  mechanized ha rves t ing  

equipment [nay lead  t o  e ros ion  a t  a  f o r e s t  s i t e .  Unless a s i t e  i s  

prepared f o r  conversion t o  another  use o r  cover type ,  t h e  d i s t u r -  

bance of t h e ' s o i l  w i l l  - no t  be u n i v e r s a l .  Zasada (1975) found 

t h a t  whole-tree skidding w i l l  expose t h e  mineral  s o i l  on 46 

pe rcen t  of a  s i t e .  However, much of t h i s  d i s t u r b e d  s u r f a c e .  



TABLE 6: COPIBIblED SLOPE FACTORS FOR SOIL LOSS EQUATION1 
1 

SLOPE LENGTH 
( f e e t )  

S l  ope 
(X) 10 6 0 100 200 500 1000 2000 

I .  Cornpared t o  standard reference of a slope 72.6 feet  long w i t h  a steepness of 
9% (=1.0) .  

Source: SCS 1977c. 



THIS PAGE 

WAS HNTENTIONAILLY 

a LEFTBLANK 



remains i n  i s o l a t s d  noncontiyuous ?a tches ,  thus  ~3rovent ing the  

build-up oE s u r f a c e  runoff requi red  f o r  major e ros ion  (Rice ,  

Xothacher & Plegahan 1972) .  In a d d i t i o n ,  ex2osure of t h e  ruinera1 

s o i l  does not  n e c e s s a r i l y  lead t o  a decreased i n f i l t r a t i o n  r a t e .  

,Tie u n i v e r s a l  s o i l  l o s s  equat ion  can be used t o  est i inate  ero- 

s ion  fr'orn a harves ted  a r e a  ( s C S  1 9 7 7 ~ ;  idischmeisr 1975) .  Tile 

iaethod01og~- cover and rnanagenent f a c t o r ,  " C "  , i s  deterinined based 

on t h e  percent  cover by t r e e s ,  brush,  o r  weeds and percent  ground 

cover by g r a s s  o r  herbaceous p l a n t s  and decaying d u f f .  

Table 8 shows t h e  c a l c u l a t i o n  of  s e v e r a l  s o i l  l o s s  es t i iaa tes  

f o r  t h r e e  s o i l s  of t h e  fuelwood ha rves t  r eg ion ,  a  low e ros ion  

p o t e n t i a l  s o i l  ( h u  G r e s ) ,  an average widely d i s t r i b u t e d  s o i l  

(Lyman), and a  h igher  e ros ion  p o t e n t i a l  s o i l  ( d a r t l a n d ) ,  under 

d i f f e r i n g  s lope  and rnariayernent cond i t ions .  

These e ros ion  r a t e s  demonstrate s e v e r a l  p o i n t s .  A s  s t a t e d  

p rev ious ly ,  e ros ion  r a t e s  from undisturbed f o r e s t s  a r e  low, o f t e n  

t o  t h e  ~ o i n t  of i n s i g n i f i c a n c e .  C lea rcu t t ing  has tile p o t e n t i a l  

e f f e c t  of inc reas ing  e ros ion  150 t imes over undisturbed condi- 

t i o n s .  This i s  a  h igh  i n c r e a s e  but  s t i l l  does not  r e s u l t  i n  

extrernely hiyn e ros ion  r a t e s ,  except ,  p r h a p s ,  on t h e  s t e e p e s t  

s l o p e s .  For t h i s  reason,  and because lnechanized ha rves t ing  equip- 

ment cannot be opera ted  e a s i l y  o n - s t e e p  s l o p e s ,  it i s  recommended 

t h a t  the  t imbering not  t ake  p lace  on s lopes  g r e a t e r  than 15 per-  

c e n t .  On such s l o p e s ,  e ros ion  f r o ~ n  .even t h e  most e ros ive  s o i l s  i n  

t h e  region  w i l l  be l e s s  than t h e  average annual l o s s  of 75 tons  

per  a c r e  on croplands .  Fur the r ,  with s i t e  r evege ta t ion ,  t h e  

annual l o s s e s  should decrease  yea r ly  u n t i l  p reha rves t ing  e ros ion  

r a t e s  a r e  recovered wi th in  f i v e  o r  s i x  2.ears. 

These e s t i m a t e s  of e r o s i o n  a r e  based on l o s s e s  from t h e  sec- 

t o r s  of a  ha rves t  5 i t e  t h a t  a r e  not  mechanically prepared.  The 

u n i v e r s a l  s o i l  l o s s  equat ion  i s  no t  a p p l i c a b l e  t o  ?repared s u r -  

f aces  because t h e  roads a r e  c o l l e c t i n g  p o i n t s  f o r  su r face  ~ a t e r s ,  

may i n t e r c e p t  subsurface flow, and nay a l t e r  unpredic tably  t h e  

s t r u c t u r e  of t h e  s o i l  (Dissmeyer 1978).  i40st s t u d i e s  of s o i l  

e r o s i o n  i n  tir~tber- ope ra t ions  show t h a t  t h e  g r e a t  ma jo r i ty  of s o i l  

l o s s  occurs  on t h e  sk id  t r a i l s ,  landing s i t e s ,  and t r a i l  roads 



TABLE 8 : S O I L  LOSS ESTIMATIONS WITH THE UNIVERSAL S O I L  LOSS EQUATION 

FOR THREE SO1 LS OF THE FUELWOOD HARVESTING REGION. 

ESTIMATED - - - 

SOIL RAINFALL SLOPE LOSS 
SERIES K-  FACTOR^  FACTOR^  FACTOR^ C-   FACTOR^ f tons/acre ) 

Scenar io  I : Undisturbed f o r e s t  

Au Gres .15 x 70-100 x 0.40 x .001 = .0042- .006 

Lyman .20 x 70-100 x 0.40 x .001 = .006 - .008 

Har t  1 and .49 x 70-100 x 0.40 x .001 = .014 - .020 

Au Gres .15 x 70-100 x 8.98 x .001 = .094.- . I 34  

Lyman .20 x 70-100 x 8.98 x .001 = . I 26  - . I 8 0  

Har t1  and .49 x. 70-100 x 8.98 x .001 = .31 - .44 

Au' Gres .15 x 70-100 x 25.15 ' x .001 = .264 - .377 

Lyma n .20 x 70-100 x 25.15 x .001 = .352 - .503 

Har t l and  .49 x 70-100 x 25.15 x .001 = -863"-1 .23 

1. A value based on erosion from a uni t  plot of the particular so i l  72.6. feet  
long with a slope of 9% l e f t  continuously fallow. 

2. A measure of the ra in ' s  k ine t i c  energy and i t s  m a x i m  30-minute in t ens i t y .  
3. See Table 5 for sample calculation of  slope factors. The factors used here 

assume a constant slope length of  1,000 feet and slope steepnesses of 2%, 
16%, and 30%. 

4 .  See Table 6 for sample calculations of C-factors (cover and management factors) .  
Three scenarios asswne, respect ively ,  100% canopy, 50% conopy with 80% 
herbaceous and residue ground cover, and no canopy with 40% herbaceous and 
residue ground cover. 

Source : WischmeiSer 19 7 5 ,  



THIS PAGE 

WAS INTENTIONALLY 

LEFTBLANK 



( s e e  Stone 1973; P a t r i c  1977; Swanston 5( Dyrness 1973).  Estimates 

of t h e  t o t a l  land a r e a  of h a r v e s t  s i t e s  t h a t  i s  inechanically 2re-  

pared range from 11 2ercen t  (PILURC 197813). t o  15 t o  2 9  percen t  

(iiornbeck 1378).  

Aates of e ros ion  from t h e s e  fores t - road  rietw-orks w i l l  vary 

.ditl.l s i t e  c o n d i t i ~ n s .  Lieitzman and Trimbl.2 (1955) fourld t h a t  on 

'heavi ly used t r a i l s  a rnaxirnur;~ of 5 .4 inches  of  s o i l  eroded (luring 

sk idding ,  while an a d d i t i o n a l  2 . 1  inches eroded in  fol lowing 

i e a r s .  P a t r i c  ( 1976) repo'rted l o s s e s  averaging more than 7 .0  

inches on a  h e a v i l y  t r a v e l e d  logging road. A t  another  c l s a r c u t  

(iiornbeck 5( Reinhart  1964) ,  . 3  inches  \$ere removed frorn the  roads 

during o p e r a t i o n ,  and an a d d i t i o n a l  .Q3 inches eroded i r l  t he  f o l -  

lowing year .  

Thus, assuming t h e  s i t u a t i o n  i n  which 15 i3ercent of a s i t s  i s  

s u b j e c t  t o  e ros ion  of  7 inches ,  a  t o t a l  volume of s o i l  l o s t  would 

be 3,511.5 cubic  f e e t  per  a c r e .  Assuming a  d e n s i t y  of 1.40 grarns 

LJer cubic  cent imeter  f o r  sandy loarns (Hausenbui l le r  1972) ,  t h i s  

comes o u t  t o  be 13.88 tons  per a c r e .  In a c t u a l i t y ,  much of t h e  

eroded m a t e r i a l  (nay be organic  mat ter  with' a  cons iderably  lower 

d e n s i t y .  

hecause of t h e  concen t ra t ion  of s o i l  l o s s  i n  the  road network 

a lone ,  s i t e  degradat ion  as 'def inec i .by  l o s s e s  i n  tons 9e r  a c r e  ri\ay 

be raisleadiny. These l o s s e s  a r e  r e s t r i c t e d  r a t h e r  than  being 

s9read uniformly a c r o s s  t h e  c u t  a r e a .  An e s t i ~ t ~ a t e  i s  t h u s  reached 

af s o i l  l o s s  of  approximately 93 t o n s  per  a c r e  of prepared s u r -  

f ace .  Because of t h i s  d i s t r i b u t i o n ,  t h e  c h a r a c t e r i s t i c s  of t h e  

eroded m a t e r i a l  w i l l  be d i f f e r e n t  from those exsected froli~ s u r f a c e  

e ros ion  a c r o s s  t h e  c u t  a r e a .  Table 9  shows s e v e r a l  p r o f i l e  

d e s c r i p t i o n s  of s o i l s  found i n  t h e  fuelwood ha rves t  reg ion .  ?'he 

g r e a t  ma jo r i ty  of exchangeable c a t i o n s  a r e  concent ra ted  a t  t h e  

s u r f a c e .  A s  e ros ion  from t h e  road network con t inues ,  l o s s e s  a r e  

p r i m a r i l y  of pa ren t  m a t e r i a l  o r  l e s s  n u t r i e n t - r i c h  s o i l .  Thus 

n u t r i e n t  l o s s ,  o r  s i t e  degradat ion ,  i s  no t  a s  severe  a s  it would 

be i f  t h e  vo.lurne l o s s  was from throughout t h e  c u t  ( s e e  Stone 1973; 

Rice, Rothacher & Megahan 1 9 7 2 ) .  



TABLE 9: NUTRIENT CHARACTERISTICS OF SOILS I N  THE FUELWOO0 
HARVEST1 NG REG ION 

Exchangeable c a t i o n s s  
Soi 1  S o i l  I ~e~ t h 2  (me/l 0 0 ~ )  

Subgroup Hor izon  (cm) Cal c i  urn Magnesi urn Po tass i  urn Sodi urn 

Typ ic  
Hapl o r t hods  

O22 
A, 

Typ ic  
F rag i  o r t hods  O22 

A2 

Aquic H 
Hapl o r t hods  

A2 

'2 lh  

'22i r 

'23i r 

'24 

'3. 

,C2 

TY P i.c O22 4- 0  5.9 2.2 1.1 0.2 
Dys t roch rep t s  

*2 0- 5 0.2 0 .1  0.2 - 

'. Horizons presented i n  oi.Jer of depth, from organi.c Z.aysrs of the forest  floor 
through minera 2 soi  2s. 

2. Depth measured u i t h  0 = top of mineral so i l  layer. 
3. Positively charged ions avaiZable for nutr ient  cycling processes. 
4 .  Roman numerals indicate l i thologic  discont inui t ies .  

Sources: For 1,2,4,5 - P i l g r i m  8 Hurter 1977; for 3 - Hoy l e  1973. 
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These es t ima tes  of e ros ion  a r e  concerned p r i m a r i l y  w i t h  

s h e e t ,  r i l l ,  and g u l l y  e ros ion .  Another form of e ros ion  t h a t  tilay 

be a c c e l e r a t e d  by f o r e s t  c u t t i n g  i s  mass-wastaqe, i n  dhich a  bod j  

of s lop ing  s o i l  becomes uns table  and i s  d i sp laced .  The l i k e l i h o o d  

of t h i s  forr ;~ of avalanching i s  both decreased and increased  by 

vege ta t ion  removal (Broc~n & Sheu 1975).  F i r s t ,  reriloval 02  t r e e s  

reduces t h e  r a t e  of downslope gravi ta t ion- induced s o i l  !novement, 

o r  c reep .  Also, s lope  s t a b i l i t y  i s  increased  by the  rernoval of 

.the overburden of t r e e  weight and wind r e s i s t a n c e  loadincj'. On t h e  

o t h e r  hand, s lope  s t a b i l i t i  i s  decreased,  by t h e  binding support  

l o s t  by t h e  decay of roo t  sqrsteins, and decreased evapot ranspi r -  

a t i o n  may r e s u l t  i n  h igher  y r o u n d ~ a t e r  and s o i l  \dater l e v e l s ,  

which decrease  s t a b i l i t y .  The f i r s t  two, inc reas ing  s t a b i l i t y ,  

a r e  f e l t  immediately following c u t t i n g .  The l a t t e r  two become 

ev iden t  only  a f t e r  t h e  passage of t i h e .  iioot decay [nay t ake  four  

o r  f i v e  years  followiny c u t t i n g  t o  decrease  the  support  given t o  

s o i l  (Stone 1973) .  Although mass taovement does occur i n  e a s t e r n  

f o r e s t s ,  Flaccus (1959) found t h a t  i t s  r a t e  of occurrence i n  ?Jew  

tiampshire does not  a c c e l e r a t e  f o l l o c ~ i n y  f o r e s t  c u t t i n y .  

Erosion Prevent ion 

AS noted p rev ious ly ,  any p a r t i c u l a r  ha rves t ing  opera t ion  is 

capable  of producing a  wide range i n  q u a n t i t y  of e ros ion  yroducts  

depending on t h e  c h a r a c t e r i s t i c s  of t h e  p a r t i c u l a r  s i t e  and, espe- 

c i a l l y ,  on management p r a c t i c e s  erny?loyed by t h e  o p e r a t o r .  Nethods 

f o r  keeping e r o s i s i ~  to  a ~ i i i r l i ~ r l u r n  are well-developed. Since t h e  

prir,lary source of eroded m a t e r i a l  i s  t h e  s k i d d i n y / y a r d i n g / t r u c k i n g  

network, most e ros ion  c o n t r o l  may be exerc ised  on t h e  roads .  

Minimizing road l eng ths  i n  a  f o r e s t  i s  one way of p r o t e c t i n g  t h e  

s o i l .  Reduction i n  skidroad a r e a s  may be a s  high a s  40 p e r c e ~ l t  

when road-layout planning i s  included i n  p reharves t  p r e p a r a t i o n s  

( K o c h e a d e ~ f e r  1 9 7 0 ) .  

Beyond t h i s ,  t h e  major ineans f o r  prevent ing  e ros ion  froin t h e  

woodland roads i s  t o  reduce t h e  volune and v e l o c i t y  of t h e  over- 

land flow of  water.  This can be achieved by maintaining road 

g r a d i e n t s  below 1 0  p e r c e r ~ t ,  a s  wel l  a s  by varying t h e  g r a d i e n t  t o  

prevent  build-up of  runoff speed. A g r a d i e n t  above 3 p e r c e n t ,  



however,  i s  recoliunended t o  p r e v e n t  t h e  ponding o r  a c c w n u l a t i o a  oE 

wrater on r o a d  s u r f a c e s .  Skid  r o a d s  anci h a u l  r o a d s  s h o u l d  n o t  go 

d i r s c t l y  u p  o r  down s l o p e s .  S u r t h e r ,  t h e  s k i d r o a d  network s h o u l d  

be  l a i d  o u t  t o  a l l o w  t r e e s  t o  be  s k i d d e d  ~ 1 2 h i l l  a s  much a s  p o s s i -  

b l s ,  t o  s r e v e n t  t h e  e n d s  frgm d i g g i n g  t o o  s e v e r e l y  i n t o  t h e  s o i l  

. ( K o c h e n d e r f e r  1 9 7 0 ) .  Sk idd ing  u p h i l l  a l s o  v ~ i 1 . L  r e d u c e  the .  conver -  

gence  o f  a n y  o v e r l a n d  f low a t  one  saint, p a r t i c u l a r l y  l a n d i n g  

s i t e s ,  which o t h e r w i s e  c o n c e n t r a t e  e r o s i v e  volulne and e n e r g y .  

Good d r a i n a g e  t e c h n i q u e s  can  p r e v e n t  w a t e r  t h a t  h a s  n o t  

i n f  i l t r a t e d  i n t o  t h e  road  network from c r e a t i n g  e r o s i o n  darnaqe . 
C u l v e r t s ,  d r a i n a g e  d i p s ,  o u t s l o p i n g ,  and w a t e r  b a r s  a l l  d i r e c t  

r u n o f f  o n t o  t h e  r e l a t i v e l y  u n d i s t u r b e d  f o r e s t  f l o o r  on t h e  road- 

s i d e  where i n f i l t r a t i o n  c a n  o c c u r .  dy e l i m i n a t i n g  t h e  e r o s i v e  

a g e n t ,  t h e  t h r e a t  o f  e r o s i o n  i s  a l s o  e f f e c t i v e l y  e l h i n a t e d .  

Another  way t o  p r e v e n t  e r o s i o n  i s  t o  c r e a t e  a  b a r r i e r  between 

t h e  r u t t i n g  wheels  o f  f o r e s t r y  e q u i p ~ ~ ~ e n t  and t h e  s o i l .  a u r i n y  

i l a r v e s t i n g ,  t h i s  c a n  b e  a c h i e v e d  by using. g r a v e l  on t h e  r o a d s ;  

a f t e r  h a r v e s t i n g ,  t h e  s e e d i n g  o f  r o a d s  and l a n d i n 2  l a r d s  w i l l  s t z -  

b i l i z e  t h e  exposed s o i l .  On d i s t u r b e d  s o i l s  o f  r o a d s ,  cor i t inued 

e r o s i o n  f o l l o w i n g  h a r v e s t i n g  c a n  b e  r e t a r d e d  by g r a d i n g  o r  p r o v i d -  

i n g  a  mulch. More comple te  h a n d l i n g  o f  e r o s i o n  p r e v e n t i o n  

~ n e t h o d o l o g i e s  i s  r e a d i l y  a v a i l a b l e  i n  t h e  l i t e r a t u r e  (see i ia r tung 

& K r e s s  1977;  Kochender fe r  1970; :,IDWR 1 9 7 5 ) .  

D e s p i t e  t h e  a v a i l a b i l i t y  o f  t h i s  i n f o r m a t i o n ,  s t a n d a r d  e r o -  

s i o n  c o r l t r u l  p r a c t i c e s  a r e  n o t  ~d . ide ly  u s e d  i .n t h e  fu3lwood h a r v e s t  

r e g i o n .  Tab le  10 shows soue  f i n d i n g s  o f  t h e  PIaine Land U s e  Reyu- 

l a t i o n  l om mission on t h e  use  o f  s u c h  p r a c t i c e s .  

I n  c o n c l u s i o n ,  it s h o u l d  be  s t a t e d  t h a t  t o t a l  e x t e n t  o f  s o i l  

e r o s i o n  frorn a  h a r v e s t i n g  o p e r a t i o n  w i l l  be l a r g e l y  a  f u n c t i o n  o f  

management p r a c t i c e s  employed. By s e l e c t i n g  min imal ly  s l o p i n q  

l o c a t i o n s ,  a v o i d i n g  e r o s i v e  s o i l s  and e r o s i o n - c o n d u c i v e  c o n d i t i o n s  

( e . y . ,  s k i d d i n g  i n  w e t  c o n d i t i o n s ) ,  and employing w a t e r  d i s p e r s a l  

t e c h n i q u e s ,  e r o s i o n  need n o t  v a r y  g r e a t l y  froln p r e h a r v e s t  norms. 

S p e c i f i c a l l y ,  w h o l e - t r e e  h a r v e s t i n g  f o r  e v e n t u a l  c h i p p i n g  s h o u l d  

rlvt l e a d  t o  a p p r e c i a b l y  m o r e  e x t e n s i v e  d e t e r i o r a t i o n  o f  s i t e  s o i l s  

t h a n  do t r e e - l e n g t h  s k i d d i n g  o p e r a t i o n s .  



TABLE 10 : USE 'OF EROSIOM CONTROL P R A C T I C E S  I N  M A I N E  

OPERATIONS USING 
T E C H N I Q U E  

( % I  

Water turnouts in road construction 

Culverts in road construction 

Metal culverts 

Wood culverts  

Ford crossing 

Wood cr ib  .bridge crossing 

Other water crossing 

Waterbars a t  close of operation 

Pulled culverts  a t  close of operation 

Seeding a t  close of operation 

Source : b1L URC 1 9 5u. 



. Forest  Types 

i4aine f o r e s t  ecosystems e x h i b i t  c;radiei~ts i n  s p e c i e s  coidposi- 

t i o n  which r'orm groupings o r  coi;~munities. Environlaental f a c t o r s  

inc luding  teiaperature , growing season,  and p r e c i p i t a t i o n  a l s o  

change along geographic g r a d i e n t s  i n  a  manner which in f luences  t h e  

coingosition of t h e  f o r e s t  community. This spectrum o &  ecosys t e ~ n  

ty?es ,  terr ,~ed an ecoc l ine  (\Tili t taker 1975) ,  can be c l a s s i f i e d  i n  a 

v a r i e t ~  of ways. 
rlll ~ n e  l ack  of  a  c r i s p  d e l i n e a t i o n  05 communities i s  evidenced 

31 t h e  var ious  s c ' n e ~ ~ ~ e s  used t o  desc r ibe  the  f o r e s t  a r e a s  i n  ? k i n e .  

i ies tveld (1956) descr ibed  t h r e e  zones: t h e  t r a n s i t i o n  hardwoods- 

*hi t e  pine-hemlock ; spruce-f i r -nor thern  'rlardwoods ; and nor the rn  

hardwoods-:?ernlock-white p ine .  Ferguson and Kingsley ( 1972 ) iden- 

t i f y  four  major f o r e s t  types :  white pine-red p ine ,  s i ~ r u c e - f i r ,  

~ i~agle-beech-bi rch ,  and a s ~ e n - b i r c h .  bfllite ( 197G), s tudying  

f o r e s t s  i n  nor thern  New Hampshire j u s t  over t h e  Calaine borde r ,  

d e s c r i b e s  f o r e s t s  dominated blv balsam f i r ,  red spruce ,  o r  sugar 

maple. For s i m p l i f i c a t i o n ,  t h e  fuelwood h a r v e s t  a rea  w i l l  be 

somewhat a r b i t r a r i l y  descr ibed  i n  - terms of  t h r e e  types  : hirdwood- 

p i n e ,  nor thern  hardwood, and s p r u c e - f i r .  

A s  shown i n  Table 11 and Figure 1 ,  t h e  most p reva len t  f o r e s t  

t ype i r ~  the  proposed ha rves t  region i s  hardwood-pine (Feryuson C 

Kingsley 1972) .  White p ine  and, t o  a  l e s s e r  degree,  red p ine  and 

a  v a r i e t y  of hardwoods dominate t h i s  type .  In northern a r e a s ,  

beech, b i r c h ,  and maple make up t h e  hardwood component of t h e s e  

f o r e s t s ,  and red spruce and balsam f i r  a r e  a l s o  found. iiickory, 

oak,  and p i t c h  p ine  a r e  c h a r a c t e r i s t i c  of t h i s  f o r e s t  type  i n  the  

inore sou the r ly  p o r t i o n  of Chc h a r v e s t  regi  o n  ( i ies tve ld  1956; 

McKinnon, Ayde & Cline  1935) .  rIenlock, white a sh ,  b lack  che r ry ,  

and red  maple occur comnonly i n  a l l  geographic regions .  The l a r g e  

v a r i e t y  of  s p e c i e s  i n  t h i s  f o r e s t  c l a s s ,  (most hardwoo'ds indigenous 

t o  New E ~ ~ y l a i l d  have a t  l e a s t  sorile r e p r e s e n t a t i o n )  i s  somewhat 

a t y p i c a l  of nor thern  f o r e s t s .  I t  occurs  because of t h e  t r a n s i -  



TABLE 11: PRINCIPAL TREE SPECIES OF THE THREE FOREST 
TYPES I N  THE FUELWOOD HARVEST REGION 

Hardwood- Northern Spruce- 
Species Pine Hardwood F i r  

S t r i p e d  Maple 

Red. Mapl e 

Sugar Mapl e 

Mountajn Maple 

Ye1 low B i r c h  

Paper B i r c h  

Shagbark H ickory  

American Beech 

White Ash 

Quaki ng Aspen 

B i g t o o t h  Aspen 

P i n  Cherry 

Black Cherry 

Basswood 

Red Oak 

Balsam F i r  

Black Spruce 

Red Spruce 

White Spruce 

White Pine 

Red Pine 

P i t c h  Pine 

Hem1 oc k 

B domdvant component 

X associated component 



FIGURE 1 :FOREST TYPES I N  THE FUE1WOC3 i-i&RVEST REGION 



t i o n a l  c h a r a c t e r i s t i c s  of t h e  hardwood-pine f o r e s t ,  which lies 

between t h e  borea l  and cleciduous types  (rblc:.:innon, Xyde & Cline 

1935) .  

Over t h e  p a s t  twenty t o  t h i r t y  y e a r s ,  t h e  surveys conducted 

by t h e  U.S. Forest  Service have d e t e c t e d  a  stead^ inc rease  in  t h e  

a r e a l  e x t e n t  of most of t h e  l o c a l  components of this  f o r e s t  type 

( E'er;uson & Kingsley 1972; Kingsley 1976).  Although r e d e f i n i t i o n  

of type c h a r a c t e r i s t i c s  has  a r t i f i c i a l l y  inf luenced t h i s  i n c r e a s e ,  

h i s t o r i c a l  h a r v e s t  2 r a c t i c e s  and t h e  f o r e s t a t i o n  oE farmland have 

c o n t r i b u t e d  t o  the  t r end .  To some e x t s n t ,  t h e  i ~ i o n e e r  si~eci*;; 

wi th in  t h i s  group, incldding aspen,  have dec l ined  due t o  the  

reduced inc idence  of f i r e s .  

T h e  nor the rn  hardwood f o r e s t  i s  the  second in0s.t coriuilorl i n  the 

fuslwood h a r v e s t  region.  Suyar maL>le, yellow b i r c h ,  and beech 

inake up about 80 pe rcen t  of the  s t and  composition i n  t h i s  f o r e s t  

type .  Other t r e e s  common t o  t h i s  cat'ec;ori/ inc lude  red maple, 

balsarn f i r ,  and red .  s2ruce .  A s  t h e  hardwood f o r e s t  blends i n t o  

t h e  hardwood-pine t l p e  t o  i t s  south ,  ivhits pine and hernlock becone 

ixore abundant than t h e  balsam f i r  and red spruce found increas ing-  

l y  intermixed t o  t h e  nor th .  Ljhite a sh ,  black c h e r r y ,  sweet b i r c h ,  

paper b i r c h ,  nor thern  red oak, American elm,. and basswood a l s o  

become laore f requent  i n  t h e  soutnern p o r t i o n  of t h i s  type .  

High demand f o r  sugar maple and yellow b i r c h  over the  p a s t  

s e v e r a l  decades i s ,  i n  p a r t ,  r e szons ib le  f o r  a  d e c l i n e  i n  the  

prevalence of t h e  nor thern  hardwood type .  The r s s i d u a l  s t ands  

from t h e  .commonly p r a c t i c e d  "highgrading" opera t io t l s  a r e  o f t e n  

dominated by red  maple. I i  growing demand for  hardwood pu lp  rnay 

c r e a t e  a  market f o r  t h e  increased  q u a n t i t y  of red  maple (Zerguson 

& Kingsley 1972) .  

Although t h e  s p r u c e - f i r  type occupies  47 pe rcen t  of Mains 's  

f o r e s t  land a r e a  and 14 pe rcen t  of New ilampshire's f o r e s t  r e g i o n ,  

it occurs  on11 i n  s c a t t e r e d  pockets  i n  t h e  fuelwood ha rves t  

r eg ion ,  except  a t  t h e  n o r t h e a s t  ex t remi ty  (Ferguson & Kingsley 

1972; Kinysley 1976) .  Red spruce and balsam f i r  account f o r  about 

75 pe rcen t  of t h e  composition of t h e  spruce-f i r  s,Lal~ds. ;Ieart,.. 

leaved paper b i r c h ,  yellow b i r c h ,  and red maple make up t h e  



x a j o r i t y  of  t h e  remainder. Although t h e  a r e a l  e x t e n t  of t h i s  

f o r e s t  t y s e  has s tayed r e l a t i v e l y  cons tan t  on a s ta t2wide b a s i s  

over  the  p a s t  twenty t o  t h i r t y  yea r s ,  t r e n d s  wi th in  the ha rves t  

reg ion  a r e  unknown. 

Forest  Succession 

Like a l l  ecosys ten~s ,  t h e  f o r e s t  cornrnunities of t h e  proposed 

fuelwood ha rves t  reg ion  a r e  c h a r a c t e r i z e d  by continuous change. 

This change occurs  because s p e c i e s  of f o r e s t  vege ta t ion  have d i f -  

f e r i n g  a b i l i t i e s  t o  regenera te  and grocJ under varying environit~en- 

' t a l  cond i t ions .  In  o t h e r  words, each p l a n t  has  a c h a r a c t e r i s t i c  

"?reference"  for a c e r t a i n  range of co~nbinat ions  of a v a i l a b l e  

l i g h t ,  temperature,  moisture ,  and n u t r i e n t s .  A s  t h e s e  variables 

change dur ing  t h e  development of t h e  f o r e s t ,  t h e i r  coinbination 

becori~es l e s s  favorable  5or some s p e c i e s ,  which w i l l  d e c l i n e ,  and 

iilore p r o p i t i o u s  f o r  o t h e r  s p e c i e s ,  which w i l l  p r o l i f e r a t e .  This 

process  by which t h e  colnposition of any ecosysteln progresses  fro:? , , 

one form t o  another  i s  c a l l e d  eco log ica l  success ion .  I t  i s  a pro- 

c e s s  which i s  c y c l i c a l ,  and, t o  a degree,  p r e d i c t a b l e .  

Succession occurs  cont inuously i n  a  f o r e s t  ecosysteln. 

Usually,  a s  one s p e c i e s  of vege ta t ion  occupies  a  s i t e  t o  which it 

i s  s u i t e d ,  i t  a l t e r s  t h e  environment ( t h e  supply of l i g h t ,  temper- 

a t u r e ,  r i~ois ture ,  and n u t r i e n t s )  t o  such a  degree t h a t  t h e  s i t e  may 

becorne more s u i t a b l e  f o r  another  s p e c i e s ,  which, given an a v a i l -  

a b l e  seed source,  w i l l  r egenera te  beneath t h e  c u r r e n t  v e g e t a t i o n  

and even tua l ly  r e p l a c e  it. 

however, t h e r e  a r e  spec ies  which, under c e r t a i n  environmental  

c o n d i t i o n s ,  w i l l  maintain t h e i r  own p r e f e r r e d  conditiorls f o r  long 

pe r iods  of  t ime and t'hus w i l l  succeed thense lves  one genera t ion  

. a f t e r  another .  These spec ies  occur a t  t h e  l a t e r  s t a g e s  of succes-  

s i o n  and a r s  so~netimes c a l l e d  climax s p e c i e s  s i n c e ,  a t  l e a s t  

t h e o r e t i c a l l y ,  t h e i r  a b i l i t y  t o  se l f -pe rpe tua te  temporar i ly  ends 

t h e  success iona l  process  u n t i l  a  d i s tu rbance  such a s  f i r e ,  wind, 

o r  p e s t  damage occurs  t o  r e i n i t i a t e  it ' (Ch i t t ake r  1975) .  

When such a d i s tu rbance  occurs  i n  t h e  f o r e s t ,  success ion  



is  i n t e r r u p t e d ,  and, depending on t h e  type and s i z e  of the  i n t e r -  

Eerence, t h e  process  r e t r o g r e s s e s  t o  some e a r l i e r  s t a y e  ( s e e  

Sigure  2 ) .  As a  r u l e ,  t h e  rnore sever s  and ex tens ive  t h e  d i s t u r -  

bance, t h e  e a r l i s r  t h e  s t a g e  of SI-iccession t h a t  t akas  hold in  i t s  

wake. In t h e  h a r v e s t  reg ion ,  l a r g e - s c a l e  d i s tu rbances  rnight 

r e s u l t  from extens ive  windfa l l ,  f i r e ,  o r  c l e a r c u t t i n g .  These d i s -  

r u i ~ t i o n s  of  t h e   successional^ sequence w i l l  .dsual ly  i n i t i a t e  tne  

formation of an even-aged s tand of l i g h t - t o l e r a n t  s p e c i e s  ab le  t o  

i n h a b i t  h o t ,  exposed, and r e l a t i v e l y  d ry  s i t e s .  The occurrence of 

small  d i s tu rbances  usua l ly  i s  r e l a t e d  t o  l o c a l i z e d  outbreaks  of  

t r e e  d i s e a s e  o r  i n s e c t s ,  windthrow, s e l e c t i v e  ha rves t ing ,  o r  dam- 

age from i c e ,  l i g h t n i n g ,  h a i l ,  o r  snow. These d i s tu rbances  can 

c r e a t e  an uneven-aged f o r e s t .  

Ear ly  successio 'nal  s p e c i e s  a r e  t y p i c a l l y  s h a d e - i n t o l e r a n t ,  

fast-growing, and l ight -seeded.  They need high l i g h t  l e v e l s  f o r  

optimum photosynthes is  and can germinate i n  high temperatures .  

Paper b i r c h ,  grey b i r c h ,  p i n  che r ry ,  and aspen a r e  examples of 

such s p e c i e s ,  and they  a r e  o f t e n  found coloniz ing  c l e a r e d  s i t e s  

where t h e  mineral  s o i l  has been exposed, such a s  burned-over a r e a s  

o r  c l e a r c u t s .  Late success ional  s p e c i e s ,  such a s  sugar ~claple, 

however, a r e  a b l e  t o  photosynthesize a t  low l i g h t  l e v e l s  and do 

n o t  germinate a t  h igher  temperatures .  These spec ies  t y p i c a l l y  

r egenera te  beneath an overs tory  which provides shade and thus  

reduces s o i l  s u r f a c e  temperatures  and moisture  evapora t ion .  

pIoderately shade- to lerant  s p e c i e s  s1.1ch a s  y e l l o w  b i r c h  depend on a  

good supply of  n u t r i e n t s  and s o i l  mois ture ,  but  a l s o  r e q u i r e  some 

exposed s o i l  and d i r e c t  s u n l i y h t  t o  germinate .  

The course of success ion  a f t e r  a  d i s tu rbance  may o r  tnay n o t  

fol low t h a t  which occurred p r i o r  t o  t h e  d i s t u r b a n c e ,  depending on 

t h e  type and s i z e  of  t h e  d i s tu rbance  (White 1976; Davis 1966; 

Marks 1975; 5'orcier 1975).  The success ion  of f o r e s t  s p e c i e s  a f t e r  

land c l e a r i n g  depends l a r g e l y  on t h e  use t o  which t h e  c l e a r e d  land 

was p u t  before  i t s  abandonment. Fores t  development on o ld  pas- 

t u r e l a n d ,  f o r  i n s t a n c e ,  d i f f e r s  from t h a t  on o l d  cropland.  In 

v i r t u a l l y  a l l  casas i n  t h e  f u e l w a o d  h a r v e s t  region, however, suc- 

cess ion  processes  a r e  c l a s s i f i e d  a s  secondary,  i n d i c a t i n g  t h a t  the  



A g e  in y e a r s  

C o m m u n i t y  - T y p e  

FIGURE 2 :GENERAL SUCCESS I ONAL PATTERN I N  A HARDWOOD-P I NE FOREST, 
SHOW I NG POSS I BLE EFFECTS OF D I STURBANCES 
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Source  : Redrawn  -farom Odum 1 5  7 1 .  



s i t e  i n  ques t ion  has supported vege ta t ion  be fo re .  2'reshly ,,?ximscd 

sand and bedrock outcro,sr; r ep resen t  primary success iona l  s i t e s  

~ ~ h i c h  w i l l  develop v e g e t a t i v e  cover more slowly (Gd~r i~  1971) . 
because the t r e e  spec ies  p r e s e n t  in  the  ir'uelk~ood h a r v e s t  

reg ion  a r e  d i f f e r e n t i a l l y  adapted t o  the  environmental  condi' ~10n.s  ' 

of t h e  r eg ion ,  the  s p e c i f i c  p a t t e r n s  of  succession i n  each of the  

f o r e s t  types  a r e  d i f f e r e n t .  Fur ther  v a r i a t i o n  cail be expected i n  

response t o  s i te-s ;>ecif  i c  v a r i a t i o n  i n  s i r r ~ i l a r  environlnental pzra- 

n e t e r s .  The following d i scuss ion  b r i e f l y  d e s c r i b e s  the  succes- 

s i o n a l  2rocesses  i n  t h e  f o r e s t  ty2e.s of t h e  region.  

3ardwood/pine 

Adandoned f i e l d s  and pas tu re land  i n  t h e  fuelwood' h a r v e s t  

reg ion  coirui~only develop dense,  even-aged starids of white - pine with 

a  s c a t t e r i n g  of hardwoods. L i t t l e  undergrowth o r  ground cover 

develops u n t i l  t h e  canopy of t h e  s tand  r i s e s .  Then, t h e  a v a i l a b i -  

l i t y  of more l i g h t  and growing space g e n e r a l l y  f o s t e r s  t h e  es tab-  

l ishment of a  hardvood understory capable  of claiining t h e  s i t e  i f  

t h e  white p ine  i s  rernoved. 

Because white p ine  has only  an intert-riediate l e v e l  of silade 

t o l e r a n c e ,  i t  can surv ive  i n  t h e  understory but does not  g e n e r a l l y  

grow i n t o  t h e  canopy of hea l thy  hardwoods ( s e e  Figure 3 ) .  Only a 

cont inuing  s e r i e s  of minor d i s tu rbances  and m o r t a l i t y  c r e a t e s  

openings which can be claimed by whits  p ine  i n  t h e  understory.  

Severe d i s tu rbances  on t h e s e  s i t e s  which des t roy  a  substan-  

t i a l  p o r t i o n  of  t h e  f o r e s t  f l o o r ' s  organic  m a t e r i a l  and expose 

litinera1 s o i l  w i l l  encoura'ge t h e  r egenera t ion  of t h e  l ight -seeded 

pioneer  s p e c i e s ,  inc luding  grey  b i r c h ,  p i n  che r ry ,  and a s p n ,  and, 

i n  a  good seed yea r ,  white p ine  (McKinnon, iiyde & Cline 1935).  

Because t h i s  f o r e s t  type covers  a  t r a n s i t i o n a l  zone between 

nor thern  hardwoods and c e n t r a l  hardwoods, t h e  s p e c i f i c  hardwood 

s p e c i e s  p r e s e n t  i n  t h e  success iona l  communities w i l l  vary through- 

o u t  t h e  range of  t h i s  type .  1n t h e  nor thern  end of t h i s  ' t ype ,  

b i r c h ,  maples and beech may be found i n  some abundance while oaks 

and h i c k o r i e s  become i n c r e a s i n g l y  comon t o  the  south.  

Northern Hardwood 

A v a r i e t y  of  hardwood pioneer  s p e c i e s  a r e  capable  of r a p i d l y  
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coloniz iny  abaniioned cropland.  Aspen and p i n  che r ry  a r z  p a r t i c u -  

l a r l y  s u c c e s s f u l  i n  ear l l .  success iona l  s t a g e s  (i-iarks 1974, 1 ' 3 7 5 ) .  

Rapid il~roivtll c h a r a c t e r i s t i c s ,  wide ciispersion o r  seeds ,  and the 

a b i l i t y  t o  grow on severe ly  d i s t u r b e d  s i t e s  allow these  spec ies  t o  

compete e f f e c t i v e l y  with white p ine  and hernlock. Xhi ls  , n i t 1  c h e r r y  

limy not  c o n s t i t u t e  a  long-term component of northern harduood 

s t a n d s ,  i t s  seed i s  genera l11  p r e s e n t  and v i a b l e  i n  t h e  f o r e s t  

f l o o r  f o r  many j e a r s  (Narks 1974, 1975) .  

The t h r e e  dominant t r e e  s p e c i e s  i n  the  nor thern  nardwood 

type ,  sugar  naple ,  yellow b i r c h  and beech, i l l t i ~ ~ a t e l f  c o e x i s t  on 

nanil s i t e s .  3y means of an i n t e r e s t i n g  rnicrosuccessional p rocess ,  

t h e s e  s p e c i e s  a r e  ab le  t o  maintain t h e i r  importance i n  t h e  f o r e s t  

s tand  f o r  long pe r iods  of t ime i f  no sever2 d i s tu rbances  occur 

( F o r c i e r  1975) .  Following a  s n a l l  d i s tu rbance  which opens a  ~2a tch  

of f o r e s t  f l o o r  ( s e e  Figure 4 ) ,  yellow b i r c h ,  a s p e c i e s  o f  i i ~ t e r -  

mediate shade t o l e r a n c e ,  i s  t h e  f i r s t  co lon ize r .  Sugar i r l a~~ le ,  a 

h ighly  shade- to le ran t  s ~ e c i e s ,  e s t a b l i s h e s  a  slow-growiny under- 

s t o r y  which c;eneral ly  o u t l i v e s  t h e  b i r c h  and beconles p a r t  of  t h e  

canopy. Beech follows a  p a t t e r n  s i m i l a r  t o  the  sugar inaple. Sow- 

eve r ,  few maple o r  b i r c h  seed l ings  a r e  e s t a b l i s h e d  under a beech 

o v e r s t o r y .  AS t h e  f o r e s t  ages ,  beech slo. .-~ly i n c r e a s e s  i t s  irnpor- 

tance  i n  t h e  s t and ,  s u b j e c t  only t o  p e r i o d i c  rninor d i s tu rbances  

such a s  windthrow o r  d i s e a s e ,  which r e i n i t i a t e  the  success iona l  

g rocess .  

Spruce-f i r  

In  some s i t u a t i o n s ,  white and red spruce (Nestveld 1956; 

Davis 1966) and p i n  c h e r r y  (White 1976) a r e  e a r l y  c o l o n i z e r s  of 

s e v e r e l y  d i s t u r b e d  s i t e s  ( s e e  Figure 5 ) .  Various b i r c h  s?ec ies ,  

white p i n e ,  naple ,  and aspen may a l s o  $lay a  r o l e  i n  t h e  e a r l y  

success iona l  s t a g e s  of t h i s  type (Daubenmire 1978; Borrilann e t  a l .  

1970) .  Balsam f i r  and inc reas ing  amounts of r e d , s p r u c e  a r e  soon 

e s t a b l i s h e d  i n  t h e  s t and  and assume dominance i n  the  canopy. A 

twenty- t o  f o r t y - f e a r  o ld  s p r u c e - f i r  f o r e s t  i s  g e n e r a l l y  very 

dense with l i t t l e  understory o r  groundcover. The aging s tand 

remains even-aged but  becomes t h i n n e r ,  al lowing bryuphytes,  
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l i c h e n ,  h e r b s ,  and t r e e  seed l ings  t o  'be e s t a b l i s h e d .  ~ ~ O C J ~ O W ~ S  

and o v e r s t o r y  rnor ta l i ty  w i l l  r e s u l t  i n  an inc rease  of Salsarn f i r  

and groundcover ( 3 a v i s  1966) .  Yatural  reproduct ion under a  inatllre 

s p r u c e - f i r  f o r e s t  inc ludes  balsam f i r  and red s i ~ r u c e  i n  :jr, - a t e s t  

numbers with some r e p r e s e n t a t i o n  of  sape r  b i r c h ,  yellow birch, and 

red  maple (Xni te  1976).  i4any of t h e s e  seed l ings  i n i t i a l l y  s u f f e r  

high rnor ta l i ty  and only  t h e  shade-tole . rant  spec ies  su rv ive  f o r  

long s e r i o d s  i n  t h e  understory.  Species of i n t e r n e d i a t e  shade- 

t o l e r a n c e ,  such a s  yellow b i r c h  and red maple, iJay be a b l e  t o  

co lonize  small  openings i n  t h e  f o r e s t .  

I ~ .  ,ll>dcts -. of 3arves t ing  on Fores t  Regeneration and Succession 

Fuelwood h a r v e s t  ope ra t ions  w i  11 a l t e r  success iona l  t r ends  i n  

tlie f o r e s t  ecosystem. While s i m i l a r  d i s tu rbances  a r e  c u r r e n t l y  

widespread throughout t h e  h a r v e s t  r eg ion ,  t h e  c r e a t i o n  of  a  f u e l -  

wood market i s  l i k e l y  t o  encourage t h e  use of riiechanized, xhole- 

t r e e  chipping equipment and more nunerous ha rves t  o p e r a t i o n s .  

Piany o f  t h e  v a r i a b l e s  which a f f e c t  the  success ional  processes  a r e  

dependent on choices  made by f o r e s t  landowners and t h e  h a r v e s t  

p r a c t i c e s  employed by t h e  loggers .  'fie a t t i t u d e s  and management 

o b j e c t i v e s  of t h e  numerous landor~ners  i n  t h e  filelwood ha rves t  

reg ion  w i l l  i n f l u e n c e  t h e i r  choice of h a r v e s t  method. The econo- 

mic p ressu res  on h a r v e s t  o p e r a t o r s  w i l l  a f f e c t  t h e  choice and 

method of harvest .  tech.nology and rnethod of h a r v e s t .  These s r e s -  

s u r e s  w i l l  a l s o  in f luence  t h e  q u a l i t y  of 'i2lanning and execut ion of  

h a r v e s t s  which shape t h e  r e s u l t i n g  environmental impacts.  i h i l e  

landowner a t t i t u d e s  can be expected t o  vary cons iderably  i n  t h e i r  

i n f l u e n c e  o f  h a r v e s t  li~ethods, t h e  economic cons ide ra t ions  

in f luenc ing  h a r v e s t  o p e r a t o r s  c l e a r l y  w i l l  favor e a r l y  u t i l i z a t i o n  

of  t h e  most scce~ssible, prodl.lct.j.ve f o r e s t  s t a n d s .  30 lonj. a s  

fue  lwood h a r v e s t  ope ra t ions  remain coi rnerc ia l ly  marginal ,  only t h e  

most c o s t - e f f e c t i v e  h a r v e s t  methods w i l l  be employed. This e f f e c t  

w i l l  favor t h e  use of i n t e n s i v e ,  mechanized o p e r a t i o n s ,  o f t e n  

inc lud ing  ' c l e a r c ~ i t t i n g .  



The i n t e n s i t y  o f  h a r v e s t  ope ra t ions  deterrirines the  environ- 

mental parameters which, i n  t u r n ,  c o n t r o l  t h e  regenera t ion  oppor- 

t u n i t i e s  f o r  new mehnbers of t h e  f o r e s t  co-rrununity. Avai lable  rnois- 

t u r e ,  l i g h t ,  and t enpera tu re  a r e  c r i t i c a l  elements of t h e  cnicro- 

c l i tnate  t o  which d i f f e r e n t  s p e c i e s  a r e  d i f f e r e n t i a l l y  adapteu,  a s  

d iscussed  e a r l i e r .  Harvest ope ra t ions   ill a f f e c t  the  s p e c i e s  

composition and q u a n t i t y  of a v a i l a b l e  seed sources .  2arves t ing  

can a l s o  a f f e c t  t h e  s t r u c t u r e  and exposure of t h e  s o i l  i t s e l f  

(Smith 1962).  

W!~ile s e l e c t i o n  c u t t i n g  .may only  s l i g h t l y  a l t e r  the  condi- 

t i o n s  of  t h e  e x i s t i n g  s t a n d ,  seed t r e e  o r  c l e a r c u t t i n g  ~uethods 

c ill s u b s t a n t i a l l y  a l t e r  t h e  growing cond i t ions  f o r  the  new s tand .  

Avai lable  l i g h t  and temperature a t  the  f o r e s t  f l o o r  inc rease  i n  

p ropor t ion  t o  t h e  i n t e n s i t y  of  c u t t i n g .  h'hile t h e  removal of 

vege ta t ion  reduces cornpetition fo r ;  and canopy i n t e r c e p t i o n  o f ,  

a v a i l a b l e  moisture ,  t h e  seed bed on the  f o r e s t  Zloor may a c t u a l l y  

become d rye r  due t o  t h e  evapora t ive  e f f e c t s  of  increased l i g h t  a r ~ d  

temperature (Smith 1962).  

The changes i n  l i g h t ,  temperature,  and raoisture can a f f e c t  

t h e  r a t e s  of b a c t e r i a l  and fungal  decomposition i n  t h e  upper s o i l  

hor izons  and can r e s u l t  i n  s i g n i f i c a n t  dec reases  i n  the  organic  

con ten t  of t h e  s o i l  (Likens e t  a l ;  .1970) .  This change f u r t h e r  

a f f e c t s  t h e  moisture  regime of t h e  seed bed and l i m i t s  i n i t i a l  

r egenera t ion  t o  s p e c i e s  adapted t o  low moisture  a v a i l a b i l i t y  and 

ternper;lt.~irt-? extremes. 

LJatural sources  of  seed a r e  a l s o  changed by h a r v e s t  prac- 

t i c e s .  The r e l a t i v e l y  small  removals a s s o c i a t e d  with s e l e c t i o n  

c u t t i n g s  l eave  behind many p o t e n t i a l  seed t r e e s  which support  

r egenera t ion  of  a  s t and  s i m i l a r  t o  t h e  o r i g i n a l .  Increased 

removals diminish r e a d i l y  a v a i l a b l e  seed sources  and favor  spec ies  

on ad jacen t  s i t e s  with l i g h t ,  e a s i l y  d i s ~ e r s e d  seed.  The r e l a -  

t i o n s h i p  between t h e s e  f a c t o r s  i s  g e n e r a l l y  depic ted  i n  Figure 6.  

F i n a l l y ,  t h e  eyuipnent  used i n  ha rves t ing  can d i s t u r b  t h e  

f o r e s t  f l o o r ,  exposing mineral  s o i l  a s  a seed bed. Some spec ies  

r e q u i r e  t h i s  condition f ~ r  regenera t ion  and hence a r e  favored 





over species t h a t  prefer undisturbed, organic fores t  l i t t e r  as a  

seed bed. 

As the rernoval of vegetation frorn a  stand increases,  the 

ear ly  successional or pioneer species are Zavored, as  discussed 

e a r l i e r .  This tendency i s  neither inherently benef ic ia l  nor . 

det r inenta l  t o  the t e r r e s t r i a l  ecosys te~ i .~~  of the area.  The 

e f fec t s  of harvest  operations can, t o  some extent ,  be viewed as 

analogous t o  natural  disruptions including windthrow, disease 

outbreaks, and f i r e .  

I n  addit ion t o  the parameters discussed above, a  var ie ty  of 

s i t e - spec i f i c  variables can also influence the composition of the 

regenerating stand. Many of these a re  re la ted  t o  the care with 

xllich the harvest was planned and conducted. For example, most 

s i t e s  w i l l  have some amount of advanced regeneration under the 

stand t o  be harvested. These young t r ees  can subs tan t ia l ly  

influence the make-up of the new stand i f  they are  not destroyed 

d u r i n g  harvest  operations. SJhile intensive harvests conducted 

duriny summer fi~onths w i l l  typ ica l ly  i n f l i c t  subs tan t ia l  darnage on 

advanced regeneration, the snow cover of the winter season can 

provide s ign i f i can t  2rotection.  

I n  many' cases the. a v a i l a b i l i t y  of advanced re2eneration i s  a 

c r i t i c a l  determinant i n  the ra2id regeneration of the s j t e  ( S m i t h  

1 9 6 2 ) .  This i s  pa r t i cu la r ly  t rue  i n  the case of s i t e s  t h a t  a re  

d i f f i c u l t  t o  regenerate fror:~ seed, due, for example, to  extreme 

var ia t ion i n  the temperature of the seed bed or t o  moisture defi-  

c iencies .  Other f ac to r s ,  including s o i l  type,  exposure, browsing 

pressure, and the degree of s o i l  disturbance, w i l l  influence the 

composition of the regenerating s t a n d .  

The extent t o  which fuelwood harvesting a f fec t s  the succes- 

sional  trends of the harvest region depends on the application of 

spec i f ic  harvest systerns and the unique cha rac te r i s t i c s  of the 

harvested s i t e .  Past harvest operations i n  the fuelwood harvest  

region have generally erlcouraged a  haphazard m i x  of ear ly  and 

mid-successional cornmunities. These stands typica l ly  include 

aspen, i ~ i n  cherry, white pine, and grey birch.  ather associated 

species nay a lso  be found, depending on the cha rac te r i s t i c s  of the  



s p e c i f i c  s i t e  i n  q u e s t i o n . '  

The fue lwood m a r k e t  w i l l  create a demand f o r  Inany s p e c i e s  and  

a l l o w  t h e  u t i l i z a t i o n  o f  low-grade m a t e r i a l  which w a s  n o t  p r e -  

v i o u s l y  m e r c h a n t a b l e .  The r e l a t i v e l y  low v a l u e  o f  t h i s  m a t e r i a l  

f a v o r s  t h e  u s e  o f  t h e  most  e f f i c i e n t  h a r v e s t  methods .  From t h e  

l o g y e r s '  p o i n t  .of v i ew t h e  u s e  o f  mechanized ,  w h o l e - t r e e  equipment  

i n  i n t e n s i v e  h a r v e s t s  p r o v i d e s  t h e  g r e a t e s t  r e t u r n .  S i t e s  which 

c a n  be made a v a i l a b l e  t o  t h i s  h a r v e s t  sys t em are  l i k e l y  t o  b e  

u t i l i z e d  b e f o r e  s i t e s  w i t h  more s t r i n g e n t  h a r v e s t i n g  c o n s t r a i n t s  

s u c h  a s  v ~ o u l d  be  e n c o u n t e r e d  i n  s e l e c t i v e  c u t t i n g s  and  t h i n n i n g  

o p e r a t i o n s .  This s i t u a t i o n  w i l l  r e s u l t  i n  c o n d i t i o n s  g e n e r a l l y  

more f a v o r a b l e  f o r  t h e  r e g e n e r a t i o n  o f  e a r l y  s u c c e s s i o n a l  even- 

aged  comr:lunities. O t h e r ,  h i g h e r  v a l u e  f o r e s t  p r o d u c t s ,  i n c l u d i n g  

pulpwood and s a w t i m b e r ,  'however,  a re  a l s o  drawn f rom t h e  fue lwood 

h a r v e s t  r e g i o n .  Whole- tree h a r v e s t i n g  a l l o w s  l andowners  t o  t h i n ,  

s e l e c t i v e l y  h a r v e s t ,  o r  weed low-grade mater ia l  f rom t h e i r  s t a n d s  

t o  f a v o r  e x i s t i n g ,  h i g h e r  q u a l i t y  t r e e s .  I n  t h i s  case, t h e  p r o -  

p o s e d  a c t i o n  may c o n t r i b u t e  t o  t h e  m a i n t e n a n c e  o f  l a t e r  s u c c e s -  

s i o n a l  communi t i e s .  

Excep t  i n  s h o r e l a n d  a r e a s  o r  o t h e r  s p e c i a l  u s e  a r e a s  where 

s t a t e  l aws  r e g u l a t e  h a r v e s t  i n t e n s i t y ,  l andowners  w i l l  c h o o s e  t h e  

h a r v e s t  s y s t e m s  t o  b e  employed.  While t h e s e  c h o i c e s  c a n  b e  

i n f l u e n c e d  by r e g u l a t o r y  mechanisms and landowner  e d u c a t i o n /  

a s s i s t a n c e  p r o g r a m ,  t h e  e x i s t i n g  s i t u a t i o n  a l l o w s  t h e  landowner 

a wide l a t i t u d e  i n  h i s  h a r v e s t  d e c i s i o n s .  

Rare  and  Endangered  S p e c i e s  

Only o n e  p l a n t  i n  Xa ine ,  t h e  F u r b i s h  l o u s e w o r t ,  h a s  b e e n  

f e d e r a l l y  d e s i g n a t e d  a s  a n  e n d a n g e r e d  s p e c i e s  (USFWS 1 9 7 8 ) .  

S e v e r a l  o t h e r  p l a n t  s p e c i e s  h a v e  been  p r o p o s e d  f o r  t h i s  l i s t i n g ,  

a n d  a wide  v a r i e t y  o f  a d d i t i o n a l  s p e c i e s  a r e  r e c o g n i z e d  by 

b o t a n i s t s  t o  b e  r a r e  o r  u n u s u a l  i n  Maine. The F u r b i s h  l o u s e w o r t  

o c c u r s  a l o n y  wooded r i v e r  o r  s t rear ; l  banlcs and i n  low, sliadeci 

swarilpy a r e a s .  To d a t e ,  t n e  l o u s e i ~ o r t  h a s  been  found o n l y  a l o n y  

t h e  banks  o f  t h e  S t .  John a v e r .  R e s e a r c h  i n d i c a t e s  t h a t  t h e  

r a n y e  of t h e  l o u s e w o r t  i s  r e s t r i c t e d  t o  t h i s  a r e a  ( N i c k e r s o n  



1 9 7 9 ) .  H a r v e s t  o p e r a t i o n s  i n  t h e  p r o p o s e d  fue lwood r e g i o n  would 

n o t  a f f e c t  t h i s  p l a n t .  

Of t h e  s i j e c i e s  p r o p o s e d  f o r  e n d a n g e r e d  l i s t i n g ,  o n l y  one ,  t h e  

s m a l l  whor l ed  p o g o n i a ,  c o u l d  b e  a f f e c t e d  by  h a r v e s t s  i n  t h e  f u e l -  

wood r e g i o n .  T h i s  o r c h i d  grows i n  d r y  o r  m o i s t  l e a f  rilould under  

mixed hardwood f o r e s t s  (Eastritan 1 9 7 7 ) .  The s m a l l  whor l ed  p o g o n i a  

i s  v e r y  s p a r s e l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  N o r t h  A t l a n t i c  s t a t e s  

e a s t  o f  t h e  M i s s i s s i p p i  R i v e r ,  w i t h  t h e  m a j o r i t y  o f  s i t e s  o c c u r r -  

i n g  i n  t h e  ?Jew York-New England a r e a  (Eas tman 1 9 7 7 ) .  Of t h e  f o u r  

s i t e s  t h a t  have  b e e n  r e p o r t e d  i n  t h e  fue lwood h a r v e s t  r e g i o n ,  o n e  

i n  N o r t h  Sebago,  Maine, h a s  been  p r o p o s e d  f o r  i n c l u s i o n  i n  t h e  

Maine R e g i s t e r  o f  C r i t i c a l  Areas  ( s e e  F i y u r e  7 ) .  

I f  t h e  s m a l l  whor l ed  poyon ia  i s  l i s t e d  as a n  e n d a n g e r e d  

s p e c i e s  by t n e  U. S. F i s h  and ' vd i ld l i f e  S e r v i c e ,  t h e  Depar tment  o f  

Energy w i l l  u n d e r t a k e  t h e  n e c e s s a r y  p l a n n i n g  and  management 

e f f o r t s  t o  a s s u r e  t he  2 r o t e c t i o n  o f  t h i s  s p e c i e s .  The ongo ing  

r e s e a r c h  c o n d u c t e d  by  t h e  U .  S. F i s h  and  W i l d l i f e  S e r v i c e  i n  

c o o p e r a t i o n  w i t h  t h e  s t a t e  o f  E'laine would p r o v i d e  t h e  information 

needed f o r  s u c h  a n  e f f o r t  (Dyer  1 9 7 9 ) .  The r e m a i n i n g  p l a n t  

s p e c i e s  p r o p o s e d  f o r  l i s t i n g  a r e  e i t h e r  n o t  found i n  t h e  a r e a  o f  

t h e  p r o p o s e d  a c t i o n  or a r e  found i n  h a b i t a t s  which would n o t  b e  

s u b j e c t  t o  h a r v e s t i n g ,  s u c h  as a l p i n e  g a r d e n s  and  m a r i n e  e s t u -  

a r i e s  (Dyer  1 9 7 9 ) .  

Tile I4aine C r i t i c a l  A r e a s  Program h a s  t e n a t i v e l y  i d e n t i f i e d  

2 3 3  a d d i t i o n a l  s p e c i e s  o f  p l a n t s  a s  s i g n i f i c a n t  i n  Maine. Of t h i s  

g r o u p ,  44 p e r c e n t  h a v e  been  found a t  o n l y  o n e  s i t e  and a p p r o x i -  

m a t e l y  t w o - t h i r d s  o f  t h e s e  s p e c i e s  a r e  on t h e  p e r i p h e r y  o f  t h e i r  

r a n g e  (Adarnus Ec Clough 1 9 7 6 ) .  



Maine 

Source : Eus fi~t?a,z 19 7 7. 



NUTRIENT CYCLES I N  THE FOREST ECOSYSTEM 

The n u t r i e n t  b u d g e t  o f  a n y  e c o s y s t e m  p l a y s  a c r i t i c a l  role  i n  

i t s  d e v e l o p m e n t .  I n p u t s  t o  t h e  b u d g e t  c o n s i s t  o f  n u t r i e n t s  i n  

p r e c i p i t a t i o n ,  t h e  c o n t r i b u t i o n  f r o m  c h e m i c a l  w e a t h e r i n g  o f  t h e  

p a ' r e n t  ma te r ia l ,  a n d  g a s e o u s  u p t a k e  f r o m  t h e  atmosphere. O u t p u t s  

a r e  n u t r i e n t s  t h a t  l e a v e  t h e  f o r e s t  i n  g r o u n d  water or  s u r f a c e  

f l o w ,  a n d  g a s e o u s  losses t o  the  a t m o s p h e r e  ( L i k e n s  e t  a l .  1 9 7 7 ) .  

i J i t h i n  t h e  f o r e s t  e c o s y s t e m  o f  t h e  . h a r v e s t  r e g i o n ,  t h e  o r g a n i c  

n a t t e r  i n  the  s o i l  i s  t h e  l a r g e s t  r e s e r v o i r  o f  n u t r i e n t s  a n d  a 

v a r i e t y  o f  i n t e r n a l  mechanisms g o v e r n  t h e  f l o w  o f  t h e s e  e ' l e n e n t s  . 
Some s e v e n t e e n  n u t r i e n t  e l e m e n t s  h a v e  b e e n  shown t o  be e s s e n -  

t i a l ' f o r  p l a n t  g r o w t h .  Oxygen,  c a r b o n  a n d  h y d r o g e n  a re  u s e d  i n  

t h e  g r e a t e s t  q u a n t i t i e s  a n d  a re  d e r i v e d  f r o m  the  a t m o s p h e r e  a n d  

t h e  w a t e r  o f  t h e  s o i l .  T h e s e  e l e m e n t s  a r e  g e n e r a l l y  n o t  l i m i t i n g  

f a c t o r s  i n  p l a n t  g r o w t h  e x c e p t  i n  cases o f  d r o u g h t ,  d i s e a s e  and  

e x c e s s i v e  m o i s t u r e  ( a r a d y  1 9 7 4 ) .  A s e c o n d  g r o u p  o f  e l e m e n t s  u t i -  

l i z e d  i n  s i g n i f i c a n t  q u a n t i t i e s  a r e  r e f e r r e d  t o  as m a c r o n u t r i e n t s .  

These  i n c l u d e  n i t r o y  e n ,  p h o s p h o r u s ,  p o t a s s i u ~ i i ,  c a l c i u ~ ,  rnagnes iun ,  

a n d  s u l f u r  ( S r a d y  1 9 7 4 ) .  T h i s  g r o u p  i s  drawn p r i n c i p a l l y  f rom t h e  

s o i l ,  a l t h o u g h  i n d i r e c t  atmospheric i n p u t s  are i m p o r t a n t  f o r  

n i t r o g e n  a n d  s u l f u r .  F i n a l l y ,  a g r o u p  o f  e l e m e n t s  known as m i c r o -  

n u t r i e n t s  are  u s e d  i n  v e r y  s n i a l l ,  b u t  i i : ~ p o r t a n t ,  a m o u n t s .  T h e s e  

i n c l u d e  i r o n ,  ixanganese ,  copper, z i n c ,  b o r o n ,  molybenum, c h l o r i n e ,  

and  c o b a l t  ( 3 r a d y  1 9 7 4 ) .  

'fie f o l l o w i n g  d i s c u s s i o n  i s  p r i n c i p a l l y  c o n c e r n e d  w i t h  t h e  

~ ,~echanis iL ls  and p r o c e s s e s  a f i ' e c t l n g  t h e  f l u x  o f  t h e  l n a c r o n u t r i e n t s  

d e s c r i b e d  a b o v c .  

I n i ~ u t s  t o  t h e  F o r e s t  N u t r i e n t  C y c l e  

The r e l a t i v e  s i g n i f i c a n c e  o f  t h e  n u t r i e n t  i n p u t  mechanisms  a t  

the Hubbard b r o o k  E x p e r i m e n t a l  F o r e s t  i n  N e w  H a m p s h i r e  i s  i l l u s -  

t r a t e d  by  T a b l e  1 2 .  I t  i s  e v i d e n t  t h a t  w e a t h e r i n g  i s  t h e  p r e d o m i -  

n a n t  i n p u t  p r o c e s s ,  a l t h o u g h  p r e c i p i t a t i o n ,  g a s e o u s  f i x a t i o n ,  a n d  

a e r o s o l  i n ~ p a c t i o n  are  ; ~ a r t i c u l a r l y  i m p o r t a n t  f o r  n i t r o g e n  a n d  



TABLE 12 : RELATIVE SIGN I FI CANCE OF NUTRIENT INPUT MECHANISMS 
FOR WATERSHED ECOSYSTEMS OF THE HUBBARD BROOK 

EXPERIMENTAL FOREST 
Nut r i en t  

(X) 

Source Ca1 c i  urn P0tass.i  urn Magnesi urn Sodi urn Ni t rogen  S u l f u r  

P r e c i p i t a t i o n  i n p u t  9 11 15 22 3 1 6 5 
Net c ~ a s  o r  

ae roso l  i n p u t  
Weathering r e l e a s e  91 8 9 85 78 - 4 

Source: Likens e t  aZ. 1977 

TABLE 13 : SUMMARY OF ANNUAL METEOROLOGIC INPUTS 
FOR UNDISTURBED FOREST ECOSYSTEMS AT HUBBARD BROOK 

E l e m e n t  

Cal c i  urn 
Magnesi urn 
Potassium 

Nitrogen 

S u l f u r  

Hydrogen 

Phosphorus 

M e t e o r 0 1  o g i  c 
~ n p u t  1 

(%_cr/ha-y ear - 

1.Note: vaZues i n  parentheses represent estimates of net  gaseous 
fixation i n  the case of nitrogen and aerosoZ impaction and 
gaseous uptake i n  t he  case o f  suZfgr. 

Source: adapted from Likens e t  aZ.1977. 



s u l f u r .  W e a t h e r i n g  ra tes  o f  p h o s p h o r u s  w e r e  n o t  d e t e r m i n e d  a t  

kiubbard Brook.  

P r e c i p i t a t i o n  

N u t r i e n t s  e x i s t  i n  t h e  atmosphere i n  g a s e o u s ,  p a r t i c u l a t e ,  a n d  

aerosol  forrns wh ich  c a n  b e  rernoved i n  s o l u t i o n  b y  p r e c i p i t a t i o n .  

Many o f  t h e  r e a d i l y  a v a i l a b l e  n u t r i e n t s  u t i l i z e d  a n n u a l l y  i n  the  

f o r e s t  e c o s y s t e r a  are  i n t r o d u c e d  i n  t h i s  manne r .  ?4easu remen t s  

u n d e r t a k e n  a t  t h e  Hubbard Brook E x p e r i m e n t a l  F o r e s t ,  r e p r e s e n t a - '  

t i v e  o f  t h e  f u e l w o o d  h a r v e s t  r e g i o n ,  are p r e s e n t e d  i n  T a b l e  1 3 .  

i J h i l e  t h e  s o l u b i l i t y  o f  atmospheric g a s e s  i n  p r e c i ; ? i t a t i o n  i s  

well d6cumen ted ,  the  o r i g i n  o f  n u t r i e n t s  i n  d u s t  a n d  a e r o s o l  fo r ras  

i s  n o t  w e l l  u n d e r s t o o d  ( L i k e n s  e t  a l .  1 9 7 7 ) .  A l t h o u g h  t h e  quan-  

t i t y  o f  m o s t  n u t r i e n t s  i n t r o d u c e d  t o  t h e  e c o s y s t e m  v i a  p r e c i p i t a -  

t i o n  i s  s m a l l  i n  r e l a t i o n  t o  o t h e r  i n p u t  rnechanisms,  these 

n u t r i e n t s  a re  l a r g e l y  i n  f o r m s  i n u n e d i a t e l y  a v a i l a b l e  f o r  p l a n t  

u p t a k e .  A s  i s  d i s c u s s e d  l a t e r ,  p r e c i p i t a t i o n  i n p u t s  o f  n i t r o g e n  

a n d  s u l f u r  r e y r e s e n t  r e l a t i v e l y  l a r g e  p o r t i o n s  o f  t he  t o t a l  i n p u t  

o f  t h e s e  n u t r i e n t s .  P r e c i p i t a t i o n  a l s o  i n t r o d u c e s  l a r g e  q u a n t i -  

t i e s  of h y d r o g e n  i o r i s  i n t o  t h e  f o r e s t  e c o s y s t e m ,  which a f f e c t  

i n t e r n a l  c y c l i n g  processes a n d  .which n a y  a f f e c t  t h e  r a t e  o f  wea- 

t h e r i n g  ( L i k e n s  e t  a l .  1 9 7 7 ;  i i o rnbeck ,  L i k e n s  & E a t o n  1 9 7 7 ) .  

Gaseous  F i x a t i o n  a n d  ~ e r o s o l  I m p a c t i o n  

h io ther  r o u t e  by which some n u t r i e n t s ,  n o t a b l y  n i t r o g e n  a n d  

s u l f u r ,  a r e  known t o  e r i t e r  t h e  . f o r e s t  e c o s y s t e r n  i s  t h a t  o f  g a s e o u s  

f i x a t i o n  by rilicrobes and  a e r o s o l  i n ~ p a c t i o n  on  s t e m  and  l e a f  s u r -  

f a c e s .  Todd, \ $ a i d e  a n d  Cornaby  ( 1 9 7 4 )  a n d  L i k e n s  e t  a l .  ( 1 9 7 7 )  

c o n c l u d e d  frorn o b s e r v a t i o n s  i n  idor th  C a r o l i n a  a n d  N e w  kiarnpshire 

f o r e s t s ,  r e s p e c t i v e l y ,  t h a t  g a s e o u s  t r a n s f o r m a t i o n s  p r o b a b l y  

r e p r e s e n t  major i n p u t s  and  o u t p u t s  o f  s u l f u r  a n d  a p p e a r  t o  doiiiin- 

a t e  t h e  g a i n s  0 5  n i t r o g e n .  R o s k o s k i  ( 1 9 7 7 )  f o u n d  t h a t  t h e  p r i n c i -  

pa l  s i t e  f o r  microbial n i t r o g e n  f i x a t i o n  i n  n o r t h e r n  hardwood eco- 

s y s t e l u s  w a s  t h e  d e a d  woody l i t t e r  o n  t h e  f o r e s t  f l o o r .  Q u a n t i t a -  

t i v e  e s t i m a t e s  o f  t he  amoun t s  o f  e l e m s n t s  i n  g a s e o u s  or  a e r o s o l ,  

f o r m s  w h i c h  a r e  i n t r o d u c e d  a n n u a l l y  a t  t h e  idew i5ampshire  s i t e  are  

s h o ~ n  i n  T a b l e  1 3 .  I n  s o m e  s i t u a t i o n s ,  n u t r i e n t s  i n t r o d u c e d  as 



aerosols c a n  c o n s t i t u t e  the  p r i n c i p a l  s o u r c e  o f  a v a i l a b l e  

n u t r i e n t s  i n  t h e  e c o s y s t e m  ( A r t  e t  a l .  1 9 7 4 ) .  

W e a t h e r i n g  

C e r t a i n  n u t r i e n t s  i n  t h e  f o r e s t  e c o s y s t e m  a re  p r i n c i p a l l y  

d e r i v e d  frorn t h e  c h e m i c a l  w e a t h e r i n g  o f  b e d r o c k  a n d  m i n e r a l  s o i l .  

bihile t h i s  p o c e s s  i s  g e n e r a l l y  c o n s i d e r e d  t o  b e - q u i t e  s l o w  i n  

c o m p a r i s o n  w i t h  o ther  i n p u t  a n d  i n t e r n a l  c y c l i n g  nechanis r ; l s ,  w e a -  

t h e r i n g ,  o v e r  t h e  l o n g  t e r m ,  p r o v i d e s  s tab le  a n d  s i g n i f i c a n t  

i n p u t s  o f  c a l c i u m ,  p o t a s s i u m ,  p h o s p h o r u s ,  a n d  magnesium ( L i k e n s  e t  

a l .  1 9 7 7 ) .  E s t i m a t e s  o f  w e a t h e r i n g  i n p u t s  h a v e  b e e n  d e r i v e d  f o r  

t h e  i iubbard Brook w a t e r s h e d s ,  w h i c h  may be a s sumed  t o  be g e n e r a l l y  

t y p i c a l  o f  t h e  f o r e s t  e c o s y s t e i n s  i n  the  f u e l w o o d  h a r v e s t  r e g i o n ,  

a n d  a re  p r e s e n t e d  i n  T a b l e  1 4 .  V a r i a t i o n  i n  t h e  u n d e r l y i n g  bed-  

r o c k  may a f f e c t  t h e s e  ra tes  t o  a l i m i t e d  e x t e n t  f r o m  s i t e  t o  

s i t e .  

I n t e r n a l  C y c l i n g  M e c h a n i s n s  

The i n t e r n a l  c y c l e s  o f  n u t r i e n t s  i n  t h e  f o r e s t  e c o s y s t e r n  p r o -  

v i d e  t he  means b y  w h i c h  t h e  s y s t e ~ n  ~ n o b i l i z e s ,  u s e s ,  a n d  c o n s e r v e s  

i t s  r e s o u r c e s .  The u n d i s t u r b e d  e c o s y s t e r n  rnay be a c c u i n u l a t i n g  s o m e  

n u t r i e n t s  o v e r  time a n d  l o s i n g  o t h e r s  due  t o  v a r i a t i o n  i n  the  

e f f i c i e n c y  o f  these  c y c l e s .  

The q u a l i t y  o f  n u t r i e n t s  c y c l e d  t h r o u g h  t h e  s y s t e ~ n  b y  t h e s e  

~ a e c h a n i s r n s  i s  y e n e r a l l y  much l a r g e r  t h a n  t he  amount  rnade a v a i l a b l e  

b y  t h e  i n p u t  mechan i sms  d i s c u s s e d  p r e v i o u s l y ,  a s  shown i n  T a b l e  

1 5 .  T h i s  i n d i c a t e s  t h a t  t h e  i n t e r n a l  c y c l e s  p l a y  a c r i t i c a l  r o l e  

i n  t h e  s h o r t - t e r n  s t a b i l i t y  o f  t h e  f o r e s t  e c o s y s t e m .  

U p t a k e  a n d  S t o r a g e  

A v i t a l  r o l e  i n  t h e  c o n s e r v a t i o n  o f  n u t r i e n t s ,  p a r t i c u l a r l y  

p o t a s s i u m ,  n i t r o g e n ,  and  c a l c i u ; r \ ,  w i t h i n  a n  e c o s y s t e ~ n  i s  p l a y e d  b y  

t h e  f o r e s t  v e q e t a t i o n  a n d  m i c r o o r ~ a n i s m s  (Likens e t  a l .  1 9 7 7 ) .  

i~lany o f  t h e  n u t r i e n t s  e x t r a c t e d  f rom the  s o i l  and  a t m o s p h e r e  t o  

s u i ~ p o r t  m e t a b o l i c  i3rocesses a r e  s u b s e q a e n t l y  i n c o r p o r a t z d  i n t o  t h e  

; ~ h ~ ~ s i c a l  s t r u c t u r e  of t h e s e  f o r e s t  o r g a n i s m s  ( L i k e n s  e t  a l .  1 9 7 7 ) .  

T h i s  s t o r a g e  s e r v e s  a s  a b u f f e r  a g a i n s t  l a r g e  d e p l e t i o n s  o f  t h e  



TABLE 14:  DIFFERENTIAL WEATHERING AT HUBBARD BROOK 

Abundance Annua l  R e l e a s e  f r o m  
i n  Bed rock  Bed rock  by W e a t h e r i n g  

E lemen t  f %) ( k g / h a )  

Magnesium as Mg 2+ 1 .1  

~o tass ium as K+ 2 . 9  

Source: Adapted from Likens e t  aZ. 1977. 
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s y s t e i n ' s  n u t r i e n t  " c a p i t a l . "  T a b l e  1 5  i n d i c a t e s  t h e  m a g n i t u d e  o f  
. . 

t h i s  mechanism i n  r e l a t i o n  t o  o t h e r  i n t e r n a l  a n d  e x t e r n a l  n u t r i e n t  

f l u x e s .  The i m p o r t a n c e  o f  t h i s  mechanism i s  w e l l  i l l u s t r a t e d  by 

t h e  ro l e  o f  p i n  c h e r r y  i n  e a r l y  s u c c e s s i o n a l  s t a n d s  s t u d i e d  by  

;.larks a n d  Borinann ( 1 9 7 2 ) .  Dense s t a n d s  o f  t h e s e  t r e e s  d e v e l o p  

r a p i d l y  a f t e r  s e v e r e  d i s r u p t i o n s  a n d  e s t a b l i s h  f u l l y  c l o s e d  c a n o -  

2 ies .  ?'he i n c o r p o r a t i o n  o f  n u t r i e n t s ,  e s p e c i a l l y  n i t r o g e n  a n d  

c a l c i u m ,  i s  a l s o  r a p i d .  blarks a n d  aormann  ( 1 9 7 2 )  e s t i m a t e d  t h a t  

t h e  a n n u a l  u p t a k e  o f  n i t r o g e n  b y  t h i s  species i s  much as  50 p e r -  

c e n t  g r e a t e r  t h a n  t h a t  e x p e r i e n c e d  i n  o l d e r ,  u n d i s t u r b e d  s i t e s  i n  

the  saitle area .  

R e t u r n  f r o m  L i v e  Bioniass  S t o r a g e  

A v a r i e t y  o f  mechanisms  rernove n u t r i e n t s  f r o m  t h e  pool o f  

l i v i n g  biomass a n d  r e t u r n  t h e m  t o  t h e  f o r e s t  f l o o r  i n  b o t h  a v a i l -  

ab le  a n d  u n a v a i l a b l e  f o r m s .  . Dead biomass i n  t h e  forin o f  f a l l e n  

b r a n c h e s ,  t w i g s ,  l e a v e s ,  a n d  root  l i t t e r  r e p r e s e n t s  t h e  p r i n c i 2 a l  

r e t u r n  rnechanisin f o r  s e v e r a l  o f  t he  major n u t r i e n t s  i n c l u d i n g  ca l -  

c i u m ,  r.iayrlesium, n i t r o g e n ,  and  2 h o s p h o r u s  ( L i k e n s  e t  a l .  1 9 7 7 ) .  

A l t h o u g h  t h e  n u t r i e n t s  bound  i n  t h i s  material  a r e  n o t  i m m e d i a t e l y  

a v a i l a b l e  f o r  p l a n t  u p t a k e ,  t h e y  a re  r e l e a s e d  s l o w l y  o v e r  time as  

t h e  r e s u l t  o f  d e c o n ~ p o s i t i o n a l  processes. T h i s  dynamic  e x t e n d s  t h e  

cus 'h ion inc j  e f f e c t  o f  n u t r i e n t  s t o r a g e  i n  biolnass i n  t h e  case o f  

d i s r u p t i o n s  o f  t h e  f o r e s t  e c o s y s t e m .  

il secor ld  r e c y c l i n g  i i~echanisrn  i r i v o l v e s  t h e  a b i l i t y  of i ~ r e c i p i -  

t a t i o n  t o  remove n u t r i e n t s  f rom t h e  l e a v e s  a n d  s t e m s  o f  t h e  f o r e s t  

s t a n d  a n d  b r i n g  t hem t o  . t h e  s o i l .  This process, s i m i l a r  t o  t h e  

l e a c h i n g  o f  n u t r i e n t s  f rom t h e  s o i l ,  i s  p a r t i a l l y  c o n t r o l l e d  by  

t h e  a c i d i t y  of t h e  p r e c i p i t a t i o n .  The  r e c e n t  t r e n d s  o f  i n c r e a s i n g  

a c i d i t y  i n  t he  p r e c i p i t a t i o n  o f  t h e  n o r t h e a s t e r n  U n i t e d  S t a t e s  

( L i k e n s  e t  a l .  1 9 7 6 )  may h a v e  c a u s e d  a p a r a l l e l  i n c r e a s e  i n  t h e  

q u a n t i t i e s  aL ~ ~ u t r i e n t s  l e a c ' h e d  f r o m  t h e  f o r e s t  c a n o p y .  R e s e a r c h  

a t  1-iubbard 3 r o o k  i n d i c a t e s  that ' h y d r o g e n  i o n  cxc1.1d11ye b e t w e e n  

r a i n f a l l  a n d  t h e  above -g round  v e g e t a t i o n  a c c o u n t e d  f o r  as  much as  

27  p e r c e n t  o f  t h e  l e a c h i n g  o c c u r r i n g  i n  t h e  f o r e s t  c a n o p y  ( E a t o n ,  

L i k e n s  & Eormailn 1 9 7 3 ) .  S e a s o n a l  pea1:s i n  t h e  a c i d i t y  of p r e c i p i -  

t a t i o n  o c c u r  d u r i n g  t he  summer, t h u s  h e i g h t e n i n g  t h e  i ! : ipor tance sf 



t h i s  l e a c h i n g  process i n  the i n t e r n a l  n u t r i e n t  c y c l e s  ( H o r n b e c k ,  

L i k e n s  & E a t o n  1 9 7 7 ) .  The d i f f i c u l t y  o f  a c c u r a t e l y  d i s t i n g u i s h i n g  

p r e c i p i t a t i o n  a n d  a e r o s o l  i m p a c t i o n  n u t r i e n t  i n p u t s  f r o m  n u t r i e n t s  

a c t u a l l y  l e a c h e d  f r o m  t h e  c e l l u l a r  s t r u c t u r e  o f  l e a v e s  a n d  s t e m s  

r e n d e r s  precise  d e l i n e a t i o n  o f  t h e  mechanism d i f f i c u l t  ( L i k e n s  e t  

a l .  1 9 7 7 ) .  Despite t h i s  d i f f i c u l t y ,  t h e  t r a n s f e r  o f  n u t r i e n t s  

f r o m  t h e  f o r e s t  c a n o p y  t o  t h e  f o r e s t  f l o o r  h a s  b e e n  f o u n d  t o  be 

p a r t i c u l a r l y -  i m p o r t a n t  f o r  p o t a s s i u m  a n d  s u l f u r  ( L i k e n s  e t  a l .  

1 3 7 7 ) .  T h i s  i m p o r t a n c e  i s  i n c r e a s e d  s i n c e  t h e  n u t r i e n t s  t r a n s -  

ported i n  t h i s  manner  a re  g e n e r a l l y  i n  a f o r m  r e a d i l y  a v a i l a b l e  

f o r  p l a n t  u p t a k e  ( H o r n b e c k ,  L i k e n s  & E a t o n  1 9 7 7 ) .  

The f i n a l  mechanism i n  t h i s  g r o u p  i s  t h a t  o f  root  e x u d a t i o n ,  

w h i c h  has b e e n  f o u n d  t o  c o n s t i t u t e  a n  i m p o r t a n t  p a t h w a y  for  t h e  

r e t u r n  o f  n u t r i e n t s  i n  biomass s t o r a g e  t o  the f o r e s t  s o i l s  ( S m i t h  

1 9 7 6 ) .  I n  s e v e r a l  cases,  t h e . q u a n t i t i t e s  o f  n u t r i e n t s  c y c l e d  i n  

t h i s  manner  h a v e  b e e n  f o u n d  t o  be g r e a t e r  t h a n  those r e t u r n e d  t o  

t h e  s o i l  i n  roo t  l i t t e r  ( S m i t h  1 9 7 6 ) .  S i m i l a r  t o  the t h r o u g h f l o w  

a n d  s t e m f l o w  o f  n u t r i e n t s  f rom t h e  f o r e s t  c a n o p y ,  r o o t  e x u d a t e s  

a r s  g e n e r a l l y  i n  a f o r m  a v a i l a b l e  f o r  p l a n t  u p t a k e .  

D e c o m ~ ~ o s i t i o n  a n d  M i n e r a l i z a t i o n  

Dead b i o m a s s  i s  s u b j e c t  t o  a ser ies  o f  complex  t r a n s f o r m a -  

t i o n s  which c o n v e r t  n u t r i e n t s  bound i n  t h e  biomass t o  i n o r g a n i c  

fo r lns  a v a i l a b l e  f o r  p l a n t  u p t a k e  a n d  s u b j e c t  t o  l e a c h i n g  losses .  

The i n i t i a l  s t e ~ j s  i n  t h i s  p r o c e s s  a r e  u n d e r t a k e n  b y  many d i f f e r e n t  

s o i l  m i c r o b e s  c a p a b l e  o f  u s i n g  t h e  complex ,  o r g a n i c  n u t r i e n t  

f o r m s .  These o r g a n i s m s  e i a i t ' r n e t a b o l i c  w a s t e s  wh ich  c o n t a i n  i n o r -  

g a n i c  n u t r i e n t  f o r m s .  Some o f  t h e s e  n u t r i e n ' t s  c a n  be i m m e d i a t e l y  

u t i l i z e d  by  p l a n t s  w h i l e  others a r e  s u b j e c t  t o  f u r t h e r  biochemical 

r e a c t i o n s  s u c h  a s  n i t r i f i c a t i o n .  S p e c i f i c  n u t r i e n t s  f o l l o w  d i f -  

f e r e n t  p a t h w a y s  i n  t h i s  process a l t h o u g h  t h e  o v e r a l l  p r o c e s s  i s  

g e n e r a l l y  a t r a n s f o r l a a t i o n  o f  complex ,  u n a v a i l a b l e  f o r m s  t o  s i m -  

2 l i f i e d ,  a v a i l a b l e  forrns  ( B r a d y  1 9 7 4 ) .  T h i s  process i s  s u b j e c t  t o  

t h e  i n f l u e n c e  o f  many e n v i r o n m e n t a l  parameters i n c l u d i n g  t h e  

a v a i l a b i l i t y  o f  l i g h t ,  m o i s t u r e ,  and  oxygen  and  t h e  a m b i e n t  t e n -  

p r a t u r e .  The r e l a t i v e  c o n c e n t r a t i o n s  o f  p l a n t  n u t r i e n t s  h a v e  



a l s o  b e e n  f o u n d  t o  i n t e r a c t i v e l y  i n f l u e n c e  t h e  r a t e  a t  which 

r l u t r i e ~ l t s  a re  made a v a i l a b l e  ( B r a d y  1974 ) . .  

W h i l e  these processes a re  i m p o r t a n t  f o r  e a c h  o f  the  m a j o r  nu- 

t r i e n t s  i n  t h e  f o r e s t  e c o s y s t e m ,  m i n e r a l i z a t i o n  i s  a p a r t i c u l a r l y  

i m p o r t a n t  mechanism f o r  n i t r o g e n  a n d  c a l c i u m  ( L i k e n s  e t  a l .  1 9 7 7 ) .  

O u t p u t s  f rom t h e  F o r e s t  N u t r i e n t  C y c l e s  

N u t r i e n t s  l o s t  f r o m  t h e  u n d i s t u r b e d  f o r e s t  e c o s y s t e m  c a n  b e  

l e a c h e d  f r o m  t h e  o r g a n i c  o r  m i n e r a l  p o r t i o n s  o f  t h e  s o i l  by  perco- 

l a t i n g  water ,  v o l a t i l i z e d  i n t o  the a t m o s p h e r e ,  or  t r a n s p o r t e d  i n  

e r o d i n g  s o i l .  

?'he c h e m i c a l  f o r r i ~ s  o f  n u t r i e n t s  wh ich  are  a v a i l a b l e  f o r  p l a n t  

u p t a k e  are  a l so  e a s i l y  l e a c h e d  f r o m  the  s o i l  i f  n o t  u t i l i z e d  o r  i n  

some way Sound .  The l e a c h i n g  process i s  d r i v e n  b y  h y d r o g e n  i o n s  

wh ich  are i n t r o d u c e d  i n  p r e c i p i t a t i o n  or  p r o d u c e d  i n  b i o l o g i c a l  

r e a c t i o n s  i n  t h e  s o i l .  T h e s e  i o n s  d i s p l a c e  n u t r i e n t s  bound t o  

humus a n d  c l a y  p a r t i c l e s  i n  t he  s o i l  a n d  remove t hem,  i n  s o l u t i o n ,  

f r o m  t h e  e c o s y s t e m .  

The  r a t e s  o f  l e a c h i n g  a re  d e t e r m i n e d  by  t h e  c o n c e n t r a t i o n  o f  

h y d r o g e n  i o n s  i n  p r e c i p i t a t i o n ,  t h e  ra tes  o f  i o n - p r o d u c i n g  b i o l o g -  

i c a l  processes ( d e c o m p o s i t i o n ) ,  a n d  t h e  q u a n t i t y  o f  p r e c i p i t a t i o n  

f l o b ~ i n g  t h r o u g h  t h e  s y s t e m  ( L i k e n s  e t  a l .  1 9 7 7 ) .  These  f a c t o r s  

a f f e c t  s p e c i f i c  n u t r i e n t s  i n  d i f f e r e n t  .\gays. A t  t he  l iubbard  b r o o k  

L x p e r i i n e n t a l  i J a t e r s h e d s  , c o n c e n t r a t i o n s  o f  rnaynesiuril, s u l f a t e ,  

c h l o r i d e ,  a n d  c a l c i u m  w e r e  r e l a t i v e l y  c o n s t a n t  d e s p i t e  w i d e  v a r i a -  

t i o n s  i n  s t r e a r n f l o w .  On t h e  o t h e r  h a n d ,  al;zminum, h y d r o g e n  i o n ,  

d i s s o l v e d  o r g a n i c  c a r b o n ,  n i t r a t e ,  a n d  p o t a s s i u m  c o n c e n t r a t i o n s  

i n c r e a s e d  w i t h  i n c r e a s e d  stream d i s c h a r a g e s  ( L i k e n s  e t  a l .  1 9 7 7 ) .  

The sarne s t i l d y  f o u n d  t h a t  b i o l o g i c a l  a c t i v i t y ,  s p e c i f i c a l l y  p l a n t  

g r o ~ t h ,  was a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  l e a c h i n g  r a t e  

o f  n i t r a t e  a n d  p o t a s s i u m .  

I4easurernent  o f  t h e  l e a c h i n g  process i s  h i n d e r e d  b y  t h e  i n c l u -  

s i o n  o f  e r o d e d  p a r t i c u l a t e  m a t e r i a l  i n  stream f l o w .  I n  t h e  

u n d i s t u r b e d  f o r e s t  e c o s y s t e m ,  t h i s  r epresen t s  a r e l a t i v e l y  m i n o r  



o u t p u t  f o r  most  n u t r i e n t s .  T a b l e  1 6  p r e s e n t s  t h e  a n n u a l  o u t p u t  o f  

d i s s o l v e d  and  p a r t i c u l a t e  s u b s t a n c e s  from o n e . o f  t h e  Hubbard 

a r o o k  w a t e r s h e d s .  

V o l a t i l i z a t i o n  

The e x p o r t  o f  n u t r i e n t s  f rom ;he f o r e s t  e c o s y s t e m  due t o  the 

p r o c e s s  o f  v o l a t i l i z a t i o n  may b e .  s i g n i f i c a n t  under  soiile c o n d i ' t i o n s  . 
T h i s  mechanism g e n e r a l l y  o p e r a t e s  under  a n a e r o b i c  c . o n d i t i o n s  when 

l n i c r o b i a l  a c t i v i t y  i n  t h e  s o i l  u t i l i z e s  t h e  oxygen i n  s u l f a t e  and  

n i t r a t e  compounds f o r  m e t a b o l i c  n e e d s .  By-products  o f  t h i s  pro-  

c e s s  i n c l u d e  g a s e o u s  cornpounds o f  s u l f u r  and  n i t r o g e n  ( A l e x a n d e r  

1 9 6 1 ) .  Q u a n t i t a t i v e  e s t i m a t e s  o f  t h e s e  l o s s e s  frorn t h e  t y 2 e s  o f  

f o r e s t  e c o s y s t e m s  found i n  t h e  fue lwood h a r v e s t  r e g i o n  have  n o t  

b e e n  made ( L i k e n s  e t  a l .  1977;  Todd, Waide & Cornaby 1 9 7 4 ) .  A t  

t h e  Coweeta Exper i rnen ta l  F o r e s t  i n  Nor th  C a r o l i n a  env i ronmenta l '  

c o n d i t i o n s  were  o b s e r v e d  t o  b e  f a v o r a b l e  f o r  a  p o t e n t i a l  v o l a t i -  

l i z e d  l o s s  o f  n i t r o g e n  t o  t h e  a t m o s p h e r e  i n  amounts  two h u n d r e d  

t i m e s  t h a t  measured  i n  s t r e a i n f l o w  (Todd,  Liaide & Cornaby 1 9 7 4 ) ,  a n  

i n d i c a t i o n  o f  t h e  p o s s i b l e  s i g n i f i c a n c e  o f  g a s e o u s  o u t p u t .  

E r o s i o n  

L o s s e s  of s o i l  and n u t r i e n t s  b y  . e r o s i o n  a r e  minimal  i n  t h e  

u n d i s t u r b e d  f o r e s t ,  a s  men t ioned  e a r l i e r  i n  t h e  d i s c u s s i o n  o f  s o i l  

c h a r a c t e r i s t i c s .  Measurement o f  t h e  i m p a c t  o f  e r o s i o n  on n u t r i e n t  

b u d g e t s  h a s  n o t  S e e n  a t t e m p t e d  s i n c e  it h a s  t o .  d a t e  p roved  im2os- 

s i b l e  t o  d i s t i n g u i s h  c o m p l e t e l y n u t r i e n t s  c a r r i e d  i n t o  s t r e a m w a t e r  

by l e a c h i n g  from t h o s e  t r a n s p o r t e d  i n  s o i l  p a r t i c l e s  ( P i e r c e  e t  

a l .  1 9 7 2 ) .  Tnus ,  e s t i m a t e s  o f  l e a c h i n g  l o s s e s  i n  t h i s  r e 2 o r t  

i n c l u d e  e r o s i o n  l o s s e s .  T a b l e  1 6  p r e s e n t s  rneasurer,Ients o f  

n u t r i e n t  l o s s e s  i n  p a r t i c u l a t e  m a t e r i a l  c a r r i e d  by s t r e a m  f l o w .  

I t  i s  e v i d e n t  t h a t  t h i s  rr~echanisrn i s  most  i m p o r t a n t  f o r  ; ~ h o s p h o r u s  

a l t h o u g h  it i s  n o t  s o s s i b l e  t o  c o m p l e t e l y  d e t e r m i n e  t h e  i m p o r t a n c e  

o f  e r o s i o n s 1  n u t r i e n t  l o s s e s  a t  t h i s  t i n e .  

I rnpacts  o f  l i a r v e s t i n g  on N u t r i e n t  C y c l e s  

T l ~ e  b iogeochern ica l  p r o c e s s e s  o f  f o r e s t  n u t r i e n t  c y c l e s  a r e  



TABLE 16: AVERAGE ANNUAL OUTPUT OF DISSOLVED AND PARTICULATE 
SUBSTANCES FROM WATERSHED 6 OF THE HUBBARD BROOK FOREST' 

Par t i cu l a t e  Di ssol  ved 

Cal c i  um 13.91 

Ma gn es i um 3.34 

Nitrogen 4.01 

Phosphorus 0.019 

Potassi urn 2.40 

Sul f u r  17.63 

Output 
El emen t (kahn ) 

1 ParticuZate matter losses during 1966-1967 to 1969-1970 are modified from 
Bormann e t  aZ. (1974). DissoZved substance Zosses are averages during 
the period 1963-1 974. 

Source: Adapted from Likens et aZ. 1977. 

O u t p u t  Percent of 
(ka/b) Element Total 

output Percent of 
(ka/h) Element Total 



a l l  i n t e r r u p t e d  t o  some degree by t imber h a r v e s t i n g ,  which r e s u l t s  

i n  a  l o s s  of n u t r i e n t s  from t h e  system. In t h e  t h i n ,  a c i d i c ,  

podzolized s o i l s  of t h e  fue lwood 'harves t  reg ion ,  t h e s e  post-  

h a r v e s t  l o s s e s  can be p a r t i c u l a r l y  high.  The p r e c i s e  e f f e c t s  of  

h a r v e s t  d i s r u p t i o n s  and . n u t r i e n t  l o s s e s  on f o r e s t  p r o d u c t i v i t y ,  

however, a r e  unknown. A s  d i scussed  l a t e r ,  t h e s e  impacts on. both 

t h e  t o t a l  q u a n t i t i e s  and flows of n u t r i e n t s  m u s t  be considered i n  

o rde r  t o  develop an accura te  Cinderstanding of t h e  impl ica t ions  of 

va r ious  f o r e s t  management p r a c t i c e s  f o r  long-term p r o d u c t i v i t y .  

Nut r i en t  Input  Mechanisms 

P r e c i p i t a t i o n .  The temporary absence of vege ta t ion  on a  har-  

ves ted  s i t e  w i l l  not s i g n i f i c a n t l y  a f f e c t  t h e  amount of n u t r i e n t s  

brought i n t o  t h e  system by p r e c i p i t a t i o n ,  a l though t h e  manner i n  

which t h e s e  n u t r i e n t s  a c t u a l l y  e n t e r  l o c a l  c y c l e s  nay be a l t e r e d  

(Likens e t  a l .  1977) .  The amount of p r e c i p i t a t i o n  i n t e r c e p t e d  by 

t h e  f o r e s t  canopy w i l l  vary depending on t h e  e x t e n t  of t h e  ha r -  

v e s t .  This change may a l t e r  the  subsequent pathways of t h e  p r e c i -  

p i t a t i o n  inpu t s  t o  t h e  ecosystem a s  descr ibed  below. Rernoval of 

i n t e r c e p t i o n  s u r f a c e s  a l s o  i n c r e a s e s  t h e  a c i d i t y  of p r e c i p i t a t i o n  

reaching t h e  f o r e s t  f l o o r  due t o  t h e  diminished b u f f e r i n g  e f f e c t  

provided by t h e  f o r e s t  canopy ( Eaton, Likens & Bormann 1973 ) . The 

p o t e n t i a l  e f f e c t s  of t h e  r e s u l t i n g  i n c r e a s e s  i n  t h e  a c i d i t y  of t h e  

s o i l  r zy ine  a r e  d iscussed  below under "Weathering" and "Leaching." 

Aerosol impaction. Sollie n u t r i e n t s  suspended i n  t h e  a i r  a r e  

depos i ted  on l e a f  and s t a n  s u r f a c e s  and l a t e r  washed t o  t h e  f o r e s t  

f l o o r  by r a i n f a l l .  The impact of ha rves t ing  on t h i s  " a e r o s o l  

il.apaction" inpu t  mechanism i s  c o r r e l a t e d  with t h e  q u a n t i t y  of l e a f  

s u r f a c e  area reli~oved and i s  not  d i r e c t l y  r e l a t e d  t o  t h e  harvest  

technology.  I11 some f o r e s t e d  ecosystems, t h i s  may c o n s t i t u t e  one 

of t h e  , ~ r i ; ~ a r y  inpu t  mechanisms f o r  Inany of t h e  c r i t i c a l  n u t r i e n t s  

( A r t  e t  a l .  ,1974). I n  tile nor thern  hardwood f o r e s t  t h i s  mechanisn 

i s  i luportant i n  t h e  ecosystem's s u l f u r  c y c l e  (Likens e t  a l .  1977) .  

Veathering. The iriisacts of h a r v e s t  ope ra t ions  on t h e  r a t e  of 

cheraical weatherinc; of bedrock a r e  d i f f i c u l t  t o  a s s e s s .  The 



removal  o f  s u b s t a n t i a l  q u a n t i t i e s  o f  v e g e t a t i o n  r e d u c e s  t h e  b u f -  

f e r i n g  e f f e c t  o f  t h e  f o r e s t  canopy on p r e c i p i t a t i o n  as d i s c u s s e d  

above .  The a d d i t i o n a l  hydrogen  i o n s  added t o  t h e  s o i l  w a t e r  s o l u -  ' 
t i o n  c o u l d  a c c e l e r a t e  t 'he  r a t e  o f  c h e m i c a l  w e a t h e r i n g  i n  t h e  

s y s t e m .  L i k e n s  e t  a l .  ( 1 9 7 7 )  found t h a t  a c i d i t y  r e s u l t i n g  froin 

b i o l o g i c a l  p r o c e s s e s ,  p r i m a r i l y  d e c o m p o s i t i o n ,  a l s o  p l a y s  an  

i m p o r t a n t  role  i n  the  w e a t h e r i n g  p r o c e s s .  T h e r e  i s  e v i d e n c e  t h a t  

i n t e n s i v e  h a r v e s t  o p e r a t i o n s  i n i t i a l l y  a c c e l e r a t e  d e c o m ~ o s i t i o n  

( L i k e n s  e t  a l .  1 9 7 0 ) .  T h e r e  i s  a l s o  e v i d e n c e  t h a t  p o s t h a r v e s t  

w e a t h e r i n g  r a t e s  i n c r e a s e  by  a s  much a s  a f a c t o r  of t h r e e  a l t h o u g h  

t h e  r e a s o n s  f o r  t h i s  i n c r e a s e  a r e  n o t  u n d e r s t o o d  ( L i k e n s  e t  a l .  

1 9 7 8 ) .  I f  t h e r e  were a s i g n i f i c a n t  i n c r e a s e  i n  w e a t h e r i n g ,  an 

i n c r e a s e  i n  t h e  r a t e  o f  l e a c h i n g  o u t p u t  would p r o b a b l y  o c c u r  u n t i l  

t h e  r e , g e n e r a t i n g  v e g e t a t i o n  res uraed u p t a k e  o f  t h e  s u r p l u s  o f  

n u t r i e n t s .  

Gaseous f i x a t i o n .  N i t r o g e n  and s u l f u r  f i x a t i o n  p r o c e s s e s  c a n  

b e  a f f e c t e d  by h a r v e s t  p r a c t i c e s .  Smal l  woody l i t t e r  s u p p l i e s  t h e  

o n l y  m a j o r  s u b s t r a t e  £ o r  n i t r o g e n - f i x i n g  b a c t e r i a  ( R o s k o s k i  1 9 7 7 ) .  

The amount o f  t h i s  m a t e r i a l  r e m a i n i n g  a f t e r  w h o l e - t r e e  h a r v e s t s  

would be s u b s t a n t i a l l y  less t h a n  t h a t  abandoned d u r i n g  conven- 

t i o n a l  h a r v e s t s .  S i n c e  g a s e o u s  f i x a t i o n  c o n s t i t u t e s  one  o f  t h e  

m a j o r  n i t r o g e n  i n s u t s  ( L i k e n s  e t  a l .  1 9 7 7 ) ,  t h i s  c h a r a c t e r i s t i c  o f  

w h o l e - t r e e  h a r v e s t i n g  c o u l d  p o s e  a c o n s t r a i n t  t o  t h e  r e c o v e r y  o f  

the i ~ o s t - h a r v e s t  e c o s y s t e m .  

V e g e t a t i o n  c a n  u s e  s u l f u r  d i o x i d e  d i r e c t l y  f rom t h e  atmos-  

p h e r e  ( L i k e n s  e t  a l .  1 9 7 7 ) .  The i m p a c t  o f  h a r v e s t i n g  on t h i s  

iLlechanisi;l, t h e r e f o r e ,  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  r e d u c t i o r l  o f  

l i v i n g  f o l i a g e  s u r f a c e s  and i s  n o t  d e p e n d e n t  on t h e  t e c h n o l o g y  

employed i n  t 'he  h a r v e s t .  S i n c e  t h e  dominan t  i n p u t  o f  s u l f u r  t o  

t h e  ecosys te : ; )  i s  d e l i v e r e d  i n  p r e c i p i t a t i o n  ( L i k e n s  e t  a l .  1 9 7 7 ) ,  

t h e  i in2ac t  of h a r v e s t s  on t h e  i n p u t  o f  s u l f u r  s h o u l d  b e  modera te  

arid, i n  any c a s e ,  l i ~ x i t e d  t o  t h e  p e r i o d  o f  i n i t i a l  r e v e g e t a t i o n .  

I n t e r n a l  C y c l i n g  Mechanisms 

Th? mechanisms b j  which an  e c o s y s t e m  t r a n s f e r s  n u t r i e n t s  

among i t s  v a r i o u s  components  c a n  b e  a f f e c t e d  by h a r v e s t  o p e r a -  

t i o n s .  I n  some c a s e s  t h e s e  p r o c e s s e s ,  when u n d i s t u r b e d ,  may b e  



very e f f i c i e n t  and permit n e t  ga ins  t o  the  system over t ime; i n  

o the r  cases ,  ne t  l o s se s  nay occur.  To t h e  ex ten t  t h a t  ha rves t s  

d i s r u p t  t he  i n t e r n a l  n u t r i e n t  f lux ,  t h e  s t a b i l i t y  of t he  ecosystem 

may be imsaired.  

Uptake and s to rage .  Llanqr of t h e  n u t r i e n t s  ex t rac ted  froin t he  

s o i l  and atmosphere t o  support metabolic processes a r e  subse- 

quently incorporated i n t o  the  physica l  s t r u c t u r e  of t he  f o r e s t  

organisms (Likens e t  a l .  1977).  This s to rage  serves  a s  a  bu f f e r  

aga ins t  l a rge  dep le t ions  of t he  sys tem's  n u t r i e n t  " c a p i t a l . "  D i s -  

rup t ion  of t h i s  uptake and s to rage  mechanism during harves t ing  

leaves  t h e  s i t e  open t o  a  v a r i e t y  of physica l  and b io log i ca l  

fo rces  t h a t  may dep le te  t h e  s tock of ava i l ab l e  n u t r i e n t s .  The 

importance of t h i s  impact i s  defined by the  quan t i t y  of vege ta t ion  

removed i n  harves t ing  and t he  length of t h e  subsequent regenera- 

t i o n  period (aormann e t  a l .  1974; Marks & Bormann 1972).  The 

a b i l i t y  of regenera t ion  t o  control '  n u t r i e n t  l o s se s ,  however, i s  

not  coi2plete (Likens e t  a l .  1978).  

Return from l i v e  biori~ass s t o r age .  As p r e c i p i t a t i o n  e n t e r s  

t he  f o r e s t  ecosysten~,  it i s  p a r t i a l l y  in te rcep ted  by t h e  canopy 

vegeta t ion  a s  discussed e a r l i e r .  Material  i s  leached and washed 

from t h e  leaves  and stems and i s  re turned t o  t he  f o r e s t  f l o o r  

(Likens e t  a l .  1977).  The a c i d i t y  of water reaching the  s o i l  can 

be s u b s t a n t i a l l y  buffered by t h i s  process (Eaton, Likens & Bor1i1an1-1 

1973) .  Removal of these  i n t e r cep t i on  sur faces  by harves t in2  

diminishes t he  ar.1ount of n u t r i e n t s  c a r r i e d  t o  the  f o r e s t  f l o o r  and 

may a l s o  increase  the  a c i d i t y  of t he  s o i l .  'fie s i gn i f i c ance  of 

t h i s  change i s  unclear ,  although the inc reases  i n  a c i d i t y  could 

inc rease  t he  leaching of n u t r i e n t s  from the  s o i l .  The e f f e c t s  of 

rer:ioving these  n u t r i e n t  inpu t s  t o  t he  f o r e s t  f l o o r  i s  discussed 

l a t e r  .' 
Harvests ,  p a r t i c u l a r l y  whole-tree ha rves t s ,  i n t e r r u p t  t he  

flow of l i t t e r  t o  t he  f o r e s t  f l o o r .  This ma te r i a l ,  which se rves  

a s  a  n u t r i e n t  r e se rvo i r  and s o i l  cond i t ioner ,  a l s o  i s  the  p r in -  

c i p a l  s i t e  of n i t rogen f i x a t i o n  i n  northern hardwood ecosystems 

(Koskoski 1977).  I4nile t he  e f f e c t  of conventional c l e a r c u t t i n y  on 

ni troqen f i x a t i o n  has not been examined, whole-tree ha rves t s ,  



b~hich reinove rnost harves t  s l a s h ,  could s i g n i f i c a n t l y  reduce t h i s  

input  (Likens e t  a l .  1978) .  The e f f e c t  of ha rves t  opera t ions  on 

roo t  exudation of n u t r i e n t s  could not be asce r ta ined .  

Decomposition and minera l iza t ion .  The decomposition 

mechanisms i n  t he  f o r e s t  ecosystem transform dead biornass ( l i t t e r -  

f a l l ) . a n d  i t s  cons t i t uen t  n u t r i e n t s  i n t o  a  v a r i e t y  of organic and 

inorganic  forms. A s  discussed e a r l i e r ,  these  forms e i t h e r  become 

ava i l ab l e  f o r  f u r t h e r  p l an t  uptake and leaching processes ,  o r  

remain bound i n  organic  s o i l  corilponents unavai lable t o  e i t h e r  of 

these  processes.  i iarvest opera t ions  can increase  t h e  r a t e  of s o i l  

decomposition by increas ing the  l i g h t  and moisture t h a t  reach the  

f o r e s t  f l o o r  (Bornann e t  a l .  1974).  This causes increased n iner-  

a l i z a t i o n  of n u t r i e n t s ,  which can then be leached from the  systein 

(Likens e t  a l .  1978).  The r e s u l t i n g  'decrease i n  t h e  organic con- 

t e n t  of t h e  s o i l  w i l l  a l t e r  physica l  p rope r t i e s  of t he  s o i l  such 

a s  bulk dens i ty  and moisture-holding capaci ty  (Qni th  1962) ,  which 

inay a f f e c t  fu tu re  regenera t ion .  i a o l e - t r e e  rel.novals a l s o  elimin- 

a t e  s l a s h ,  which rfiayT shade t h e  f o r e s t  f l oo r  and c o n s e q ~ e n t l ~ l  may 

a c c e l e r a t e  decornpo'sition more abrup t ly  than t r a d i t i o n a l  harves t  

systems. 

Nutr ient  Output Mechanisrt~s 

Siomass removal. Because t r e e s  absorb and s t o r e  n u t r i e n t s ,  

t h e i r  reinoval from a  s i t e  r e s u l t s  i n  n u t r i e n t  l o s s  i n  propor t ion  

t o  t h e  quan t i ty  of t r e e s  harvested and removed frorn the  s i t e .  

Nutr ients  i n  biornass represen t  an ilnportant por t ion  of t h e  eco- 

s y s t e i . ; ~ ' ~  t o t a l  n u t r i e n t  90.01 and a r e  e spec i a l l y  s i g n i f i c a n t  i n  

corilparison with reserves  of ava i l ab l e  n u t r i e n t s  a s  evidenced i n  

Table 1 7 .  -hs discussed e a r l i e r ,  t he  s to rage  of n u t r i e n t s  i n  bio- 

mass 2rovides an imi~or tan t  cushion f o r  the  SyStZliI i n  t h e  event of 

d i s tu rbances .  

Yecause n u t r i e n t s  i n  l i v i n g  and dead biomass a r e  con t inua l ly  

cyclefri through t he  i n t e r n a l  n u t r l e n t  f luxes  of t he  ecosjrstern and, 

i1-i f a c t ,  se rve  a s  t he  primary short-term supply i n  many cases ,  

t h i s  1~001 assuines an importance ou t  of proport ion with i t s  share  

of t h e  t o t a l  n u t r i e n t  r e s e r v o i r .  The go in t  of removal frorn the  

ecosystem ( i . e . ,  biornass s t o r age )  i s  equal ly  a s  important a s  t h e  



T A B L E  17: A COMPARISON OF BOLE-LENGTH AND WHOLE-TREE HARVEST 
REMOVALS OF V A R I  OUS NUTRI ENTS 

study Nitrogen Cal c i  urn Phosphorus Po tas s i  urn Magnesi urn 

Stem ha rves t  ' ' # I .  43;79 98;150 12;11 25;47 8;14 
(@/ha # 2 94 225 16 9 9 2 4 

# 3 - - - ' - - .  

'# 4 1 04 - 14 8 0 - 
'#5 165 2 34 - - - 

Who1 e - t r e e  iir1 167;387 276;413 42 ; 52 84;159 27;36 
ha rves t  #2 208 . 389 30 176 4 2 

( kg/ha #3 193 428 2 7 1 30 - 
#4 2 54 - 3 0 165 - 
# 5 386 437 - - - 

Stem ha rves t  a s  # I  197;558 221;128 39 ; 205 19;73 16;47 
% of a v a i l a b l e  #2 - 1 22 16 2 
s o i l  r e se rves  #3  - - - - - 

# 4 4 - 3 12 - 
#5 66-660 -23-47 - - - 

Stem ha rves t  a s  # l  3;4 4;15 2;5 < 1 ;<I <1;1 
% of t o t a l  s o i l  #g - - - - - 
r e se rves  #3 - - - - - 

#4 - - - - - 
#ti 2-3 1-4 - - - 

Who1 e- t r e e  # 1 771;2724 621;353 13g;940 63;246 55;126 
ha rves t  a s  % of  #2 - 1 42 29 4 
a v a i l a b l e  s o i l  #3 71 5 6 6 2 4 100 - 
r e s e r v e s  #4 12 - 7 2 5 - 

# 5 154-1 544 44-87 - - - 
Who1 e - t r e e  # I  11 ;19 12;40 6 ; 2 4  < l ; l  1 ;3  
ha rves t  a s  % jj.2 - - - - - 
r ; f  t o t a l  # ,? - - - - - 
s o i l  r e se rves  #4  - - - - - 

# 5 5-6 2- 7 - - - 

Nwnbers i n  table  represent studies l i s t ed  below: 
HI. All-aged atand o f  baZ6am f iu ,  and red epr7~ce., Q7~.ebec, Ccma.da: (Weetman & 

Webber 1972) .  Figures represent data. from two d i f f e ren t  forest stands. 
#2.  Siz "young" natura Z stands nnd two plantations, eastern cottonwood 

(White 1974) .  
#3. 40-year old aspen mixed hardwood., Wisconsin (Boy le ,  Phi l l ips  & Ek 1973) .  
# 4 .  16-year old loblol ly  pine plantation, North Carolina (Jorgensen, Wells 

& Net2 1975) .  
#5.  90-year oZd northern hardwoods, central AT. H. (Hornbeck 1977) .  



t o t a l  q u a n t i t y '  05 n u t r i e n t s  removed when c o n s i d e r i n g  t h e  s e v e r i t y  

o f  p o t e n t i a l  impacts ( P i e r c e  e t  a l .  1 9 7 2 ) .  
f The d e g r e e  t o  w h i c h  h a r v e s t e d  t r ees  a re  u t i l i z e d  is  a n  

e x t r e i i ~ e l y  s i g n i f i c a n t  f a c t o r  i n  biomass r e m o v a l s  o f  n u t r i e n t s  

b e c a u s e  some p o r t i o n  o f , t r e e s  a r e  much r i c h e r  i n  n u t r i e n t s  t h a n  

o t h e r s  ( L i k e n s  & Bormann 1 9 7 0 ;  -Whi t t ake r  e t  a l .  1 9 7 4 ) .  Conven- 

t i o n a l  h a r v e s t  r emoves  o n l y  the  bole p o r t i o n s  o f  t r e e s ,  which con-  

t a i n  a h i g h  p e r c e n t a g e  o f  the t r e e ' s  biomass, as  i n d i c a t e d  b y  

T a b l e  18, b u t  a l o w  p e r c e n t a g e  o f  i t s  n u t r i e n t  c o n t e n t .  Con- 

v e r s e l y ,  t h e  b r a n c h e s  and  e s p e c i a l l y  t w i g s -  a n d  l e a v e s  h a v e  v e r y  

h i g h  n u t r i e n t - t o - b i o m a s s  r a t i o s .  T h e s e  n u t r i e n t - r i c h  e l e m e n t s  a r e  

l e f t  t o  d e c a y  on  the  h a r v e s t  s i t e  w i t h  c o n v e n t i o n a l  m e t h o d s ,  b u t  

a re  l a r g e l y  removed w i t h  w h o l e - t r e e  h a r v e s t i n g .  ( N o t e  t h a t  

" w h o l e - t r e e "  h e r e  r e f e r s  t o  t h e  above -g round  p o r t i o n s  o f  t rees  

o n l y .  ) 

The  impacts o f  biomass r e m o v a l  e x t e n d  beyond  t h e  n u t r i e n t  

losses d u e  t o  p h y s i c a l  e x p o r t .  Despite i t s  l o w  n u t r i e n t  c o n c e n -  

t r a t i o n  woody b i o m a s s  h a s  a h i g h l y  s i g n i f i c a n t  r o l e  i n  the r e c o v -  

e r y  o f  a h a r v e s t e d  s i t e .  Wood l i t t e r  i s  t h e  m o s t  i m p o r t a n t ,  i f  

n o t  v i r t u a l l y  t h e  o n l y ,  s i t e  f o r  n i t r o g e n  f i x a t i o n  i n  n o r t h e r n  

f o r e s t  t y p e s  ( R o s k o s k i  1977 ;  L i k e n s  e t  a l .  1 9 7 8 ) .  

s l a s h  a c t s  as  a n u t r i e n t  r e s e r v e  d u r i n g  t h e  p e r i o d  o f  h e a v y  

n u t r i e n t  losses f o l l o w i n g  h a r v e s t  (hber 1 9 7 8 ) .  A s  i l l u s t r a t e d  i n  

T a b l e  18 t h e  g a i n  i n  biomass , y i e l d  accomplished by  w h o l e - t r e e  u t i -  

l i z a t i o n  c a n  be as  h i g h  a s  5 0  p e r c e n t  o f  c o n v e n t i o n a l  h a r v e s t s ;  

h o w e v e r ,  these  g a i n s  a r e  acco lnpan ied  b y  s i g n i f i c a n t  i n c r e a s e s  i n  

n u t r i e n t  rerr rovals .  I n  s o u t h e a s t e r n  ' c o n i f e r  h a r v e s t s ,  each per- 

c e n t a g e  i n c r e a s e  i n  y i e l d  g a i n e d  b y  i n t e n s i f i e d  u t i l i z a t i o n  o f  

c o n i f e r s  was a c c o ~ n p a n i e d  b y  a 3 s e r c e n t  i n c r e a s e  i n  n u t r i e n t  

rei .noval  ( S w i t z e r ,  LGelson & i i i n e s l e y  1 9 7 8 ) .  T r a d i t i o n a l  h a r v e s t i n g  

u f  l o b P o l l y  p i n e  y i e l d e d  t w o - t h i r d s  o k  t h e  biomass r e a l i z e d  f r o n  a  

whole-tree o p e r a t i o n  b u t  removed o n l y  o n e - t h i r d  t h e  n u t r i e n t  con-  

t e n t  of t h e  s t a n d  ( J o r g e n s e n ,  ;Jells & Metz 1 9 7 5 ) .  

J o r g e l i s e n ,  i J e l . 1~  and  ?!let2 ( 1 9 7 5 )  f o u n d  t h a t  s h o r t - r o t a t i o n  

h a r v e s t s  would i n c r e a s e  n u t r i e n t  r e m o v a l s  b e c a u s e  o f  t h e  h i g h  

n u t r i e n t  a c c u n u l a t i o n s  i n  ? r o u n d  s t a n d s .  Tne h i g h  r a t i o  of 



TABLE 18: NUTRIENT CONTENT OF BOLES 
AND WHOLE TREES RELATIVE TO BIOMASS 

N u t r i e n t  Removed fkg/ha) 

P o r t i o n  Magne- Potas- Phos- N i  t r o -  Biomass 
Species Removed Calcium sium sium phorus Su l fu r  gen -- 

Sugar Whole t r e e .  3.82 0.267 1.57 0.33 0.33 3.59 100 

Map1 e Bole 2.65 0.136 0.61 0.06 0.12 1.12 67.1 
Slash 1.17 0.131 0.96 0.27 0.21 2.47 32.9 

Ye1 l ow  Whole t r e e  1.63 0.193 0.53 0.15 0 . 1 4 .  2.15 100 

B i r c h  Bol e 0.61 0.024 0.09 0.02 0.03 0.41 48.1 
Sl  ash 1.02 0.169 0.44 0.13 0.11 1.74 51.9 

Whole t r e e  5.28 0.230 1.06 0.22 0.30 3.85 100 
Beech Bol e 3.86 0.090' 0.41 0.07 0.12 1.11 60.2 

Slash 1.42 0.140 0.65 0.15 0.18 2.74 39.8 

- 
Sources : Likens & ~ o & n  19'70 and Whittaker e t  .aZ.' 1974, 



branches t o  stemwood i n  young s t ands  would accentua te  t h i s  e f f e c t  

i n  whole-tree h a r v e s t  o p e r a t i o n s  (Switzer  & Nelson 1973).  

In a d d i t i o n  t o  t h e s e  e f f e c t s ,  t h e  repeated  exposure of t h e  

f o r e s t  f l o o r  caused by s h o r t  r o t a t i o n s  could aggravate  leaching 

l o s s e s  a s  d iscussed  below. The removal of a l l  above-ground bio- . 

mass i n  a  whole-tree ha rves t  h a l t s  t h e  flow of n u t r i e n t s  bound i n  

biomass t o  t h e  s o i l  l a y e r  and removes t h e  h a r v e s t  r e s i d u e s  gener- 

a l l y  abandoned by convent ional  opera t ions .  

This  m a t e r i a l  ( s l a s h )  slowly decomposes amd se rves  t o  cushion 

t h e  e f f e c t  of  increased  leached n u t r i e n t  l o s s e s  which have been 

observed a f t e r  ha rves t  ope ra t ions  (Aber, ijotkin & ~ e l i l l o  1978; 

Hornbeck 1977) .  

S lash  a l s o  se rves  s e v e r a l  a d d i t i o n a l  func t ions .  Decomposing 

s l a s h  maintains  t h e  organic  con ten t  of t h e  s o i l  which, i n  t u r n ,  

i n c r e a s e s  moisture-holding c a p a c i t y  and s u s t a i n s  microbia l  a c t i -  

v i t y  (Smith 1962).  Slash can provide p r o t e c t i o n  frorn eros ion  2ro-  

c e s s e s  by reducing t h e  impact of  p r e c i p i t a t i o n .  By providing sorne 

s h e l t e r  froln t h e  i n c r e a s e s  i n  temperature a t  t h e  f o r e s t  f l o o r  

which normally fol low i n t e n s i v e  ha rves t  o p e r a t i o n s ,  s l a s h  may 

ar r~el iora te  t h e  e f f e c t s  of increased  s o i l  decorr~position. mis 
a c t i o n  may reduce t h e  a v a i l a b l i t y  of n u t r i e n t s  f o r  leachiny when 

t h e r e  i s  l i t t l e  v e g e t a t i v e  uptake occurr ing .  Slash itlay a l s o  pro- 

v ide  some s h e l t e r  from c l i m a t i c  extremes f o r  regenera t ing  vegeta- 

t i o n .  

Leaching. The p r i n c i p a l  mechanism reriloving n u t r i e n t s  from an 

undisturbed f o r e s t  ecosys te~n i s  t h e  leaching e f f e c t  of p r e c i p i t a -  

t i o n  (Likens e t  a l .  1977) .  Depending nn t h e  a b i l i t y  of t h e  s o i l  

t o  hold n u t r i e n t s  i n  e i t h e r  organic  o r  inorganic  forms and t h e  

a b i l i t y  of t h e  e x i s t i n g  vege ta t ion  t o . t a k e  up  n u t r i e n t s ,  p r e c i p i -  

t a t i o n  can c a r r y  n u t r i e n t s ,  i n  s o l u t i o n ,  ou t  of t h e  sqrsteiil. As 

descr ibed  e a r l i e r ,  t h i s  process  i s  a l s o  a f f e c t e d  by t h e  a c i d i t y  of 

t h e  system and t h e  amount of p r e c i p i t a t i o n  (Likens & aorraann 1970; 

ijornbeck, Likens & Eaton 1977) .  

I n c r e a s e s  i n  leaching l o s s e s  fol lowing h a r v e s t  have been 

observed a t  a  number of l o c a t i o n s  i n  t h e  n o r t h e a s t e r n  United 

S t a t e s .  A t  seven c l e a r c u t  s i t e s  i n  N e w  I-iampshire average stream- 



water concentra t ions  of n i t rogen and calcium increased by f a c t o r s  

of a s  high a s  tdenty  and f i v e ,  r espec t ive ly ,  twa years  a f t e r  

c l e a r c u t t i n g  (P i e r ce  e t  a l .  1972).  In a l l  cases ,  t h e  concentra- 

t i o n  of n i t r a t e  and o the r  major n u t r i e n t s  was g r e a t e r  i n  streams 

dra in ing c l ea r cu t  a r e a s .  This pronounced phenomenon appears t o  be 

c h a r a c t e r i s t i c  of t he  2odsolized s o i l s  of t h e  Northeast (P ie rce  st 

a l .  1972; Johnson & Swank 1973; Aubertin & P a t r i c  1972; Likens e t  

a l .  1 9 7 8 ) .  

To ex2lain the  increased leaching observed i n  the  Northeast ,  

severa l  Eactors can be examined. These inc lude:  

- increased decomposition r a t e s  i n  the  f o r e s t  f l o o r ,  

- removal of t h e  uptalce and s to rage  s ink  provided by growing 

vegeta t ion ,  

- increased p r e c i p i t a t i o n  reaching the  Corest f l o o r ,  and 

- increased a c i d i t y  of t h e  s o i l  regime. 

Leaching i s  i n t ens i f i ed '  by t h e  acce l e r a t i on  of l i t t e r  decom- 

pos i t i on  and ~ n i n e r a l i z a t i o n  which occurs when the  temperature and 

moisture content  of t h e  f o r e s t  f l o o r  i s  increased by removal of 

the  f o r e s t  cover.  These environmental changes s t imula te  the  

a c t i v i t y  of t h e  deco.mposer organisms, a s  does t he  increased ava i l -  

a b i l i t y  of n u t r i e n t s  r e s u l t i n g  froin t h e  ce s sa t i on  of vege ta t ive  

u ~ ~ t a k e .  

There i s  l i t t l e ,  i f  any, a v a i l a b l e  da ta  on co~nparable leach- 

i n s  l o s se s  bz.tween whole-tree and stem-only ha rves t s ,  altnough 

t h e r e  a r e  various physica l  e f f e c t s  of s l a sh  which could i n h i b i t  

leaching a s  discussed e a r l i e r .  Thole-tree harvested s i t e s  w i l l  

leave bare  s o i l s  under the f u l l  hea t  of t he  sun, thus  promoting 

decomposition, .uhile s l a sh  could o f f e r  some p ro t ec t i on .  

The e l imina t ion  of vegeta t ion  from a  s i t e  r e s u l t s  i n  a  s u r -  

p lus  of ava i l ab l e  n u t r i e n t s  which a r e  e a s i l y  ca r r i ed  from the  

system by ground and sur face  flows (Marks & Borrnann 1972) .  The 

quan t i t y  of n u t r i e n t s  accunulatsd i n  biomass during a  year repre-  

s e n t s  only a  f r a c t i o n  of t h e  t o t a l  quan t i t y  requi red  f o r  t he  

developrnent of t i s s u e s  during t h a t  year  (Swi tzer ,  Nelson & 

i i inesley 1978) .  A s u b s t a n t i a l  f r a c t i o n  of t h e  n u t r i e n t  uptake 

each year i s  returned t o  t he  f o r e s t  f l o o r  v i a  t he  nechanisrt~s 



discussed e a r l i e r .  This i n t e r n a l  cyc le  i s  an important f a c t o r  i n  

t h e  conservat ion of l imi ted  n u t r i e n t s .  

A t h i r d  r e s u l t  of harves t ing  i s  t he  temporary reduct ion of 

evapotranspi ra t ion .  On an undisturbed s i t e ,  only 87 percent  of 

t h e  i nc iden t  p r e c i p i t a t i o n  a c t u a l l y  reaches t h e  f o r e s t  f l o o r .  The 

remainder i s  absorbed o r  evaporated d i r e c t l y  from t h e  f o r e s t  

canopy (Leonard 1961).  In add i t i on ,  t he  reduced vege ta t ive  uptake 

05 p r e c i p i t a t i o n  inc reases  t h e  quan t i t y  of water inoving through 

t he  f o r e s t  ecosystem, which has been found t o  remove a t  l e a s t  pro- 

p o r t i o n a l l y  l a rge  q u a n t i t i e s  of n u t r i e n t s  (P ie rce  e t  a l .  1970).  

Forest  vegeta t ion  has been found t o  have a  buf fe r ing  e f f e c t  

on t he  p H  of p r e c i p i t a t i o n  (Eaton, Likens & Borinann 1973).  

Removal of t h i s  buf fe r ing  mechanism e f f e c t i v e l y  inc reases  t he  

a c i d i t y  of p r e c i p i t a t i o n  reaching t he  ' f o r e s t  f l oo r .  The increased 

r a t e  of decomposition and n i t r i f i c a t i o n  i n  t h e  f o r e s t  f l oo r  fo l -  

lowing harves t  (Likens e t  a l .  1970) a l s o  inc reases  t he  a c i d i t y  of 

the  s o i l  regime (Fr ink  & Voight 1976).  Likens e t  a l .  (1970) found 

t h a t  when t he  f o r e s t  canopy of an undisturbed s i t e  was removed, 

t he  pti of stream water decreased from 5.1 t o  4 . 3 .  

m i l e  t he  p r ec i s e  r o l e  of  increased s o i l  a c i d i t y  . i n  leaching 

l o s s e s  has not  been determined i n  the  context  of f o r e s t  ha rves t  

d i s rup t i ons ,  increased a c i d i t y  rnay f a c i l i t a t e  t h e  leaching l o s s  of 

n u t r i e n t s  from the  f o r e s t  ecosystem. 

V o l a t i l i z a t i o n .  As described e a r l i e r ,  c e r t a i n  n u t r i e n t s  can 

be l o s t  froin the  f o r e s t  ecosystem a s  gaseous byproducts of micro- 

b l a l  a c t i v i t y .  Xesearch a t  Xubbard Brook was unable t o  account 

f o r  l o s s e s  of n i t rogen from the  f o r e s t  f l o o r  following c l ea r -  

c u t t i n g .  I t  has bsen suggested t h a t  v o l a t i l i z a t i o n  may be respon- 

s i b l e  f o r  these  unaccounted losses  (Likens e t  a l .  1978).  Since 

t h e  s i ~ e c i f i c  microbial  a c t i v i t y  responsib le  fo r  t h i s  o f t en  occurs 

under anaerobic condi t ions  (3rady 1974),  ha rves t  i n  poorly drained 

a r ea s ,  f ~ r  example, rnay c r e a t e  the  anaerobic condi t ions  favorable  

t o  v o l a t i l i z a t i o n .  

Erosion. Although eroded .mate r ia l  does not genera l ly  con- 

s t i t u t e  a na jor  n u t r i e n t  output  mechanism, ha rves t  opera t ions  



have the potent ia l  t o  grea t ly  increase the significance of t h i s  

process i n  the fo res t  ecosystem. Much of the  erosion resu l t ing  

from harvesting i s  caused by physical disturbance of the s o i l  on 

roads and yarding areas.  The sever i ty  of t h i s  occurrence i s  

extremely dependent on the qual i ty  of harvest  management, as  i s  

discussed e a r l i e r  in  t h i s  appendix. Some portion of the harvest- 

re la ted  erosion, however, i s  re la ted  t o  the system's loss  of bio- 

t i c  control  over erosional  processes. Harvesting disrupts  a  

var ie ty  of processes, some already discussed, which exer t  an ele-  

ment of erosion control .  For example, harvesting increases the 

quanti ty of water reaching the fo res t  f loor  and reduces the pro- 

t ec t ive  a b i l i t i e s  of the fo res t  canopy and l i t t e r  layers.  The 

increased decomposition r a t e s  and reduction of l i t t e r f a l l  follow- 

ing harvests r e s u l t s  i n  a  lower organic content i n  the s o i l  and a  

re la ted  reduction i n  moisture storage capacity (Bormann e t  a l .  

1974). Harvests have been foind t o  increase the loss  of s o i l  par- 

t i c l e s  i n  streamflow s ign i f i can t ly  i n  comparison with undisturbed 

s i t e s  (Bormann e t  a l .  1974). 

Impacts on Specif ic  Macronutrients 

The impacts of fuelwood harvest operations on s i x  o f ' t he  pr i -  

mary nut r ien ts  a re  discussed below. A complete understanding of 

the mechanisms of each impact demands subs tan t ia l  reference t o  the 

preceding t e x t .  

Nitrogen. Nitrogen i s  used by p lan ts  i n  r e l a t i v e l y  large 

quan t i t i e s  as  the ammonium ion and amino acids which are  the 

building blocks of proteins .  I n  northeastern fo res t s ,  t h i s  e le-  

ment i s  of ten l i m i t i n g ,  and the impacts of timber harvesting on 

the nitrogen cycle a re  of great  concern (Bormann, Likens & Melillo 

1 9 7 7 ;  Aber, Botkirl & Melillo 1 9 7 9 ) .  The v a l i d i t y  of t h i s  concern 

i s  d i f f i c u l t  t o  es tab l i sh  due t o  extreme complexity of the various 

components a n d  f l - i ~ x e s  of the nitrogen cycle.  

Inputs of nitrogen t o  the fo res t  come pr inc ipa l ly  from preci-  

p i t a t ion  and gaseous f ixa t ion  by ~nicroorganisrns (Likens e t  a l .  

1 9 7 7 ) .  Concentrations of nitrogen i n  p rec ip i ta t ion  vary with 

geographical location,  but are  estimated a t  an average annual 

input of four t o  ten kilograms per hectare per year (Wollm & 



Davey 1 9 7 5 ) .  P r e c i p i t a t i o n a l  i n p u t s  o f  6 . 5  k i l o g r a m s  per h e c t a r e  

p e r  y e a r  h a v e  b e e n  measured  a t  Hubbard Brook ( L i k e n s  e t  a l .  1 9 7 7 )  . 
T h l s  i n p u t  r e p r e s e n t s  32  p e r c e n t  o f  the a n n u a l  n i t r o g e n  i n p u t  a t  

Hubbard Brook. The r e m a i n i n g  n i t r o g e n  i n p u t s  are d e r i v e d  from 

f i x a t i o n  mechanisms (Bormann, L i k e n s  & M e l i l l o  1 9 7 7 ) .  N i t r o g e n  

f i x a t i o n  a t  t h e  Coweeta, Nor th  C a r o l i n a ,  e x p e r i m e n t a l  f o r e s t  h a s  

b e e n  c a l c u l a t e d  t o  be 75 p e r c e n t  o f  the n i t r o g e n  i n p u t  (Todd,  

Waide & Cornaby 1 9 7 4 ) .  Weather ing  d o e s  n o t  p r o v i d e  n i t r o g e n  i n  

s i g n i f i c a n t  q u a n t i t i e s  (Bormann, L i k e n s  & Melil lo 1 9 7 7 ) .  

Once i n  t h e  s y s t e m ,  n i t r o g e n  i s  e f f i c i e n t l y  c y c l e d ,  w i t h  

l a r g e  r e s e r v e s  b u i l d i n g  i n  t h e  s o i l  o f  a n  u n d i s t u r b e d  s i t e  and i n  

t h e  f o r e s t  s t a n d  i t s e l f .  G e n e r a l l y ,  t o t a l  n i t r o g e n  d e c r e a s e s  w i t h  

i n c r e a s i n g  s o i l  d e p t h  (Wollurn & Davey 1 9 7 5 ) .  Of t h e  t o t a l  n i t r o -  

gen  i n  e c o s y s t e m ,  5  p e r c e n t  e x i s t s  i n  forms r e a d i l y  a v a i l a b l e  t o  

p l a n t s ;  t h e  r e m a i n d e r  e x i s t s  n ~ o s t l y  a s  o r g a n i c  n i t r o g e n  compounds 

( Bormann, L i k e n s  & F l e l i l l o  1 9 7 7 ) .  

O r g a n i c  n i t r o g e n  i n  biomass d e p o s i t e d  on t h e  f o r e s t  f l o o r  i s  

c o n v e r t e d  t o  ~ n o r g a n i c ,  m o r e  a v a i l a b l e ,  fo rms  i n c l u d i n g  ammonium, 

n i t r i t e ,  a n d  n i t r a t e .  B a c t e r i a  domina te  d e c o m p o s i t i o n a l  p r o c e s s e s  

i n  a l k a l i n e  and  n e u t r a l  e n v i r o n n e n t s ,  f u n g i  are dominant  i n  a c i d i c  

a r e a s ,  a n d  a n a e r o b i c  bacteria a r e  i m p o r t a n t  when oxygen i s  l a c k -  

i n g .  S o i l  m o i s t u r e ,  pHl and t e m p e r a t u r e  a l l  i n f l u e n c e  d e c o m ~ o s i -  

t i o n  rates w i t h  optimum c o n d i t i o n s  a t  50 t o  7 5  p e r c e n t  o f  t h e  

w a t e r - h o l d i n g  c a p a c i t y  o f  t h e  s o i l ,  n e u t r a l  p d ,  and t e m p e r a t u r e s  

o f  be tween  40"  and 60" c e n t i g r a d e  ( A l e x a n d e r  1 9 6 1 ) .  

N i t r o g e n  c a n  a l s o  be immobilized by s o i l  n i c r o r g a n i s m s  s i n c e  

i t  i s  a n  e s s e n t i a l  n u t r i e n t  r e q u i r e d  i n  l a r g e  q u a n t i t i e s  b y  most  

l i f e  forms.  Some n i t r o g e n  i s  a l s o  immobi l i zed  a b i o t i c a l l y  by  

c l a y s  and  o r g a n i c  mater ia l  i n  t h e  s o i l .  

I n  t h e  u n d i s t u r b e d  f o r e s t ,  n i t r o g e n  l e a v e s  t h e  s y s t e m  t h r o u g h  

h y d r o l o g i c  e x p o r t  ( l e a c h i n g  and  e r o s i o n )  and  v o l a t i l i z a t i o n .  

i i ,qdro logic  l o s s  i n  u n d i s t u r b e d  s y s t e m s  i s  n o t  as  s i g n i f i c a n t  f o r  

n i t r o g e n  as it i s  f o r  o t h e r  n u t r i e n t s .  N i t r o g e n  i s  e f f i c i e n t l y  

t r a n s f e r r e d  w i t h i n  t h e  s y s t e m  w i t h  o n l y  2 . 5  p e r c e n t  l o s t  a n n u a l l y  

t o  h y d r o l o g i c  e x p o r t  ( i- lenderson & Harr i s  1 9 7 5 ) .  Because  n i t r o g e n  

i s  r e a d i l y  t r a n s l o c a t e d  from d y i n g  l e a v e s  and  n e e d l e s ,  b e c a u s e  it 



h a s  a r a p i d  t u r n o v e r  i n  t h e  f o r e s t  f l o o r ,  and  b e c a u s e  decomposer  

n e e d s  are h i g h ,  l o s s e s  t h r o u g h  h y d r o l o g i c  e x p o r t  are minimized  

( G O S Z ,  L i k e n s  & Bormann 1 9 7 6 ) .  T h e r e  i s  a d i s t i n c t  s e a s o n a l  pat- 

t e r n  t o  n i t r a t e  and  ammonia c o n c e n t r a t i o n s  i n  s t r e a m w a t e r ,  which 

c o r r e s p o n d  t o  m i c r o b i a l  a c t i v i t y  a f f e c t i n g  t h e  a v a i l a b i l i t y  o f  

t h e s e  compounds ( L i k e n s  e t  a l .  1 9 7 7 ) .  

Gaseous l o s s e s  o f  n i t r o g e n  r e s u l t i n g  from d e n i t r i f i c a t i o n  h a v e  

n o t  b e e n  q u a n t i f i e d ,  b u t  are t h o u g h t  t o  be minor  i n  u n d i s t u r b e d  

n o r t h e r n  hardwood e c o s y s t e m s  (Bormann, L i k e n s  & M e l i l l o  1 9 7 7 ) .  

N i t r o g e n  c a n  be v o l a t i l i z e d  by  u n d e r g o i n g  a c h e m i c a l  change  t o  

n i t r o u s  o x i d e  and  g a s e o u s  n i t r o g e n  b y  a n a e r o b i c  microbes. Envi- 

r o n m e n t a l  c o n d i t i o n s  most  s u i t a b l e  f o r  v o l a t i l i z a t i o n  l o s s  i n c l u d e  

a  l a c k  o f  oxygen,  s o i l  a t  a b o u t  6 0  p e r c e n t  m o i s t u r e  c a p a c i t y ,  s o i l  

pH g r e a t e r  t h a n  5. 5, and  t e m p e r a t u r e  below 6 5 O ~ .  D e l e t e r i o u s  

e f f e c t s  o f  t h i s  d e n i t r i f i c a t i o n  p r o c e s s  are found i n  some lowland  

f o r e s t s ,  p r i n c i p a l l y  i n  w e t  soi l  (Wi lde  1 9 5 8 ) .  

Timber h a r v e s t i n g  c a n  a f f e c t  t h e  n i t r o g e n  b u d g e t  and  c y c l e  i n  

s e v e r a l  s i g n i f i c a n t  ways. H a r v e s t s  t e m p o r a r i l y  remove the u p t a k e  

and  s t o r a g e  mechanism p r o v i d e d  by  v e g e t a t i o n ,  t h u s  b r e a k i n g  t h e  

t i g h t  i n t e r n a l  c y c l e s  o f  t h e  u n d i s t u r b e d  sys t em.  The removal  o f  

b iomass  c o n s t i t u t e s  a  p h y s i c a l  removal  o f  n i t r o g e n  and ,  i n  t h e  

case o f  w h o l e - t r e e  h a r v e s t s ,  removes woody l i t t e r  which fo rms  t h e  

p r i m a r y  si tes f o r  n i t r o g e n  f i x a t i o n  ( R o s k o s k i  1 9 7 7 ) .  H a r v e s t i n g  

a l s o  i n c r e a s e s  t h e  m o i s t u r e  c o n t e n t  a n d  t e m p e r a t u r e  o f  t h e  f o r e s t  

f l o o r ,  and  a c c e l e r a t e s  d e c o m p o s i t i o n .  

The r e l a t i o n s h i p  o f  p l a n t  u p t a k e  t o  n i t r o g e n  a v a i l a b i l i t y  1s 

i l l u s t r a t e d  by t h e  f a c t  t h a t  a l a r g e  f l u x  o f  i n o r g a n i c  n i t r o g e n  

o u t  o f  t h e  f o r e s t  e c o s y s t e m  o c c u r s  a f t e r  c l e a r c u t t i n g .  T h i s  

o c c u r s  i n  p a r t  b e c a u s e  t h e  2 l a n t s  which u s u a l l y  p r o v i d e  a n u t r i e n t  

s i n k  h a v e  been  removed. The r a p i d  r e g e n e r a t i o n  o f  v e g e t a t i o n  on  

t h e  h a r v e s t e d  s i t e  c a n  m i t i g a t e  p o s t - h a r v e s t  losses ( L i k e n s  e t  a l .  

1 9 7 0 ) .  I t  i s  p e r t i n e n t  t o  n o t e  t h a t  s t a n d s  o f  p i n  c h e r r y ,  o n e  o f  

t h e  e a r l y  s u c c e s s i o n a l  s p e c i e s  which p r o l i f e r a t e  f o l l o w i n g  f o r e s t  

d i s t u r b a n c e ,  h a v e  b e e n  found t o  t a k e  up n e a r l y  50 p e r c e n t  more 

n i t r o g e n  t h a n  m a t u r e  s t a n d s  (Marks & Bormann 1 9 7 2 ) .  Such s p e c i e s  



" h o a r d "  n i t r o g e n  when it i s  most a v a i l a b l e  and t h e r e b y  w i l l  m i t i -  

g a t e  l e a c h i n g  l o s s e s .  

Some a u t h o r s  ( R i c h a r d s o n  & Lund 1974;  L i k e n s ,  Bormann & 

Johnson 1969)  t h e o r i z e  t h a t  t h e  c e s s a t i o n  o f  v e g e t a t i v e  u p t a k e  and  

t h e  s u b s e q u e n t  a v a i l a b i l i t y  o f  ammonium from d e c o m p o s i t i o n  i s  t h e  

mechanism o f  g e n e r a l  n u t r i e n t  l e a c h i n g  loss.  When t h e  ammoniur~l' i s  

t r a n s f o r m e d  i n t o  n i t r a t e s ,  a  l a r g e  number o f  hydrogen i o n s  a r e  

r e l e a s e d  t h a t  i n  t u r n  i n t e n s i f y  c a t i o n  exchange w i t h  s o i l  c o l -  

l o i d s .  Thus, b o t h  n i t r a t e s  and c a t i o n s  are l e a c h e d  and l o s t .  

I n  a  t y p i c a l  f o r e s t  ecosys tem n u t r i e n t  c o n c e n t r a t i o n s  are 

p a r t i c u l a r l y  h i g h  i n  t h e  a n n u a l  compartments  o f  t h e  t ree  ( f o l i a g e ,  

f l o w e r s ,  f r u i t ) .  N i t rogen  a c c o u n t s  f o r  1 .65 ,  0.42, a n d  0 .17  p e r -  

c e n t  o f  o r g a n i c  d r y  w e i g h t  o f  t h e  f o l i a g e ,  b r a n c h ,  and  b o l e  com- 

p a r t m e n t s ,  r e s p e c t i v e l y  (Henderson & H a r r i s  1 9 7 5 ) .  Tab le  18, p r e -  

s e n t e d  e a r l i e r ,  c o n t a i n s  f u r t h e r  s u p p o r t  o f  t h i s  d i s t r i b u t i o n .  

This i n f o r m a t i o n  i n d i c a t e s  t h a t  c o n v e n t i o n a l  b o l e - l e n g t h  h a r v e s t -  

i n g  t e c h n i q u e s  d o  n o t ,  i n  g e n e r a l ,  r e s u l t  i n  a  s i g n i f i c a n t  removal  

o f  n i t r o g e n  w i t h  h a r v e s t e d  b iomass .  G e n e r a l  ag reement  d o e s  e x i s t ,  

however,  t h a t  t w o  t o  t h r e e  t i m e s  t h e  q u a n t i t y  o f  n i t r o g e n  i s  

removed by w h o l e - t r e e  h a r v e s t s  i n  compar ison t o  c o n v e n t i o n a l  o p e r -  

a t i o n s  ( s e e  T a b l e s  1 7  and 1 8 ) .  The r e l a t i o n s h i p  between q u a n t i -  

t i e s  o f  n i t r o g e n  removed i n  h a r v e s t e d  m a t e r i a l  and . t h e  amounts o f  

n i t r o g e n  remain ing  on t h e  s i t e  i n  bound and a v a i l a b l e  forms 

a p p e a r s  t o  v a r y  from s i t e  t o  s i t e  ( s e e  Tab le  1 7 ) .  T h i s  v a r i a t i o n  

may be t h e  r e s u l t  o f  changes  i n  s o i l  f e r t i l i t y  a t  s t u d y  s i tes  o r  

may r e f l e c t  d i f f e r e n c e s  i n  r e s e a r c h  methods (Whi te  1 9 7 4 ) .  

' v h i l e  compar i sons  o f  t h e  n u t r i e n t  r e s e r v o i r s  i n  t h e  f o r e s t  

s o i l s  and t h e  n u t r i e n t  l o s s e s  due t o  b iomass  removal  p r o v i d e  use-  

f u l  i n s i g h t s  i n t o  t h e  i m p a c t s  o f  h a r v e s t i n g ,  t h e  f u l l  s i g n i f i c a n c e  

o f  h a r v e s t  i m p a c t s  c a n  o n l y  b e  u n d e r s t o o d  i n  t h e  dynamic c o n t e x t  

o f  n u t r i e n t  f l u x e s  be tween d i f f e r e n t  components  o f  t h e  f o r e s t ' e c o -  

s y s t e m  (Aber ,  Bo tk in  & M e l i l l o  1978;  Boyle 1976;  ' Jorgensen,  W e l l s  

& Metz 1 9 7 5 ) .  The p r o c e s s e s  which d r i v e  t h e s e  f lows  a l s o  r e p r e -  

s e n t ,  t o  a l a r g e  e x t e n t ,  t h e  r e c u p e r a t i v e  mechanisms o f  t h e  s y s -  

t e m .  For  example,  w h i l e  t h e  r o l e  o f  n i t r o g e n  f i x a t i o n  i n  t h e  



r e c o v e r y  o f  t h e  p o s t - h a r v e s t  e c o s y s t e m  i s  n o t  known, w h o l e - t r e e  

h a r v e s t s  would remove t h e  p r i n c i p a l  s i t e  o f  n i t r o g e n - f i x i n g  

bacteria t h u s  f a r  i d e n t i f i e d  i n  n o r t h e r n  hardwood f o r e s t s  

(Xoskosk i  1 9 7 7 ) .  

AS d i s c u s s e d  ea r l i e r ,  t h e  d e c o m p o s i t i o n  o f  o r g a n i c  m a t e r i a l  

c o n t a i n i n g  n i t r o g e n  and t h e  s u b s e q u e n t  n i t r i f i c a t i o n  o f  t h e  decom- 

p o s i t i o n  p r o d u c t s  i s  a n  e x t r e m e l y  i m p o r t a n t  mechanism i n  t h e  con- 

s e r v a t i o n  o f  n i t r o g e n  i n  t h e  f o r e s t  ecosys tem (Bormann, L i k e n s  & 

M e l i l l o  1 9 7 7 ) .  H a r v e s t  o p e r a t i o n s ,  p a r t i c u l a r l y  t h o s e  i n v o l v i n g  

c l e a r c u t t i n g ,  c a n  a c c e l e r a t e  t h e s e  p r o c e s s e s  a t  a  t i m e  when o t h e r  

c o n s e r v a t i o n  mechanisms s u c h  a s  v e g e t a . t i v e  u p t a k e  and s t o r a g e  a r e  

n o t  f u n c t i o n i n g .  To t h e  e x t e n t  t h a t  t h e  f o r e s t  f l o o r  i s  exposed 

t o  h i g h  l e v e l s  o f  l i g h t ,  t e m p e r a t u r e ,  and  m o i s t u r e ,  t h e  deconpos i -  

t i o n a l  and n i t r i f y i n g  p r o c e s s e s  speed  up,  and r e l e a s e  s u b s t a n t i a l  

q u a n t i t i e s  o f  a v a i l a b l e  n i t r o g e n  i n  t h e  s o i l  ( L i k e n s  e t  a l .  1 9 7 0 ) .  

U n t i l  t h e  new s t a n d  i s  e s t a b l i s h e d ,  t h i s  n i t r o g e n  i s  l e a c h e d  from 

t h e  s y s t e m  i n  r u n o f f  ( P i e r c e  e t  a l .  1 9 7 2 ) .  The e f f e c t s  o f  h a r -  

v e s t s  o n  d e n i t r i f i c a t i o n  p r o c e s s e s  may be s i g n i f i c a n t  under  cer- 

t a i n  s i t e  c o n d i t i o n s  ( L i k e n s  e t  a l .  1 9 7 8 ) .  

I t  i s  e v i d e n t  t h a t  h a r v e s t  o p e r a t i o n s ,  p a r t i c u l a r l y  whole- 

t r e e  h a r v e s t s ,  h a v e  a  s u b s t a n t i a l  p o t e n t i a l  t o  a f f e c t  t h e  n i t r o g e n  

c y c l e  o f  t h e  f o r e s t  ecosys tem.  The d i r e c t i o n  o f  t h e s e  c h a n g e s ,  

however,  and  t h e  r e c u p e r a t i v e - a b i l i t i e s  o f  t h e  e c o s y s t e m  remain 

s u b j e c t  t o  c o n s i d e r a b l e  u n c e r t a i n t y .  The d i s c u s s i o n  o f  t h e  long-  

t e r i n  p r o d u c t i v i t y  o f  t h e  f o r e s t  r e s o u r c e  l a t e r  i n  t h i s  append ix  

w i l l  s e r v e  t o  i l l u s t r a t e  t h e  s c o p e  o f  t h e s e  u n c e r t a i n t i e s .  

Phosphorus .  Phosphorus behaves  s i m i l a r l y  t o ,  and  i s  c l o s e l y  

a s s o c i a t e d  w i t h ,  n i t r o g e n .  I t  i s  second t o  n i t r o g e n  i n  i m p o r t a n c e  

t o  p l a n t s  (Gosz ,  L i k e n s  & Sormann 1 9 7 3 ) ,  i n  which it i s  a  c o n s t i -  

t u e n t  o f  t h e  c e l l  n u c l e u s ,  i s  i m p o r t a n t  i n  c e l l  d i v i s i o n ,  and i s  

v i t a l  i n  development  o f  i n e r i s t e m a t i c  t i s s u e s  (Wilde  1 9 5 8 ) .  There  

i s  a l s o  a  c r i t i c a l  r e l a t i o n s h i p  be tween phosphorus  and n i t r o g e n  

whereby phosphorus  a f f e c t s  t h e  a v a i l a b i l i t y  and u p t a k e  o f  n i t r o g e n  

(Wi lde  1958 ;  Gosz, L ikens  & Bormann 1 9 7 3 ) .  Unl ike  n i t r o g e n  whose 

p r i n c i p a l  r e s e r v e  i s  t h e  a tmosphere ,  t h e  s t o r e h o u s e  o f  phosphorus  

i s  t h e  l i t h o s p h e r e  ( E p s t e i n  1912). Phosphorus e x i s t s  l a r g e l y  i n  



s p a r i n g l y  s o l u b l e  compounds w i t h  c a l c i u m ,  i r o n ,  aluminum, and 

magnesium (Wilde  1958;  B e r g s t o n  & K i l m e r  1 9 7 3 ) .  L i t t l e  phos- 

phorous  e n t e r s  t h e  ecosys tem t h r o u g h  p r e c i p i t a t i o n  (Gosz,  L i k e n s  & 
. 

Bormann 1 9 7 3 ) .  

P l a n t s  depend on  t h e i r  phosphorus  n u t r i t i o n  from two i n o r -  

g a n i c  p h o s p h a t e  i o n s  i n  s o l u t i o n ,  H2P04' and HP04" 

( B e r g s t o n  & K i l m e r  1 9 7 3 )  and phosphorus  p e n t o x i d e ,  P205 (Wi lde  

1 9 7 8 ) .  About h a l f  o f  t h e  phosphorus  i n  p l a n t s  r emains  i n  t h e  i n o r -  

g a n i c  s t a t e  and t h e  rest i s  c o n v e r t e d  t o  o r g a n i c  compounds w i t h i n  

t h e  p l a n t .  P l a n t  m o r t a l i t y ,  t h e r e f o r e ,  r e s u l t s  i n  a  r e t u r n  o f  

o r g a n i c  and i n o r g a n i c  phosphorus  t o  t h e  s o i l  ( B e r g s t o n  & K i l r n e r  

1 9 7 3 ) .  Phosphorus i s  p a r t i a l l y  r e s o r b e d  b e f o r e  l e a f  s e n e s c e n c e  so 

t h a t  phosphorus  i s  c o n s e r v e d  i n  a  manner s i m i l a r  t o  n i t r o g e n .  

L ike  n i t r o g e n ,  phosphorus  i s  e f f i c i e n t l y  c y c l e d  w i t h i n  t h e  

s y s t e m  ( G O S Z ,  L i k e n s  & Bormann 1 9 7 6 ) .  Unl ike  n i t r o g e n ,  however,  

phosphorus  i s  mlore e v e n l y  d i s t r i b u t e d  between aboveground b i o m a s s ,  

belowground biomass  ( r o o t s )  and t h e  f o r e s t  f l o o r .  A v a i l a b l e  forms 

o f  phosphorus  a r e  a l s o  h i g h l y  s o l u b l e  i n  w a t e r .  Th i s  would sug- 

g e s t  t h a t  i f  t h e  t i g h t  c y c l i n g  o f  t h i s  n i t r i e n t  i n  t h e  f o r e s t  eco- 

s y s t e m  w e r e  d i s r u p t e d ,  s e v e r e  l e a c h i n g  losses c o u l d  o c c u r  i n  a d d i -  

t i o n  t o  t h e  phosphorus  removed i n  h a r v e s t e d  b iomass .  On c l e a r c u t  

o r  o t h e r  d i s t u r b e d  a r e a s  where e r o s i o n ,  i n c r e a s e d  r u n o f f  and acce -  

l e r a t e d  d e c o m p o s i t i o n  o c c u r ,  t h e  ecosys tem niay e x p e r i e n c e  g r e a t e r  

l o s s e s  o f  phosphorus .  

S i g n i f i c a n t  q u a n t i t i e s  o f  phosphorus  are l o s t  due t o  b iomass  

removal .  A t  t w o  s i tes  s t u d i e d  by Weetnan and bJebber ( 1 9 7 2 ) ,  

be tween 1 . 5  and 9  t i m e s  t h e  exchange s o i l  r e s e r v e s  o f  phosphorous  

were removed w i t h  whole - t r ee  h a r v e s t i n g  v e r s u s  .37  t o  2 t i m e s  f o r  

b o l e - l e n g t h  c u t t i n g .  Resea rch  summarized i n  T a b l e  1 7  shows t h a t  

w h o l e - t r e e  h a r v e s t i n g  losses o f  phosphorous  w i l l  be two t o  f i v e  

t i m e s  a s  g r e a t  a s  t h o s e  f o r  s tem-only  h a r v e s t i n g .  

Phosphorus l o s s e s  were found t o  be modest  compared t o  t o t a l  

s o i l  r e s e r v e s ,  a l t h o u g h  w h o l e - t r e e  h a r v e s t i n g  w i l l  remove more 

t h a n  t h e  e q u i v a l e n t  phosphorus  a v a i l a b l e  i n  t h e  s o i l  (Weetman & 

Webber 1 9 7 2 ) .  Because w e a t h e r i n g  and m i n e r a l i z a t i o n  p l a y  a  l a r g e  

r o l e  i n  phosphorus  i n p u t ,  s o i l  r e s e r v e s  may b e  r e p l e n i s h e d  q u i c k l y  



enough t o  o f f s e t  t h e  d e p l e t i o n  e f f e c t s  o f  h a r v e s t i n g .  On o t h e r  

s i t e s ,  however,  who.le-tree h a r v e s t s  r e s u l t e d  i n  phosphorus  l o s s e s  

o f  t w e n t y  t o  t h i r t y - e i g h t  k i l o g r a m s  p e r  h e c t a r e ,  r e p r e s e n t i n g  a  

l a r g e  p o r t i o n  o f  t h e  a v a i l a b l e  phosphorus  (Whi te  1 9 7 4 ) .  From 

t h e s e  r e s u l t s ,  White (1974)  c o n c l u d e s  t h e  phosphorous  c o u l d  become 

l i m i t i n g  a f t e r  a  few r o t a t i o n s .  I n  s p i t e  o f  t h e  a p p a r e n t  c o n f l i c t  

be tween t h e s e  r e s e a r c h  r e s u l t s ,  it may b e  c o n s e r v a t i v e l y  conc luded  

t h a t  i n c r e a s e d  d e c o m p o s i t i o n  r a t e s  and d e l a y e d  r e v e g e t a t i o n  o f  t h e  

s i t e  would a g g r a v a t e  t h e  s e v e r i t y  o f  t h e  s i t u a t i o n .  

Calcium. Calcium i s  i n c l u d e d  i n  g e n e r a l  c e l l  m e t a b o l i s m  

(Wollum & Davey 1975)  and i s  h i g h l y  c o n c e n t r a t e d  i n  p l a n t  roots 

and r o o t  h a i r s  (Wilde  1 9 5 8 ) .  High c a l c i u m  c o n c e n t r a t i o n s  t e n d  t o  

r a i s e  t h e  p H  o f  a sys tem,  e s p e c i a l l y  when s o i l s  are d e r i v e d  from 

l i m e s t o n e  which i s  r i c h  i n  c a l c i u m  c a r b o n a t e  ( E p s t e i n  1 9 7 2 ) .  

I n p u t s  o f  calcium t o  n o r t h e a s t e r n  ecosys tems  come l a r g e l y  

from t h e  w e a t h e r i n g  p r o c e s s  ( L i k e n s  e t  a l .  1 9 7 7 ) .  Leaching o f  

c a l c i u m  frorn t h e  f o r e s t  canopy,  root e x u d a t e s ,  and m i n e r a l i z a t i o n  

i n  t h e  f o r e s t  s o i l s ,  however,  p r o v i d e  t h e  m a j o r i t y  o f  t h e  c a l c i u m  

a n n u a l l y  a v a i l a b l e  f o r  u p t a k e .  

Calcium e x i s t s  i n  h i g h l y  i n s o l u b l e  forms i n  p l a n t  material 

( C u r l i n  1970)  and i s  r e l a t i v e l y  i m m o b i l e  i n  p l a n t  t i s s u e  (Gosz,  

L i k e n s  & Bormann 1972;   elso son, S w i t z e r  & Smith  1 9 7 6 ) .  Because 

c a l c i u m  i s  n o t  r e s o r b e d  o u t  o f  s e n e s c i n g  l e a v e s  (Gauch 1 9 7 2 ) ,  

t h e r e  i s  a n  a c c u m u l a t i o n  o f  c a l c i u m  up u n t i l  a b s c i s s i o n .  Thus 

l e a f  l i t t e r  h a s  h i g h  c o n c e n t r a t i o n s  o f  c a l c i u m  r e l a t i v e  to  o t h e r  

n u t r i e n t s ,  Of, t he  a n n u a l  u p t a k e  loss of c a l c i u m ,  87 p e r c e n t  i s  . 

r e t u r n e d  t o  t h e  f o r e s t  f l o o r  by v a r i o u s  i n n t e r n a l  c y c l e s  ( L i k e n s  e t  

a l .  1 9 7 7 ) .  Because c a l c i u m  i s  n o t  r e a d i l y  l e a c h e d  o u t  o f  decom- 

p o s i n g  l i t t e r  ( G O S Z ,  L ikens  & Bormann 1 9 7 3 ) ,  t h e  u n d i s t u r b e d  

s y s t e m  remains  h i g h l y  e f f i c i e n t  i n  i t s  u s e  o f  ca lc iun i  (Thkens e t  

a l .  1 9 7 7 ) .  

Calcium d e p l e t i o n  f u l l o w i n g  w h o l e - t r e e  h a r v e s t s  h a s  been 

found t o  be a  p o t e n t i a l  problem (Weetman & debber  1972;  Boy le ,  

P h i l l i p s  & Ek 1973 ) . Bornbeck ( 1977 ) found t h a t  on  a  New 

idampshire s i t e ,  h a r v e s t i n g  w i l l  n o t  remove a s  much c a l c i u m  a s  

t h e r e  i s  a v a i l a b l e  i n  t h e  s o i l ,  but t h a t  s u b s e q u e n t  l e a c h i n g  

l o s s e s  s i g n i f i c a n t l y  r e d u c e  t h e  p o o l  o f  a v a i l a b l e  c a l c i u m  



n u t r i e n t s .  Rep len i shmen t  o f  t h e  a v a i l a b l e  c a l c i u m  r e s e r v e s  may be 

a p o t e n t i a l  problem i n  s h o r t  r o t a t i o n s  (Hornbeck 1 9 7 7 ) .  The rates 

o f  a v a i l a b l e  c a l c i u m  r e p l e n i s h m e n t  and  the r e l a t i v e  s i g n i f i c a n c e  

of t h i s  p rob lem i n  c o m p a r i s i o n  w i t h  n i t r o g e n  losses a p p e a r  t o  v a r y  

f rom s i t e  t o  s i t e .  

P o t a s s i u m .  The p r i m a r y  i n p u t  mechanism o f  p o t a s s i u m  i s  t h e  

w e a t h e r i n g  o f  m i n e r a l  s o i l  and  b e d r o c k .  Wea the r ing  ( m o s t l y  o f  

f e l d s p a r s  and  micas) i s  t h e  p r i n c i p a l  s o u r c e  o f  p o t a s s i u m  i n p u t  

i n t o  t h e  e c o s y s t e m ,  c o n t r i b u t i n g  e i g h t  t i m e s  as much potassium as  

p r e c i p i t a t i o n  i n p u t s  a t  Hubbard Brook ( L i k e n s  e t  a l .  1 9 7 7 ) .  I n  

c h e m i c a l  w e a t h e r i n g ,  a l l  o f  t h e  p o t a s s i u m  i s  n o t  r e l e a s e d  i n t o  t h e  

s o i l  s o l u t i o n  b u t  much i s  bound i n  i l l y t i c  c l a y s ,  which  s e r v e  as a 

p o t a s s i u m  r e s e r v o i r  ( L i k e n s  e t  a l .  1 9 7 7 ) .  

T h i s  n u t r i e n t  i s  r a p i d l y  u t i l i z e d  b y  v e g e t a t i o n  i n  a n  u n d i s -  

t u r b e d  s y s t e m  and e q u a l l y  r a p i d l y  r e t u r n e d  t o  t h e  s o i l  i n  l i t t e r -  

f a l l  and  t h r o u g h f a l l  (Gosz ,  ~ i k e n s  & Bormann 1973;  F o s t e r  & Gessel 

1 9 7 2 ) .  P o t a s s i u m  i n  v e g e t a t i o n  i s  c o n c e n t r a t e d  i n  young l e a v e s ,  

b u d s ,  a n d  r o o t  t i p s .  Only 40 p e r c e n t  o f  t h e  a n n u a l  i n p u t  o f  

pdtass . ium i s  s t o r e d  i n  l i v i n g  and  d e a d  biomass a n n u a l l y .  Owing t o  

p o t a s s i u m ' s  e x t r e m e l y  s o l u b l e  c h a r a c t e r ,  p o t a s s i u m  i s  h i g h l y  

m o b i l e  w i t h i n  p l a n t  t i s s u e  (Gosz,  L i k e n s  & Bormann 1 9 7 6 )  and  s u b -  

s e q u e n t l y  i s  e a s i l y  r e t r a n s l o c a t e d  (Gosz ,  L i k e n s  & Bormann 1 9 7 2 ) .  

L i k e  n i t r o g e n ,  p o t a s s i u m  i s  needed i n  l a r g e  q u a n t i t i e s  b u t  i s  

e f f i c i e n t l y  c y c l e d .  

S t u d i e s  a t  Hubbard Brook ( L i k e n s  e t  a l .  1 9 6 7 )  h a v e  r e c o r d e d  

s m a l l  n e t  l o s s e s  o f  p o t a s s i u m  some y e a r s  and  s m a l l  n e t  g a i n s  o t h e r  

y e a r s .  Over l o n g  p e r i o d s  o f  t i m e  it seems t h a t  the p o t a s s i u m  bud- 

g e t  i s  n e a r l y  b a l a n c e d .  There  i s  a s t r o n g  p o s i t i v e  c o r r e l a t i o n  o f  

p o t a s s i u m  c o n c e n t r a t i o n  and  stream f l o w  ( L i k e n s  e t ' a l .  1 9 6 7 ) .  I n  

g e n e r a l ,  t h e  a n n u a l  o u t p u t  o f  potassium i s  s m a l l  compared t o  

r e l e a s e  from l e a f  and  b r a n c h  l i t t e r  and  o t h e r  i n p u t s  (Gosz ,  L i k e n s  

6( Sorrrian~l 1 9 7 3 ;  Weetman & Webber 1 9 7 2 ) .  

A l though  t h e  e f f i c i e n c y  o f  t h i s  f l u x  i s  h i g h ,  it i s  suscep-  

t i b l e  t o  m a j o r  l e a c h i n g  l o s s  a f t e r  h a r v e s t i n g  u n t i l  new v e g e t a t i o n  

i s  e s t a b l i s h e d .  H a r v e s t  o p e r a t i o n s  are n o t  e x p e c t e d  t o  d e p l e t e  

p o t a s s i u m  r e s e r v e s  ser io1 .1s ly  ( W e t m a n  & Nebber 1972 ;  Boyle ,  

P h i l l i p s  & .Ek 1973;  L i k e n s  e t  a l .  1 9 7 8 ) .  S i t e  v a r i a t i o n  i n  



a v a i l a b l e  r e s e r v e s  o f  w e a t h e r a b l e  b e d r o c k  c o u l d  a f f e c t  t h i s  expec-  

t a t i o n .  . 
S u l f u r .  S u l f u r  i s  a c o n s t i t u e n t  o f  a l l  p r o t e i n s  and  i s  

i m p o r t a n t  i n  r e s p i r a t i o n  and  root deve lopment  (Wi lde  1 9 5 8 ) .  A s  

i t s  c o n c e n t r a t i o n  i n c r e a s e s ,  it l o w e r s  the p H  o f  t h e  s o i l  s o l u t i o n  

( E a t o n ,  L i k e n s  & Bormann 1 9 7 3 ) .  L i k e  n i t r o g e n ,  s u l f u r  is  a 

g a s e o u s  e l e m e n t  a t  normal  b i o l o g i c a l  t e m p e r a t u r e s  and  t h i s  makes 

q u a l i t a t i v e  a s s e s s m e n t  o f  i t s  complex b i o g e o c h e m i c a l  c y c l e  d i f f i -  

c u l t  ( L i k e n s  e t  a l .  1 9 7 7 ) .  

S u l f u r  i s  i n c o r p o r a t e d  i n t o  t h e  e c o s y s t e m  p r i m a r i l y  t h r o u g h  

p r e c i p i t a t i o n ,  d i r e c t  u p t a k e  o f  s u l f u r  d i o x i d e ,  and t h e  i m p a c t i o n  

o f  s u l f u r  a e r o s o l s  o n  l e a f  s u r f a c e s .  

S u l f u r  r e a c h i n g  t h e  s o i l  s y s t e m  i s  s u b j e c t e d  t o  m i c o o r g a n i s -  

m a 1  t r a n s f o r m a t i o n s  s i m i l a r  t o  t h o s e  which c o n v e r t  n i t r o g e n  i n t o  

u s a b l e  fo rms .  S u l f u r  i s  o x i d i z e d  f rom e l e m e n t a l  s u l f u r  and  s u l -  

f i d e s  t o  s u l f a t e  i o n s  b y  a g r o u p  o f  s u l f u r  b a c t e r i a  ( L i k e n s  e t  a l .  

1 9 7 7 ;  Wilde 1 9 5 8 ;  E p s t e i n  1 9 7 2 ) .  These s u l f a t e s  c a n  be r e d u c e d  t o  

h y d r o g e n  s u l f i d e  i n  a process a n a l a g o u s  t o  d e n i t r i f i c a t i o n  w i t h  

n i t r o g e n .  The r e d u c t i o n  i s  c a r r i e d  o u t  by  a number o f  a u t o t r o p h i c  

and  h e t e r o t r o p h i c  o r g a n i s m s  capable o f  a n a e r o b i c  r e s p i r a t i o n  which 

i s  e s p e c i a l l y  i m p o r t a n t  i n  t h i s  r o l e  ( W i l d e  1 9 5 8 ) .  

A t  a n y  o n e  t i m e ,  99 p e r c e n t  o f  t h e  f o r e s t ' s  s u l f u r  i s  i n  t h e  

s o i l  a n d  1 p e r c e n t  i s  i n  t h e  b iomass .  O f  t h e  a n n u a l  i n p u t  o f  s u l -  

f u r  i n t o  t h e  e c o s y s t e m  e a c h  y e a r ,  1 0  p e r c e n t  r e m a i n s  i n  the b i o -  

m a s s  o r  s o i l  and a b o u t  90  p e r c e n t  i s  l o s t  t o  stream f l o w  ( L i k e n s  

e t  a l .  1 9 7 7 ) .  S u l f a t e  i s  the m o s t  a b u n d a n t  a n i o n  i n  streamwater 

a t  Hubbard Brook, on a m a s s  and e q u i v a l e n c y  basis  ( L i k e n s  e t  a l .  

1977;  Hornbeck e t  a l .  1 9 7 5 ) .  I t  m a i n t a i n s  a  r e l a t i v e l y  c o n s t a n t  

c o n c e n t r a t i o n  d e s p i t e  l a r g e  f l u x e s  o f  stream d i s c h a r g e .  

Problems w i t h  d e p l e t i o n  o f  s u l f u r  f o l l o w i n g  w h o l e - t r e e  h a r -  

v e s t i n g  h a v e  n o t  y e t  been  s t u d i e d ,  e x c e p t  t o  show t h a t  s u l f u r  

c o n c e n t r a t i o n s  d e c r e a s e  f o l l o w i n g .  h a r v e s t i n g  ( P i e r c e  e t  a l .  1 9 7 2 ) .  

T h i s .  may.. b e  'due  t o  t h e  e l i m i n a t i o n  o f  s u b s t r a t e  ( f o l i a g e )  f o r  

a e r o s o l  i m p a c t i o n .  Decreased  o x i d a t i o n ,  i n c r e a s e d  d i l u t i o n ,  and  a 

r e d u c t i o n  o f  s u l f a t e  t o  s u l f i t e  may a l s o  h a v e  b e e n  r e s p o n s i b l e  



( L i k e n s  e t  a l .  1 9 7 0 ) .  

The s i g n i f i c a n c e  o f  t h i s  f i n d i n g  t o  t h e  p r o d u c t i v i t y  o f  t h e  

r e g e n e r a t i n g  s t a n d  h a s  n o t  b e e n  d e t e r m i n e d  b u t  i s  under  s t u d y  a t  

t h e  Hubbard Brook E x p e r i m e n t a l  F o r e s t .  

Magnesium. Magnesium s e r v e s  as a  s t r u c t u r a l  component and i s  

t h e  o n l y  m i n e r a l  c o n s t i t u e n t  o f  c h l o r o p h y l l .  Magnesium p r o m o t e s  

t h e  u t i l i z a t i o n  o f  p o t a s s i u m  and i s  most  a b u n d a n t  a t  growing t i p s  

o f  p l a n t s  ( W i l d e  1 9 5 8 ) .  L i k e  many o t h e r  c a t i o n s ,  magnesium e n t e r s  

t h e  e c o s y s t e m  p r i m a r i l y  t h r o u g h  w e a t h e r i n g ,  t h i s  mode a c c o u n t i n g  

f o r  8 5  p e r c e n t  o f  t h e  a n n u a l  i n p u t  o f  t h e  n u t r i e n t .  P r e c i p i t a t i o n  

s u p p l i e s  t h e  r e m a i n i n g  1 5  p e r c e n t  o f  t h e  a n n u a l  i n p u t . .  Consid- 

e r a b l e  q u a n t i t i e s  o f  magnesium are r e c y c l e d  t h r o u g h  t h e  l i t t e r  and  

r o o t  e x u d a t e s .  

Gosz, L i k e n s  and  Bormann ( 1 9 7 6 )  found  t h a t  magnesium h a s  a 

r e l a t i v e l y  s h o r t  r e s i d e n c e  t i m e  i n  t h e  f o r e s t ,  s i m i l a r  t o  t h a t  o f  

c a l c i u m  and  s u l f u r .  L i k e  c a l c i u m ,  magnesiurn i s  r e l a t i v e l y  immo-  

b i l e  and  c o n s e q u e n t l y  n o t  e a s i l y  r e t r a n s l o c a t e d .  Thus, l a r g e  

amounts  o f  magnesium are  c y c l e d  a n n u a l l y  t o  l e a f f a l l  and  l i t t e r -  

f a l l  ( G O S Z ,  1;ikens & Bormann 1 9 7 6 ) .  

The r e s u l t a n t  r a p i d  r e t u r n  o f  t h i s  n u t r i e n t  t o  t h e  f o r e s t  

f l o o r  s u p p o r t s  a d e c o m p o s i t i o n  and  m i n e r a l i z a t i o n  p r o c e s s  wh ich ,  

i n  t u r n ,  c r e a t e s  t h e  b u l k  of t h e  a v a i l a b l e  r e s e r v e s .  Magnesium i s  

r a p i d l y  l e a c h e d  from t h e  s y s t e m  under  u n d i s t u r b e d  c o n d i t i o n s  

( L i k e n s  e t  a l .  1 9 7 7 ) .  

H a r v e s t i n g  o p e r a t i o n s  c o u l d  b e  e x p e c t e d  t o  d e p l e t e  t h e  s m a l l  

p o o l  of a v a i l a b l e  magnesium r e s e r v e s  t h r o u g h  i n c r e a s e d  decomposi-  

t i o n  and l e a c h i n g .  These l o s s e s ,  however ,  h a v e  b e e n  found t o  

c o n s t i t u t e  a  minor  p o r t i o n  o f  t h e  t o t a l  magnesium r e s e r v e s  a v a i l -  

a b l e  f rom w e a t h e r i n g  p r o c e s s e s  (Weetnan & Webber 1972 ;  Boy le ,  

P h i l l i p s  & Ek 1 9 7 3 ) .  

Surmnary a n d  C o n c l u s i o n s  

Gaseous  f i x a t i o n  and  a e r o s o l  impacts, which  are i m p o r t a n t  f o r  

n i t r o g e n  and  s u l f u r ,  a p p e a r  t o  be t h e  i n p u t  mechanisms mos t  

s e v e r e l y  a f f e c t e d  by h a r v e s t  o p e r a t i o n .  I n  t h e  case o f  n i t r o g e n  

f i x a t i o n ,  w h o l e - t r e e  h a r v e s t i n g  removes much o f  t h e  s m a l l  l i t t e r  

m a t e r i a l  which s e r v e s  a s  a s1.1hstra t e  f o r  n i t r o g e n - f i x i n g  b a c t e r i a .  



V i r t u a l l y  a l l  o f  t h e  i n t e r n a l  n u t r i e n t  f l u x e s  o f  t h e  f o r e s t  

ecosystem a r e  a f f e c t e d  by h a r v e s t i n g .  To t h e  e x t e n t  t h a t  t h e s e  

p r o c e s s e s  a l l o w  f o r  t h e  c o n s e r v a t i o n  o f  an  e a s i l y  l o s t  n u t r i e n t  

i n  s h o r t  supp ly ,  h a r v e s t - r e l a t e d  d i s r u p t i o n  can be s i g n i f i c a n t .  

Losses  o f  n i t r o g e n  and calc ium a r e  o f  p a r t i c u l a r  concern.  Phos- 

phorus  and potass ium r e s e r v e s  may a l s o  b e ' a f f e c t e d ,  In t h i s  c a s e ,  

whole- t ree  h a r v e s t s  may a g g r a v a t e  t h e  impacts  o f  conven t iona l  

o p e r a t i o n s  by removing s l a s h  which s e r v e s  as a n u t r i e n t  ' c u s h i o n '  

f o r  t h e  r e g e n e r a t i n g  s t a n d .  This  removal i n c r e a s e s  t h e  importance 

o f  p o s t - h a r v e s t  n u t r i e n t  l o s s e s  due t o  l each ing .  The i n c r e a s e  i n  

decomposi t ion and n i t r i f i c a t i o n  p r o c e s s e s  fo l lowing  h a r v e s t  s e r v e s  

t o  t e m p o r a r i l y  i n c r e a s e  p o o l  o f  n u t r i e n t s  a v a i l a b l e  f o r  p l a n t  

up take .  Th i s  p r o c e s s ,  a c c e l e r a t e d  by t h e  i n c r e a s e d  c l i m a t i c  expo- 

s u r e  fo l lowing  whole- t ree  h a r v e s t s ,  r e s u l t s  i n  h i g h e r  l e a c h i n g  

l o s s e s  o f  e s s e n t i a l  n u t r i e n t s , ' i n c l u d i n g  n i t r o g e n  and calc ium,  i n  

t h e  absence o f  r e g e n e r a t i o n .  

Of t h e  o u t p u t  mechanisms, biomass removal and l each ing  a r e  

most c l e a r l y  a f f e c t e d  by t y p e  o f  h a r v e s t  o p e r a t i o n .  Extens ive  

r e s e a r c h  h a s - c o n s i s t e n t l y  shown t h a t  t h e  whole- t ree  o p e r a t i o n s  

remove s u b s t a n t i a l l y  more n u t r i e n t s  t h a n  conven t iona l  h a r v e s t s .  

Th i s  appea r s  t o  be  e s p e c i a l l y  t r u e  of  n i t r o g e n  and phosphorus.  A s  

d e s c r i b e d  e a r l i e r ,  i n t e n s i v e  h a r v e s t s  may encourage s u b s t a n t i a l  

l e a c h i n g  l o s s  o f  n u t r i e n t s  u n t i l  t h e  s i t e  h a s  been r e v e g e t a t e d .  

Inc reased  a v a i l a b i l i t y  o f  l e a c h i n g  p r e c i p i t a t i o n  and h i g h  decompo- 

s i t i o n  r a t e s  appear  t o  be  p r i n c i p a l l y  r e s p o n s i b l e  f o r  t h i s  pheno- 

rilenun. The e f f e c t  o f  h a r v e s t i n g  on v o l a t i l i z a t i o n  mechanisms may , 

v a ry  from s i t e  t o  s i t e .  

i Jh i l e  it i s  c l e a r  t h a t  h a r v e s t  o p e r a t i o n s  i n c r e a s e  n u t r i e n t  

l o s s e s  i n  r e l a t i o n  t o  und i s tu rbed  f o r e s t  ecosystems,  t h e  r e l a t i o n -  

s h i p  o f  whole- t ree  t o  conven t iona l  h a r v e s t s  and t h e  impact  of a l l  

h a r v e s t  sys tems on t h e  long-term p r o d u c t i v i t y  o f  t h e  f o r e s t  eco- 

system should  be  examined a s  p a r t  o f  t h e  c o n t i n u i n g  moni tor ing  

e f f o r t  o f  t h e  proposed p r o j e c t .  I n  many c a s e s ,  however, whole- 

t r e e  h a r v e s t s  appear  t o  a c c e n t u a t e  t h e  d i s t u r b a n c e s  of  t h e  

n u t r i e n t  c y c l e .  I t  i s  by no means c e r t a i n  t h a t  t h e  normal i n p u t  

and c y c l i n g  mechanisms a r e  capab le  of  s u s t a i n i n g  t h e  n e c e s s a r y  

p o o l s  o f  a v a i l a b l e  n u t r i e n t s  i f  i n c r e a s i n g l y  i n t e n s i v e  h a r v e s t  



methods a r e  emsloyed. The growing i n t e r e s t  i n  wood energy and t h e  

c o n c u r r e n t  growth i n  t h e  demand f o r  wood f i b e r  h e i g h t e n s  t h e  con- 

c e r n  ove r  ' t h e s e  q u e s t i o n s .  The envi ronmenta l  moni tor ing  program 

t o  be  conducted as p a r t  o f  t h e  proposed a c t i o n  p r o v i d e s  an impor- - 

+ant  o p p o r t u n i t y  f o r  f u r t h e r  r e s e a r c h  on n u t r i e n t  c y c l i n g  i n t e r -  

a c t i o n s  wi th  h a r v e s t  o p e r a t i o n s .  



FAUNA OF THE FOREST ECOSYSTEM 

Microbes 

Protozoa are found throughout the  fo res t  ecosystem, but a r e  

concentrated i n  the upper layers  of the  s o i l  and the  l i t t e r .  They 

include many d i f f e r e n t  amoebas, c i l i a t e s ,  and especial ly  co lor less  

f l a g e l l a t e s  ( O d u m  1971). These organisms are  microconsumers 

( sapro t rophs) ,  involved in  the  decomposition of dead mul t ice l lu la r  

p lan ts  and animals. Microbial decomposers are  abundant (approxi- 

mately 1012 t o  1015 per square meter) and, i n  combination 

with bac te r i a ,  algae,  and fungi, cons t i tu te  a  c ruc ia l  l ink  in  t h e  

nu t r i en t  recycling process ( see  Nutrient Sect ion) .  

Invertebrates 

Arthropods ( i n s e c t s ,  crustacea,  arachnids) ,  nematodes, 

oligochaete worms, s lugs ,  and s n a i l s  a re  a l l  abundant in f o r e s t s ,  

and number i n  the hundreds t o  thousands per square rneter ( O d u m  

1971). They occur primarily i n  the  l i t t e r  and s o i l ,  but a re  

extremely diverse and special ized and can be found throughout the  

vege.tation i n  l a rva l  or  adul t  forms. I n  the  fo res t  community, 

inver tebrates  a id  i n  the mechanical breakdown of dead mater ia l ,  

- s o i l  aerat ion,  and pol l ina t ion  of p lan ts  and also serve as  food 

fo r  la rger  consumers . 

Umphibian.~ and Repti les 

Numerous frogs,  toads, salarnanders, snakes and t u r t l e s  can be 

found i n  the fuelwood harvest region .(see Table 1 9 ) .  Except for 

the  snakes, they are found i n  wetland areas .  A l l  of them are  

j n s e c t i v s r o u ~  ac a d u l t s ,  

Birds 

3.irds a r e  the  most important ver tebrates  i n  the fuelwood har- 

vest  region in  terms of numbers and var ie ty .  They inhabi t  all 



TABLE 19: REPTI LES. AND ' AMPHIBIANS OF THE 
FUELWOOD HARVEST REG I O N  

Snapping T u r t l e  
Pa in ted  T u r t l e  

Eas te rn  G a r t e r  Snake 
Eas te rn  Smooth Green Snake 
Eas t e rn  Mi 1 k Snake 

Green Frog 
P i cke re l  Frog 
Northern Leopard Frog 
blood Frog 
American Toad 

Northern Two-lined Salamander 
Northern Dusky Salamander 
Northern Spr ing  Salamander 
Red-spotted Newt 
Red-backed Salamander 

Che Zydra serpentina 
Chrysermgs pieta 

Thmmophis sirtaZis s ir taz is  
Opheodrys vemaZis vernaZis 
Lampropeltis doliata trianguZwn 

Rana clamitans melanota 
Rcma palustis 
Rcma pipiens pipiens 
Rana sy Zvatiea 
Bufo americanus 

Eurycea biszineata bisZineata 
Desmognathus fuscus fuscus 
GyrinophiZus porphyriticus porphyriticus 
flotopthalmus viridescens viridescens 
PZethodon cinereus cinereus 

Source: Conant 1975. 



l e v e l s  o f  t h e  f o r e s t  from ground t o  canopy. Table  2 0  l i s t s  t h e  

b i r d  s p e c i e s  t h a t  may occur  i n  t h e  s t u d y  a r e a .  

Raptors  f r e q u e n t  f o r e s t  c l e a r i n g s  where t h e y  p r e y  on sma l l  

mammals and b i r d s .  They t y p i c a l l y  n e s t  i n  s t a n d i n g  dead t r e e s .  

C l ing ing  b i r d s  a r e  adapted  e s p e c i a l l y  t o  t r e e  t r u n k s  were t h e y  

n e s t  i n  c a v i t i e s  and f eed  on i n v e r t e b r a t e s .  Ground-dwellers f eed  

on mast o r  i n s e c t s  and t a k e  r e f u g e  i n  t h e  lower branches  o f  t r e e s ,  

e s p e c i a l l y  c o n i f e r s .  Perching b i r d s  a r e  t y p i c a l l y  edge o r  canopy 

d w e l l e r s .  They a r e  a b l e  t o  e x p l o i t  a v a r i e t y  o f  food s o u r c e s  and 

n e s t i n g  s i t e s  and s o  a r e  t h e  most d i v e r s e  group.  Bi rds  a s s o c i a t e d  

w i t h  f r e shwa te r  marshes and bogs i n c l u d e  wading and swimming 

s p e c i e s  t h a t  f eed  on a q u a t i c  p l a n t s  and an imals .  Some pe rch ing  

b i r d s  a l s o  occur  i n  t h e  emergent v e g e t a t i o n  o f  marshes.  

Mammals i n h a b i t  a l l  l e v e l s  o f  t h e  t e r r e s t r i a l  environment ,  

b u t  a r e  r e l a t i v e l y  few i n  t o t a l  numbers. Spec ies  whose range 

i n c l u d e s  t h e  fuelwood h a r v e s t  r e g i o n  a r e  shown i n  Table  21, a long  

w i t h  t h e  t y p e  o f  h a b i t a t  t h e y  may be found i n .  The moles and 

shrews a r e  burrowing mammals, f e e d i n g  on i n v e r t e b r a t e s  i n  t h e  

s o i l .  Bats  a r e  n o c t u r a l  i n s e c t i v o r e s ,  r o o s t i n g  i n  caves  o r  t r e e  

h o l l o w s ' d u r i n g  t h e  day.  The m a j o r i t y  o f  t h e  c a r n i v o r e s  i n h a b i t  

t h e  f o r e s t  edges  'and a r e a s  wi th  mixed-aged s t a n d s  where sma l l  

an imal  p r e y  i s  abundant. ,  Most o f  t h e  t e r r e s t r i a l  c a r n i v o r e s  a r e  

a c t u a l l y  omnivores and some, l i k e  t h e  coyote ,  raccoon,  b e a r ,  and 

fox ,  a r e  o c c a s i o n a l l y  s cavenge r s .  The a q u a t i c  c a r n i v o r e s  f eed  on 

f i s h  and l a r g e  a q u a t i c  i n v e r t e b r a t e s .  S q u i r r e l s  and chipmunks a r e  

predominant ly  a r b o r e a l  an ima l s ,  a l t h o u g h  t h e y  may n e s t  i n  burrows 

a t  t h e  base  o f  t r e e s  and do most o f  t h e . i r  f eed ing  on t h e  ground.  

The o t h e r  h e r b i v o r e s  l i s t e d  i n  Table  21  t end  t o  p r e f e r  a r e a s  w i th  

low shrubby growth t h a t  p r o v i d e s  them wi th  bo th  food and cove r .  

Moose and d e e r ,  be ing  l a r g e r ,  u s u a l l y  r e l y  on mature softwood 

s t a n d s  f o r  cove r ,  e s p e c i a l l y  du r ing  t h e  w i n t e r .  
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TABLE 20: BIRDS OF THE FUELWOOD HARVEST REGION 

Birds of Prey (Raptors) 

Sharp Shinned Hawk 
Goshawk 
Red- ta i 1 ed Hawk 
Broad-wi nged Hawk' 
Sparrow Hawk 
Rough-1 egged Hawk 
Golden Eagle 
Bald Eagle 
Peregri ne Fa1 con 
Barred Owl 
Screech Owl 
Great Horned Owl 
Saw-whet Owl 

Cl i ngi ng Birds 

Yellow-shafted Flicker 
Pi 1 ea ted Woodpecker 
Yellow-bellied Sapsucker 
Ha i ry Woodpecker 
Downy Woodpecker 
Whi te-breasted Nuthatch 
Red-breas ted Nuthatch 
Brown Creeper 

Ground Dwell ers  

Ruffed Grouse 
American Woodcock 

Perchi na Bi rds 
Primari ly i nsecti'vores : 

Black and White Warbler 
Tennessee Warbler 
Nashvi 11 e Warbler 
Parul a Warbler 
Magnolia Warbler 
Bl ack-throated Bl ue Warbler 
Myrtle Warbler 
Black-throated Green Warbler 
Bl ackburnian Warbler 
Chestnut-si ded Warbler 
Bay-breas ted Warbl er  
Bl ack-poll Warbler 
Ovenbi r d  
Northern Waterthrush 
Louisiana Waterthrush 
Mourning WarbS er 
Ye1 1 owthroat. 
Canada Warbler 
American Redstart 

Accipiter s t r ia tus  
Accipiter gentiZis 
Buteo regalis  
Buteo pZatypteru8 
FaZco sparverius 
Buteo Zagopus 
AquiZa chrysaetos 
HaZiaeetus ZeucocephaZus 
FaZco peregrinus 
S t r i x  varia 
Otus asio 
Bubo virginianus 
Aego Zius acadicus 

Co Zaptes auratus 
- Dryocopus piZeatus 

Sphyrapicus varius 
Dendrocopus viZZosus 
Dendrocopus pubescens 
S i t t a  caroZinensis 
S i t t a  canadensis 
Certhia fami Ziaris 

Bonasa wnbe Z Zus 
Phi Zohe Za minor 

Mni0t.i Zta varia 
Vermivora peregrina 
Vermivora ruf icapi  Z Za 
Paru Za cnnericana 
Dendroica magno Zia 
Dendroica caeruZescens 
Dendroica coronata 
Dendroica virens 
Dendroica ,fusca 
Dendroica pennsylvanica 
Dendroica castanea 
Dendroica s t r ia ta  
Seiurus aurocapiZZus 
Seiurus noveboracensis 
Seiurus motaciZZa 
Oporornis phi Zade Zphia 
GeothZypis trichas 
W i  Zsonia canadensis 
Setaphaga r u t i c i  Z Za 



TABLE 20: Cont. 

Pr imar i  l y  insec t i vo res  (Cont. ) : 

House Wren 
Winter Wren 
Catb i rd  
Brown Thrasher 
Robin 
Wood Thrush 
Hermi t Thrush 
Swainson's Thrush 
Gray-cheeked Thrush 
Veery 
Eastern Bl  uebi r d  
Go1 den-crowned K i  ngl  ey 
Ruby-crowned K i  ng l  ey 
Sol i t o r y  Vireo 
Red-eyed V i  reo 
Phi l ade l  phia Vireo.  
Warbl i ng Vireo 
B l  ac k- b i  11 ed Cuckoo 
Eastern K i  ngbi r d  
Great Crested Flycatcher 
Eastern Phoebe 
Yel low-be l l ied Flycatcher 
Least Flycatcher 
Eastern Wood Pewee 
Ol ive-s ided Flycatcher 
Tree Swallow 
Bank Swallow 
Barn Swallow 
Chimney S w i f t  

Omnivores: 

Balt imore Or io le  
Common Grackle 
Brown- headed Cowbird 
Scar1 e t  Tanager 
Blue Jay 
Common Raven 
Common Crow 
Cedar Waxwi ng 
Star1 i n g  

Necti  vores: 

Ruby- throa ted I,lummi ngbi rd,  

P r ima r i l y  seed-eaters: 

Tree Sparrow 
Chi ppi ng Sparrow 
F i  e l  d Sparrow 
Whi te-crowned Sparrow 
Whi te- throated Sparrow 
LSncoln's Sparrow 
Swamp Sparrow 

Troglodytes aedon 
WogZodytes trog Zody t e s  
DumeteZZa caroZinensis 
Toxostoma r e f m  
W d u s  migratorius 
~y ZoeiachZa muste Zina , 

HyZocichZa guttata 
Hy ZocichZa ustuZata 
Hy ZocichZa minima 
Hy ZocichZa fuseescens 
SiaZia siaZis 
Regu Zus satrapa 
ReguZus caZenduZa 
Vireo soZitarius 
Vireo o Zivaceus 
Vireo phi Zade Zphicus 
Vireo giZvus 
Coccyzus erg thropthazntus 
!Qjrannus tyrannus 
Myiarchus cr in i tus  
Sayomis phoebe 
Bnpidonax fzaviventris 
kpidonux minims 
Contopus virens 
Nutta Z Zornis borea Zis 
Iridoprome bicoZor 
Riparia riparia 
Hirundo rust ica 
Chaetura pe Zagica 

Icterus gaZbuZa 
QuiscuZa quiscuZa 
MoZothrus a ter  
Piranga o Zivacea 
Cyanocitta cr is ta ta  
Corvus c o r m  
Corvus brachyrhynchos 
BombyciZZa cedromun 
Sturnus vuZgaris 

SpizeZZa arborea 
SpizeZZa passerina. 
Spize Z Za pusi Z Za 
Zonotrichia Z eucophrys 
Zonotrichia aZbicoZZis 
Me Zospiza linco Znii 
MeZospiza georgiana 



TABLE 20: Cont. 

Prirnari l y  seed-eaters (Cont. ) : 

Song Sparrow 
Rose-breasted Grosbeak 
Indigo Bunting 
Evening Grosbeak 
Purple Finch 
Pine S i sk i n  
Arneri can Go1 d f  i nch 
Rufous-s ided Towhee 
Slate-colored Junco 
Black-capped Chickadee . 
Boreal Chickadee 

Me Zospiza me Zodia 
Pheucticus Zudovicianus 
Passerina cyanea 
Hesperiphona vespertina 
Carpodacu~ purpureus 
Spinus pinus 
Spinus t r i s t i s  
PipiZo erythrophthuZmus 
Junco hyema Zis 
Parus atricapiZZus 
Parus hudsonicus 

Birds I nhab i t i ng  Freshwater Marshes and Bogs 

Pie-bi  1 l e d  Grebe 
L i  ttl e-Bl ue Heron 
Least B i t t e r n  
American B i t t e r n  
Ma1 l a r d  
Black Duck 
P i n t a i l  
Green-wi nged Teal 
B l  ue-wi nged Teal 
American Wigeon 
Wood Duck 
Red head 
Greater Scamp 
Lesser Scamp 
Hooded Merganser 
King Ra i l  
V i rg ina Ra i l  
Sora Ra i l  
Yellow Ra i l  
Common Gal 1 i n u l e  
American Coot 
W i l l e t  
Black Tern 
Short-eared O w l  
Long-bi1 l e d  Marsh Wren 
Sho r tb i l l ed  Marsh Wren 
Palm Warbler 
W i  1 son ' s Warbler 
Redwi nged B l  ackbi r d  
Rusty B lackb i rd  
Swamp Sparrow i 

Podi Zymbus podiceps 
Florida caeruZea 
Ixobrychus exiZis 
Botaurus Zentiginosus 
Ana rubripes 
Anas acuta 
Anas caro Zinensis 
Anas discors 
Mareca mericana 
Aix sponsa 
Aythya mericana 
Aythya mariZa 
Aythya a f f i n i s  
Laphodytes cucuZZatus 
RaZZus eZegans 
LateraZZus jamaicensis 
RaZZus limico Za 
Porzana caroZina 
Cotmicops  noveboracensis 
GuZZinuZa chZoropus 
J'ulica mericana 
Catoptrophorus semipa7,mcrtzcs 
ChZidonias niger 
Asio f l m e u s  
TeZmatodytes paZustris 
Cistothorus platensis 
Dendroica paZmgrwn 
W i  Zsonia pusi Z Za 
AgeZaius phoeniceus 
Euphugus caro Zinas 
MeZospiza georgiana 

Source: Robbins, Bruun & Z i r n  1966. 



I nsec t i vo res  

TABLE 21: MAMMALS OF THE FUELWOOD HARVEST REGION 

H a i r y - t a i l e d  Mole 
Star-nosed Mole 
S h o r t - t a i l e d  Shrew 
Pygmy Shrew 
Long- ta i led  Shrew 
Masked Shrew 
Smokey Shrew 
Water Shrew 

. S i l v e r - h a i r e d  Bat 
Red Bat  
Hoary Bat 
Eastern P i  p i  s t r e l  l e  
B i g  Brown Bat  
Indiana Myot is  
Small-footed Myot is  
L i t t l e  Brown Myot is  
Keen Myo t i  s  

Carnivores 

Mink 
Black Bear 
Raccoon 
Marten 
F i  s  her  
S h o r t - t a i l e d  Weasel 
Long- ta i led  Weasel 
S t r i p e d  Skunk 
Red Fox 
Gray Fox 
Lynx 
Bobcat 
Coyote 
R ive r  O t t e r  

Herbivores 

Beaver 
Woodchuck 
Eastern Chipmunk 
Eastern Gray S q u i r r e l  
Red S q u i r r e l  
Southern F l y i n g  S q u i r r e l  
Northern F l y i n g  S q u i r r e l  
Deer Mouse 
White-footed Mouse 

Parasca Zops breueri 
Condy Zura cr is ta ta  
BZarina brevicanda 
Microsorex hoyi 
Sorex dispar 
Sorex cinereus 
Sorex fwnus 
Sorex pazustris 
Lusionyoteris noctivagens 
Lasiurus borea Zis 
L a s i m s  cinereus 
Eastern Pipis tre  ZZe 
Eptesicus fuscus 
Myotis . soda Zis 
Myotis subuZatus 
Myotis Zucifugus 
Myotis kenni 

Mus t e  Za vixon 
llrsus americanus 
eocyon  Zotor 
Martes americam 
Martes penmnti 
Mus t e  Za erminea 
Mus t e  la f remta  
Mephi tus  mephi tus  
VuZpes fuZva 
Urocyon sinersomqe?~ 
Lynx canadensis 
Lynx ruta 
Canis Zatrans 
Lutra canadensis 

Caster canadensis 
Mormota morqg 
Tamias s t r ia tus  
Sc iwus  caro 2inen.w:~ 
Tamiasc ims  hudsonicus 
GZaucomys voZans 
GZaucomys sabrinus 
Peromyscus manicuZatus 
Peromyacus Zeucopus 

X X X 
X 

x  x  X X X  
X 

X 
x  X X X  

X 

X 
x  X X X  
x  X X X  
x  X X X  
x  X X X  
x  X X X  
x  X X X  
x  X X X  

x  X X X  
x  X X X  
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Impacts on Ter res t r i a l  Fauna 

The e f f e c t s  of wood harvest  on animal populations w i l l  be d i f f e r -  

en t  fo r  each species,  depending on i t s  food source and hab i t a t  

preference. However, the  nature of the impacts, benef ic ia l  or  

detrimental,  a r e  determined by the extent  of the timber harvest .  

The overal l  d ive r s i ty  and abundance of fauna can be enhanced when 

harvest  operations a r e  employed i n  such a way a s  t o  create  a wide 

range of habi ta t  types (Webb 1973; Hall e t  a l .  1976). This 

r e s u l t ,  however, i s  not the inevi table  consequence of harvest  

operations. The immediate impacts of harvesting operations on 

individuals of a species i s  usually negative. Logging a c t i v i t y  

can force animals t o  leave the area or t o  re locate  to  a l e s s  than 

optimur~l hab i t a t  within the v ic in i ty .  However, these a re  short-. 

term e f f e c t s  . on individuals which should not threaten , the general  

abundance of most species i n  the region (Hall  e t  a l .  1976). The 

only exception t o  t h i s  would be i n  cases where ra re  species occur 

i n  i so la ted  locations and such disrupt ion would threaten the 

reproductive success of the population. 

Microbes and inver tebrates  a r e  generally so abundant and 

adaptable t o  local  changes i n  the physical environment t h a t  t h e  

impact on them would appear t o  be negl igible .  The major impacts 

are  f e l t  by ver tebrate  species ( w i l d l i f e ) .  

To a considerable extent ,  the choices exercised by the har- 

vest  operator and the fo res t  landowner determine types of hab i t a t  

created by harvesting.  Clearcutt ing i n  narrow s t r i p s  or  small 

pa.l;ches, for example, creates  a large amount of "edge" hab i t a t  

along the boundaries of the cu t .  Wildlife feeding i n  these areas 

a re  never fa r  from the  protect ive cover of the uncut fo res t  stand.  

Large, unbroken c learcuts ,  on the other hand, a r e  characterized by 

a uniformity of habi ta t  unconducive t o  diverse wi ld l i fe  popula- 

t ions .  Other harvest methods, such as  se lec t ive  cu t t ing ,  can 

crea te  a s t r a t i f i c a t i o n  of the fo res t  canopy and thus support a 

wider range of bird  species. 

The r e s u l t  of interspersed timber harvests i s  a restructured 

physical environment, which, as  the area revegetates,  o f f e r s  a 

wider var ie ty  of niches than i s  avai lable  i n  a  mature fo res t .  

Removal of much of the fo res t  canopy and creat ion of open area 



st imulates the growth of low, shrubby vegetation and saplings.  

T h i s  provides food fo r  browsing animals such a s  d.eer, and food and 

cover for  typ ica l  "edge" species such a s  hare,  ruffed grouse, 

woodchuck, black bear, thrush, and sparrows. Most seed-eating 

b i rds  w i l l  be favored i n  these areas .  Populations of many small 

mammals -- mice, shrews, chipmunks, red s q u i r r e l s  -- and b i rds  a r e  

generally a s  large i n  cut areas  a s  i n  uncut ones (Webb 1973). 

Canopy dwellers, such as  ovenbirds and some species of warblers, 

w i l l  decline following harvest  but can be expected t o  reappear a s  

a  new canopy becomes established (Conner & Adkisson 1975). 

I n  one study i n  the Adirondacks, removal of 100 percent of 

the  merchantable timber resul ted i n  the  g rea tes t  overal l  benef i t  

t o  wi ld l i f e  as compared with stands t h a t  had from 0 t o  7 5  percent 

removed (Webb 1973).. However, complete removal of a l l  the stand- 

i n g  volume would probably not be as  e f fec t ive .  Several species-- 

for example, squ i r re l s ,  deer, and ruffed grouse--can r e l y  heavily 

on mast during cer ta in  periods of the year (Zumbo 1978). Removal 

of a l l  mature hardwoods would eliminate t h i s  food source. Deer, 

i n  pa r t i cu la r ,  depend on some forested area,  especial ly  coni fers ,  

for winter protection.  

The impact of whole-tree harvest and harvest of low-grade 

material  on wi ld l i fe  i s  not known. The harvest  of c u l l  t r e e s  

would open up areas t h a t  might otherwise be unproductive, but 

could destroy nesting and feeding areas for several  animal species 

( see  Table 2 2 ) .  

Slash, l e f t  by t r a d i t i o n a l  harvesting operations,  o f f e r s  

cover for some species but can represent hazards t o  others by pro- 

viding concealment for  predators. Deer sometimes u t i l i z e  remain- 

i n g  t r e e  tops for food during winter. 

The net  e f f e c t  of fuelwood harvests on the wi ld l i fe  of the 

region cannot be accurately described without a detai led knowledge 

of  the fo res t  prac t ices  t o  be employed. As has been discussed 

above, the  potent ia l  ex i s t s  t o  develop and maintain a wide range 

of hab i t a t s  supporting a  diverse array of fauna populations. Eco- 

nomic pressures and landowner object ives ,  however, could combine 

t o  exclude consideration of wi ld l i fe  object ives  i n  the choice of 

harvest  method. Widespread use of la rge ,  economically e f f i c i e n t  



TABLE 22: WI lDLIFE SPECIES DEPENDENT ON DEAD AND 
DEFECTIVE TREES FOR FOOD AND/OR COVER 

Birds 
Red- breas ted Nuthatch 
Whi te-breasted Nuthatch 
Black-backed 3-toed Woodpecker 
Northern 3-toed Woodpecker 
Red-headed Woodpecker 
Hai ry Woodpecker 
Downy Woodpecker 
Ye1 low-be1 1 ied Saps.ucker 
Pileated Woodpecker 
Common Flicker 
Wood Duck 
Common go1 deneye Duck 
Buff 1 ehead Duck 
Hooded Merganser 
Saw-whet Owl 
Screech Owl 
Sparrow Hawk 
Bald Eagle 
Golden Eagle 
Common Merganser 
American Kestrel 
Barn Owl 
Barred Owl 
Brown Creeper 
House Wren 
Winter Wren 
Star1 i ng 
House Sparrow 
Ameri can Osprey 
Peregri n Fa1 con 
Red-tailed Hawk 
Rough-1 egged Hawk 
Tree Swallow 
Purple ,Marti r i '  
Eastern Bl uebi r d  
Great crested 'Flycatcher 
Black-capped Chickadee 
Boreal Chickadee 

Mamma 1 s 
L i t t l e  Brown Bat 
Big brown Bat 
Marten 
Fisher 
Red Squirrel 
Northern gray Squirrel 
Eastern flying Squirrel 

. . . . , .  . .  . 

Sources: Sco t t  e t  0 2 .  1977 and USDA 28-77, 



c learcuts  w i l l  tend t o  reduce the d ive r s i ty  of hab i t a t  types and 

wi ld l i f e  i n  the fuelwood harvest  region. Whatever harvest methods 

a r e  chosen, the  increased harvest a c t i v i t y  and access t o  current ly  

remote areas  of the region may d i s tu rb  sens i t ive  wi ld l i fe  species 

and dr ive them permanently from the area (Zumbo 1978). 

.Species of Commercial and Recreational Value 

Animals t h a t  a r e  important a s  game animals o r  furbearers i n  

the fuelwood harvest region a re  l i s t e d  i n  Table 23.  Deer are  the  

most important animal because of t h e i r  hunting value. Consider- 

able research and management e f f o r t s  have been devoted t o  main- 

ta ining t h i s  species.  Food a v a i l a b i l i t y ,  predation and paras i t -  

ism, and she l t e r  from the deep snow a re  the three main fac tors  

l imit ing deer populations. Thinning and clearing of, fo res t s  would 

increase the  d e e r ' s  food supply, resu l t ing  in  an increase i n  deer 

numbers. However, it would a l so  disrupt  unbroken t r a c t s  of mature 

softwoods, which the deer r e ly  on for  winter yarding areas.  Very 

small c lear ings w i l l  not create  enough understory browse t o  sup- 

port  large deer herds. On the other hand, very large c lear ings 

would not provide adequate cover and protection.  The most effec- 

t i v e  c learcut  i s  a  long narrow s t r i p  which provides nearby cover 

' but a l so  creates  plenty of understory browse (Roach 1974). 

Rare and Endangered Species 

The bald eagle and short-nosed sturgeon are  the only species 

of fauna known t o  ex i s t  i n  Maine tha t  have been designated as 

endangered under the Endangered Species Act of 1973 (USFWS 1978; 

Gramllch 1979; Squires 1979). Xarvest operations can a f f e c t  bald 

eagles i n  several  ways. Physical removal of t r e e s  su i t ab le  for 

nesting and roosting l i m i t  eagle populations. Harvests and other  

management a c t i v i t i e s  can a l so  a f f e c t  eagles ind i rec t ly  by reduc- 

ing f i s h  populations or introducing pe r s i s t en t ' chen ica l s  in to  the  

food chain. These detrimental a c t i v i t i e s  a re  controlled t o  some 

extent under s t a t e  laws, but compliance i s  largely dependent on 

decisions made by individual  landowners and harvest operators.  

Direct interference 'with  bald eagles i s  prohibited under the 

Endangered Species Act of 1973, as  amended, and the Bald Eagle Act 

of 1940. R successful iden t i f i ca t ion  and protection program i s  



TABLE 23: GAME AND FUR-BEARING ANIMALS I N  THE FUEL\!OOD 
HARVEST REG I ON 

Big Game 
Whi te - ta i l  Deer 
.Black Bear 
Moose 

Fowl - 
Woodcock 
Ruffed Grouse 
Canada Goose 
Duck 

Aquat ic  Fur -bearers  

Beaver 
Mink 
Otter 
Muskrat 

Small Game 
Gray Squj rrel 
Snows hoe Hare 

Upland Fur -bearers  

' Bobcat 
Coyote 
Fox 
Skunk 
Fi s h e r  
Marten 
Raccoon 

Source: MDIFW 1976. 



now underway, conduc ted  by t h e  U. S. F i s h  and W i l d l i f e  S e r v i c e  i n  

c o o p e r a t i o n  w i t h  t h e  s t a t e .  o f  Maine. The l o c a t i o n  and h a b i t s  o f  

t h e  few e a g l e s  t h a t  n e s t  on  t h e  p e r i p h e r y  o f  t h e  fuelwood h a r v e s t  

r e g i o n  h a v e  been  w e l l  documented and  p r o t e c t e d  by t h i s  program 

(Graml ich  1 9 7 9 ) .  H a r v e s t  a c t i v i t 9  a s s o c i a t e d  w i t h  t h e  p roposed  

a c t i o n  w i l l  n o t  j e o p a r d i z e  t h e s e  p o p u l a t i o n s .  

The i m p a c t s  o f  h a r v e s t i n g  on t h e  s h o r t - n o s e d  s t u r g e o n  a r e  

d i s c u s s e d  . i n  Appendic C. 

The h i s t o r i c a l  d i s t r i b u t i o n  o f  t h e  e a s t e r n  c o u g a r ,  g r e y  w o l f ,  

I n d i a n a  b a t ,  a l l  l i s t e d  a s  endangered ,  e x t e n d s  i n t o  t h e  fuelwood 

h a r v e s t  r e g i o n  (USFWS 1 9 7 8 ) .  C u r r e n t  p o p u l a t i o n s  i n  t h i s  r e g i o n ,  

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

t i o n  e f f o r t s  a t  t h i s  t i m e  ( N i c k e r s o n  1 9 7 9 ) .  The p e r e g r i n e  f a l c o n ,  

a l s o  a n  endangered  s p e c i e s ,  may m i g r a t e  t h r o u g h  t h e  h a r v e s t  r e g i o n  

b u t  d o e s  n o t  u s e  t h e  r e g i o n  f o r  n e s t i n g  and b r e e d i n g  ( N i c k e r s o n  

1 9 7 9 ) .  H a r v e s t  a c t i v i t i e s  w i l l  n o t  a f f e c t  p o p u l a t i o n s  o f  t h i s  

s p e c i e s  ( N i c k e r s o n  1 9 7 9 ) .  



FOREST PRACTICES I N  THE FUELWOOD FIARVEST REGION 

Hi s to ry  o f  F o r e s t  P r a c t i c e s  

One o f  t h e  f i r s t  sawmills i n  t h e  United S t a t e s  was b u i l t  i n  

Berwick, Maine, i n  1631 ( ~ a c k e r m a n ,  ~ a ~ e n s t e i n  & M i t c h e l l .  1 9 6 6 ) .  

From t h i s  d a t e  t o  t h e  p r e s e n t ,  t h e  t imber  i n d u s t r y  h a s  more o r  

l e s s  con t inuous ly  fol lowed t h e  s a m e  p a t t e r n  o f  f o r e s t  management 

p r a c t i c e s  i n  t h e  r eg ion :  l o g g e r s  .have s e l e c t i v e l y  c u t  t h e  b e s t -  

q u a l i t y  and h ighes t -va lued  t r e e s  f o r  sale t o  demanding markets .  

U n t i l  about  1800, h i g h - q u a l i t y  whi te  p i n e  c u t  bo th  f o r .  sawlogs and 

s h i p  masts  was v i r t u a l l y  t h e  o n l y  p roduc t  o f  t h e  f o r e s t  i n d u s t r y  

i n  Maine and New Hamsphire. A f t e r  1850, sawmills began producing 

sp ruce  and balsam f i r  lumber. These s p e c i e s  were no t  predominant 

i n  t h e  proposed h a r v e s t  r e g i o n ,  however, and whi te  p i n e  con t inued  

t o  be  t h e  rnost s o u g h t - a f t e r  s p e c i e s .  P r i o r  t o  1900, t h e  on ly  

s i g n i f i c a n t  market  f o r  hardwood i n  Maine o r  New Hampshire w a s  t h a t  

f o r  oak i n  t h e  s h i p b u i l d i n g  i n d u s t r y .  The widespread s e l e c t i v e  

h a r v e s t  o f  t h i s  , s p e c i e s  cont inued  t h e  t r e n d  o f  removing o n l y  t h e  

b e s t - q u a l i t y  wood i n  t h e  f o r e s t .  

This  p r a c t i c e  o f  c u t t i n g  on ly  t h e  b e s t  q u a l i t y  t r e e s  i n  a  

s t a n d  ( c a l l e d  h igh-grad ing)  l e a v e s  o n l y  i n f e r i o r  t r e e s  f o r  t h e  

n e x t  h a r v e s t  and r e s u l t s  i n  t h e  p r o g r e s s i v e  d e t e r i o r a t i o n  o f  a 

f o r e s t ' s  gene poo l .  Therefore ,  t h e  q u a l i t y  o f  'trees f o r  f u t u r e  

h a r v e s t s  i s  s u c c e s s i v e l y  lowered.  A v a r i a t i o n  of  h igh-grad ing ,  

c a l l e d  d i a m e t e r - l i m i t  c u t t i n g ,  h a s  a l s o  been common p r a c t i c e  i n  

t h e  fuelwood h a r v e s t  r e g i o n .  With t h i s  t e c h n i q u e ,  a l l  t r e e s  o f  a 

s i z e  l a r g e r  than  t h e  minimum cons ide red  merchantable  a r e  removed 

from t h e  s t a n d .  This  system can be s imply a p p l i e d  and p rov ides  

h igh  shor t - te rm r e t u r n s  p e r  u n i t  of  wood h a r v e s t e d .  This p rac-  

t i c e ,  however, a l s o  removes t h e  f a s t e s t  growing, most promising,  

and most v igo rous  t r e e s  and a l l ows  no c o n t r o l  over t h e  d i s t r i b u -  

t i o n  of  t h e  c u t ,  t h e  spac ing  o f  t h e  remaining t r e e s ,  o r  t h e  t ype  

and d i s t r i b u t i o n  o f  r e g e n e r a t i o n .  Again, w i th  t h i s  t y p e  o f  h a r -  

v e s t ,  t h e  f o r e s t  d e t e r i o r a t e s .  



Present-day Influences on Forest Practices 

A nunber of fac tors  have prevailed throughout the  350-year 

h i s to ry  of fo res t  use i n  the region t o  deter  both commercial 

harvesters and individual landowners from pract ic ing be t t e r  f o r e s t  

management. A s  the  br ie f  h i s t o r i c a l  sketch above demonstrates, 

the  market for fo res t  products has determined the qual i ty  and 

species of t r e e s  harvested from the region 's  fo res t s .  Because 

there  was l i t t l e  demand for  low-quality t r e e s  before 1900, there  

was l i t t l e  economic incentive t o  harvest anything but the highest- 

qua l i ty  t r e e s  of the  rnost desirable  species. 

Since 1900, the  pulp industry has created a more diverse 

market for softwoods and, increasingly i n  recent years, for 

hardwoods a s  well. Because the pulping process reduces wood t o  

i t s  f ibe r  content,  the industry i s  l e s s  r e s t r i c t i v e  regarding the  

s i z e ,  qua l i ty ,  and species of i t s  raw material  than i s  the sawtim- 

ber industry. Pulpwood harvest can include t r e e s  as  small as f i v e  

inches i n  diameter, a s  well as  those with some roughness of form. 

Because of the pulpwood market's r e l a t i v e  f l e x i b i l i t y  i n  

accepting materials  of varying q u a l i t i e s ,  some clearcut t ing of 

fo res t s  has been conducted i n  the proposed harvest  region, par- 

t i c u l a r l y  i n  the scat tered spruce-fir stands. This harvest tech- 

nique i s  generally more cost-eff ic ient  for the operator than 

se lec t ive  harvests when most of the material  i n  the stand i s  of 

pulpwood qual i ty .  The environmental impacts associated with 

c learcut t ing ,  l i k e  se lec t ive  harvesting, depend on the a2plication 

of the technique t o  a  par t icu lar  ecosystem. 

I n  most pulpwood harvests i n  the proposed harvest region, 

however, high-grading has continued t o  be the predominant cu t t ing  

technique. Despite  he l e s s  demanding standards for  pulpwood, 

both indus t r i a l  and harvesting technologies have dicta ted t h a t  

t r e e s  harvested f o r  pulp be reasonably s t r a i g h t  t o  ensure ease of 

t ransporta t ion and handling a t  the  m i l l .  This means t h a t  there 

s t i l l  e x i s t s  no incentive t o  cut  s ign i f i can t ly  deformed and other- 

wise unmerchantable t r ees .  



Landowner a t t i t u d e s  h a v e  a l s o  reduced  t h e  use  o f  o p t i m a l  

f o r e s t  management p r a c t i c e s  i n  t h e  area. F o r e s t  l a n d  w i t h i n  a  

50-mile r a d i u s  o f  Westbrook i s  h e l d  a l m o s t  e n t i r e l y  i n  s m a l l ,  non- 

i n d u s t r i a l ,  p r i v a t e  p a r c e l s .  Such o w n e r s h i p s  i n  N e w  Hampshire 

have  a n  aver .age  s i z e  o f  a b o u t  45 a c r e s ,  a  mean t h a t  c o n t i n u e s  t o  

d e c r e a s e  (Hovland 1978;  Kings ley  1 9 7 6 ) .  No. c o r r e s p o n d i n g  statis-  

t i c  i s  p r e s e n t l y  a v a i l a b l e  f o r  t h e  s t a t e  o f  Maine, b u t  it i s  cer- 

t a i n  t h a t  t h e  t r e n d ,  a t  l e a s t  i n  t h e  fuelwood h a r v e s t  r e g i o n ,  i s  

a l s o  toward  d i m i n i s h i n g  a c r e a g e  p e r  p a r c e l  and a n  i n c r e a s i n g  num- 

ber o f  owners.  

I n  e f f e c t ,  much f o r e s t  l a n d  i s  now h e l d  by owners .who a r e  n o t  

dependen t  on t h e i r  l a n d  f o r  even a  p o r t i o n  o f  t h e i r  incomes and 

whose p r i m a r y  o w n e r s h i p  o b j e c t i v e s  are  r e s i d e n t i a l  and a e s t h e t i c .  

These landowners  t y p i c a l l y  do  n o t  f a v o r  c l e a r c u t t i n g  and may n o t  

be i n c l i n e d  t o  c u t  a n y  t i m b e r  f o r  commercial s a l e .  I n  a r e c e n t  

s t u d y  o f  New England landowners  who h a v e  n o t  h a r v e s t e d  t i m b e r  on  

t h e i r  l a n d s ,  t h e  r e a s o n  most f r e q u e n t l y  c i t e d  was a  c o n c e r n  f o r  

impac t  on  " t h e  s c e n e r y "  ( K i n g s l e y  & B i r c h  1 9 7 7 ) .  These l andowners  

h a v e  n o t  u n d e r t a k e n  d e l i b e r a t e  t i m b e r  s t a n d  improvement measures  

b e c a u s e  t h e s e  e f f o r t s  t y p i c a l l y  a r e  u n p r o f i t a b l e  i n  t e r m s  o f  t h e  

immediate  r e t u r n  from t h e  removed m a t e r i a l .  

D e s p i t e  t h e s e  d i s i n c e n t i v e s ,  t w o  f o r c e s  have  m a i n t a i n e d  some 

l e v e l  o f  t i m b e r  s t a n d  improvement i n  t h e  fuelwood h a r v e s t  r e g i o n :  

.1) t h e  e f f o r t s  o f  some landowners  who a s s o c i a t e  such  p r a c t i c e  w i t h  

good l a n d  s t e w a r d s h i p ;  and 2 )  f i n a n c i a l  and t e c h n i c a l  a s s i s t a n c e  

pruyrams s u c h  as t h e  U.S. F o r e s t r y  I n c e n t i v e s  Program, t h e  U.S. 

A g r i c u l t u r a l  C o n s e r v a t i o n  Program, and v a r i o u s  p r i v a t e  t r e e  farm 

programs.  These programs make f u n d s  and a d v i c e  a v a i l a b l e  t o  l a n d -  

owners who wish  t o  rnanage t h e i r  l a n d s  f o r  f u t u r e  f o r e s t  produc- 

t i o n .  

F u t u r e  F o r e s t  P r a c t i c e s  

Changing m a r k e t s  f o r  f o r e s t  p r o d u c t s  c o u l d  s i g n i f i c a n t l y  

a f f e c t  t h e  demand f o r  l o w - q u a l i t y  wood i n  t h e  f u t u r e .  Nat ionwide ,  

cvnsumpt ion  o f  p a p e r ,  p a r t i c l e  b o a r d ,  and o r i e n t e d - s t r a n d  f i b e r -  



board i s  i n c r e a s i n g  r a p i d l y  (see F i g u r e  8 )  and should  c o n t i n u e  t o  

do s o  a s  r e c o n s t i t u t e d  boa rds  f i l l  t h e  m a t e r i a l s .  gap  l e f t  by 

d e c r e a s i n g  s u p p l i e s  o f  p r o d u c t s  produced from d e c l i n i n g  s t o c k s  o f  

old-growth t imbe r  i n  t h e  Western U.S. A s  demand f o r  t h e s e  p r o d u c t s  

h a s  r i s e n ,  t h e  pulpwood i n d u s t r y  h a s  i n c r e a s e d  i t s  r e l i a n c e  on 

f o r e s t  m a t e r i a l s  once  l e f t  unused.  

Over t h e  p a s t  twenty  y e a r s ,  t h e  p r o p o r t i o n  o f  hardwood i n  t h e  

annua l  pulpwood h a r v e s t s  i n  Maine h a s  rernained c o n s t a n t  due t o  t h e  

l i m i t a t i o n s  o f  Maine p u l p m i l l s .  These c o n s t r a i n t s  w i l l  be g r e a t l y  

reduced  a s  m i l l s  and p r o c e s s e s  are modernized:  hardwood w i l l  con- 

s t i t u t e  an  i n c r e a s i n g  p e r c e n t a g e  o f  t h e  pulpwood c u t  (Ferguson  & 

Kings ley  1972 ) .  I n  New Hampshire, t h e  hardwood pulpwood h a r v e s t  

h a s  i n c r e a s e d  d r a m a t i c a l l y  s i n c e  1959 (FRG 1978) .  In  a d d i t i o n ,  

t h e  p u l p  i n d u s t r y  i s  i n c r e a s i n g  i t s  r e l i a n c e  on whole - t ree  and 

m i l l - r e s i d u e  c h i p s  as  a  raw m a t e r i a l .  These t r e n d s  mean t h a t  

t h e r e  w i l l  be  a  g r e a t e r  economic i n c e n t i v e  f o r  landowners t o  r e -  

move low-qua l i ty  trees frorn t h e i r  p r o p e r t y .  

With an improving market  f o r  a  wider v a r i e t y  o f  t ree q u a l i -  

tYes and s p e c i e s ,  such  a s  t h a t  p rov ided  by a wood-fired power 

p l a n t ,  landowners w i l l  have  more f l e x i b i l i t y  i n  t h e i r  approach  t o  

f o r e s t  management. I f  e f f i c i e n t  h a r v e s t  t e c h n i q u e s  a r e  deve loped ,  

t rees o f  l o w e r  v a l u e ,  which e x i s t  i n  q u a n t i t i e s  f o r  g r e a t e r  t h a n  

t h e  amount c u r r e n t l y  c u t  (Sewa l l  19781,  can  p r o f i t a b l y  be  t h i n n e d  

o r  h a r v e s t e d ,  c r e a t i n g  room f o r  improved growth on a d j a c e n t  t r e e s  

o f  b e t t e r  form o r  s p e c i e s .  Landowners would t h u s  have  more o f  a n  

i n c e n t i v e  t o  unde r t ake  t imber  s t a n d  improvement and t o  use  ha r -  

ve s t i nc j  t e c h n i q u e s  t h a t  do n o t  r e s u l t  i n  h ighg rad ing .  

C u r r e n t l y ,  t h e  m a j o r i t y  o f  l ogg ing  c o n t r a c t o r s  i n  t h e  f u e l -  

wood h a r v e s t  r e g i o n  use  c o n v e n t i o n a l  h a r v e s t i n g  t e c h n i q u e s .  Each 

o p e r a t o r  h a s  a  c r e w  t y p i c a l l y  c o n s i s t i n g  o f  a  sawyer ,  a  s k i d d e r  

d r i v e r ,  and a  worker i n  t h e  l o g  l and ing .  Most o p e r a t o r s '  equip-  

ment i n v e n t o r i e s  i n c l u d e  s e v e r a l  c h a i n  saws, a  s k i d d e r ,  and a  

p i c k u p  t r u c k .  I n  most c a s e s ,  t h e  t r a n s p o r t a t i o n  o f  t h e  l o g s  i s  

c o n t r a c t e d  t o  an independen t  t r u c k e r .  

Some h a r v e s t  o p e r a t i o n s  i n  t h e  r e g i o n  are less mechanized. 

Fuelwood o p e r a t i o n s  r e l y  on conven i en t  a c c e s s  and g e n e r a l l y  do n o t  

i n c l u d e  a s k i d d e r  b u t  o n l y  one o r  two c h a i n  saws and a  p ickup  





t ruck.  

Five independent contractors i n  the study area current ly  r u n  

whole-tree chipping operations. These a c t i v i t i e s ,  a t  t h e i r  most 

mechanized leve l ,  depend on f e l l e r  bunchers t o  cut and stack whole 

t r e e s ,  grapple skidders t o  forward the t r e e s  to  the chipping s i t e ,  

and mobile whole-tree chippers which convert the logs t o  chips and 

blow the chips in to  semi t ra i le r  vans. This type of harvest opera- 

t ion  could lead t o  increased clearcut t ing of hardwoods, a s  t h i s  

approach i s  most 'cost-eff ic ient  from the  opera tor ' s  standpoint.  

The e f f e c t s  of such operations could be e i the r  good or bad, de- 

pending on the care with which they were applied and the ecosys- 

tems t h a t  were involved. Whole-tree removals could a l so  be con- 

ducted a s  thinning or se lec t ive  harvest techniques and could con- 

sequently lead t o  s ign i f i can t  improvement of the region 's  timber 

stands i f  fo res t  management with a  sound, long-term view could be 

encouraged. 

Impact of the Proposed Action on Forest Practices 

, 

The proposed wood-fired power plant  w i l l  improve the Iner- 

chantabi l i ty  of wood current ly  considered "waste, " increase the 

number of highly mechanized harvesting operations in  the region, 

and a l t e r  the cha rac te r i s t i c s  of the woods labor force; conse- 

quently, the project  w i l l  cause changes i n  the region 's  f o r e s t  

prac t ices .  

wood w i l l  be delivered t o  the proposed plant  as  low-quality 

chips,  a  product Lhat dues  not demand spec i f i c  t r e e  form or qua- 

l i t y .  Portions, s i z e s ,  species,  and grades of timber t h a t  a r e  

current ly  unusable, therefore ,  w i l l  acquire commercial value when 

the plant  begins operating. This increased merchantability w i l l  

simultaneously improve the economics of fo res t  management and 

acce lera te  the need for  measures t o  prevent fo res t  mismanagement. 

The addit ion of a  market for  low-quality wood chips i n  the 

fuelwood harvest region w i l l  create an a l t e rna t ive  t o  the t rad i -  

t i o n s l  prac t ice  of harvesting only the highest qua l i ty  t r e e s  and 

leaving the poorer t r ees  t o  r ees tab l i sh ' the  f o r e s t .  The fue l  chip 



market w i l l  make it possible t o  conduct prof i tab le  harvests while 

leaving high qual i ty  t r ees  t o  accrue s ign i f i can t  addi t ional  value 

and restock the fo res t s  with young t r e e s  from t h e i r  seed. Thus, 

the project  opens the p o s s i b i l i t y  of greater  consideration for the  

future  fores t  i n  the planning of timber harvests.  

The provision of a  market for waste wood and for  small t r e e s  

w i l l  a l so  improve the f e a s i b i l i t y  of timber stand improvement. 

For example, because small t r e e s  thinned from stands i n  the fuel-  

wood harvest  region have typica l ly  had no commercial value, i n -  

vestments i n  fo res t  improvement have been cos t ly  and have not 

yielded returns  u n t i l  the remaining fo res t  has grown for one or  

nore addi t ional  decades (Hillstrom & Steinhi lb  1976). Consequent- 

l y ,  t h i s  type of timber stand improvement has only r a re ly  been 

undertaken. By excepting material  from such thinnings,  the power 

p lan t  w i l l  accord it merchantable s t a tus  and thus improve the 

opportunit ies for timber stand improvement while lengthing the 

incomeproducing portion of the fores t  ro ta t ion ,  In addit ion,  the 

project  w i l l  c reate  a  market for the s lash  resu l t ing  from on-going 

harvest  operations. To be collected economically, however, t h i s  

s lash  m u s t  be skidded t o  the fo res t  landing as pa r t  of the mer- 

chantable port ion of the t r e e  and then sorted fo r  shipment to  the 

power plant .  I t  i s  unlikely t h a t  it would be cost-effective to  

c o l l e c t  s lash l e f t  on the fo res t  f loor  for  t h i s  project .  

Potent ia l  losses i n  timber value due to  i t s  use for products 

of lower than the maximum value could occur as a  r e s u l t  of t h i s  

project .  Loggers find i L  operationally simpler t o  chip a l l  

material  and t o  neglect sor t ing sawtimber and other high-value 

products during fuelwood harvest  operations (Bourassa 1978). 

Similarly,  operators w i l l  be tempted t o  harvest and chip well- 

formed young t r e e s  t h a t  might otherwise have grown in to  high-grade 

pole o r  sawtimber. Nonetheless, some chipping contractors today 

achieve the i r  bese economic re turns  by sor t ing lumber, pulp, and 

pole-quality logs and se l l ing  these t o  m i l l s  for  a higher pr ice  

than t h a t  received for  fue l  chips (Percival  1978). Likewise, some 

landowners demand t h a t  small, high-quality t r e e s  be l e f t  t o  grow 



i n t o  more v a l u a b l e  mature s t o c k .  Thus, economic c o n s i d e r a t i o n s  

somewhat m i t i g a t e  t h e  tendency t o  c h i p  i n d i s c r i m i n a t e l y .  

Because t h e  power w i l l  a c c e p t  low-qua l i ty  and conse- 

q u e n t l y  low-value m a t e r i a l ,  t h e  most e f f i c i e n t  means o f  h a r v e s t i n g  

and t r a n s p o r t i n g  t h i s  m a t e r i a l  must b e  employed. Exper ience i n  

t h i s  r e g i o n  and abroad i n d i c a t e s  t h a t  a  s y s t e ~ r ~  employing sawyers 

o r  f e l l e r - b u n c h e r s  t o  s h e a r  t h e  ' t r e e s ,  l a r g e  g r a p p l e  s k i d d e r s  t o  

h a u l  t h e  whole t r e e  t o  t h e  l and ing ,  and a  p o r t a b l e  c h i p p e r  t o  c h i p  

t h e  tree and blow it i n t o  t r u c k  vans w i l l  be t h e  m o s t  c o s t  e f f i -  

c i e n t  h a r v e s t  method (Rich 1 9 7 8 ) .  This t y p e  o f  system i s  s i g n i f i -  

c a n t l y  more mechanized than  t h e  t y p i c a l  system used t o . h a r v e s t  

wood i n  t h e  r e g i o n  today.  

Highly mechanized h a r v e s t  o p e r a t i o n s  could  r e s u l t  i n  i n c r e a s -  

ed damage t o  t h e  r e s i d u a l  s t a n d  and t o  t h e  f o r e s t  h a r v e s t  s i te .  

Res idua l  s t a n d  damage i s  o f t e n  c h a r a c t e r i z e d  by mechanical  i n j u r y  

t o  uncut t r e e s  du r ing  f e l l i n g  and s k i d d i n g  o p e r a t i o n s .  The use  o f  

l a r g e  g r a p p l e  s k i d d e r s  a s s o c i a t e d  w i t h  whole- t ree  h a r v e s t s  r a i s e s  

t h e  l i k e l i h o o d  o f  t h i s  s o r t  o f  damage ( H i l l s t r o m  & S t e i n h i l b  

1976) .  ~ e l l e r - b u n c ' h e r s ,  l a r g e  machines t h a t  bo th  c u t  and p i l e  

t r e e s ,  reduce  t h e  l i k e l i h o o d  o f  a  f a l l i n g  t r e e  damaging t h e  re- 

maining s t a n d  b u t  can themselves  ab rade  o r  b reak  remaining t r e e s  

i f  p o o r l y  o p e r a t e d .  Ca re fu l  p lanning  and machinery maneuvering 

can reduce  bo th  sk idd ing  and f e l l i n g  damage t o  a c c e p t a b l e  l e v e l s  

( Zasada 1975) .  

There  i s  popula r  concern t h a t  mechanized whole- t ree  h a r v e s t -  

i n g  i s  inex t r i cah l j7  a ~ c o c i a t e d  with both  c l e a r c u t t i n g  and over-  

c u t t i n g .  Because a l l  g r ades  and t y p e s  of trees a r e  a c c e p t a b l e  a s  

f u e l ,  t h e  p r o j e c t  w i l l  p rov ide  an i n c e n t i v e  t o  i n c r e a s e  c l e a r -  

c u t t i n g .  Also, s i n c e  c l e a r c u t t i n g  o f f e r s  one means t o  improve 

h a r v e s t  e f f i c i e n c y  (Smith 1 9 6 2 ) ,  it i s  an a t t r a c t i v e  system t o  

l o g g e r s  seek ing  t o  maximize r e t u r n s  on t h e  h i g h  c a p i t a l  and oper- 

a t i n g  c o s t s  a s ~ o c i a t e d  wi th  mechanized o p e r a t i o n s .  However, t h e  

r e s i s t a n c e  t o  d r a s t i c  v i s u a l  impacts  and t h e  use of  l a r g e  

machinery,  which i s  c h a r a c t e r i s t i c  o f  many landowners i n  n o r t h e r n  

New England, w i l l  con t inue  t o  a c t  a s  a  r e s t r a i n t  on t h e  use  o f  

t h i s  method, A number of profitable whole- t ree  h a r v e s t i n g  



o p e r a t i o n s  c u r r e n t l y  p r a c t i c e  s e l e c t i v e  c u t t i n g  on s m a l l  land- 

h o l d i n g s  i n  t h e  N o r t h e a s t ;  c l e a r c u t t i n g  i s  n o t  n e c e s s i t a t e d  b y  

w h o l e - t r e e  h a r v e s t i n g .  C l e a r c u t t i n g ,  however,  may be t h e  m o s t  

a c c e p t a b l e  h a r v e s t  p r o c e d u r e  under  s o m e  c o n d i t i o n s .  

A 50-megawatt power p l a n t  70-percen t  f u e l e d  w i t h  whole - t r ee  

c h i p s  would r e q u i r e  t h e  o u t p u t  o f  a n  e s t i m a t e d  s e v e n  t o  t h i r t y -  

e i g h t  whole - t r ee  c h i p p i n g  o p e r a t i o n s  working s i n g l e  s h i f t s  

. ( P e r c i v a l  1978;  Dashnaw 1 9 7 8 ) .  A t  p r e s e n t  t h e r e  are f i v e  s u c h  

o p e r a t i o n s  i n  t h e  fuelwood h a r v e s t  r e g i o n .  Because t h e  p r o j e c t  

c o u l d  a l m o s t  d o u b l e  t h e  number o f  w h o l e - t r e e  h a r v e s t i n g  o p e r a t i o n s  

i n  t h e  r e g i o n ,  it would p r o v i d e  a  h i g h l y  v i s i b l e  d e m o n s t r a t i o n  o f  

t h e  f e a s i b i l i t y  o f  w h o l e - t r e e  h a r v e s t i n g  on p r i v a t e  l a n d  h o l d i n g s .  

I f  mechanized h a r v e s t i n g  i s  proven  p r a c t i c a l  and economic o n . t h e s e  

l a n d s ,  widespread  a d o p t i o n  o f  t h e s e  methods f o r  t h e  p r o d u c t i o n  o f  

wood c h i p s  would be  h a s t e n e d , -  Nationwide t r e n d s  i n d i c a t e  i n c r e a s -  

i n g  r e l i a n c e  on  r e c o n s t i t u t e d  wood p r o d u c t s  made from c h i p s ,  a s  

w e l l  a s  on  t h e  u s e  o f  wood f o r  e n e r g y  (USFS 1 9 7 4 ) .  While over -  

c u t t i n g  (when t ree  remova l s  exceed  g r o w t h )  s h o u l d  n o t  r e s u l t  f rom 

t h e  c u r r e n t  p r o j e c t  ( S e w a l l  19781,  a  s u c c e s s f u l  d e m o n s t r a t i o n  

c o u l d  a t t r a c t  o t h e r  u s e r s  o f  wood t o  t h e  r e g i o n ,  a n  e v e n t  t h a t  

would i n c r e a s e  t h e  d a n g e r  o f  o v e r h a r v e s t .  C u r r e n t  l a n d  management 

p o l i c i e s  i n  Maine and N e w  Hampshire do n o t  p r o t e c t  a g a i n s t  such  a n  

outcome.  

I n  t h e  long  r u n ,  widespread  f o r e s t  i n d u s t r y  changes  r e s u l t i n g  

i n d i r e c t l y  from t h e  p r o j e c t  c o u l d  p r o f o u n d l y  i n f l u e n c e  f o r e s t  

p r a c t i c e s  i n  t h e  fuelwood h a r v e s t  r e g i o n .  The development  0 i . a  

m a t e r i a l s  and e n e r g y  i n d u s t r y  b a s e d  on wood c h i p s  r a t h e r  t h a n  l o g s  

c o u l d  l e a d  t o  management o f  t h e  f o r e s t s  f o r  f i b e r  r a t h e r  t h a n  t i m -  

b e r  p r o d u c t i o n .  C a l l e d  b iomass  f a r m i n g ,  t h i s  t y p e  o f  management 

o f t e n  i m p l i e s  h a r v e s t i n g  a t  much s h o r t e r  i n t e r v a l s  t h a n  t h o s e  pre- 

s e n t l y  used .  Such p r a c t i c e s  would o b v i o u s l y  a l t e r  t h e  a e s t h e t i c  

c h a r a c t e r  o f  t h e  f o r e s t  and c o u l d  change c u r r e n t  p a t t e r n s  o f  l a n d  

u s e  w i t h i n  it. Perhaps  most  i m p o r t a n t l y ,  t h e  long- term i m p a c t s  o n  

t h e  f o r e s t  a s s o c i a t e d  w i t h  s u c h  p r a c t i c e s  a r e  n o t  w e l l  u n d e r s t o o d .  

F i n a l l y ,  changes  i n  h a r v e s t  p r a c t i c e s  a s s o c i a t e d  w i t h  t h e  

2 r o j e c t  w i l l  a f f e c t  t h e  r e s p o n s i b l i t i e s ,  independence ,  and  working 



conditions of those workers employed i n  the woods. If many con- 

t r ac to r s  find the c a p i t a l  cost  of mechanized harvest  equipment 

prohibi t ive ,  the  federal  government, the m i l l ,  or  the power plant  

could provide loans or subsidies t o  a s s i s t  i n  the purchase of such 

equipment. I n  any case, ass is tance would diminish the indepen- 

dence of logging contractors,  an issue t h a t  current ly  i s  highly 

controversial  (Granskog & Siege1 1978). Financial ass is tance and 

the s t ab le  demand for  fuelwood chips w i l l  serve t o  strengthen the  

contractual  agreements between loggers and the wood-fired power 

plant .  I n  sum,  the wood procurement labor force for the proj.ect 

may move closer  t o  being i n  the d i r e c t  einployment of the m i l l ,  a  

trend which nay lead t o  an enjoining of the  m i l l s  to .provide f u l l  

labor benef i ts  for woods workers. This outcome could r e s u l t  i n  

higher wood costs .  

I n  addit ion t o  a f fec t ing- the  employment s t a tus  of loggers, 

the increase i n  mechanized harvesting caused by the project  w i l l  

redefine the nature of the loggers'  jobs and the s k i l l s  required 

t o  do then. Woods workers einployed a t  fuelwood harvesting w i l l  

need the s k i l l s  of heavy equipment operators,  i n  addit ion t o  those 

of timber f e l l e r s .  I n  general,  they must possess greater  mechani- 

c a l  a b i l i t y  fo r  operation, maintenance, and resa i r  of the  equip- 

ment. Refined supervisory s k i l l s ,  including detai led knowledge of 

the time/cost fac tors  i n  the components of a  mechanized harvest 

system, w i l l  be required of foremen, i n  order t o  maximize the 

eff ic iency of the  niachinery and minimize the cost  of fuelwood pro- 

curement. 

Use of Pesticides 

Several possible changes i n  the  current  pat terns  of pes t ic ide  

use would have inpacts on populations of f lo ra  and fauna. Fue l -  

wood harvests may, i n  some instances,  cons t i tu te  an a l t e r  nat ive 

s i l v i c u l t u r a l  tool  for  operations t h a t  current ly  require the use 

0 5  pest ic ides .  For example, the fuelwood market may provide.an 

a l t e rna t ive  t o  the use of herbicides current ly  applied t o  convert 

stands of low-grade hardwood in to  cortunercially desirable  conifer  



s t a n d s .  Fuelwood h a r v e s t  cou ld  a l s o  be employed as a  s i l v i c u l -  

t u r a l  t o o l  i n  the e f f o r t  t o  r educe  the  long-term s u s c e p t i b i l i t y  o f  

s p r u c e - f i r  s t a n d s  t o  the s p r u c e  budworm. In  a d d i t i o n ,  t o  the 

e x t e n t '  t h a t  whole - t ree  h a r v e s t s  remove l ogg ing  slash tha t  s e r v e s  

a s  shel ter  f o r  b r e e d i n g  p o p u l a t i o n s  o f  i n s e c t  p e s t s ,  a  r e d u c t i o n  

i n  t h e  use  of i n s e c t i c i d e s  might  be i n d i r e c t l y  r e a l i z e d .  

The deve lop ing  fuelwood market  and t h e  expanded use o f  mecha- 

n i z e d  whole - t ree  ch ipp ing  o p e r a t i o n s  may u l t i m a t e l y  s t i m u l a t e  an 

i n c r e a s e d  dependence on monocu l tu r a l  f o r e s t r y .  T h i s  would r e s u l t  

i n  the need f o r  i n c r e a s e d  u se  o f  b o t h  h e r b i c i d e s  and i n s e c t i c i d e s  

t o  s u p p r e s s  u n d e s i r a b l e  s p e c i e s  and i n s e c t  p e s t s .  

The use  o f  f o r e s t  p e s t i c i d e s  i n  the  fuelwood h a r v e s t  r e g i o n  

w i l l  be moni to red  a s  p a r t  o f  t he  c o n t i n u i n g  env i ronmen ta l  a s s e s s -  

ment program o f  t h e  proposed a c t i o n .  



LONG-TERM PRODUCTIVITY OF THE FOREST RESOURCE 

The p r o d u c t i v i t y  o f  a  f o r e s t  is  p r i n c i p a l l y  dependen t  on ade-  

q u a t e  s u p p l i e s  o f  m o i s t u r e ,  l i g h t ,  and v a r i o u s  e l e m e n t a l  n u t r i e n t s .  

Over t h e  p e r i o d  o f  s e v e r a l  r o t a t i o n s ,  h a r v e s t  methods a n d , o t h e r  

f o r e s t , p r a c t i c e s  have  l i t t l e  e f f e c t  on s u p p l i e s  o f  m o i s t u r e  and 

l i g h t ,  a l t h o u g h  t h e s e  f a c t o r s  nay  b e  c r i t i c a l l y  a f f e c t e d  i n  t h e  

e a r l y  p o s t - h a r v e s t  p e r i o d .  S u p p l i e s  o f  e s s e n t i a l  n u t r i e n t s  and 

t h e  mechanisms o f  n u t r i e n t  r ep l en i shmen t ,  however, c a n  be  a f f e c t e d  

o v e r  t h e  long  t e r m .  To t h e  e x t e n t  t h a t  t h e s e  n u t r i e n t s  c o n s t i t u t e  

l i m i t a t i o n s  t o  f o r e s t  growth,  reduced n u t r i e n t  a v a i l a b i l i t y  can 

d i m i n i s h  p r o d u c t i v i t y .  

Widespread conce rn  h a s  been vo iced  ove r  t h e  p o t e n t i a l  e f f e c t s  

o f  i n t e n s i v e  h a r v e s t  methods, p a r t i c u l a r l y  whole - t ree  methods and 

s h o r t e n e d  r o t a t i o n s ,  on  t h e  supp ly  o f  n u t r i e n t s  and long-term pro- 

d u c t i v i t y  o f  t h e  f o r e s t  ecosystem (Likens  e t  a l .  1978;  Aber, 

3 o t k i n  & M e l i l l o  1979;  Hornbeck 1977; Boyle 1976; Jo rgensen ,  W e l l s  

& Metz 1975;  Waide & Swank 1975; S w i t z e r  & Nelson 1973 ) .  Desp i t e  

a  b road  ge6graph ic  r ange  o f  r e s e a r c h , s i t e s ,  g e n e r a l  agreement 

e x i s t s  t h a t  b o t h  t h e  p h y s i c a l  removal o f  n u t r i e n t s  i n  h a r v e s t e d  

biomass  and t h e  h a r v e s t - r e l a t e d  d i s t u r b a n c e s  o f  n u t r i e n t  f l u x e s  

a r e  o f  c r i t i c a l  importance  t o  an  e v a l u a t i o n  o f  impac t s  on produc- 

t i v i t y .  These changes  i n  t h e  s t r u c t u r e  and dynamics o f  t h e  

n u t r i e n t  c y c l e  have been d i s c u s s e d  a t  l e n g t h  e a r l i e r  i n  t h i s  

appendix .  I t  i s  v a l u a b l e  a t  t h i s  p o i n t ,  however, t o  rev iew t h o s e  

e f f e c t s  t h a t  a r e  o f  p a r t i c u l a r  r e l e v a n c e  t o  long-term f o r e s t  pro-  

d u c t i v i t y .  

Of t h e  "poo l s "  o f  r e s e r v e  n u t r i e n t s  i n  t h e  f o r e s t  ecosystem,  

s e v e r a l  are d i r e c t l y  and i n d i r e c t l y  a f f e c t e d  by h a r v e s t i n g .  

C l e a r l y ,  whole - t ree  c l e a r c u t s  remove s i g n i f i c a n t  q u a n t i t i e s  o f  

n u t r i e n t s  bound i n  l i v i n g  biomass.  I n  a d d i t i o n ,  h a r v e s t  r e s i d u e s  

( s l a s h ) ,  which c o n s t i t u t e  an  i m p o r t a n t  i n p u t  o f  n u t r i e n t s  and 

o r g a n i c  m a t e r i a l  t o  t h e  f o r e s t  f l o o r ,  are g r e a t l y  reduced by 

whole - t ree  removals .  I n  a  complementary manner, t h e  r e s e r v o i r  o f  

n u t r i e n t s  bound i n  t h e  f o r e s t  f l o o r  i s  d e p l e t e d  by t h e  i n c r e a s e d  

l e v e l  o f  d e c ~ m p o s i t i o n  ac t . i v i t y  f o l l o w i n g  h a r v e s t s .  Th i s  i s  



part icular ly important on the acidic,  podzolized s o i l s  of the har- 

vest region which depend on t h e  l i t t e r  and organic layers of - - - 7 - . . .  
* 3 

. - 
forest  for  the i r  f e r t i l i t y .  Although these two reservoirs are  a t  

l e a s t  temporarily depleted, the pool of available nutrients i s  

great ly enlarged by the e f fec t s  of .both .the. cessation of vegeta- 

...- . . - .  . t ive  uptake and the increased decomposition and mineralization 

ra tes .  I n  e f fec t ,  t h i s  surplus of available nutr ients  encourages 

the rapid reestablishment of vegetation and hence represents a . * -- 
s tabi l iz ing influence. 

Less well understood are the ef fec ts  of intensive harvest 

operations on the mechanisms by which nutr ients  move into,  

through, and out of the forest  ecosystem. It i s  these processes 

which const i tute  the means by which an ecosystem recovers from the  

e f fec t s  of harvesting. Increased l i g h t  and moisture ava i lab i l i ty  

a t  the forest  floor accelerate the ra tes  of decomposition, n i t r i -  

f icat ion,  and mineralization of nutr ients .  While these increases 

f a c i l i t a t e  revegetation, as  mentioned above, the available 

- ,  % 

nutr ient  forms are  also readily leached from the ecosystem. The 

reduction of evapotranspiration ra tes  following harvest increases 

the flow of water through the ecosystem, which can further accel- 

erate  leaching losses. These increased losses have been found t o  

continue even a f t e r  the revegetation of the s i t e  (Likens e t  a l .  

1978). Denitrification, causing a loss  of vo la t i l e  forms of 

nitrogen, may also be affected by harvest operations, although the 

direction of t h i s  impact i s  not known. While the ra te  of precipi- 

t a t ion  inputs t o  the forest  ecosystem.appears t o  be unaffected by 

harvests, other input ra tes  may change. Variation i n  the ac id i ty  

of the s o i l  regime .following harvest i s  caused by removal of the 
- I 

buffering vegetation and stimulation of acid-producing decomposi- 

t ional  processes. These increases may have a role  i n  the increas- 

ed weathering ra tes  observed a f t e r  harvests (Likens e t  a l .  1978). 

Gaseous fixation consti tutes a major input for  nitrogen which may. 

be affected by harvest operations. Whole-tree harvesting removes 

the slash which, a f t e r  conventional operations, may serve as  the 

principal s i t e  for nitrogen-fixing bacteria (Roskoski 1977). 



Much a t t e n t i o n  h a s  been focused  on p o s s i b l e  d e p l e t i o n s  o f  

a v a i l a b l e  n u t r i e n t s ;  however, v a r i a t i o n  i n  s i t e  c h a r a c t e r i s t i c s ,  .. . . 
r e s e a r c h  methods, and assumptibns  r ega rd ing  n u t r i e n t  rep len ishment  

have r e s u l t e d  i n  widespread d i sagreement  over  t h e  mechanisms a n d .  

s i g n i f i c a n c e  o f  h a r v e s t  impacts .  The n u t r i e n t s  o f  p r imary  concern 

have v a r i o u s l y  been i d e n t i f i e d  as n i t r o g e n  ( A b e r ,  Botkin & Melillo 

1979; Jorgensen ,  Wells  & Metz 1975; Waide & Swank 1975) and cal- 

cium (Boyle  1976; Weetman & Webber 1972) .  

Each o f  t h e  changes i n  the f l u x  o f  n u t r i e n t s  i n  the f o r e s t  

ecosystem h a s  i m p l i c a t i o n s  f o r  the s t a t u s  of t h e  f o r e s t  f l o o r .  I n  

t h e  Nor theas t  , as  mentioned earl ier  , the l i t t e r  l a y e r s .  and upper 

s o i l  h o r i z o n s  i n  the f o r e s t  f l o o r  c o n t a i n  t h e  m a j o r i t y  o f  n u t r i -  

e n t s  r e a d i l y  cyc l ed  th rough  the ecosystem t h a t  are n o t  a l r e a d y  

s t o r e d  i n  l i v e  biomass. The h i g h  r e l a t i v e  c a t i o n  exchange capa- 

c i t y  o f  t h i s  o r g a n i c  material i n  t h e s e  l a y e r s  s e r v e s  t o  ho ld  

n u t r i e n t s  a g a i n s t  l e a c h i n g  p&ssure .  The widespread i n f e r t i l i t y  

o f  t h e  mine ra l  s o i l  i n  t h i s  g l a c i a t e d  r e g i o n  l i m i t s  i t s  a b i l i t y  t o  

r e t a i n  and r e c y c l e  c r i t i c a l  n u t r i e n t  e lements  ( P i e r c e  e t  a l .  

The humus l a y e r ,  made up o f  p a r t i a l l y  decomposed o r g a n i c  

m a t e r i a l ,  d imin i shes  over  a  long  p e r i o d  fo l lowing  h a r v e s t i n g  ( H a r t  

1961; Dominski 1971) .  The impact  o f  v a r i o u s  h a r v e s t  methods on 

t h e  s t a t u s  o f  the f o r e s t  f l o o r  ove r  v a r i o u s  r o t a t i o n  l e n g t h s  h a s  

been examined wi th  modeling t e c h n i q u e s  (Aber, Botkin & M e l i l l o  

1978) .  An e x t e n s i o n  o f  t h i s  e f f o r t  a t t e m p t s  t o  l i n k  f o r e s t  f l o o r  

, dynamics w i t h  n i t r o g e n  a v a i l a b i l i t y  and f o r e s t  p r o d u c t i v i t y  (Aber, 

Botkin & M e l i l l o  1979) .  Although use  o f  t h e  q u a n t i t a t i v e  model 

, o u t p u t s  i s  l i m i t e d  by c r i t i c a l  assumptions  r e g a r d i n g  t h e  rates o f  

l i t t e r  p roduc t ion  and r ecove ry  o f  t h e  f o r e s t  f l o o r  over  a n i n e t y -  

y e a r  r o t a t i o n ,  t h e  t r e n d s  i n  p r o d u c t i v i t y  a r e  i n d i c a t i v e  o f  d i f -  

f e r e n t i a l  e f f e c t s  fo l lowing  v a r i o u s  h a r v e s t  methods and r o t a t i o n  

l e n g t h s .  

The model r e s u l t s  s u p p o r t  the conc lus ion  t h a t  t h e  amount o f  

wood l e f t  on a  h a r v e s t e d  s i t e  has a  s t r o n g  e f f e c t  on t h e  r ecove ry  

o f  the o r g a n i c  c o n t e n t  and n i t r ,ogen  r e s e r v e s  i n  the f o r e s t  f l o o r .  
.. , 



F i g u r e  9  i l l u s t r a t e s  t h e  modeled response  o f  the o r g a n i c  c o n t e n t  

. --.c. , o f  the f o r e s t  f l o o r  fo l lowing  three t y p e s  o f  h a r v e s t  o p e r a t i o n s :  - . . c l e a r c u t t i n g ,  whole- t ree  h a r v e s t i n g ,  and comple te - t ree  h a r v e s t i n g .  
. . 

The same model w a s  u t i l i z e d  t o  examine t h e  e f f e c t s  o f  d i f f e r -  

e n t  h a r v e s t  r o t a t i o n s .  F igu re  1 0  p r e s e n t s  t h e  -modeled response  o f  
- .+ . . 

the f o r e s t  f l o o r  t o  a conven t iona l  c f e a r c u t  i n  comparison w i t h  

whole- and comple te - t ree  h a r v e s t s  o f  t h i r t y - y e a r  r o t a t i o n s .  

These r e s u l t s  have s i g n i f i c a n t  i m p l i c a t i o n s  f o r  r o t a t i o n  

l e n g t h s  under v a r i o u s  regimes.  The r e d u c t i o n  i n  t h e  f o r e s t  f l o o r  

which o c c u r s  w i th  more i n t e n s i v e  u t i l i z a t i o n  is  l i k e l y  t o  have . 

l a r g e  impac ts  on s o i l  characteristics such as cat ion-exchange 

c a p a c i t y  and m o i s t u r e  r e t e n t i o n ,  as w e l l  as n u t r i e n t  a v a i l a b i l i t y .  

The extended a n a l y s i s  i n c l u d e s  t h e  e f f e c t s  o f  d i f f e r e n t  har-  

v e s t  t e c h n i q u e s  and r o t a t i o n  l e n g t h s  on biomass p r o d u c t i v i t y  and 

y i e l d  i n  n o r t h e r n  hardwood t y p e s  (Aber, Botkin & M e l i l l o  1979) .  

This e f f o r t ,  drawing on p r e v i o u s  r e s e a r c h  i n t o  f o r e s t  s u c c e s s i o n a l  

p r o d u c t i v i t y  (Bo tk in ,  Janak & Wallis 1972) and t h e  e f f e c t s  o f  

n i t r o g e n  a v a i l a b i l i t y  on f o r e s t  growth ( M i t c h e l l  & Chandler 1939) ,  

e s t i m a t e d  t ha t  sho r t ened  r o t a t i o n s  w i t h  i n t e n s i v e  h a r v e s t  t echn i -  

ques  would s i g n i f i c a n t l y  reduce  b o t h  the p r o d u c t i v i t y  and the 

y i e l d  o f  t h e  f o r e s t  s t a n d  over  a n ine ty-year  p e r i o d  ( s e e  Table  

2 4 ) .  These r e s u l t s  were r e l a t e d  t o  t h e  d e p l e t i o n  o f  a v a i l a b l e  

n i t r o g e n  s t o c k s  over  t h e  n ine ty-year  p e r i o d  as i l l u s t r a t e d  i n  

F igu re  11. I t  i s  e v i d e n t  from t h e  r e s u l t s  p r e s e n t e d  i n  Table 24 

t h a t  the l e n g t h  o f  r o t a t i o n  had the most n o t i c e a b l e  i n f l u e n c e  on 

n e t  p r o d u c t i v i t y  and,  t o  a  s l i g h t l y  lesser e x t e n t ,  on t h e  h a r v e s t  

' y i e l d .  The i n t e n s i t y  o f  h a r v e s t  a p p e a r s  t o  have o n l y  a weak 

' i n f l u e n c e  on n e t  p r o d u c t i v i t y  f o r  any g iven  r o t a t i o n  l e n g t h  and a 

somewhat s t r o n g e r  e f f e c t  on t h e ' h a r v e s t e d  y i e l d .  

S e v e r a l  c o n s e r v a t i v e  assumptions  i nvo lv ing  r a t e s  o f  l i t t e r  

p r o d u c t i o n  and r e g e n e r a t i o n  were made i n  t h e  model which, i f  

. i n c o r r e c t ,  would i n c r e a s e  t h e  s e v e r i t y  o f  n i t r o g e n  d e p l e t i o n  and . . . f u r t h e r  reduce  f o r e s t  growth. A v a r i e t y  of  other f a c t o r s ,  inc lud-  

i n g  s o c i a l ,  economic, and t e c h n o l o g i c a l  v a r i a b l e s ,  w i l l  i n f l u e n c e  

t h e  c h o i c e  o f  h a r v e s t  method and r o t a t i o n  l e n g t h  (Aber, Botkin  & 
' M e l i l l o  1979) .  F e r t i l i z a t i o n  may be a  p o s s i b l e  means o f  a v e r t i n g  

t .  



FIGURE 9:  COEPARISON OF PREDICTED TRENDS I N  FOREST . 
FLOOR BIOMASS FOLLOWING DIFFERENT CUTTING 

- : - .  - - .  -.- . A . . . . , 
REGIMES 

\L 17- Whn Z, 
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Note: The fores t  f loor recovery foZZowing conventional ~Zearcut t ing  has ' 

been observed t o  require 60 t o  .90 years. Recovery foZZowing whole- 
t r e e  and compZete-tree harvests  i s  assumed t o  be ident ica l ,  i n  
absence of evidence t o  the c o n t r q .  

Source: Aber, Botkin & MeZZiZo 1979, 



FIGURE 10 : COMPARISON OF ONE 90-YEAR CLEARCUT ROTATION 

WITH THREE 30-YEAR WHOLE-TREE AND COMPLETE-TREE 
FOREST ROTATIONS ON FOREST FLOOR BIOMASS . 
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Source: Aber, Botkin & MeZZiZo 1979. . , 



TABLE 24: ESTIMATES OF TOTAL PRODUCTION AND YIELD FOR SEVEN 

HARVEST I NG REG I MES' 

Total Neta Percent of 
Type of Length 05 Production Total yield3 Total 
Harvest Rotations (metric tons/hectare)(metric tons/hectarel Harvested 

Cl earcut 90 ( 1 )  1090 154 14 

Who1 e- t r ee  90 ( 1 )  ' 1120 197 18 

Whole-tree 

Whol e-tree 

Complete Forest 

Cornpl e te  Forest 

Complete Forest 

1. From forest floor - forest growth model. 
2. Nwnber i n  parentheses indicates nwnber o f  rotations i n  90-year peridd. 
3. Total net  production and yield i n  90-year period. 

Source: Aber, Botkin, & MeZiZZo 1979. 



FIGURE 11 : ESTIMATES OF Pi ITROGEN AVAI LAB1 L ITY FOLLONI NG 

CLEARCUTTI NG AND COMPLETE-TREE HARVESTS 
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the problems associated with nitrogen depletion.  In t h i s  case,  

however, both the timing of f e r t i l i z e r  appl icat ion and the  ove ra l l  

energy yie ld  of the  fuelwood operation would have t o  be ca re fu l ly  

examined. In addi t ion,  the  economic f e a s i b i l i t y  of the widespread 

use of fo res t  f e r t i l i z a t i o n  i s  questioned by many researchers 

(Jorgenson, Wells & Metz 197.5). 

The remaining, s ign i f i can t  uncer ta in t ies  about the ac tua l  

dynamics of the  f o r e s t  f loor  and i t s  ro le  i n  the  u t i l i z a t i o n  and 

conservation of nu t r i en t s  d i c t a t e  t h a t  fur ther  reseach be conduct- 

ed t o  document the  e f f e c t  of perturbations i n  nu t r i en t  cycles on 

the productivity of the  fo res t  ecosystem. Such research can 

resolve many of the  issues  current ly  surrounding wood energy and 

has d i r e c t  app l i cab i l i t y  t o  the  broader questions surrounding 

intensive u t i l i z a t i o n  of f o r e s t  resources. The proposed wood-fired 

power plant  would provide an-opportunity t o  invest igate  and 

resolve these important problems. 



SUMMARY 

The proposed action w i l l  a f f e c t  the t e r r e s t r i a l  ecosystems of 

the  plant  s i t e  and the fuelwood harvest region. While the modifi- 

cations t o  the plant  s i t e  w i l l  be subs tan t ia l ,  the  a rea l  extent  of 

disturbance w i l l  be limited t o  several  acres .  The t e r r e s t r i a l  

ecology of the plant  s i t e  i s  typ ica l  of disturbed areas throughout 

southern Maine and i t s  disruption w i l l  not represent a  s ign i f i can t  

loss  t o  the region. 

The e f f e c t s  of increased harvest a c t i v i t y  w i l l  be largely 

determined by management prac t ices  chosen by individual landowners 

and the care with which logging contractors execute harvests .  

Choice of harvest system and the qual i ty  of the  operation deter-  

mine i n  large p a r t  the extent  of erosion, changes i n  successional 

trends and species composition, and the impacts on wi ld l i fe  popu- 

l a t ions .  

As discussed e a r l i e r ,  harvest operations i n  Maine typica l ly  

do not employ erosion control  techniques and it i s  expected t h a t  

addi t ional  s o i l  erosion w i l l  occur as  a  r e s u l t  of increased har- 

vesting a c t i v i t y  i n  the region. Nonetheless, t h i s  erosion, while 

adverse, typ ica l ly  i s  of much smaller magnitude than t h a t  asso- 

c ia ted with other land uses such as  farming. 

Choice of harvest  systems and the s k i l l  with which operations 

are planned w i l l  determine the changes i n  succes.siona1 pat terns  i n  

the reg ion ' s  fo res t s  which r e s u l t  from harvesting. The differen- 

t i a l  econoruics of harvesting operations indicate  t h a t  independent 

loggers w i l l  choose t o  harvest i n i t i a l l y  those lands on which 

landowners w i l l  allow clearcut t ing.  Choice of t h i s  harvest system 

w i l l  encourage the formation of ear ly  and mid-successional fo res t  

communities. ~Jhole-tree harvests can a l so  be employed i n  other 

harvest  systems and nay be used i n  the management of fores t  stands 

on a  se lec t ive  basis .  I n  t h i s  case, the proposed action may con- 

t r i b u t e  t o  the maintenance of l a t e  successional communities. 

Choice of harvest system and the s i ze  of cuts  w i l l  a l so  

determine the impacts of fuelwood harvesting on wi ld l i fe  



populations. To the extent  t h a t  harvest operations c rea te  a  

patchwork of fores t  stands of varying age and species and thus 

c rea te  "edge hab i t a t , "  many wi ld l i fe  species w i l l  be favored. 

However, harvests t h a t  remove c r i t i c a l  habi ta t  areas ,  such as  deer 

wintering yards, could negatively a f f e c t  populations of species 

dependent on these areas.  Increased use of dead and rot ten t r e e s  

may a l so  impact cer ta in  bird  and mammal populations. The bald 

eagle i s  the  only endangered species known t o  occur i n  the t e r -  

r e s t r i a l  ecosystem of the fuelwood harvest region. Well-docu- 

mented knowledge of the  location and hab i t a t  requirements of bald 

eagles i n  Maine and an ac t ive  res tora t ion  program should protect  

t h i s  species from any potent ia l ly  adverse impacts of fuelwood har- 

vesting.  

Fuelwood harvesting can a l so  impact the nut r ien t  cycles and 

long-term productivity of the fo res t  t o  be cut .  Despite exensive 

research i n t o  the dynamics of nut r ien t  cycles,  considerable uncer- 

t a i n t y  remains over the e f f e c t s  of fo res t  management prac t ices  on 

long-term fores t  productivity.  Researchers have expressed concern 

over the  continued a v a i l a b i l i t y  of nitrogen, potassium, phos- 

phorus, and'calcium following repeated short- ro ta t ion ,  whole-tree 

removals of fores t  stands. Current research indicates  t h a t  i n  New 

England, c learcut t ing  with ro ta t ions  of l e s s  than ninety years may 

r e s u l t  i n  reduced biomass production due. t o  nitrogen depletion and 

reduction i n  the organic matter content of the fo res t  f loor .  Fur-  

ther  research and monitoring of the e f f e c t s  of the proposed act ion 

i n  the fuelwood harvest region w i l l  be undertaken as pa r t  of t h i s  

e f f o r t  t o  assess the v i a b i l i t y  of wood energy f a c i l i t i e s .  
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