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PREFACE 

T h i s  monograph on t h e  eco logy  o f  p e a t  
bogs o f  t h e  g l a c i a t e d  N o r t h e a s t e r n  U n i t e d  
S t a t e s  i s  one o f  a  s e r i e s  o f  U.S. F i s h  and 
W i l d 1  i f e  S e r v i c e  p r o f i l e s  o f  i m p o r t a n t  
f r e s h w a t e r  w e t l a n d  ecosysterns o f  t h e  
U n i t e d  S t a t e s .  The purpose o f  t h i s  
p r o f  i l e  i s  t o  s y n t h e s i z e  t h e  1  i t e r a t u r e  
a v a i l a b l e  f o r  p e a t  boys  o f  t h e  g l a c i a t e d  
p o r 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  
and t o  d e s c r i b e  t h e  e c o l o g i c a l  s t r u c t u r e  
and f u n c t i o n i n q  o f  t h e s e  f r e s h w a t e r  
wet1 ands. 

The g l a c i a t e d  p o r 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  ex tends  f rom t h e  
Canadian b o r d e r  i n  t h e  n o r t h  t o  t h e  Pocono 
Mounta ins  o f  Pennsy l van ia  i n  t h e  sou th .  
Peat bogs may be found s c a t t e r e d  th rough -  
o u t  t h i s  r e g i o n  where c o n d i t i o n s  f a v o r  
p e a t  deve l  opment. 

I h ~ s  p r o f 1  le 1s i n t e n d e d  t o  p r o v i d e  a 
u s e f u l  r e f e r e n c e  t o  t h e  s c i e n t i f i c  
i n f o r m a t i o n  a v a i l a b l e  f o r  p e a t  bogs o f  t h e  
g l a c i a t e d  N o r t h e a s t e r n  U n i t e d  S t a t e s .  The 
p r o f i l e  i n c l u d e s  a  d e s c r i p t i o n  o f  t h e  
d i s t r i b u t i o n  o f  p e a t l a n d s  and t h e  v a r i o u s  
t y p e s  o f  p e a t l a n d s .  The a u t h o r s  a l s o  
d i s c u s s  t h e  p h y s i c a l ,  chemica l ,  and 
h y d r o l o g i c  p r o p e r t i e s  o f  p e a t  bogs as w e l l  
as energy  f l o w  and n u t r i e n t  f l u x e s  
a s s o c i a t e d  w i t h  p e a t  bogs. Seve ra l  
c h a p t e r s  a r e  devoted t o  t h e  b i o t i c  
communi t i es o f  p e a t  bogs, human 
d i s t u r b a n c e s  , and recommendations f o r  
f u t u r e  r e s e a r c h .  

Any q u e s t i o n s  o r  comments abou t  o r  
r e q u e s t s  f o r  t h i s  p u b l i c a t i o n  s h o u l d  be 
d i r e c t e d  t o :  

Peat  boqs depend on a c i d i c ,  n u t r i e n t -  
poor  wa te r  f o r  development and u s u a l l y  
occu r  i n  areas u n d e r l a i n  by sand, g r a v e l  , I n f o r m a t i o n  T r a n s f e r  S p e c i a l i s t  
o r  n u t r i e n t - p o o r  g l a c i a l  t i  1  1 .  The N a t i o n a l  Wet lands Research Cen te r  
h y d r o l o g i c  c h a r a c t e r i s t i c s  and chemica l  U.5. F i s h  and W i l d l i f e  S e r v i c e  
c o m p o s i t i o n  o f  bog w a t e r  i n f  l uence b o t h  NASA-S l i de l l  Computer Complex 
n u t r i e n t  c y c l i n g  and p l a n t  community 1010 Gause Bou leva rd  
development w i t h i n  bogs.  S l i d e l l ,  L o u i s i a n a  70458 
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Peat bogs suppo r t  vege ta t i on  s t r i k -  
i n g l y  d i f f e r e n t  from t h a t  o f  up1 ands as 
w e l l  as t h a t  of o t h e r  we t l ands .  Con i fe rs ,  
e r i caceous  shrubs and p e a t  mosses (Sphag- 
num spp.) are ma jo r  components o f  the  veg- - 
e t a t i o n  of bogs and u s u a l l y  determine 
t h e i  r general  appearance. The i r  super f  i - 
c i a 1  resemblance tends t o  h i de  the  d i f f e r -  
ences among them. There fo re ,  i t i s  no t  
always recogn ized  t h a t  t h e  cond i t i ons  i n  
pea t  bogs and t h e  p rocesses  t h a t  ma in ta i n  
them can vary  g r e a t l y .  

Th i s  community p r o f i l e  descr ibes the 
pea t  bogs of t h e  g l a c i a t e d  nor theas te rn  
Un i t ed  S ta tes .  I n f o r m a t i o n  on these pea t  
bogs i s  f ragmented and  ma jo r  gaps i n  our  
knowledge about  them e x i s t .  Th is  app l i es  
t o  v i r t u a l l y  a1 1  aspec t s  o f  bogs. Th i s  
publ i c a t i  on s y n t h e s i z e s  our knowl edge 
about t h e  v e g e t a t i  on, fauna ,  habi  t a t  con- 
d i  ti ons and eco l  o g i c a l  processes i n  these 
wet1 ands. Because o f  1  i m i  t e d  publ i shed 
i n f o r m a t i o n  on pea t  bogs o f  the Nor theas t  
we i nc l uded  much unpubl  i s h e d  data, espe- 
c i a l  l y  on the v e g e t a t i  on. Regarding o t h e r  
aspects o f  these bogs, i t  was necessary t o  
e x t r a ~ o l  a t e  f r om  i n f o r m a t i  on on peat1 ands 

t n e i  r s t r a t i g r a p h y .  However, the presen t  
c o n d i t i o n s  r a t h e r  t h a n  t h e i r  h i s t o r y  o f  
devel opment c o n t r o l  t h e  vege ta t i on ,  nu- 
t r i e n t  c yc l  i ng ,  and  w a t e r  movement and 
whatever depends on them. Therefore,  t h i s  
community p r o f i l e  f o c u s e s  on condi t i o n s  
and processes i n  e x i s t i n g  bogs and deals  
o n l y  p e r i p h e r a l  l y  w i  t h  devel opment and 
pea t  s t r a t i g r a p h y ,  and  on l y  i n s o f a r  as 
they a f f e c t  p resen t  p rocesses  o r  f u r t h e r  
bog devel opment . 

Cont inued u r b a n i z a t i o n  and recrea-  
t i onal devel opmen t s  i n f  r i  nge upon many 
p e a t  bogs. I n  r e c e n t  yea rs ,  t he re  has 
a l s o  been a  renewed i n t e r e s t  i n  peat as an 
energy source, and s e v e r a l  pea t  inven to -  
r i e s  have been c a r r i e d  o u t  (Cameron 1970, 
1974, 1975; Cameron and Anderson 1980; 
Cameron e t  a1 . u n d a t e d ) .  Research on 
pea t lands  has no t  k e p t  up w i t h  t h i s .  Th i s  
p r o f i l e  p rov ides  background  i n f o rma t i on  
t h a t  can h e l p  us p r e d i c t  the e f f e c t  of 
changes i n  t h e  l andscape  and i n  l a n d  use, 
as  we l l  as e x p l a i n  changes  t a k i n g  p lace  i n  
pea t  bogs. 

ou t s i de  t he  r eg i on .  Pea t  d i f f e r s  i n  many 
respec ts  from o t h e r  s o i l s *  For t h i s  rea-  
son, i t s  spec i a l  p r o p e r t i e s  and t h e i r  
e f f ec t  on r e t e n t i  on, movement, and chemi s- 
t ry  of t h e  bog water  a r e  discussed. Th i s  
knowl edge i s  e s s e n t i  a1 f o r  understandi  ng 
t h e  p resen t  v e g e t a t i o n  p a t t e r n ,  b u t  i t  
a1 so p rov ides  an i n s i g h t  i n t o  the  d i f f e r -  
ences among bogs and t h e  changes t h a t  can 
be a n t i c i p a t e d  as a  r-esul t o f  d is tu rbance  
i n  a  pea t  bog o r  t he  su r round ing  up1 ands. 

A1 1 bogs d i d  n o t  form i n  the  same way. 
T h e i r  development i s  c l e a r l y  expressed i n  

The nomenclature i n  t h i s  volume f o l -  
lows F e r n a l d  (1950) f o r  vascu la r  l a n t s ;  
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CHAPTER 1. DEFlNlTloM AND GENERAL DESCRIPTBBWII 

1.1 DEFlfallT1ORI OF PEAT B O G S  AND 
RELATED PEATLANDS 

The term "bog" i n  th i s  cornunity pro- 
f i l e  refers  to nutrient-poor, acid peat- 
lands with a vegetation in  which peat 
mosses (Spha num spp. 9 ,  ericaceous shrubs, 
and s e d g ~ & ~ r a c e a e )  p1 ay a prominent 
rol e .  Conifers, such as black spruce 
(Picea mariana) , white pine ( Pinus s t ro -  
b ~ ~ a % - ~ ~ h  ( i a r j x  ? i z r i c i n a z  x q  

m s e n t ,  The f o r i F F T a T - 6 m ~ t e  the veg- 
e ta t ion of some peat bogs. 

Water i s  c r i t i c a l  for the development 
and maintenance of a1 1 wetl ands. peat- 
lands can be divided on the basis of the 
source of the water into wetl ands receiv- 
ing only rain water and snow (ombrotrophic 
bogs) and  those i nfl uenced a1 so by water 
tha t  has Seen i n  cont3ct w i t h  the mineral 
soi 1 (mi nerotrophic peatl ands) . The water 
chemistry of the l a t t e r  can vary great ly ,  
and mi nerotrophic peat1 ands include a wide 
range of wetl ands. Hydro1 ogical ly and 
ecol ogical ly , the di s t i  ncti on between 
ombrotrophic and mi nerotrophic peatl ands 
i s  important, especial 1y i n  deal ing with 
nutrient-poor peatl ands. The boundary 
between t h e s e  two t y p e s  o f  p e a t l a n d s ,  t h e  
m i n e r a l  s o i l  w a t e r  1 i n l i t  (Du R i e t z  1954), 
i s  u s u a l l y  marked by t h e  appearance o f  
more n u t r i e n t - d e m a n d i  ng s p e c i e s .  I n  
r e c e n t  y e a r s ,  t h e r e  has been a  tendency 
arnorlg p e a t l a n d  resea rche rs  t o  f o ' l l o w  t h e  
Scand inav ian  p r a c t i c e  o f  r e s t r i c t i n g  t h e  
te rms "bog"  and " f e n "  t o  ombro t roph i c  and 
m i n e r o t r o p h i c  p e a t l a n d s ,  r e s p e c t i v e l y .  
'This r e s t r i c t i v e  use o f  t h e  te rm bog i s  
u n f o r t u n a t e  when dea l  i ng w i t h  v e g e t a t i o n ,  
because weakly mi nerotrophic fens have a 
f l o r i s t i c  composition and s t ructure  very 
sirn i  l a r  t o  the vegetation of ombrotrophic 
peatl ands, whereas f l  ori s t i ca l  ly they have 
l i t t l e  in common with nutrient-rich fens 
(Ma1 mer 1985) . 

In t h i s  community p r o f i l e ,  "bogs" arc? 
peatl ands with a we1 1  -devel oped moss car-  
pet dominated by Sphagnum. Theref ore,  
bogs i n c l  ude o o  a n d  mi nero- 
trophic wetlands that  are acid a n d  n u t -  
rient-poor, a n d  in which peat has accumu- 
1 ated.  This termi no1 ogy i s  a1 so more in 
keeping with the conventional use of the 
word a n d  w i t h  the definit ion in Webster's 
Dictionary, where a bog i s  described as 
" w c t  spccgy grscnd, especially 3 po~r1.y 
drained usually acid area rich in plant 
residues, frequently surrounding a body of 
open water, and having a character is t ic  
f lora  of sedges, heaths, and Sphagnum." - 

Peat1 ands are landforms as we1 1 as 
vegetation types. As a landform, peat- 
1 ands are complexes of plant communities. 
A1 1 peat1 ands include minerotrophic s i t e s ,  
a t  l e a s t  in t he i r  margins. Therefore, the 
df s t i q c t i n q  betweeq nmbrotrophic a n d  m i n -  
erotrophic peatlands i s  of no value in 
deal ing with peatlands as landscape units.  
A practical subdivision of peatlands as 
landforms can be based on the nature of 
the water tha t  control s the i r  development. 
This was originally suggested by von Post 
and Granlund (1926) for  south Swedish peat 
deposits, and-, subsequently more cl early 
defined by Sjors ( 1948) . They di s t i  n -  
gui shed ombrogenous, topogenous, 1 imnoge- 
nous a n d  sol igenous peatl ands. The major 
differences are shown in Figure 1 .  

Precipitation control s the development 
of ombrogenous peatl ands. They are 
res t r i c ted  to  humid, temperate c1 imates 
where pea t  can accumulate i n d e p e n d e n t l y  of 
ground water or seepage water. Topogenous 
peatl ands develop in topographic positions 
where water accumulates, and they are 
maintained by a permanent ground-water 
table.  These ?eatlands can occur under a 
wide range of climatic conditions from the 
tropics to the a r c t i c .  Limnogcnous peat- 
1 ands devel op a1 ong 1 akes and $1 ow-fl owing 
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Figure 1, Major types of peatlands in relation to source of water, Note differences in the direction of water 
flow. Blanket bog, another ombrogenous peatland type, is not included. 



streams under a wide v 2 r i e t y  of c: ;:ct!c 
cond i t ions .  Sol igenous peat1 ands depend 
on a r e l i a b l e  source of minerotropht'c 
seepage water. They are  charac ter ized by 
water t h a t  seeps through o r  over the  sur- 
face peat  and are most common i n  regions 
w i t h  a l a rge  surplus of p r e c i p i t a t i o n  over 
evapotranspirat ion.  Therefore, sol igenous 
peatlands become 1 ess common south o f  the 
tone w i t h  ombrogenous bogs, b u t  some can 
be found even i n  Southern New England. 

1.2 GEOGRAPHIC AND ECOLOGICAL RANGE 
OF PEAT BOGS INCLUDED 

The southern 1 im i  t of ombrogenous bo s 
i n  eastern North America i s  l oca ted  w i t h  3 n 
the  Northern Hardwood Fo res t  Zone (F igure  
2 ) .  This boundary does n o t  correspond 
w i t h  any c l e a r  vegetat ion boundary on 
up1 and s i tes ,  because the l eng th  and 
warmth o f  the vegetat ive season are  the 
pr imary c l  imat ic  con t ro l  s  on the zonation 
i n  the f o r e s t  vegetat ion, whereas the type 
o f  bog development i s  determined p r i m a r i l y  
by the humid1 t y  o f  the c l  {mate (Eurol a and 
Ruuhi j g r v i  1961 ; Damman 1979a). Raised 
bogs, i nc lud ing  l a teau  and convex domed 
bogs, occur n o r t  1 o f  the ombrogenous bog 
1 i m i  t (Damman 1977, 1978b; Damnan and Dow- 
han 1981; Worley 1981), and sol igenous 
bogs become common i n  the  h i l l y ,  nor th -  
western p a r t  o f  Maine (Sorensen 1986). 

Geographical ly, t h i  s  connnuni t y  p r o f i l e  
Inc ludes New England, nor theastern  Penn- 
sy lvania,  and the adjacent  p a r t s  o f  New 
York. The Adirondacks are n o t  included, 
although much o f  t h i s  in fo rmat ion  w i l l  
a1 so apply t o  bogs i n  t h a t  area. Ecol og i -  
c a l l y ,  t h i s  p r o f i l e  deals most ly  w i t h  01 i- 
gotrophic Sphagnum-domi nated bogs. Bog- 
1 i k e  vegetat ion on mineral s o i l  o r  on peat 
l e s s  than 30 cm dee i s  n o t  included, and 
n e i t h e r  are the so ! igenous fens nor th  of 
the  southern l i m i t  o f  ombrogenous bogs 
(F igure  2 ) .  

This community p r o f i l e  focuses p r i -  
m a r i l y  on the  topogenous and 1 imnogenous 
peat  bogs t h a t  occur throughout  the g l a d -  
ated northeastern Uni ted States.  The veg- 
e t a t i o n  o f  these bogs i s  i n f l uenced  by 
m i  nerotrophic water, a1 though t h i s  water 
i s  nutr ient-poor.  The degree of mfnero- 
t rophy var ies s p a t i a l l y  w i t h i n  a bog as 
w e l l  as seasonally. D i l u t i o n  w i t h  r a i n  

,ate; , c~ i - ,d i  t i ~i,> 2ppr~i3~!; :  cCj 
ornbrotrophy on the bog surface o f  the  
cent ra l  p a r t  o f  a topogenous bog. How- 
ever, t r u l y  o m b r o t r o p h i ~  condi t ions do 
not  appear t o  occur i n  these bogs. 

The vegeta t ion  o f  the major types o f  
ra i sed  bogs i n  the Nor theast  (F igure 3)  i s  
b r i e f l y  descr ibed,  most ly  t o  emphasize 
how O l i go t roph i c  bogs d i f f e r  and t o  
provide an understanding o f  the  geo- 
g r a p h i c a l  c h a f i ~ ~ ,  ~J t h f  n t h i s  reg ion .  The 
hydrology of ombrogenous bogs d i f f e r s  fun- 
damental l y  from t h a t  of topogenous and 
1 imnogenous bogs ( F i g u r e  1 ) .  It i s  d i  s- 
cussed o n l y  p e r i p h e r a l  l y  here; more 
de ta i l ed  in fo rmat ion  can be found i n  Iva-  
nov (1975), Ingram (1982, 19831, Damnan 
( 1986a ) . 
1.3 DISTRIBUTION IN  THE LANDSCAPE 

Peat bogs depend on a c i d i c ,  n u t r i e n t -  
poor water. I n  n o r t h e r n  and northeastern 
Maine they can he found i n  various land- 
scapes, b u t  south o f  the l i m i t  o f  om- 
brogenous bogs t h e y  are r e s t r i c t e d  
p r i m a r i l y  t o  t w o  types o f  landscapes: 

( 1) Areas under1 a i  n by sands and gravel s, 
occu r r i ng  main ly i n  va l leys  and on 
coasta l  p la ins .  These deposits are 
mostly o f  g l a c i o f l u v i a l  o r i g i n ,  but 
1 ocal l y  they i n c l u d e  marine and aeol fan 
m a t e r i a l s .  Bogs occupy some o f  the 
depressions and k e t t l  e  holes o f  t h i  s  
1 andscape. The i r  develo ment i s  con- e t r o l l e d  by a wa te r  tab e maintained 
w i t h i n  these depos i ts .  

( 2 )  Areas u n d e r l a i n  by g l a c l a l  t i l l s  
der ived from a c i d i c  rocks such as 
gneiss, sch i s t ,  sandstone, and gran i te .  
Here, bogs develop i n  depress1 ons w i t h  
a water t a b l e  perched on compact t i  11 
o r  bedrock. Condl t i o n s  favorable f o r  
t h e i r  development can occur a t  any e l e -  
va t ion ,  i n c l u d i n g  hi11 tops w i t h  
depresslonal s i t e s .  I n  t l l l land-  
scapes, peat  bogs are ra re  o r  absent i n  
the l a r g e r  v a l l e y s  because the water i s  
usual 1 enr iched by  nu t r i en ts  leached 
from t i: e up1 ands. 

Peat bogs devel op a1 so along lake 
shores and s l  ow-f 1 owing streams if the 
water i s  n u t r i e n t  poor. 



Figure 2. Southern boundary of ornbrogenous bogs in relation to the major forest vegetatiori zones of the 
region. 



a ln lond Domed Bogs 

Figure 3. Major peatland zones in the northeastern United States 

1.4 M A J O R  PHYSIOGNOMIC TYPES 

The bogs i n  t h i s  community p r o f i l e  
i n c l ude  f i v e  major phys i  ognomic vege ta t ion  
types. Three o f  these make up most of the 
hog vege ta t ion :  

Dwarf-shrub bogs. Dwarf-shrub bogs o f t e n  
c o n t a i n  s c a t t e r e d  l a r c h  ( L a r i x  l a r i c i n a )  
o r  b lack  spruce (P icea  -- =na).Te -- 
dwarf-shrub l a y e r  i s  dominated by ever -  
green er icaceous shrubs. According t o  t he  
U.S. F i s h  and Wild1 i f e  Serv ice  (FWS) wet-  



l and  c l a s s i f i c a t i o n  (Cowat-din e t  a l .  1979) 
these bogs are c l a s s i f i e d  as Pa lus t r i ne ,  
broad-leaved evergreen, scrub-shrub wet- 
1  ands, sa tu ra ted  w i t h  f res l i -ac i  d  water.  
I n  most o f  the reu ion.  l e a t h e r  l e a f  (Cha- 
maedaphne ca l ycu l  its) * i s  comnionly t he  fi- -- -- - - - 
i n a n t  dwarf-shrub. and the s o i l s  a re  usu- 
a l l y  m e d i f i b r i s t s  o r  hemists o f  v a r i a b l e  
depth. Dwarf-shrub bogs occur mos t l y  i n  
g l a c i a l  k e t t l e  holes, as quaking bogs 
31 ~ G h e  q3rrins nf nl i qn t r nnh i c  onnds, 
and a1 ong s l  ow-f lowing, 01 i g o t r o p h i c  
brooks. I n  the nor thern  p a r t  of  the 
req ion  and a t  h iqher  e leva t ions .  s h e e ~  
l a i r e l  iKa lmia -- ,L.-. an G s t i f o l i a )  ----- i s  the domi l  
nant evergreen dwar shrub i n  iiiost boys. 
I n  t h i s  case the  s o i l s  a re  o f t e n  sphagno- 
f i b r i s t s .  

T a l l  -shrub t h i c k e t  bogs. T a l l  -shrub 
~ c ~ e ~ ~ o ~ s ~ r ~ ~ i n a t e d  by deciduous 
er i raceouz zhrubs, usual l v  w i t h  b lack 
spruce, l a r c h  and a few red maples (Acer 
rubrum). According t o  the FWS wet lana  -- 
c l a s s i f i c a t i o n  (Cowardin e t  a1 . 1979) 
these bogs are c l a s s i f i e d  as Pa lus t r i ne ,  
broad-leaved deciduous, scrub-shrub wet- 
1  ands, sa tu ra ted  w i t h  f resh-ac i  d  water. 
They occur on m e d i f i b r i s t s  o r  hemists.  
The dominant h i gh  shrub i s  highbush b lue-  
b e r r v  ( ~ a c c i n i u m  corvmbosum) : -w in te rbe r r v  
( 11& v e r t i c ~ ~ 7 a t a 7 - C a i i X m ; n a t e  on shal- 
l G ' E  i Z X T n i r  the boq border .  These 
t h i c k e t s  occur on organic  ;oi l  w i t h  s t rong  
water l e ve l  f l u c t u a t i o n  and on the h i ghes t  
p a r t s  of  quaking bog mats. Th is  i s  a  com- 
mon bog vege ta t ion  i n  t he  southern p a r t  o f  
the reg ion  b u t  i s  absent i n  the  nor thern -  
most p a r t .  

Forests .  The t y p i c a l  bog f o r e s t s  a re  dom- 
m- by c o n i f e r s ,  e s p e c i a l l y  b lack 
spruce, w i t h  er icaceous shrubs and dwarf 
shrubs. They a r e  c l a s s i f i e d  as Palu- 
s t  r i  ne, needl e-1 eaved evergreen, f o r e s t e d  
wet lands (Cowardin e t  a1 . 1979). A 
v a r i e t y  of f o res ted  wetlands can occur on 
minero t roph ic  s i t e s ,  e s p e c i a l l y  i n  the  
boy border.  

Moss carpe ts  and conirriuliities w i t h  an 
abundance o f  Cyperaceae ( lawns) a re  two 
o the r  physiognomic types occu r r i ng  com- 
monly i n  pea t  bogs. Both a re  c l a s s i f i e d  
as Pa lus t r i ne ,  moss-1 ichen wet lands (Cow- 
at-din et d l .  13791, b u t  some o f  t he  Cyper- 
aceae-domi na ted  comnuni t i e s  on mi nero- 
t r o p h i c  s i t e s  would be c l a s s i f i e d  as 

P a l  ~ s t ! . i r i ~ ,  pet-si  s t e t i t  elnet-gent wetianas. 
The bog lawns cover  ex tens i ve  dreds o n l y  
i n  the  bogs o f  no r t he rn  coas ta l  Maine and 
i n  Canadian bogs. Moss ca rpe t s ,  i n c l u d i n g  
mud-bottoms, occur  i n  most bogs b u t  mos t l y  
as sma l l ,  i s o l a t e d  patches. 

1.5 PEAT BOGS AS LANDFORMS 

l h e  bog iandtorms r e ~ o g n l z e d  here snow 
bas i c  d i  f fe rences  i n  t h e i  r development, 
vege ta t i on  zonat ion,  and hydro1 ogy. A 
c l a s s i f i c a t i o n  1 i k e  t h i s  i s  necessary f o r  
a  d i s cuss i on  o f  processes ma in ta i n i ng  o r  
changing these landscape u n i t s .  A l l  can 
occur  as d i s t i n c t ,  c l e a r l y  recognizable 
1 andforms. Never the less,  i t  should be 
r e a l  i zed  t h a t  n o t  every  pea t l and  w i l l  f i t  
i n t o  one ca tegory .  Some a re  composites o f  
two landforms, e .g . ,  a  perched water bog 
may a d j o i n a  l a k e - f i l l  Dog. i n  o ther  
cases, two types may grade i n t o  each 
o t h e r .  For  ins tance ,  t he  water  movement 
through a sol igenous mi r e  can become so 
i n s i g n i f i c a n t  t h a t  i t  cannot  be d i s t i n -  
guished from a perched wate r  bog w i t h  
s tagnant  water.  

1.5.1. -- Peat B z - L a k e  Systems - 

i nose I nr. 1 ude ropoge~ic)us pvat bogs 
r e s u l t  i l t ( j  trunl p r imary  succe5siorl ill u l  i- 
yo t roph i c  lakes, where l a k e  water does 
no t  f l o o d  the  bog su r f ace .  They r e -  
preserl t  the  c l d ~ s i c a  l examp l e  o f  t iydrarch 
succebsion l ead ing  t o  bocl tormatior) .  
These buys develop most commonly i l t  

k e t t l e - h o l e  lakes i n  y l a c i o - f l u v i a l  
depos i t s ,  b u t  they can be as5oc i a t ed  w l t h  
other* ldkes t h a t  hdve n t r t r i e r ~ t - p o o r  water. 
Corldi t ior is i n  t he  boy chdnge d r a s t i c a l l y  
a f t e r  t he  boy niat covers t h e  lake.  There- 
f o r e ,  bogs t h a t  have n o t  comp le te ly  f i  1  l e d  
i n  a  pond need t o  be d iscussed separate ly .  
Three types are recognized (F i gu re  4) .  

L a k e - f i l l  bogs. These represent  t he  
f i n a l  s tage o f - f i r r i n g  i n  o f  a  k e t t l e - h o l e  
o r  o t he r  o l i g o t r o p h i c  l a ke .  Inc luded  here 
a re  those peat bogs w i t h o u t  a  remnant of 
the o r i g i n a l  pond i n  t h e  c e n t r a l  p a r t  of 
the  bog. The vege ta t i on  o f  t h e  bog center  
( F i g u r e  5 )  can range f rom a f o r e s t  t o  a -- 
dwar f  shrub vege ta t ion ,  and t he  bog sur-  
face can be grounded o r  quak ing.  



MOAT BOG 

,/' 

DEBRIS FALLEN 
FROM PEAT MAT I 

Figure 4. Types of peat bog-lake systems cornmion in the  region. Kratz and DeWitt (1986) provide further detail 
o n  the relation between peat types and lake-fil l succession. The peat stratigraphy of moat bogs is poorly known.  
The diagram shows the probable sequence of peat types 

Figure 5. Bog vegetation i n  center o f  forrrter lake. The vegetation is dominated by  Chamaedaphne 
calyculata w i t h  scattered larch, p i tch  pine, whi te pine, and red maple trees. 
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Moat bogs. These bogs d i f f e r  from the 
1 ake-f i 11 bogs i n  t h a t  a we1 1 -developed 
moat (F igu re  6) separates the bog from the 
up1 ands. T h i s  moat i s  f i l l e d  w i th  water 
most of t he  time. The bog adjacent t o  the 
moat i s  u s u a l l y  a quaking, f l o a t i n g  mat. 
The c e n t r a l  p a r t  of the bog i s  grounded 
and can be fo res ted  o r  have a dwarf shrub 
vegetat ion.  

Pond-border bays. These vary  f r o m  
narrow zones a long t h e  pond margin t o  p e a t  
bogs t h a t  have almost f i l l e d  a lake (Fig- 
ures 7 and 8). The l a t t e r  d i f f e r  from the 
l a k e - f i l l  bogs i n  tha t  a p a r t  o f  the o r i g -  
i n a l  pond i s  s t i l l  present. The bog mat 
i s  f l o a t i n g  near the center but grounded 
along the landward side. The vegetation 
of t h e  f l o a t i n g  mat adjacent t o  the lake 
i s  u s u a l l y  enr iched by lake water and d i f -  
f e r s  from t h a t  o f  the remainder o f  the bog 
mat. 

1.5.2. Perched Water-Peatland Systems 

These occur i n  depressions and i n  v a l -  
leys  t h a t  have a perched water t a b l e  t h a t  
maintains condi t ions sui  tab1 e f o r  peat bog 
development. They can be associated w i t h  
1 akes, b u t  t h e i r  present development i s  
no t  con t ro l l ed  by a lake.  These peat  bogs 
occur mostly i n  areas w i th  sha l l  ow till o r  
w i t h  compacted t i 1  1. They rece ive  water 
from the surrounding u p 1 a ~ d s ;  t h i s  water  
e i t h e r  seeps through the bog o r  stagnates 
i n  the basin. They can occur a1 so i n  va l -  
l eys  and f l a t s  under la in by sands and 
grave ls  i f  water i s  perched on interbedded 
s i l t  and c lay layers,  o r  i f  a r e l i a b l e  
source of 01 i go t roph i c  water i s  ava i lab le .  

Condi ti ons i n  these peat1 and sys terns 
vary and depend mostly on the  magnitude o f  
t h e  water- level changes i n  the basin, the  

Figure 6. Moat of moat bog during period of low water in late fall. The tussocks in the moat are Carex 
stricta; stems of T Y P ~ ~  angustifoiia are visible, especially in the background. In the far background 
at the bog side of the moat is a tall-shrub thicket with Vaccinium corymbosum and Rhododendron 
viscosum (Congamond Lake Bog, CT). 



Figure 7. Pond border bog with narrow strip of bog vegetation along opposite shore of lake IGushee 
Pond, MA). 

Figure 8. Pond border bog with well-developed floating mat (Molly Pond, VTI 
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water supply, and the t iuw tbrougn xnz 
peat7 and. Two type5 are recognized here,  

Perched water bogs. These are topoge- 
wousl-Togs wi%-TGi;inant, ol igot~ophic 
water perched on an only s l i g h t l y  perme- 
able horizon, fragipan, or bedrock. The 
ol igotrophic bog vegetation i s  separated 
from the surrounding upland by a swamp 
vegetation enriched by seepage water from 
the upjands. The width and f l o r i s t i c  com- 
position of zhis border zone var3es, b u t  
t h i s  zone i s  usually forested. In bogs 
with large water-level f'l uctuations, 
flooding can occur a t  times of high water, 
mainly in spring and winter. This has a 
major effect on the bog vegetation. 

Sol igenous mires. The vegetation of 
these mires can vary sreatlv deaendina on 
the size of the b i g  i n d  <he aiount *and 
nature of the seepage water entering the 
mire. Only those with 01 igotrophic water 

. . " - " . c. L.?l  ai?owi riy L r t r  i J K Y = 3 a r p l l i r ; i i b  rFiiuygUm- 
--p------- domf na ted  ground vegeta t ion  are u l  scussed 

t1e3"e. 

I n  the southern p a ~ t  of the region, 
ewapotranspl' ra t ion lasses are so great 
t h a t  01 igotrophic sol igenotis mires seldom 
o c c u ~ .  They bec~me more comon northward 
as evapotranspiration l o s s e s  decrease, and 
the moisture surplus increases. Meverthe- 
less ,  these mires are  not common in the 
~anriscape u n n ?  ;iw cC;6irIat~ js suffi-  
cientl  y humid t o  a l low raised bog forma- 
t ion. Sol igenous mires cap show a rather 
c lear  pool - s l r i  ng  pattern in northern 
Maine (Ravi s e t  a ? .  1983; Ssrensen 1986) 
and very -r'mpressive patterns far ther  narth 
(Figure 9 ) .  

1 . 5 , 3 .  Peat Bog-Stream Systems ---- - 

These are 'I imnogenous mires flooded by 
a stream awing h i g h  water. The water 

Figure 9. Soiigenous mire with pronounced pool-string pattern. This is a small fen in the boreal forest 
of a hilly part of Western Newfoundland. The entire mire is influenced by minesotrophis water. Such 
mires oscupy extensive areas on very gently sloping terrain, 



chemi s t r y  ana &Re auratioil, f reqaeei,~,~,  arr4 
depth of flooding are the primary factors  
control 1 ing the vegetation o f  these mi r e s .  
On1 y those mires flooded by 01 l' gotroph-i c 
water and w i t h  S hagnum as a major ground 
cover are i n c l u h ~ ~ .  

L7rnno enous peat b g s .  They occur 
a, onT*owi ng , nutri en t-poor bog 
streams. As a rule,  1 imnogenous peat bogs 
are associated with other types of peat- 
l a n d s ,  Their v e y e t a t i o ~ ~  f s ~ s ~ a : ? y  domi- 
nated by leather leaf (Chamaedaphne -- caly- 
cu l a t a ) ,  sedges (Carex - -- lasiocarpar,  or 
d'G3duous dwarf shrubs such as  sweet ga l e  
(Myrica ---- gal_e_) or spiraea (Spiraea -- - s p p , ) .  

Ti"- ---- 1 ,a>,- 2 ,  A p \ w , l p a 3 + n r l  kt, F # - , ~ ~ ~ <  
3 *tc 3#S\t32 , UJL8 a 2 b n u a , ' ,  ! ,4  w-.a -J r - - -  

( --- Sphagnum - - s p p ,  1 . 
1 .5 .4 ,  - m ~ e n o u s  -- -"-- Peatland Systems 

These are res t r i c ted  Lo the northern 
par t  of the region and areas north o f  the 
Canadian border I Figure 10) . Phei r ombro- 
trophic center i s  raised above the minero- 
traphic bog border or lagg (Figure 19. 
The! r topography de ends on cf imatic con- 
d i  t i o n i ,  e;peci 21 Ti. "I..ai di l y  !P-wanl v.4 
1932 ; Damman 1979a). Three major types of 
ombrogenous peat1 and can be recognized i n  
the northeast. They show a c lear  zonation 
from the coast to  the in te r io r  (Figure 3 ) .  

Figure 10. Ombrogenous peatland with almost concentric pool pattern in the ombrotrophic center 
(east of Roebuck's Lake, Central Newfoundland). A rninerotrophic mire vegetation (fen) in the lagg 
separates the raised ombrotrophic bog center from the uplands. This is clearly visible at the left and 
bottom of the photograph. 



CHAPPIER 2. FACTORS CQNTROLLlRIIIG PHYSBCAh PROPERTIES 

2.3 SUBSTRATE 

Peat1 ands have an o r g a n i c  so i  1  resu l  t- 
i ng  from t he  slow and i ncomp le te  decompo- 
s i t i o n  o f  organic  m a t t e r .  The f a c t  t h a t  
t h i s  organic  mat te r  has accumulated i n d i  - 
cates t h a t  p roduc t i on  exceeded decay dur-  
i ng  the  development of the pea t l and .  How- 
ever,  t h i s  does no t  n e c e s s a r i l y  mean t h a t  
pea t  s t i l l  accumulates i n  t h e  pea t land .  

Peat c o n s i s t s  o f  the p a r t i a l l y  decam- 
posed remains o f  p l a n t  m a t e r i a l  produced 
by t h e  present  vege ta t i on  or  by vege ta t i on  
t h a t  occupied the  s i t e  d u r i n g  e a r l i e r  
stages o f  bog development. The na tu re  o f  
the pea t  depends p r i m a r i l y  on  the  type o f  
p l a n t  ma te r i a l  and t h e  degree  o f  decompo- 
s i t i o n  o r  u l t i m a t e l y  on t h e  hydro logy and 
water chemist ry  o f  t h e  s i  t e .  Vascular 
p l a n t  ma te r i a l  i s  added t o  the pea t  as 
l e a f  l i t t e r  and as dead r o o t s ,  branches 
and stems. I n  c o n t r a s t ,  a moss carpe t ,  
such as t h a t  o f  Sphagnum, grows a t  t h e  
su r face  and d ies  a t t h e b a s e .  I n  many 
peat lands, these moss c a r p e t s  determine 
the s t r u c t u r e  o f  t h e  su r f ace  peat .  
Lichens and l i v e r w o r t s  a1 s o  grow i n  t h i s  
way, bu t  these p l a n t s  decay so r a p i d l y  
t h a t  they a re  an i n s i g n i f i c a n t  p a r t  o f  t he  
peat .  

The phys ica l  p r o p e r t i e s  o f  pea t  change 
w i t h  t ime, i .e., w i t h  d e p t h  i n  t he  pea t  
depos i t ,  p r i m a r i l y  because o f  decay and 
compaction. Decay b reaks  down the  s t r u c -  
t u r e  o f  the  organic  m a t t e r  and inc reases  
the dens i t y  o f  the  pea t .  The we igh t  o f  
the o v e r l y i n g  ma te r i a l  compresses the  pea t  
and a l s o  increases i t s  d e n s i t y .  As a 
r e s u l t ,  pea t  becomes denser and  more humi- 
f i e d  w i t h  age (F igure  11). Th i s  does n o t  
always resu l t  i n  a  trni form i n c r e a s e  i n  hu- 
mid i  f i c a t i o n  w i t h  dep th  because of changes 
i n  growth and decay d u r i n g  p e a t  bog devel -  
opment. The r a t e  o f  decay v a r i e s  among 

pea t1  ands, depending especi  a1 l y  on aera- 
t i o n  and f e r t i  1 i t y  o f  the peat  hor izons.  
I n  a d d i t i o n ,  o rgan i c  t i s s u e s  decay a t  d i f -  
f e r e n t  r a t e s .  Wood and f i b r o u s  l e a f  bases 
a r e  most r e s i s t a n t ,  and t hey  may s t i l l  be 
r ecogn i zab le  w i t h  t h e  naked eye i n  peat  
thousands of yea rs  01 d. More impo r t an t l y ,  
t h i s  d i f f e r e n t i a l  decomposi t ion can l ead  
t o  an ove r rep resen ta t i on  of decay r e s i s -  
t a n t  m a t e r i a l s ,  such as wood, i n  01 d pea t  
ho r i zons  (Clymo 1983) . 

Peat i s  commonly c l a s s i f i e d  on t he  
b a s i s  o f  i t s  b o t a n i c a l  compos i t i on  and t he  
degree of h u m i f i c a t i o n  o r  decay. These 
c l a s s i f i c a t i o n s  compl iment each o ther .  

2.1.1. C l a s s i f i c a t i o n  Based on Bo tan ica l  
Comoosi t i o n  

Based on b o t a n i c a l  composi t ion,  a t  
1  e a s t  f i v e  t ypes  shou ld  be d i s t i ngu i shed :  

Sphagnum pea t .  Th i s  c o n s i s t s  ma in ly  
o f  t he  remnants o f  Sphagnum w i t h  va r y i ng  
amounts o f  sedges as w e l l  as branches and 
rhizomes o f  e r i caceous  dwar f  shrubs. Th i s  
p e a t  type develops i n  n u t r i e n t - p o o r  pea t -  
l ands ,  such as ombrot rophic  and 01 i go -  
t r o p h i c  bogs. 

Moss and moss-sedge pea t .  Th is  i s  
made up m o s t l y  o f  o t he r ,  ma in l y  hypnoid, 
mosses and v a r y i n g  amounts o f  sedges. 
T h i s  pea t  i s  i n f l u e n c e d  by m i n e r a l - s o i l  
water ,  i s  more n u t r i e n t - r i c h  than Sphagnum 
pea t ,  and has a h i ghe r  ash con ten t .  

Reed and sedge pea t .  Reed (Phrag- 
m i t e s l ,  c a t t a i l s  (Typhal ,  and l a r g e  G X j F s  
make up t h e  b u l k  of s  pea t ,  which has a 
h i g h  ash c o n t e n t  and develops i n  eu t r oph i c  
p e a t l  ands. 

Woody peat .  T h i s  develops under 
f o r e s t e d  p e a t l  ands, and con ta i ns  undecayed 
wood. Woody p e a t  i s  a  heterogenous type,  



Figure 17. Core sample collected in the surface peat of an Empetrum-Sphagnum fuscum vegetation 
of a coastal plateau bog. Peat becomes denser and more humified with depth. The surface peat is 
loose and well-structured, but at 35-40 crn the structure of the Sphagnum plants is no langer visible. 
The peat at 40 ern is about 90 years old and at the bottom of the sample (60 cm; extreme left) about 
360 years old (M.F. Fitzgerald, University of Connecticut: pers. comm.1. 

i n c l u d i n g  pea t  developed under bog f o r e s t s  
w i t h  Sphagnum peat ,  fen  f o r e s t s  WI t h  moss- 
sedge peat,  and swamp f o r e s t s  w i t h  a  we l l  - 
hum i f i ed  pea t  m a t r i x .  I n  dea l i ng  w i t h  
woody peat,  i t  i s  use fu l  t o  recognize 
these th ree  ca tegor ies .  

L imnic  peat .  Th i s  i s  a  sedimentary --- 
peat  o r  coprogenous sediment deposi t e d  i n 
l akes  and o the r  water  bodies. It c o n s i s t s  
ma in ly  o f  organic  mat te r  der i ved  from 
aqua t i c  organisms o r  f rom aqua t i c  p l a n t s .  
G y t t j a  and sapropel a re  forms o f  l i m n i c  
Peat.  

The presence o f  l a y e r s  o f  d i f f e r e n t  
pea t  w i l l  a f f e c t  the c h a r a c t e r i s t i c s  of  
the  pea t  depos i t  and w i l l  reveal  the  h i s -  
t o r y  of  development o f  t he  peat land.  Con- 
ve r se l y ,  a  knowledge o f  the  h i s t o r y  o f  
devel opment he1 ps i n  understanding t h e  
hydro1 ogy o f  a  peat1 and. 

2.1.2. C l a s s i f i c a t i o n  Based on Degree of 
Decom~osi  t i o n  

Degree o f  decomposit ion o r  humi f i c a -  
t i o n  o f  pea t  i s  o f t e n  es t imated  accord ing  
t o  von P o s t ' s  H-scale (von Pos t  and Gran- 
l u n d  1926).  Th is  sca le  i s  based on t he  
c o l o r  o f  the  water,  s t r u c t u r e  o f  t h e  r e s i -  
due, and amount o f  pea t  t h a t  passes 
through t h e  f i n g e r s  when t he  f r e s h  pea t  
sample i s  squeezed (Tab le  I ) .  

The U.S. Department o f  A g r i c u l t u r e  
Soi 1  Conservat ion Serv ice  uses f i b e r  con- 
t e n t  t o  determine t he  degree o f  decomposi - 
t i o n  i n  o rgan ic  s o i l s  ( h i s t o s o l  s ) .  F i be r s  
a re  de f i ned  as fragments o f  p l a n t  t i s s u e ,  
exc l ud i ng  1  i v e  r o o t s  and wood fragments 
l a r g e r  than 2 cm i n  c ross  sec t ion ,  t h a t  
a r e  longer than 0.15 mm. P a r t i a l l y  
decayed f i b e r s  can be e a s i l y  broken by 



Table 1. Peat humification scale (von Post scale) based on properties that can be observed 
in the field. Translated from von Post and Granlund (1926). 
- - -. - - . - - - . - 

Scale Properties 

Completely undecomposed peat; only clear water can be squeezed 
out. 

Almost undecomposed and mud-free peat; water that i s  squeezed 
out i s  almost clear and color7ess. 

Very 1 i t t l e  decomposed and very sl ightly muddy peat; when 
squeezed, water i s  obviously muddy b u t  no peat passes through 
fingers. Residue retains structure of peat. 

Poorly decomposed and somewhat muddy peat; when squeezed, water 
i s  muddy. Residue muddy b u t  i t  clearly shows growth structure 
of peat. 

Somewhat decomposed, rather muddy peat; growth structure visi- 
ble b u t  somewhat indistinct; when squeezed, some peat passes 
through fingers b u t  mostly very muddy water. Pressed residue 
muddy. 

Somewhat decomposed, rather muddy peat; growth structure indis- 
t inct ;  less than one-third of peat passes through fingers when 
squeezed. Residue very muddy, b u t  growth structure more obvi- 
 us than in unpressed peat. 

Rather we1 1 -decomposed, very muddy peat; growth structure visi- 
ble, about one-half of peat squeezed through fingers. I f  water 
i s  squeezed out, i t  i s  porridge-1 ike. 

We1 1 -decomposed peat; growth structure very indistinct; about 
two-thirds of peat passes through fingers when pressed, and 
sometimes a somewhat porridge-like liquid. Residue consists 
mainly of roots and resistant fibers. 

Almost completely decomposed and mud-like peat; almost no 
growth structure visible. Almost all peat passes through fin- 
gers as a homogeneous porridge i f  pressed. 

Completely decomposed and muddy peat; no growth structure vi s i  - 
Sle; entire peat mass can be squeezed through fingers. 

rubbing between thumb and fingers. There- 2.2 PHYSICAL PROPERTIES 
fore, both rubbed and total fiber content 
need to be determined. Three major types 
of organic materials are recognized on the Physical properties of peat such as 
basis of thei r fiber content (Soi 1 Survey water-hol ding capacity , permeabil i ty, and 
Staff 1975). Figure 12  shows the cr i ter ia  hydraulic conductivity determine, t o  a 

- 

used in defining them as we1 1 as some of very large extent, the hydro1 ogy of peat- 
their properties. lands. These, i n  t u r n ,  depend on the 



BUI-K DENSB"TY SATURATED WATER 
(CJ /crn3) CONTENT 

(Yo oven-dry weight) 

Figure 12, Properties of fibric, h e n ~ i c .  and sapric peat as defined by Soil Survey, Soil Conservation Service, U.S. 
Department of Agriculture. 

b o t a n i c a l  composi t ion and degree  o f  humi - 
f i c a t i o n  o f  the pea t .  

Water Content and W a t e r  Re ten t i on  ---__-_ ---.- 

Impor tan t  a re  bo th  t h e  amount o f  wa te r  
t h a t  t he  pea t  can c o n t a i n  a n d  the t e n s i o n  
a t  which water  i s  h e l d  when t h e  peat  d r i e s  
ou t .  A l l  sa tu ra ted  p e a t  c o n t a i n s  l a r g e  
amounts o f  water.  However, t h e  amount of 
water h e l d  a t  low tens ions ,  wh ich  t hus  can 
be e a s i l y  removed, dec reases  w i t h  decay 
and compaction of t h e  p e a t .  Boel t e r  
( 1968, 1969) c l  e a r l y  demons t ra ted  how t he  
amount o f  water h e l d  a t  v a r i o u s  t ens i ons  
changes w i t h  bu l k  d e n s i t y  a n d  f i b e r  con- 
t e n t  o f  pea t  (F igures  13 a n d  1 4 ) .  Since 
bu l k  d e n s i t y  inc reases  and  f i b e r  c o n t e n t  
decreases du r i ng  decompos i t i on ,  these d i a -  

grams a1 so i l l u s t r a t e  the e f f e c t  o f  decay 
on the  w a t e r h o l d i n g  p r o p e r t i e s  o f  peat .  

P e a t  o f  d i f f e r e n t  bo tan i ca l  composi - 
t i o n  d i f f e r s  i n  pore  s i ze  and decay r a t e .  
Therefore,  t he  wa te r - re ten  t i o n  p r o p e r t i e s  
d i f f e r  among pea t  types.  Th is  r e l a t i o n -  
sh i p  i s  shown i n  F i g u r e  15. Water i s  h e l d  
a t  much lower  t ens i ons  i n  poo r l y  decom- 
posed o r  undecomposed Sphagnum pea t  than 
i n  o t h e r  peat  types.  ~ e m F l e s s ,  sa tu -  
r a t e d  pea t s  h o l d  r o u g h l y  equal amounts of 
water,  so the amount of  water removed from 
s a t u r a t e d  pea t  when the water t a b l e  i s  
lowered i s  much g rea te r  f o r  the  poo r l y  
decom~osed sur face  peat  o f  Sphagnum bogs 
tFan f o r  o t h e r  pea t lands .  A rough impres- 

of  the d i f f e rences  i n  the  amount of 
water t h a t  can be dra ined  from var ious  



ijndecoyed Sphoyrtucn peul 

r Poorlv decayed Sphagnum peat 

BULK DENSITY (g/cm3) 

Figure 13. Relation between bulk density of peat and 
its water retention at various tensions (modified after 
Boeltei 19681. Note that louse. poorly decayed peat 
wi th low bulk density holds the most water at low 
tensions. 

FIBER CONTENT ('10 oven-dry weight) 

Figure 14. Relation between fiber content of peat and 
i t s  water retention at various tensions (redrawn after 
Boelter 1968). Peat w i th  high fiber content holds the 
largest amounts of water at low tensions. 

pea t  types can be o b t a i n e d  f rom F i g u r e  15 
(Boe l  t e r  1968). S o i l - w a t e r  t e n s i o n  i s  a t  
0 b a r s  when the  pea t  i s  a t  i t s  maximum 
r e t e n t i v e  c a p a c i t y  and when a1 1  po res  a r e  
f i l l e d  w i t h  wa te r .  A t  f i e l d  c a p a c i t y ,  
when a l l  g r a v i t a t i o n a l  water  has d r a i n e d  
from the  pea t ,  water  t e n s i o n  i s  about  0.1 
ba rs  i n  most m ine ra l  s o i l  and s l  i g h t l y  

WATER T E N S I O N  (bars) 

Figure 15. Water retention in  different peats (after 
Boelter 1968). The difference in the  amount of water 
held by saturated peat (tension 0 bars) and drained 
peat at field capacity (about 0.1 bars) is largest for  live 
Sphagnum moss and least for well-decomposed peat. 

h i g h e r  i n  pea t .  Assume a  w a t e r  t e n s i o n  o f  
0.1 b a r s  i n  f u l l y  d r a i n e d  p e a t ;  t h e n  t h e  
q u a n t i t y  o f  wa te r  t h a t  can be d r a i n e d  f r o m  
s a t u r a t e d  p e a t  ranges f rom ove r  50% f o r  
t h e  1  i v e ,  undecomposed Sphagnum p e a t  t o  
about  10% by volume f o r  some o f  t h e  o t h e r  
p e a t  t ypes .  Water s t o r a g e  o r  wa te r  y i e l d  
c o e f f i c i e n t ,  t h e  volume o f  wa te r  removed 
f rom a  p e a t  p r o f i l e  when t h e  wa te r  t a b l e  
i s  lowered,  w i l l  be somewhat h i g h e r  s i n c e  
t h i s  i n c l u d e s  a l s o  w a t e r  i n  t h e  c a p i l l a r y  
zone above the  s a t u r a t e d  p e a t .  

2 .2 .2 .  H y d r a u l i c  C o n d u c t i v i t y  - 

Decay and compact ion  of p e a t  a1 so 
decrease i t s  h y d r a u l  i c  c o n d u c t i  v i  ty, b u t  
t h i s  happens a t  d i f f e r e n t  r a t e s  i n  each 
p e a t  type.  T h i s  was c l e a r l y  shown i n  a  
s t u d y  by Baden and Eggel smann (1963)  based 
on e x t e n s i v e  f i e l d  measurements o f  hyd rau -  
1  i c  c o n d u c t i v i t y  w i t h  t h e  auger -ho l  e  
method (Hooghoudt 1937) .  The r e l a t i o n s h i p  
between h y d r a u l  i c  c o n d u c t i v i t y  and degree 
o f  decompos i t ion ,  and d e n s i t y  o f  t h e  p e a t  
i s  shown i n  F i g u r e s  16 and 1 7 .  Severa l  
i m p o r t a n t  c o n c l u s i o n s  can be drawn f rom 
these  data .  

! 1) L i v e  and undecomposed Sphagnum 
p e a t  i s  v e r y  permeable,  b u t  decay 
decreases i t s  h y d r a u l i c  c o n d u c t i v -  
i ty t o  a  g r e a t e r  e x t e n t  t h a n  t h a t  
o f  o t h e r  pea t  t ypes .  

( 2 )  W i t h i n  pea ts  o f  s i m i l a r  b o t a n i c  
o r i g i n ,  t he  degree o f  decomposi - 
t i o n  based on the  von P o s t  s c a l e  



Sphagnum Peat 

Moss arld Sedge h o t  

Reed a n d  Sedge Peat 
- 

Degree of Humif icat ion 

(von Post scale ) 
Figure 16. Relation between hydraulic conductivity and degree of humif ication of different peat types (redrawn 
after Bader~ and Eggelsmann 1963). The humification is based on the von Post scale (Table 1).  The soil permeability 
classes are based on Sonneveld (1962, cited by Baden and Eggelsmann 1963). Wooded swamp peat no t  included 
because it is gerierally strongly to alrnost completely decomposed. except for  wood  fragments. 
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SEDGE PEAT 

MOSS 81 SEDGE PEAT 

SPHAGHUM PEAT 

t i 3  H5 t i8 

17 Welat~on between hydraul~c conductcv~ty and peat types (graphed from data in Baden and Eggelsmann 
13633) H3 M5, etc refer to hun?tficat~on accordtrly to the von Post scale (Table 1). In wooded swamp peat, there 
19 no cotrsistent relat~uri betweeri decomposlt~an and hydra i~ l~c  conductivity 

1s a  rough i n d i c a t i o n  o f  i t s  
hydraul1'c conduc t i v i  t y  , b u t  t he  
1ij.d~ ctu1 iL ~ u n d ~ ~ t i v i  tJ f pt i i t s  
w i  t h  the same W-val ue i nc reases  i n  
t he  o r d e r :  Sphasum pea t ,  moss- - 
sedge pea t ,  se-dgc E a t ,  and reed 
p c a t .  

( 3 )  Woad fragments i r ~ c r e a s e  the  perme- 

a b i l i t y  o f  p e a t .  The re fo re ,  
h y d r a u l  i c c o n d u c t i  v i  t y  o f  woody 
? c a t  va r i c s  (Badcn and Eggelsmann 
1963) and i s  h i g h e r  than t h e  c o r -  
respond ing  p e a t  t y p e  w i t h o u t  wood. 
T h i s  a1 so e x p l a i n s  why i n  wooded 
swamps t h e  degree o f  decomposi t i  on 
i s  a  poo r  i n d i c a t i o n  o f  h y d r a u l  i c  
c o n d u c t i v i t y .  



CHAPlf ER 3. HYDROLOGY AWDI WATER CHEMlfSTWV 

Ih roughob t  the no r t heas te rn  Un i ted  
States p r e c i p i t a t i o n  exceeds water 1 osses 
by evapo t ransp i ra t ion ,  a t  l e a s t  on an 
annual bas is .  However, du r i ng  the summer 
p r e c i p i t a t i o n  i s  o f t e n  cons iderab ly  l e s s  
than the evapo t ransp i r a t i on  I s s s e s ~  This  
a p p l i e s  a l s o  t o  the  zone w i t h  ombrogenous 
bogs i n  no r t he rn  Maine. I t s   souther^ 
boundary i n  eas te rn  Nor th  America (F i gu re  
2 )  occurs roughly  where the cumulat ive 
de f i c i ency  o f  p r e c i p i t a t i o n  over  p o t e n t i a l  
evapotranspi  r a t i o n  exceeds 100 mm (Damman 
1977).  When p o t e n t i a l  evdpotranspi  r a t i o n  
exceeds p r e c i p i t a t i o n ,  the  vege ta t i on  w i  11 
draw on water s t o red  i n  the ecosystem o r  
supp l ied  from o the r  sources. Th i s  w i l l  
o f t e n  resu l t .  i n  a  lower ing  o f  the ivi i ter 
tab1 e du r i ng  the summer and e a r l y  fa1  1 . 

Water i s  s t o red  i n  t he  peat ,  i n  poo ls  
on the  bog sur face,  as snow, and as i n t e r -  
cepted water on the  vege ta t ion .  The f i r s t  
two s torage forrrrs are most impo r t an t  dur- 
i n g  summer. The amount a v a i l a b l e  i n  each 
depends on the  phys ica l  p r o p e r t i e s  o f  the  
peat and t h e  microtopography o f  the  bog 
sur face.  Bogs a re  sa tu ra ted  w i t h  water 
f o r  most o r  a1 1 o f  the year .  When satu- 
ra ted ,  t h e i r  storage capac i t y  i s  f f l l e d ,  
and no a d d i t i o n d l  water can be stored. 
The a v a i l a b l e  storage capac i t y  increases 
du r i ng  the summer and w i l l  be h i ghes t  a t  
t he  1 owest water 1  eve1 . I n  general , the 
water s torage capac i t y  o f  bogs i s  overes- 
t imated.  I n  s p i t e  o f  popular  be1 i e f ,  bogs 
r egu la te  stream f l o w  on ly  t o  a  l i m i t e d  
ex ten t ,  espec ia l  l y  i n  humid areas (Goode 
e t  a l .  19773. 

It i s  use fu l  t o  d i s t i n g u i s h  two major 
peat hor i zons :  the dc ro te lm and catote lm.  
The former i s  the  sur face pea t  above the  
low-water t ab l e ,  and the  l a t t e r  i s  the 
permanently anaerobic peat be1 ow t h i s  
l e v e l  ( Ingram 1978).  Many hydro1 o g i c a l l y  

and e c o l o g i c a l l y  impor tan t  p r o p e r t i e s  o f  
the subs t ra te  are assoc ia ted w i t h  t h i s  
subdi v i  s i  on (F i gu re  18) .  

Water i s  s to red  i n  the acrote lm.  Most 
o f  the changes i n  s torage i nvo l ve  t h e  f r e e  
water  i n  the  zone o f  wa te r - leve l  f l u c t u a -  
t i o n  and t he  c a p i l l a r y  water above t h e  
water t a b l e .  Therefore,  t he  depth and t h e  
phys ica l  p r o p e r t i e s  o f  t h i s  l a y e r  a f f e c t  
water r e t e n t i o n  most. 

The ca to te lm  i s  cons tan t l y  sa tu ra ted  
w i t h  water, and t he re fo re  one would n o t  
expect  any changes i n  water storage i n  
t h i s  l a y e r  un less the  peat  bog i s  dra ined.  
A1 though t h i s  appears t o  be g e n e r a l l y  
t r u e ,  i t  does no t  apply  t o  a l l  bogs. I n  
l a k e - f i l l  bogs, a  l a y e r  w i t h  loose,  sus- 
pended organic  mat te r  occurs o f t e n  a t  1-2 
m below t h e  sur face.  Dur ing dry  per iods,  
t h i s  l a y e r  sh r inks  because water i s  w i t h -  
drawn from it. Th i s  causes seasonal 
changes i n  sur face l e v e l  o f  these bogs 
s i m i l a r  t o ,  b u t  l e s s  dramatic than, those 
i n  t h e  f l o a t i n g  mat o f  pond-border bogs. 
There i s  a1 so evidence o f  changes i n  sur-  
face  l e v e l  from bogs w i t h  sol  i d  pea t  
depos i t s  (Ganon 1897; Uhden 1956; Eggel - B smann 1960).  hese sur face l e v e l  changes 
appear t o  be due t o  expansion o f  the pea t  
du r i ng  wet per iods,  perhaps due t o  
increases i n  h y d r o s t a t i c  pressure ( Ingram 
1983).  Increases i n  water con ten t  of t h e  
c a t o t e l  m were a1 so  observed by Hei k u r a i  nen 
e t  a l .  (1964).  

3.2 WATER MOVEMENT IN BOGS 

3.2.1. L a t e r a l  Flow - 

Wi th in  the acrote lm,  the  hydraul  i c  
c o n d u c t i v i t y  decreases w i t h  depth because 
o f  decay and compaction o f  t he  peat .  The 
r educ t i on  i n  hydraul  i c  c o n d u c t i v i t y  f rom 
the  sur face t o  the  base o f  the ac ro te lm 
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Figure 18. Properties of acrotelm and catotelm of peat boys. The heavy black line in the stippled horizon is the 
Water level duration curve, indicating the percentage of time that the water table is at  or above that level. 

tends to  regula te  water level s  by increas-  
ing flow a t  high-water l eve l s  and reducing 
flow a t  1  ow level s  ( Ivanov 1975) .  Conse- 
quent ly,  water l e v e l s  remain mostly around 
average l eve l s  and reach peaks f o r  b r ie f  
periods only. This i s  best  expressed in  
S hag?um peat of ombrotrophic bogs (Figure &-, X e r e  the acrotelm i s  thick and t he  
peat poorly decomposed. In niany 01 igo- 
t rophic boys t h i s  regulat ion of water 
levels i s  l ess  e f f e c t i v e  because of rapid 
decdy o f  the peat or impeded drainage. 

Small increases  in  nu t r ien t  level can 
grea t ly  increase decay of the surface 
pea t .  Therefore, m i  nerotrophic peat lands 

show a more rapid reduct ion i n  hydraul ic  
coi lduct i \ / i ty  with depth than do ombro- 
t r oph i c  bogs. Thus, Sphagnum peat  i n f l u -  
enced by weakly mine ro t roph~c  water can 
change within 2 5  cm from a l aye r  of sur- 
face  peat  with H 1  o r  HZ according t o  the 
von Post s ca l e  (Table 1) t o  H4 o r  H5.  In 
red maple and cedar swamps, peat  with H6 
of ten  occurs a t  the  sur face  of the 
depressions.  

Information on t he  r e l a t i o n s h i p  
between hydraul i c  conduct iv i ty  and botan i -  
c a l  o r i g i n  of the peat  should be appl ied  
cau t ious ly  t o  f i e l d  condi t ions .  For 
i n s t ance ,  -- Sphagnum peat  a t  H3 o r  over has 



1 ower hydraui  i c  condoc t l v l  t l e s  than o ther  
p e a t  types (Figlare 171, However, t h e  l i v -  
i ng a ~ d  und@cnrmposed --- Sphagnum peat  makl ng 
u p  t he  sur face peat  has a very  porous 
sts-uc t u r e  w i  t h  organic  mat te r  occupying 
less than 20% o f  the volume lClymo 19831, 
so water can move r a p i d l y  (F igure  199, I n  
c o n t r a s t ,  a l a y e r  w i t h  comparable perme- 
a b i l i t y  i s  absent i n  most swamps and 
mdrshes, and pea t  wl'th H3 o r  over may 
occur  a t  t he  sur face.  Therefore,  f l o w  
through t he  Spnagnum pea t  can exceed t n a t  
i n  o t he r  peat lands.  Decay r a t es  vary 
g r e a t l y  among peat lands,  and t o  avo id  
erroneous conc lus ions such changes should 
be cons idered i n  eva l ua t i ng  water move- 
ment. When the water t d b l e  r i s e s  above 
t h e  su r face ,  wdter wil l d r d i n  r d p i d l y  
from the  peat larid unless topoyrapt~y 
i nlpedes d r a i  rlage. 

Impeded drainage f rom the  peat land can 
cause h igh  water t ab l es  i n  p a r t s  o r  a l l  o f  
a  pea t l  and. Consequently, water t a b l  es 
can be c l ose  t o  t he  sur face i n  s p i t e  o f  a  
h i gh  hydraul  i c  c o n d u c t i v i t y  o f  the peat.  
Under these condi ti ons water-1 evel f l  uctu-  
a t i o n s  depend on the balance between water 
1  osses (d ra inage  and evapo t ransp i r a t i on )  
and i n p u t s  ( p r e c i p i t a t i o n ,  seepage, and 
poss i b l y  stream i n p u t s ) .  

3 , 2 . 2 .  V e r t i c a l  Flow ----- - 

Water movement d r i ven  by g r a v i t y  and 
evapora t ion  are impo r t an t  above the  water 
t a b l e .  Th i s  i n vo l ves  p e r c o l a t i o n  o f  p re -  
c i p i  t a t i o n  through the  sur face pea t  and 
upward movement o f  c a p i l l a r y  water;  bo th  
p l ay  a  r o l e  i n  t r a n s l o c a t i n g  elements. 

P e r c o l a t i o n  o f  r a i n  water through the 
pea t  depends on the permeabi 1 i t y  of the 
peat .  It i s  c o n t r o l l e d  by the  same p ro -  
cesses t h a t  a f f e c t  hydraul  i c  c o n d u c t i v i t y .  
Water perco la tes  e a s i l y  through t he  l i v e  
and undecomposed Sphagnum pea t  b u t  very  
s l ow l y  through we1 1  -decomposed peat .  I f  
sur face pea t  i s  we1 1  -decomposed, the  water 
l e v e l  i s  u s u a l l y  near the sur face,  and 
puddl i ng  on t he  sur face  i s  f r equen t l y  due 
t o  a  r i s e  i n  water 1  evel  . We1 1  -decomposed 
peat can be found above the  water t a b l e  i n  
d ra ined  peat lands and i n  bogs w i t h  
s t r o n g l y  f l u c t u a t i n g ,  perched water 
t a b l  es. Under such c o n d i t i o n s  puddl i n g  

occurs, arla water f i ows r r ~  i r11 y uvef the 
sur face and through cracks t h a t  develop i n  
t he  peat  du r i ng  d r y i ng .  

C a p i l l a r y  water  r i s e s  h igher  above a  
water t a b l e  when pore s i t e  becomes 
smal ler ,  b u t  a t  t he  same t ime t h i s  reduces 
the  rate o f  water  movement. The c a p i l l a r -  
i e s  through which water moves i n  peats  a re  
so small t h a t  the upper 1 i m i t  o f  the  
c a p i l l  a ry  zone i s  1 i m i  t e d  mos t l y  by evapo- 
ration a t  the  sur face and uptake by vege- 
t a t i o n .  Sphagnum p l a n t s  1  ack vascu la r  
t i  ssue, and t h e r e f o r e  water movement t o  
t he  surface o f  a  Sphagnum c a r p e t  i s  by 
phys ica l  processes . T n T s u n n y  day, eva- 
po ra t i on  losses  can e a s i l y  exceed t r ans -  
p o r t  o f  c a p i l l  a r y  water t o  the sur face,  
and the Sphagnum sur face w i l l  d ry .  The 
e v a p o r a t i T m  a t  the su r face  depends 
a1 so on t he  morphology and anatomy o f  the 
Sphagnum species (F igures 19,  20, 21, 22, 
arid 23) and t h e  d e n s i t y  o f  the  ca rpe t  
(Overbeck and kiappach 1957; Hayward and 
Clynio 1982; Rydin and McDonald 1985; 
Andrus 1986). Dry ing  out  o f  the sur fdce 
i s ,  t he re fo re ,  on ly  p a r t l y  c o n t r o l l e d  by 
t he  depth o f  the  water  t a b l e  (Neuhausl 
1977) 

3.3 WATER CHEMISTRY 

3.3.1 .  Chemical D i f f e rences  Between 
Meteoric a n d a i i c W a t e 7  

Water i n  bogs comes from t he  atmos- 
phere and the surrounding uplands. Atmos- 
phe r i c  (me teo r i c )  and t e r r e s t r i a l  ( t e l -  
l u r i c )  water d i f f e r  i n  chemical 
composi t ion.  I t  i s  impor tan t  t o  d i s t i n -  
gu ish  these two sources when dea l i ng  w i t h  
p e a t l  ands because t h e i r  r e l a t i v e  c o n t r i -  
b u t i o n  v a r i e s  w i t h i n  a  peat land and among 
p e a t l  ands. 

Some n u t r i e n t s  and o t h e r  elements i n  
p r e c i p i t a t i o n  a re  der i ved  from the  sea, 
b u t  t o  these a re  added elements c o n t r i b -  
u t e d  by atmospheric po l  1  u t i  on and na tu ra l  
f i r e s  as we l l  as those i n  s o i l  and organic  
dust ,  most ly  f rom a g r i c u l  t u r a l  areas (Gor- 
ham 1961). The i o n i c  composi t ion o f  p r e -  
c i p i t a t i o n  depends on the r e l a t i v e  c o n t r i -  
b u t i o n  f rom each o f  these sources, and i t  
shows c l e a r  eo raph ic  t rends (Munger and 
E i  senre ich 18837. P r e c i p i t a t i o n  r n  the  
nor theas te rn  Uni ted S ta tes  i s  s t r ong l y  



F~gure 19 Loose surface peat with Sphagnum rnagellanicum and S. angustifolium. The surface peat 
i s  very porous, especially below the capitula (heads) of the Sphagnum plants. 

modi f ied  by p o l l u t i o n ,  and t o  a  lesser  
ex ten t ,  by a g r i c u l t u r a l  dust.  Therefore, 
p r e c i p i  t a t i  on i s  g rea t l y  enr iched w i t h  
heavy metals (Groet 1976) and s u l f u r  and 
n  i trogen compounds (Junge 1958; Commi t t e e  
on Atmospheric Transpor t  1983). The depo- 
s i  t i o n  of a l l  o f  these decreases roughly 
From south t o  nor th .  So i l  -der ived e l e -  
ments such as Fe, Mn and Ca, are present  
i n  l o w  concentrat ions compared t o  o ther  
p a r t s  of the Uni ted States (Munger and 
Eisenre ich 1983). 

Soi 1 water i s  r a i n  water t h a t  has been 
f n  con tac t  w i t h  the minera l  s o i l  o r  bed- 
rock.  While seeping through the s o i l ,  i t  
i s  enr iched w i t h  elements suppl ied by 
weathering, so l u t i on ,  hyd ro l ys i  s  and 
c a t i o n  exchange. Th is  enrichment r e s u l t s  
i n  h igher  concentrat ions o f  most elements 
i n  t e l l u r i c  water than i n  r a i n  water, 
e s p e c i a l l y  of those elements occur r ing  i n  
l a r g e  amounts i n  s o i l s  and rocks b u t  i n  
very  low concentrat ions i n  sea water 

(Tab le  2 ) .  Foremost among t he  l a t t e r  a re  
A 1  , S i  , Fe and Mn. Conversely, Na and C1 
occur i n  much h i ghe r  concen t ra t ions  i n  
seawater than i n  f reshwate r  (Tab le  2 ) .  
The i o n i c  composi t ion o f  t e l  l u r i c  water 
depends on the  type o f  rock and t he  l e n g t h  
o f  t ime t he  water has been i n  con tac t  w i t h  
it. Consequently, i o n i c  composi t ion va r -  
i e s  geographical  l y  and temporal l y  . I o n i c  
concen t ra t ions  are 1  owest i n  areas w i t h  
poor s o i l s  and rocks  such as sandstones, 
s ch i s t s ,  o r  g ran i t es  and du r i ng  pe r i ods  o f  
heavy f low.  Superimposed on t h i s  v a r i a -  
t i o n  a re  changes due t o  b i o l o g i c a l  p ro -  
cesses such as decay o f  o rgan ic  ma t t e r  and 
uptake by vegetat ion.  

3.3.2. Chemical Composit ion of Onlbro- 
t ' r o ~ h i c  Boa Water 

The i o n i c  concen t ra t i on  o f  water 
de r i ved  from p r e c i p i t a t i o n  changes a f t e r  
i t  reaches the  bog sur face,  even w i t h o u t  
coming i n t o  con tac t  w i t h  t e l l u r i e  water .  



'!I\ \I 
\ ,  Figure 21. Sphagnum papillosum Lindb. (a) cross sec- 

tion of branch leaf, (b)  convex surface of branch leaf 
Figure 20. Sphagnum magellanicum Brid. (a)  cross as seen on electron microscope, (c) stem cortex, 
section of branch leaf, (b) branch leaf, (c) stem leaf. (d) branch leaf, (el stem leaf, (f) cross section of 
(d) branch cortex, ( e )  cross section of stem. stem. 

Evapo t ransp i r a t i on  a t  t he  bog sur face,  
1 eachates f rom vascul a r  p l an t s ,  and decay 
o f  o rgan ic  ma t t e r  i n c rease  concen t ra t ions ,  
whereas adso rp t i on  on pea t  and uptake by 
p l a n t s  lower  them. Most o f  these p ro -  
cesses a re  temperature dependent, and 
t h e r e f o r e  t h e  concen t ra t i ons  o f  most e l e -  
ments vary  seasona l l y  (Damman 1986). 

Evapo t ransp i r a t i on  inc reases  the i o n i c  
concen t ra t i on  o f  an element i f  the b i o l o -  
g i c a l  demand f o r  t h e  element i s  low, as 
f o r  Na o r  C1 (Damman 1986).  Even i n  
humid c l  imates t h e i r  concen t ra t i on  i n  
ombrot rophic  bog water i s  many t imes t h a t  

i n  the p r e c i p i t a t i o n  (Table 3 ) .  Other 
i ons  do n o t  show t h i s  increase, because 
they are removed b uptake o r  c a t i o n  
exchange (Daman 1986 7 . Seasonal v a r i a -  
t i o n s  i n  i o n i c  concen t ra t ions  a re  espe- 
c i a l l y  l a r g e  f o r  mob i le  i ons  such as K 
t h a t  can occur  i n  concen t ra t ions  below 
t h a t  i n  t he  p r e c i p i t a t i o n  du r i ng  pe r i ods  
o f  a c t i v e  growth (Damman 19861, whereas 
concen t ra t i ons  reach h i g h  l e v e l s  i n  e a r l y  
f a1  1  when i t  i s  leached from senescent and 
dead leaves (Malmer 1962b; Damman 1986). 
I o n i c  concen t ra t ions  i n  ombrotrophic water  
a re  c l o s e s t  t o  t h a t  i n  t he  p r e c i p i t a t i o n  
du r i ng  pe r i ods  o f  heavy r a i n  o r  snow me1 t 
and dev i a t e  most du r i ng  hot ,  d r y  s p e l l s .  



Figure 22. Sphagnum fallax (Klingr.) Klingr. (a) cross 
section of branch leaf, (bl stem leaf, (c) branch leaf, 
(dl cross section of stem. 

3.3.3. Chemical Composition o f  Minero- 
t r o p h i c  Bog Water 

The e f f e c t  o f  the mineralogy o f  s o i l s  
and bedrock on the i o n i c  composit ion o f  
t e l  l u r i c  water i s  we l l  documented (Clarke 
1924; Troedsson 1952 ; Gorham 1961) and 
causes major d i  f ferences i n  the chemist ry  
o f  the water seeping i n t o  peat lands. Even 
on nu t r i en t - poo r  sands the  concen t ra t ion  
o f  most n u t r i e n t  elements i s  much h igher  
than i n  the  p r e c i p i t a t i o n  (Table 3 ) .  Th is  
i s especia l  l y  t r u e  f o r  e l  ements v i r t u a l  l y  
absent i n  seawater such as Fe, Mn, and S i .  

Figure 23. Sphagnum rubellurn Wils. (a) cross section 
of branch leaf, (b) stem leaf, (c) branch leaf, (dl cross 
section of stem. 

The i o n i c  composi t ion o f  m inera l  s o i l  
water f l o w i n g  through a pea t l and  i s  
a f f e c t e d  by t h e  same processes d iscussed 
under ombrotrophic water.  I n  a d d i t i o n ,  
d i l u t i o n  by r a i nwa te r  p l ays  a major  r o l e  
here. The r e l a t i v e  importance o f  evapo- 
t r ansp i  r a t i o n  and d i l u t i o n  by r a i nwa te r  on 
t h e  i o n i c  concen t ra t ions  i s  c o n t r o l  l e d  by 
c l  imate, b u t  i n  bogs r e c e i v i n g  seepage 
water i t  depends a l s o  on t h e  dimensions of 
t h e  peat land. 

Size of a pea t land  w i l l  a f f e c t  sur-  
face-dependent fac to rs  such as p r e c i p i t a -  
t i o n  and evapo t ransp i ra t ion  t o  a much 
g rea te r  e x t e n t  than border-dependent fac- 



s aote s 8 ne reiarrvo concentrattons ot rne rnasi: a~aur~dairlr eiersttrsras in ~ t t w  ~at"C3 irirst, 
ssii, and water, excluding C ,  B-I and 0. Values are pevcerat (weight basis) of the total 
amount, calculated from mean and median concentrations repoaQed by Bswen (Il3ml. 

- -- 

Elewwt Ear thcrus t  S o i l s  F~eshwater Sea water 

Table 3. Comparison of ionic composition of precipitation with that of ombrotrophic bog water and minerotrophic 
brook water for a peat bog at Stephenville Crossing, Newfoundland (May-September 1980). Mean concentra- 
tions t: standard error. Based on data in Damrnan (1986) and unpublished data. 

Element (ppm) 

Water character is t ics  n K &I Ca Na Fe 

BULK PRECIPITATION 
Volume weighted mean 27 0.065 0.12 0.52 0.75 0.052 
Unwei gh ted mean 27 0.062k0:0.007 0.12i0.02 0.53iO.09 0.63i0.11 0 .052~.008 

OMBROTROPHIC 
Pools on plateau bog 48 0.10+0.02 0.46i0.02 0.25*0.02 3,89+0.10 0.065*0,009 
Bog brook 16 0.17rt0.06 0.52iO. 03 0.27rt0.01 3.81kO. 12 0.079i0.008 

MINEROTROPHIC 
Brook through nu t r ien t -  7 0.22*0.03 1.11+0.06 2.80i0.36 5.76*0.26 0.47i0.07 
poor outwash 

Regional brook 8 0.63k0.03 4.5k0.2 18.5+1.0 6.1820.20 0.18M.03 



tors sric'? as seepage. ThZs i s  espcc;a?fy d j 5 t d i 4 ~ ~  from the bog h o d e r .  T + j s  
no t i ceab le  i n  sol igenous peat lands, which effect i s  greatest i n  bumid c l imates ,  
rece ive minera l  - s o i l  water most ly  as seep- where these peatlands are most common. 
age water r a t h e r  than ground water. In Durjng the f a l g ,  leachates from dead and 
such peat lands, t he  d i l u t i n g  e f f e c t  of senescent Pol jag€? w i l l  partly o f f s e t  the 
r a i n  on i o n i c  concentrat ions increases lower fng 0f ionic e o n c ~ n t r a t i o n s  by ya jn- 
rapid1 y w i t h  the  s i ze  o f  a  peat land and f a l l  and uptake by the vegetation. 



CHAPTER 4. STOWAGE AND FLUXES QF ELEMENTS 

4.1 iN  TROUliL l iUIII 4.2 ERjtHGY FLOW 

Our knowledge o f  energy f l ow  and e l e -  
mental  f l u x e s  i~ peat  bogs i s  incomplete; 
t h i s  i s  e s p e c i a l l y  t r u e  fo r  Nor th  American 
p e a t l  ands. Q u a n t i t a t i v e  data on elemental  
f l u x e s  are v i r t u a l l y  l a c k i n g  f o r  pea t  bogs 
i n  t h e  no r t heas te rn  Un i ted  S ta tes  and t h e  
s i t u a t i o n  i s  ha rd l y  b e t t e r  f o r  i n f o rma t i on  
on amounts s to red  i n  the pea t .  Hemond 

1 3 ,  1 3  prov ided est i indtes o f  f i  wlces 
f o r  some elements i n  a k e t t l e - h o l e  bog, 
and Damman ( 1979b, 1986b), Laundre (1980) 
and Lyons (1981) showed amounts s t o red  i n  
t he  peat .  

Ex t rapo l  a t i o n  from data ou t s i de  the  
r e g i o n  i s  compl i c a t e d  by d i f f e r e n c e s  i n  
vege ta t i on  s t r u c t u r e  and c l  imate, espe- 
c i a l  l y  those a f f e c t i n g  hydro1 ogy . For  
example, i t  i s  d i f f i c u l t  t o  ex t r apo la te  
f rom data f o r  a  we l l - s tud ied ,  fo res ted ,  
perched p e a t  bog i n  Minnesota (Ver ry  1975; 
Ver ry  and Timmons 1982; Urban 1983; Gr iga l  
e t  a l .  1986; Urban e t  a l .  1986) i n f o r -  
mat ion p e r t i n e n t  t o  open o r  shrub-covered 
bogs i n  t he  Nor theast .  I n  a d d i t i o n ,  t h e  
bogs w i t h i n  the  r eg i on  vary  w i t h  respec t  
t o  hydro logy  and i n f l o w ,  and t h e r e f o r e  
they  by no means represent  a  homogeneous 
group as f a r  as f l u xes  are concerrted. 

Th i s  sec t i on  i s  ma in ly  on data c o l -  
l e c t e d  e l  sewhere and i n t e r p r e t e d  i n  the 
1  i g h t  o f  ou r  understanding o f  eco l og i ca l  
processes i n  bogs. Therefore, t h i s  d i s -  
cuss ion  i s ,  t o  some ex ten t ,  specu la t i ve .  
I t  i n d i c a t e s  the general t rends  w i t h i n  t he  
pea t  bogs o f  the Nor theas t  and the  
expected geographical  v a r i a t i o n .  More- 
over ,  i t  p o i n t s  ou t  how processes i n  pea t  
bogs d i f f e r  f rom those i n  t h e  more- 
fami l i a r  up1 and ecosystems. 

There have been no complete s t ud i es  o f  
energy f l o w  i n  peat bogs. The s tud ies  
p r o v l  d i ng  the most d e t a i l e d  i n f o rma t i on  
were p a r t  o f  t he  I n t e r n a t i o n a l  B i o l o g i c a l  
Program ( I B P )  Tundra Biome P r o j e c t  i n  
Moore House, a  B r i t i s h  b l anke t  bog (Heal 
and Perk ins  19781, and a  suba rc t i c  m i r e  i n  
Swedi sh Lapland (Sonesson 1980). 

The p r imary  p roduc t i on  o f  vascular  
p l a n t s ,  1 i v e r w o r t s ,  mosses, and 1  ichens i n  
t h e  bog vege ta t i on  p rov ides  t he  major  
i n p u t  o f  o rgan ic  mat te r .  Add i t i ona l  
i npu t s  come from phy top lank ton  i n  bog 
pools  and o rgan i c  ma t t e r  blown o r  washed 
i n  from a r e l s  ou t s i de  t h e  bog. The 
l a t t e r  can c o n t r i b u t e  cons iderab ly  i n  
smal l  pea t  bogs, b u t  i t s  r o l e  decreases 
w i t h  i n c r e a s i n g  s i z e  o f  t h e  pea t land .  
L i t t l e  i s  kriowrl dbout p h y t o p i a n ~ t 0 1 1  
p r o d u c t i v i t y  i n  bogs. Th is  i n p u t  
increases w i t h  f e r t i  1  i ty  o f  t he  p e a t l  and 
and w i t h  wetness, e s p e c i a l l y  w i t h  t he  
sur face a rea  o f  open water.  Presumably, 
i n p u t  f rom t h i s  source i s  smal l  i n  bogs 
o f  t he  Nor theas t .  

Among t h e  vascu la r  p l an t s ,  er icaceous 
dwarf  shrubs and sedges (Cyperaceae) a re  
t h e  most impo r t an t  pr imary producers (For -  
r e s t  and Smith 1975; Svensson and Rosswall 
19801, and much o f  t h i s  p roduc t ion  i s  
be1 ow-ground (Svensson and Rosswall 1980; 
wa l l&  1983) .  Trees can a1 so be major  
c o n t r i b u t o r s  i n  some bogs. 

P r o d u c t i v i t y  i s  r a t h e r  1  ow compared 
w i t h  o t h e r  ecosystems (Reader and Stewart  
1972; F o r r e s t  and Smi t h  1975; Gr iga l  e t  
a1 . 19861, b u t  mosses and especi a1 l y  
Sphagnum, can account f o r  1/3 - i / 2  o f  the  
p- 

t o t a l  p r o d u c t i o n  ( F o r r e s t  and Smi t h  1975 ; 
Gr i ga l  19851, and p robab ly  more i n  some 



p? ant  camuni  t i e s  Precurnahly, n r n t i ~ ~ c t i v -  

i t y  increases  with nu t r i en t  input and gen- 
e r a l  ly  with inputs  of mineral so i l  water 
i n t o  the peatland. 

Herbivory i s  much l e s s  important in  
peat  bogs than in o ther  wetlands (Cragg 
1961 ; Svensson and Rosswall 1980; Mason 
and Standen 1983), presumably because t he  
organic matter of bogs i s  nu t r i en t  de f i -  
c i e n t  (Sellamy and Rieley 1967; Small 
1972 ; Damman 1978a) and the  1 i t t e r  of the  
vascular p lan ts  i s  often sclerophyl lous  
(Small 1973). Herbivory probably 
increases  with the f e r t i l i t y  of peat  bogs. 

Peat bogs a r e  detr i tus-based eco- 
systems, and breakdown of organic matter  
i s  of major concern. Bacteria and fungi 
make u p  the  major pa r t  of the decomposer 
complex (Svensson and Rosswal; 1980). 
Fungi a r e  n~ost ly r e s t r i c t e d  t o  the aerobic 
pea t ,  and Svensson and Rosswall (1980) 
found 90% of the  mycelium in  t he  upper 
10 cm. Most decay a l s o  takes place above 
the water t ab le  (Clymo 1965; Malmer and 
Holm 1984). 

Peat could not accumulate i f produc- 
t i v i  t y  did not exceed decay. A 1  thouyt i  
t h i s  has t o  be t r ue  over the e n t i r e  period 
of  bog development, t h i s  does not mean 
t h a t  producti vi t y  s t i  1 1 exceeds decom- 
posi t ion.  As long as  accumulation takes 
place below a water t a b l e ,  decay wil l  be 
very slow (Clymo 1965), and peat  wi l l  
accumulate in the  bog. This s i t u a t i o n  
c l ea r ly  e x i s t s  in may bog-lake systems 
t h a t  have not f i l l e d  in  completely. Above 
a water t a b l e ,  decay i s  acce le ra ted ,  and 
genera l ly ,  an equilibrium between pro- 
duction and decay i s  reached within 
30-50 cm above the water l e v e l ,  unless 
the  extreme nu t r i en t  def iciency of t he  
peat 1 imits  decay (Damman 1979a, 1986). 
This can lead t o  a ra i sed  bog formation 
i f  c l imat ic  condit ions cause a water 
mound to  develop i n  t he  accumulated peat  
(Ivanov 1981; Ingram 1983). This happens 
in the zone of ombrogenous bogs i n  
northern New England (Figures  1 and 2 ) .  
Even in t h i s  case ,  t he r e  i s  a l i m i t  t o  
peat  accumul a t i  on (Damman 1979a; Clymo 
1984) . 

4 3 BlS(h-1S OF N14TRIENTR AND OTHER 
ELEMENTS 

4.3.1. Causes of Differences - w i t h  Upland ---- 
Ecosystems 

Peat  bogs a r e  character l 'zed by slow 
decay of organic matter .  Th i s  p a r t i a l l y  
decayed l i t t e r  forms the  s u b s t r a t e  in 
which p l an t s  r oo t ,  and i t  a l s o  s e a l s  off 
t h ~  v e g ~ t a t i o n  from direct  c o n t a r t  w i t h  
t he  mineral soi 1 . Therefore,  organic mat- 
t e r  t h a t  i s  a t  the sur face  a t  any one time 
wi l l  gradual ly be buried under more and 
more peat  as  the  moss l a y e r  cont inues  t o  
grow. 

These condi t i o n s  have several  imp1 i ca -  
t i o n s  f o r  n u t r i e n t  cyc l ing  t h a t  d i s t i n -  
guish pea t  bogs from upland s i t e s :  

( 1 )  Nutr ient  tu rnover  i s  slow because 
of n u t r i e n t  def ic iency  of t he  1 i t t e r  and 
water-l  oggi ng of the  s u b s t r a t e .  There- 
f o r e ,  i n  a c t i ve ly  growing pea t  bogs the 
d e t r i t u s  cyc le  i s  poorly developed. Nu t -  
r i e n t  cycl ing increases  when pea t  growth 
s t agna t e s ,  and i t  i s  a l s o  more a c t i v e  i n  
bogs receiving higher  n u t r i e n t  i npu t s .  

( 2 )  The amountof  n u t r i e n t s  i n  the 
l i v i n g  biomass i s  small ,  but  the  amount 
s tored  i n  undecayed organic mat te r  i s  f a r  
l a r  e r  than i n  o the r  ecosystems (Damman 
1978a 1. 

( 3 )  Nutrients  i n  peat  below the  roo t -  
ing zone of the vegetat ion a r e  unava i lab le  
t o  p l an t s .  Consequently, i n  bogs t h a t  
a c t i v e l y  accumul a t e  pea t ,  n u t r i e n t s  a r e  
cont inuously l o s t  t o  peat  s t o r ed  be1 ow the  
root ing zone. This  accumulation r a t e  
changes during bog development and v a r i e s  
s p a t i a l l y  and temporally i n  e x i s t i n g  bogs. 

(4 )  Organic matter  t h a t  makes up the  
sur face  changes i t s  pos i t i on  with r e spec t  
t o  the water t a b l e  over time. Thus, 
organic matter  appears t o  migrate  with 
time from an aerobic horizon t o  one t h a t  
i s  pe r iod i ca l l y  anaerobic t o  a perma- 
nent ly anaerobic horizon. This causes 
redox-sensi t ive elements,  as  we1 1 as  
several  o ther  elements,  t o  behave d i f -  
f e r e n t l y  i n  organic s o i l s  than i n  mineral 
so i  1 s (Damman 1978a . 



The meteor i c  i n p u t  o f  dust and r a i n  i s  
r e l a t i v e l y  more impo r t an t  as a n u t r i e n t  
source i n  pea t  bogs than i n  o t he r  ecasys- 
terns because of %he absence o f  i n p u t s  by 
m inera l  weather! ng and the general  ly small 
t e l  l u r i c  inputs The impor ta~ce  o f  mete- 
o r i c  i n p u t s  iocrpases a s  the decdy r a t e  of 
organ ic  mat te r  decreases and n u t r i e n t  
d e f i c i e n c y  inc reases .  Meteor i c  i n p u t  i s  - 
t i i e  s o i c  i r p u  t ;;i of i t i i rotrupkic bo s. ine 9 chemical  d i f f e r e n c e s  between te1 , u r i c  and 
meteor i c  water  were discussed e a r l i e r .  

Small bogs and bog borders rece ive  
s i g n i f i c a n t  a d d i t i o n a l  i npu t s  o f  n u t r i e n t s  
f rom l i t t e r  blown i n  from adjacent  
uplands. Impar t  o r  expo r t  o f  n u t r i e n t s  by 
b i r d s  and mammals i s  un impor tant  i n  most 
bo s  (C r i sp  1966; Svensson and Rosswall 
1980). Conspicuous except ions a re  bogs 
used as r o o s t i n g  p laces by water fowl  o r  
sea b i  rds.  

N i  t rogen  f i x a t i o n  by f ree-1 i v i n g  
micro-organi  srns appears t o  be i n s i  g n i f  i- 
c a n t  (0.07-0.150 g  ~ l m ~ / ~ r )  i n  ombro- 
t r o p h i c  bogs (Granhal l  and Sel ander 1973; 
Waughrnan and Be1 1 amy 1980) b u t  becomes 
more impor tan t  i n  mi ne ro t r oph i c  mi res. 
Hemyd (1983) r epo r t ed  an i n p u t  o f  1 g  
N/m /yr f o r  an o l i g o t r o p h i c  k e t t l e - h o l e  
bog and Waughman and Be1 lamy (1980) f und f an average i n p u t  o f  0.53 and 2.1 g  N/m / y r  
i n  poor and i n t e rmed ia te  fens, respec- 
t i v e l y .  These va lues probably  represen t  
t h e  upper l i m i t  o f  what can be expected i n  
t h e  bogs d i  scussed here. 

Symbiotfc n i t r o g e n  f i x a t i o n  i n  bogs i s  
1  i m i  t e d  t o  act inomycetes assoc ia ted w i t h  
Myr i ca  and Alnus. These species do no t  
occur  i n  t h e t  nu t r i en t - poo r  bogs of 
t he  reg ion .  I n  m inero t roph ic  m i res  N 
i n p u t  f rom t h i s  source can be impor tant .  
Schwintzer2(1983) r epo r t ed  an a d d i t i o n  o f  
3.53 g  N/m / y r  i n  an 01 i g o t r o p h i c  Sphagnum 
bog w i t h  ----- Myr ica  ga l e .  - 

elons o t  t w s e  el emenes i n  t he  bag water.  
Th i s  i s  especially no t i ceab le  f o r  elements 
t h a t  are i n  s h o r t  supply and f o r  which t he  
h l ' o l og i ca l  demand i s  l a rge .  I n  ombro- 
t r o p h i c  bogs, 70%-88% o f  the K and 20%-30% 
o f  the Mg i s  removed w h i l e  water seeps 
through t h e  bog I Daman 1986 . Simi 1 a r  
seasonal changes occur i n  N, P and Ca 
l Boatman e t  a1 . 19751, a1 though changes i n  
Ga a r e  l e s s  conspicuous because Ca adsorp- 
t i o n  on p e a t  i s  f a r  more impor tan t  than 
uptake by vegetaz ion (Laman i986j , 
Potassium concen t ra t i on  i n  bog water peaks 
i n  e a r l y  f a1  1 when K i s  leached f rom dead 
and senescent p l a n t s  (Malmer 1962b; Damman 
1986).  Elements re1 eased mos t l y  by m ic ro -  
b i a l  decay, such as N and P, do n o t  show 
t h i s  so c l e a r l y .  Such seasonal f l u x e s  
occur  i n  a l l  bogs, b u t  t h e i r  e f f e c t  on 
water chemis t ry  i s  l e s s  obvious when n u t -  
r i e n t  i n p u t s  a re  h igher .  

S u l f a t e  concen t ra t ions  a re  n i gnes t  ~n  
bog water du r i ng  the f i r s t  r a i n  a f t e r  a  
d r y  s p e l l  as H  S, ox i d i zed  t o  H2SQ4 when 
t he  water l e ve?  was low, i s  f l u shed  ou t  o f  
the  bog. Th i s  f l u s h i n g  o f  s u l f a t e s  occurs 
i n  a  wide range o f  mi res (Gorham 1956; 
Malmer 19741, b u t  presumably i t  i s  most 
pronounced i n  bogs exper ienc ing  l a r g e  
wa te r - l eve l  f l u c t u a t i o n s .  

Reduct ion o f  Fe and Mn compounds dur-  
i n g  wet per iods  increases t h e i r  so? u b i l  i ty 
and exposes them t o  removal i n  the  d ra i n -  
age water f rom the  peat lands (Damman 
1978a ) . I r o n  concen t ra t ions  inc rease  
s l  i g h t l y  i n  t he  drainage water o f  ombro- 
t r o p h i c  bogs du r i ng  h i g h  water l e v e l s  i n  
fa1 1  (Damman, unpubl . ) . This  e f f e c t  
should be most obvious i n  bogs r e c e i v i n g  
t e l l  u r i c  i n p u t .  

The concen t ra t i ons  o f  i ons  f o r  which 
the  b i o l o g i c a l  demand i s  low o r  n e g l i g i b l e  
inc rease  du r i ng  warm and dry  pe r i ods  
because o f  water 1 osses by evapotranspi  r a -  
t i o n .  T h i s  increase i s  most c l e a r l y  shown 
by Na and C1 (Gorham 1956; Boatman e t  a l .  
1975 : Damman 1986).  

4.3.3. Temporal Changes- i n  Elemental -- 
Fluxes -- 

4.3.4. Accumulat ion o f  Elements i n  Bogs 

Seasonal changes i n  b i o l o g i c a l  pro- Elements a re  s to red  p r i m a r i l y  i n  t h e  
cesses and p e r i o d i c  changes i n  water l e v e l  l i v i n g  biomass o f  the pr imary producers 
a re  r e f l e c t e d  i n  the  elemental  f luxes.  and i n  t h e  peat .  The l a t t e r  i n c l u d e s e l e -  
Ac t i ve  growth and uptake o f  essen t i a l  e l e -  ments i n  undecayed organic  mat te r  and i n  
ments by t he  vege ta t i on  lower  concentra- the  m i c r o b i a l  biomass as we l l  as i ons  



adsofbed on the  c a t i o n  exchange complex CF 
the  peat.  Some elements a1 so occur i n  
p r e c i p i t a t e d  s a l t s ,  I on i c  concentrat ions 
i n  the bog water are i n  e q u i l  i br ium w i  t h  
i ons  adsorbed on the peat; concentrat ions 
a re  r e l a t i v e l y  low i n  bogs bu t  increase 
w i t h  the i n p u t  o f  f e r t i l e ,  m ine ra l - so i l  
water. 

Storage o f  elements i n  the 1 i v i n g  veg- 
e t a t i o n  va r ies  w i th  i t s  biomass, and i t  
a f f e c t s  most ly the major n u t r i e n t  e l e -  
ments. The amount i s  genera l l y  low com- 
pared w i t h  o ther  ecosystems, b u t  i t  i s  
l a r g e  i n  r e l a t i o n  t o  inputs ,  espec i a l l y  i n  
ombrotrophic bogs (Damman 1978a ; Ma1 mer 
and N ih lgdrd  1980). I n  bogs, N, P, and K 
a re  s t r on  l y  conserved i n  the 1 i v i n g  
S hagnum p 4 ants (Damman 1978a; Pakarinen 
k H e m o n d  19801 and i n  the  a c t i v e l y  
growing a r t s  of vascular l a n t s  (Small 8 1972; ~aymer  and N ih l  gard 1 801, as they 
a re  i n  upland vegetat ion.  

Enormous amounts o f  organic mat te r  can 
accumulate as peat i n  bogs. I n  s p i t e  o f  
the slow decay, and i n  con t r as t  t o  popular 
be1 i e f  , many e l  emen t s  are removed f rom the  
peat  before i t  becomes anaerobic (Damman 
1978a). The ex ten t  t o  which n u t r i e n t s  a re  
r e t a i ned  depends most ly on the element and 
the  t ime the peat remains above the  summer 
water l e v e l  . Nevertheless, storage can be 
consi  deraSl e, because o f  the la rge  amounts 
of peat, even f o r  elements present  i n  low 
concentrat ions.  Accumulation i n  t h i s  eco- 
system compartment increases w i t h  the r a t e  
of peat accumulation i n  the bog. Th is  
appl ies  p a r t i c u l a r l y  t o  elements s to red  i n  
organic  form i n  undecayed peat.  

Large amounts o f  C,  N, and P a r e  
s to red  i n  the undecayed peat,  b u t  almost 
a1 1 o f  the N and P i s  unava i lab le  t o  
p l an t s .  Carbon accumulation i s  d i r e c t l y  
p ropo r t i ona l  t o  the amount o f  organic  mat- 
t e r  s to red  and depends on p r o d u c t i v i t y  and 
decay. The same appl i e s  t o  N, b u t  the  
accumulation process i s  more compl i c a t e d  
because of immob i l i za t ion  of N i n  the  
m i c r o b i a l  biomass. The re fo re ,  N concen- 
t r a t i o n s  i n  t h e  p e a t  can v a r y  among pea t -  
1 ands. 

I n  n u t r i e n t - r i c h ,  minerot rophic  peat-  
lands, N concentrat ions increase w i t h  
depth because o f  N immob i l i za t ion  i n  the  
peat  and gene ra l l y  remain r a t he r  constant  

a " ? ~  rha r!M \ila~fi?a*~gnS. i~ 1 = . < ~  t h a n  20 
(Daman 19813. T h i s  i s  comyarabl e t o  
chaqges i n  most decaying p l a n t  l i t t e r .  I n  
ombrotrophic bogs, N imobi l  i z a t i o n  a l s o  
occurs IMalmer and Holm 19841, b u t  i t  i s  
1 i m i  t ed  by the d e f i c i e n c y  o f  o t h e r  eSe- 
ments. T h e ~ e f  ore,  M concen t ra t i ons  
decrease i n i t i a l  l y  w i  t h  depth, then 
inc rease  s l i g h t l y  and genera7 1y stab4 1 i s e  
a t  C/N quo t i en t s  over  50 (Daman 1988).  
Th i  s  corresponds rough1 y t o  pea t  w i  t h  l ess 
thaq I ,?& N !Fisupe 2 4 ) .  

Most bogs discussed here f i t  between 
t h e  s t r o n g l y  m ine ro t r opk j c  and t he  ombro- 
t r o p h i c  peat lands.  It i s  u n l i k e l y  t h a t  
C/N r a t i o s  w i l l  drop much below 30 i n  any 
o f  the peat bogs i n  t h e  Nor theas t .  I n  t he  
o l i g o t r o p h i c  f l o a t i n g  and quaking bog-lake 
systems, N concen t ra t i ons  i n  the  upper 
p a r t  o f  the bog mat (F i gu re  24) change 
w i t h  depth a lmost  as i n  ombrot rophic  bogs, 
b u t  they irrcr.ease a b r u p t l y  i n  
depos i ted  be1 ow the mat (Damman 1988 ti'e 

Phosphorus accumul a t i o n  i n  the  pea t  
shows a p a t t e r n  s i m i l a r  t o  t h a t  o f  N, 
a1 though the  ac tua l  amounts o f  P a re  much 
sma l le r  than f o r  N. Magnesium and Ca a re  
a l s o  r e t a i n e d  i n  t h e  undecayed peat ,  b u t  
f o r  these i ons  adso rp t i on  on t h e  c a t i o n  
exchange complex o f  the  pea t  appears 
impor tan t .  Magnesium can accumulate con- 
siderab7y i n  S ha num pea t  (Damman 1978a; 
Hemond 1980) . % on o t h e r  e a t  types 
a r e  few (Mornsjo 1968; T a l l i s  19 ? 3; Lyons 
19811, b u t  concen t ra t ions  appear s i m i l a r .  
They a re  u s u a l l y  about  1 mg Mg/g i n  the 
deep peat  except i n  i n l a n d  reg ions  where 
t h e  concen t ra t ion  i n  ombrotrophic pea t  can 
be much lower  (Damman, unpubl.  1.  Calcium 
i s  a l so  s t o red  i n  l a r g e  amounts i n  the 
pea t .  Concentrat ions a re  1 owest i n  ombro- 
t r o p h i c  Spha num pea t  o f  oceanic areas 
(Damman l&nd inc rease  w i t h  d is tance  
from the coast .  They a re  much h i ghe r  i n  
pea t  i n f l uenced  by m inera l  s o i l  water 
(Mi j rns jo  1968; T a l l  i s  1973; Lyons 1981). 

Several e l  ements a re  removed from the 
pea t  be fo re  i t  becomes anaerobic,  and they 
accumulate i n  the zone o f  water l e v e l  
f l u c t u a t i o n  (Fe, Al, Zn, Pb) o r  j u s t  above 
i t  (Mn) (Damman 1978a). I n  ombrotrophic 
bogs t h e i r  concen t ra t i on  i s  ve ry  1 ow i n  
t h e  anaerobic peat .  However a l l ,  except  
Pb, occur i n  much h i ghe r  concen t ra t i ons  i n  
pea t  i n f l uenced  by m inera l  s o i l  water 
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Figure 24. Nitrogen concentration and C/M quotient i n  cores f rom an oligotrophic lake-fill bog (Bethany Bog), 
an oligotrophic floating mat (Beckley Bog), a mesotrophic red maple swamp (Dunham Pond) and an ombrotrophic 
bog (Stephenville Crossing). High water table ( H W )  and l o w  water table (LWT) are shown; 50°/o water table 
is  the level at o r  above which the water table occurred for 50% of t he  1980 vegetative seasan. 

(Damman 1979b; Laundre 1980; Damman and 
Dowhan 1981) and i n  other  peat types 
(Morns jo  1968; T a l l  i s  1973) . Conse- 
quently, the  concentrat ions o f  these e l  e- 
ments i n  the peat vary among bogs, depend- 
i ng  on mineral  s o i l  water i npu t  and 
water- level f l u c t u a t i o n .  

Lead i s  der ived mostly from atmos- 
pher ic  pol 1 u t i o n .  Therefore, concentra- 
t i ons  i n  and above the zone o f  water- level  
f ?uc tua t i on  vary  reg iona l l y ,  b u t  concen- 
t r a t i o n s  i n  the deeper, anaerobic peat 
remain very low (Damman 1978a; Pakarinen 

1978b ; Damnan 1979b Laundre 1980). L i  v- 
i t t  e t  a1 . (19793 and Hemond (1980) 
a t t r i b u t e d  the low Pb concentrat ions a t  
greater  depth t o  1 ower Pb fa1 1 -out a t  the  
t ime the o lder  peat was deposited. How- 
ever, t h i s  h i s t o r i c a l  pa t te rn  seems t o  be 
usua l l y  over ru led  by the water- level 
e f f e c t  (Damman 1978a). Even i n  i s o l a t e d  
Southern Hemi sphere bogs, which have n o t  
experienced an increase i n  Pb p o l l u t i o n ,  
Pb concentrat ions are h ighest  i n  the peat 
above the l ow wa ter-1 eve1 (Damman, 
unpubl . . a ren t l y ,  Pb accumulates i n  '9 t the peat o f  f oa i ng o r  quaki ng-bog mats 
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by Wemond's (1980j data .  

Sodium occurs i n  low concentrations i n  
the anaerobic peat (Mornsjb 1968; T a l l  i s  
1973; Daman 1978a, 1979b ; Laundre 19801, 
and amounts s to red  are  r e l a t i v e l y  sma l l .  
The same app l i es  l o  K ,  except  t h a t  i t s  
concen t ra t ion  cdn be h igh  i n  peat  j n f l u -  
enced by minera l  s o i l  water (MGrnsj6 1968; 
T a l l i s  19731, 

4 .3 .5 .  Elements Removed f rom Peat  Bogs 
l_l̂ l__--__ll_~~--l_ll_--l- 

Removal o f  elements, l i k e  t h e i r  s t o r -  
age, depends on pea t  accumulat ion and bog 
type .  I o t e r p r e t a t i o n  o f  the  1  i t e r a t u r e  i s  
f u r t h e r  compl i c a t e d  by unknown i n p u t s  i n  
a1 1 b u t  the genuine ly  ombrot rophic  bogs, 
as we l l  as by seasonal v a r i a t i o n  i n  i o n i c  
concen t ra t ions  o f  t he  dra inage water t h a t  
i s r a r e l y  accounted f o r .  Presumably, ou t -  
p u t s  will equal i n p u t s  as p r o d u c t i o n  
equals  decay, and no f u r t h e r  bog growth 
takes p lace.  However, t h i s  can r e q u i r e  
ve ry  l ong  per iods .  

Low concen t ra t ions  o f  d i s so l ved  N are 
p resen t  i n  the  drainage water  f rom bogs, 
and a lmost  a l l  o f  i t  occurs as NH i ons  
(Boatman e t  a1 . 1975 ; Urban 1983; ~ i ? t  and 
Bayley 1984). Most N  appears t o  leave  
bogs as p a r t i c u l a t e  o rgan ic  N ( C r i s p  1966; 
Yrban 19831 and probably  a1 so i n  d i s s o l v e d  
o rgan ic  mat te r .  Deni t r i f i c a t i o n  losses  
from bogs are no t  we1 1  documented, b u t  
they a r e  probably  small , s ince  n i t r a t e  
concen t ra t ions  are low and t h e  pH i s  too  
l ow  f o r  n i t r i f i c a t i o n  (Rosswal l  and Gran- 
ha1 1  1980; Hemond 1983). Urban (1983) 
a t t r i b u t e d  about 25% o f  the N  ou tpu t  t o  
deni  tri f i c a t i o n ,  b u t  t h i s  appears too h i gh  
f o r  most peat bogs. Both d e n i t r i f i c a t i o n  
and losses of d i s so l ved  N a re  more impor- 
t a n t  i n  peat lands w i t h  l a r g e  n u t r i e n t  
i npu t s .  About 20% of  the N added was l o s t  
i n  the drainage water du r i ng  t h e  2 y e a r s  
f o l l o w i n g  f e r t i l i z a t i o n  o f  a  b l anke t  bog 
(Burke 1975). 

Uptake of C1 by the  vege ta t i on  i s  neg- 
1  i g i b l e  and, as an anion, i t  i s  no t  
adsorbed on t he  peat.  Therefore,  r e t en -  
t i o n  of C1 i n  bogs i s  1  i m i  t e d  and mos t l y  
i n t h e  w a t e r i n p o o l s  a n d p e a t .  I t i s  
f l u shed  ou t  a t  about t he  same r a t e  i t  
en te r s  ( V i  tt and Bay1 ey 1984). I n  1  arge 
bogs, C1 concen t ra t ions  i nc rease  as the 

: * J ~ P " *  ceayc ?krx+i~gB:  tk,e 1393 because 
w a t e r  1 osses nj e~!3r,<:lfanspi r a t i o  
Sodjum behages rnr~cll We s a w  May f Boatm 
e t  a i . 1975 ; Daw1an 13651 , b u t  more 
th i s  element i s  s t o red  i? t o e  e a t  a  
biomass (Mdrnsjo 1968; T a i l i s  197!; Dama 
1978a 1 

Yost K l ~ a v e s  the  bog f n  i o n i c  f o r  
(Ye r r y  1975; Burke 1975;  Damman 1986) 
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l o sses  o f  K i~ p a r t j c u l a t e  o rgan ic  mat 
i n  an e rod ing  b l  anke t  bog. The ab i  I i ty 
bogs t o  r e t a i n  K i s  l i m i t e d  s ince  s t o ra  
i s m o s t l y  i n  t h e  l i v i n g  biomass. Th i s  
a1 so documented by t h e  l a r g e  l osses  o  
a f t e r  f e r t i l  i z a t i o n  (Burke 1975). Un 
und i s t u rbed  cond t ions ,  Y l o sses  a r e  l a  
e s t  f rom peat1 ands r e c e i v i n g  subs tan t i  
m inera l  s o i l  water  i n p u t s .  

Magnesium occurs i n  i o n i c  form i n  t 
dra inage  water ,  b u t  i t i s  a1 so s t rong  
adsorbed on pea t  p a r t i c l e s .  The 1  i m i t  
data on Mg o u t p u t s  seems t o  suggest l a r  
r eg i ona l  d i f f e r e n c e s  . Apparent ly ,  1  oss 
i n  t h e  dra inage wate r  a re  sma l le r  
i n 1  and areas (Hemond 1980; V i  tt and Bay1 
1984) than i n  oceanic  r e g i o n s  (Boatman 
a l .  1975; Damman 1986). 

Most bogs a re  d e f i c i e n t  i n  Ca and mu 
o f  t h e  i n p u t  i s  r e t a i n e d  (Boatman e t  a 
1975; V i t t  and Bay ley  1984) most l y  
c a t i o n  exchange (Damman 1986).  Even 
f e r t i l  i z e d  b l a n k e t  bog (Burke 1975) l o  
o n l y  4% and 8% o f  t h e  added Ca f r o  
d ra i ned  and und ra i  ned area,  r e s p e c t i v e  
i n  t h e  two yea rs  f o l l o w i n g  f e r t i l i z a t i  
Calc ium c o n c e n t r a t i o n s  a r e  l o w  i n  d ra ina  
water  f rom n u t r i e n t - p o o r  and ac t i ve1  
growing p e a t  bogs. They i nc rease  as t e  
l u r i c  i n p u t s  i n c rease .  Among undi  s t u rb  
bogs, h i g h e r  c o n c e n t r a t i o n s  can 
expected i n  d ra inage  wate r  f rom bogs 
i n l a n d  areas than  i n  coas ta l  r eg i ons .  

Phosphorus c o n c e n t r a t i o n s  i n  bog wa 
a r e  low,  and most P appears t o  be remov 
i n  a r t i c u l  a t e  o rgan i c  m a t t e r  
19667 . Large amounts o f  P a r e  s t 0  
t he  p e a t ,  b u t  t h e  c a p a c i t y  of bogs 
s t o rage  o f  a d d i t i o n a l  amounts seems v  
1 im i  t e d  (Ma1 mer 1974 ; Burke 1975).  





CHAPTER 5. PEAT BOG VEGETATION 

5.1 FLORISTIC COMPOSITION OF THE 
PLANT COMMUNITIES 

Vegetation changes w i th in  a bog and 
the d i f fe rences among bogs are cont ro l led  
p r i m a r i l y  by h a b i t a t  condit ions, espe- 
c i  a1 l y  hydrol  ogy and water chemistry . 
Cl imat ic  d i f f e rences  are re f l ec ted  i n  the 
f l o r i s t i c  composi t ion o f  the vegetat ion o f  
comparable h a b i t a t s  i n  d i f f e r e n t  pa r t s  o f  
the region. Th i s  comnunity p r o f i l e  
inc ludes a r t s  o f  three vegetation zones 
(Figure 2 ! and geographic changes i n  f l o r -  
i s t i c  composit ion can be considerable. 

This sec t i on  describes the major habi- 
t a t - r e l a t e d  v a r i a t i o n  i n  the peat bog veg- 
e ta t i on ,  i n c l u d i n g  the major geographic 
changes w i t h i n  t h e  region. The d i s t r i b u -  
t i o n  o f  the p l a n t  comnuni t i e s  w i t h i n  the 
major peatland types i s  discussed i n  the 
fo l l ow ing  sec t ion .  

The 1 i t e r a t u r e  on peat1 and vegetat ion 
i s  fragmentary and inadequate, especi a1 l y  
t h a t  on topogenous peat bogs. Reports on 
the  vegetat ion o f  ind iv idua l  peat bogs 
have been numerous, bu t  they cons is t  
mainly o f  incomplete species l i s t s ,  some- 
times wi th b r i e f ,  supe r f i c i a l  descr ipt ions 
o f  the vegetat ion. Notable exceptions to  
t h i s  are the p ioneer ing  studies o f  Osvald 
(1928, 1955, 19709 on the North American 
peatland vegetat ion,  which included f l o r -  
i s t i c  d e t a i l s  on a number o f  bogs i n  the 
Northeast, and t h e  work by Damnan (1977). 
The l a t t e r  dea l t ,  however, only w i th  the 
vegetat ion o f  t he  ombrogenous bogs o f  
northeastern Maine. A few recent studies 
by Worley (1981) and Davis e t  a1 . (1983) 
provided a c l a s s i f i c a t i o n  f o r  the peatland 
vegetat ion o f  Maine, bu t  t h e i r  u n i t s  are 
def ined too b road ly  t o  r e f l e c t  the f l o r i s -  
t i c  d i f fe rences w i t h  respect t o  hydrol ogy, 
water chemi s t r y  , and geographical 1 oca- 
ti on. 

This l ack  of i n f o rma t i on  hampered the 
preparat ion o f  t h i s  sect ion, which i s  
based p r i m a r i l y  on iqy own unpublished data 
supplemented w i t h  whatever cou ld  be 
gleaned from the 1 i tera ture .  Most he1 p f u l  
i n  t h i s  respect  were the s tud ies  by 
Nichols (1915) and Osvald (19701, both 
c a r r i e d  o u t  i n  the  e a r l y  p a r t  o f  t h i s  cen- 
tu ry .  

F ive major physiognomic vegetat ion 
u n i t s  can be recognized i n  peatlands: f o r -  
est ,  t a l l  -shrub th icke ts ,  dwarf-shrub 
heath, vegeta t ion  dominated by g rass - l i ke  
p lan ts  (graminoids), and carpet  o r  mud- 
bottom vegetat ion.  I n  topogenous peat- 
lands, the f i r s t  three make up most o f  the 
vegetat ion. The l a s t  two p lay  a minor 
r o l e  here, bu t  they cover l a rge  areas i n  
sol igenous and nor thern  ombro enous peat- 4 lands (S jb rs  1961; Damman 19 8b, 1979a; 
Glaser e t  a1 . 1981). With in the nor th-  
eastern Uni ted States, they are important  
on ly  i n  fens (Osvald 1970, Sorensen 1986) 
and i n  the p la teau bogs along the nor th -  
eas t  coast o f  Maine (Damman 1977). 

On ombrotrophic peat the occurrence o f  
these physiognomic vegetat ion u n i t s  i s  
c l o s e l y  t i e d  t o  the depth o f  the water 
tab1 e (Malmer 1962a, Damman and Dowhan 
1981 ) , w i t h  the  carpets and mud-bottoms 
occupying t h e  w e t t e s t ,  most f r e q u e n t l y  
f l ooded  s i t e s  and t h e  f o r e s t s  on t h e  w e l l -  
d ra ined  pea t .  The wa te r - t ab l e  depth 
c o n t r o l s  t h e  d i s t r i b u t i o n  o f  t r e e s  i n -  
d i r e c t l y  b y  i t s  e f f e c t  on n u t r i e n t  supply .  
N u t r i e n t  uptake i s  improved on b e t t e r -  
d ra ined  p e a t  by increased decay and 
g rea te r  r o o t i n g  depth. 

On minero t roph ic  peatlands, the re1 a- 
t i onsh ip  between the physiognomy o f  the 
vegetat ion and water l e v e l  i s  much more 
compl ex, because several t r e e  species can 
grow on permanently inundated hab i ta t s  i f  
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sive water leve l  f luctuat ions may e l im i -  
nate them here. 

The f l o r i s t i c  composition o f  the major 
peat bog community types o f  the region 
w i l l  be described w i th in  the framework o f  
the major physiognomic vegetation uni ts.  
This descr ipt ion w i l l  be l im i t ed  mostly t o  
the genuine bog vegetation. The bog bor- 
der vegetation and other strongly m i  nero- 
t rophic vegetat ion vary widely i n  f l o r i s -  
t i c  composition depending on the mineral - 
ogy o f  the surrounding parent material s. 
Describing the f l o r i s t i c  composition o f  
t h i s  vegetation i s  beyond the scope of 
t h i s  communi t y  p r o f i l e .  However, some o f  
these comnunities w i l l  be described i n  a 
general way i n  discussing the pattern o f  
vegetation types w i th in  the major bog 
landforms of the region. I n  addition, 
Table 4 shows the e f f e c t  o f  hab i ta t  
changes on the dominant t ree species i n  
the bog border forests o f  each o f  the 
three fo res t  zones of the region. 

An overview o f  the f l o r i s t i c  composi- 
t i o n  o f  the common p lan t  comnunity types 
o f  the bogs, and the differences among 
them, i s  given i n  Tables 5, 6, 7, and 8. 
These types are based on habi ta t - re la ted 
di f ferences i n  species composition and on 
data co l lec ted throughout the range o f  the 
types. There are c lea r  phytogeographic 
changes w i th in  t h i s  region t ha t  are a1 so 
re f lec ted  i n t h e  bogvegetation. This 

a f f e c t s  especiai Iy vegetation types wi th  a 
1 arge geographical range crossing major 
vegetation zones (Figures 2 and 3).  

These geographic changes could not be 
adequately expressed i n  tabular form with- 
out  describing each of the habi ta ts  sepa- 
r a t e l y  f o r  each vegetation zone. This 
approach would have resul ted i n  an 
unwieldy number o f  vegetation types and 
would have confounded the discussion o f  
the vegetation-habi t a t  re lat ionships.  As 
an a1 ternative, peat bog plants showing a 
c l ea r  geographic pattern w i th in  the region 
are l i s t e d  i n  Table 9. This tab le  shows 
the species t h a t  are present i n  ce r ta in  
par ts  o f  the region. 

5.1.1. Forests 

Forests occur extensively on peatlands 
bu t  mostly on nutrient-enriched si tes.  
These forests  may be geographical ly asso- 
c i a t ed  w i t h  peat bogs, usual ly occupying 
the bog border, but they are not  pa r t  o f  
the bog vegetation proper. The composi- 
t i o n  o f  these forests  var ies wi th  seepage 
f 1 ow and f e r t i  1 i t y  o f  the surrounding 
uplands. F l o r i s t i c  composition w i l l  no t  
be discussed here, bu t  the major trends i n  
the dominant t ree species are shown i n  
Tab1 e 4. I n  general , red map1 e (Acer -- rub- 
rum) and A t lan t i c  white cedar (Chamaecy- 
F i s  thyoides) forests occupy the bog 
borders and dominate the forested swamps 
o f  the Appalachian Oak Zone (Nichols 1915; 

Table 4. Major trends in the dominant tree species in peatland forests with respect to nutrient regime and 
geographical location. 

Eutrophic and mesotrophic Mesotrophic 01 igotrophic 
Zone seepage water stagnant water stagnant water 

Appalachian oak Acer rubrum 
Tsugacanadensi s 

Chamaecy a r i  s thyoides Picea mariana & -- 
Northern hardwoods Acer rubrum Acer rubrum Picea mariana 

TF@jaoccl'dental i s K i Jaocc iden  t a l  i s  
fsuga canadensi s 

Boreal and Coastal 
Picea mariana 
Abies balsamea 

Picea mariana Picea mariana 
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Broml e.y 1935) . Nor thern wh i t e  cedar 
! i h u j a -  occ i den ta l  i s )  and red maple domf - 
n m o r e s t e d  b o g T o r d e r s  i n  t he  Nor thern 
Hardwood Zone, and b lack spruce (P icea  
mar iana)  dominates those i n  t he  Boreal  

Closed b lack  spruce f o r e s t s  occur  
r a r e l y  i n  the  pea t  bogs o f  t he  Appalachian 
Oak Zone, b u t  they become common n o r t h -  
ward. 

Two b lack  spruce community types, t h e  
S hagnum magel 1 anicum-black spruce f o r e s t  
an t e Carex tr irsGrma-black spruce f o r -  + 
e s t ,  a r e i n c l u d e d  i n  Table 5.  he l a t t e r  
occurs on s i t e s  r e c e i v i n g  t e l l u r i c  water  
f rom t he  surrounding uplands. I t  i s  a 
common b lack  spruce f o r e s t  on pea t  depos- 
i t s  i n  no r t he rn  New England. It i s  
i n c l uded  t o  emphasize the d i f f e r e n c e s  w i t h  
t h e  Sphagnum magel 1 anicum-bl ack spruce 
f o r e s t .  

Sphagnum magel 1 anicum-bl ack spruce 
f o r e s t .  Th is  community t ype  i s  found on 
ElT@€rophic pea t  throughout  the  reg ion,  
a l though  i t  i s  r a r e  i n  the Appalachian Oak 
Zone. I n  no r t he rn  Maine, t h i s  community 

t ype  occurs a1 so on genuine ly  ombrot rophic  
s i t e s  such as the slopes of p la teau  S ~ g s  
and t h e  cen te r s  o f  convex r a i s e d  bogs 
(Damman 1977). Th i s  i s  an open-to-dense 
b lack  spruce f o r e s t  and t he  f o r e s t  f l o o r  
i s covered w i t h  a we1 1 -devel oned Snhaanum 
carpe t ,  dominated u s u a l l y  by S: m a e l ' l a n i  
cum (Tab le  5 ) .  The dens i t y  Ef h: - 
shrub l a v e r  decreases w i t h  s tand densi t v .  
Ledum roen l  andicum and Kalmia angus t i  6- 
T i a a r h n t  d w a ~ u b s  i n  t h e  - 
nor th .  The dwarf-shrub l a y e r  i s  impover- 
i shed  i n  the  Annalachian Oak Zone. Cha- 
maedaphne c a l y c b l a t a  i s  most common, a n d  
occas ional  shrubs o f  Vaccinium corymbosum 
a r e  p resen t .  

Carex tri sperma-bl ack spruce f o r e s t .  
This- comon  boq border  f o r e s t  of 
t h e  Boreal zone and ad jacen t  p a r t s  of t he  
Nor thern Hardwood Zone. I t  i s  d i s t i n -  
guished most e a s i l y  by t h e  abundance of 
Carex tri spe rm ,  t h e  regu l  a r  occurrence of 
E d a  cinnamowa, and t he  we1 l -deve? oped 
w m  c a r o e t  (Tab le  5). Balsam f ir 
( A b i e s b a l  sainea) i s usual l y  p resen t  i n  
these f o r e s t s .  



Table 6. Floristic composition of the d~,war+-shiruk hoes 

Acrr rubrum (Ked Maple) 
Lam laircrtla (L.aich) 
Rcra rnarrvna (Hlack Spruce) 
P t n u  sirobus (Whlte Pune) 
Vacc!ri,tin~ coryrnbosum (Mbghboih Biuebeiiyl 
Rhudodnidron rcscosiim (Swamp tlaneyiuckie) 
Pyrur arhlrrrfolla (Red Chokeberry) 
.4lnur rerrillara (Smooth Alder) sb 
Alnos r,rgusa (Speckled Alder) 
Vcnlopanrhur rnocronara (klounialn-Holly) 
Rerula po~ulrfolra (Gray Birch) 
Vibuinunr cas~lnoide~ (Wild-Raisin) 

HERB LAYER' 

Chan~ardaphnr calycuiaia 
Ciajlusractn baccaia 
Xa i i n~a  angusrifolra 
Kalmla polifoira 
Aodiomeda plaiicophyllii 
1 cduin gioenlandicont N 
Rhododendron caiaadenrc l\j 

Vacctnluni anyuslsioiriliii 
Errophurorn spjsiuni 
V','"',,,i~rn "xyCOCCo.~ 
Drosera roiundrfolra 
Sarracerlra pirrporcn 
Pyrus florrbiinda" 
Cornrti r.?naiirnii\ 

rneeialri borealfa 
Calopopn pulche1i~i.f 
,Melarnpyiurn hiieatr 
Scripui ce~pilosus N 
Robur chamarmorus NL 
Emperrim nigrvtn NC 
Gaylossacra dirmosa SC 
Arclhua h~rdbosa 
Solldago ulryrnosa 
Mynca gale N 
P~~yonra  ophioylosiordes 
Cyprrped,ifns acaoiz 
Carex pauriflora N 
Rhynchosp.poia alba 

Ennuhoruw vrrg,nlcilm 
Errouhnrirni angusrrfoLom N 
Va'crnrom inac'rocarpoo 
CBrex rnsyeriixa v a i  biiirngsn 
Pelrandra vrrginica 5 
ilecodoii vcriinllarui 5 
Cephalanrhur <rccideilraizs S 
Woodwardra nrgrorca 5 
Hyper~uiim ~trg!nfciim 
Carer caneecen, 
Carex lasrocarpa 
Ciriex o1iguspena.l N 
Spiraea iarliolra 
.Spjrai.a ran~cnrosv 
Calla paluiiris 
Carex rrricra 
Lysm,achra terrerliv 
Carex rosrrala 
Calarnasiosr,> andii?idaii  

Tvpna lartioira 
D~ilichruin diundliinceum 
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5.1.2. T a l l  -Shrub Th icke ts  

Ta l l - sh rub  t h i c k e t s  dominated by h i qh -  
bush b lueber ry  (Vaccinium corymbosum) and 
swamp azal  ea (Rhododendron viscosum) a re  
common i n  the bogs o t  the AppalachlTan Oak 
Zone and extend i n t o  the southern p a r t  of 
t h e  Nor thern Hardwood Zone. Northward, 
shrub t h i c k e t s  a re  u s u a l l y  dominated by 
Moun t a i  n-Hol l y  ( Nemopanthu s mucronata) and 
b l ack  spruce. F l o r i s t i c a l l y  and eco log i -  
c a l l y ,  these n o r t h e r n  shrub t h i c k e t s  d i f -  
f e r  profoundly  from the er icaceous south- 
e r n  t a l l  -shrub t h i c k e t s .  They lack  t h e  
southern spec ies (Tab1 e 9), and er icaceous 
shrubs form a dwarf-shrub r a t h e r  than a 
t a l l  -shrub 1 ayer .  

Highbush b l u e b e r r y  t h i c k e t .  Th i s  i s  
t h e  most n u t r i e n t - p o o r  o f  t he  two highbush 

b l  t i e b e r r y  t h i c k e t s .  It occurs mos t l y  on 
p e a t  s o i l  s w i t h  s t rong  wa te r - l eve l  f l u c t u -  
a t i o n s  and occas i ona l l y  on a quaking mat. 
It i s  f l ooded  by weakly m inero t roph ic  
w a t e r  b u t  does n o t  rece ive  seepage water.  

The ground vege ta t ion  i s  p o o r l y  devel -  
oped a n d  pea t  i s  exposed on much of the 
su r f ace .  The in f luence  o f  weakly minero- 
t r o p h i c  water i s  bes t  expressed i n  the 
c o m p o s i t i o n  of the moss l a y e r  by the  pres-  
ence o f  Sphagnum f imbr ia tum,  S. f a l l a x ,  
and  Aulacomnium pa'lustre ITaa le -5 )  .- 

Cinnamon fern-highbush b lueber ry  
t h i c k e t .  These t h i c k e t s  occur on peat 
mi t h  st rona.  seasonal water-1 eve1 
f l u c t u a t i o n s ,  an i ' a re  i n f l u e n c e d  by seep- 
age w a t e r  from the surrounding uplands o r  
a r e  o t h e r w i s e  i n f l  uenced by m inero t roph ic  



Table 7 Floristic composition of ornbrotroph~c and - I aunt, t e -  -3 r ?-----I  w-rr .rvrui , , ,  +.2p.d 

oligotrophic vegetation dominated by g ra rn ino id~ .~  

LIOIS L 4 V  t K 

Acer robluin (Red \Zaplei 
! di i r  laiicriia (1 r\iihl 
Pice, rri.iiiaoa (Black Spruce) 
P,,,u, ,iioboi (W l~ i l e  I'iilcl 

Vaccinjiini iorrrnbu$uia (Highbiiio Hl i~ch r r i y )  
Xnoilodcndivi~ ~ i i c m u m  (Swamp Hoi ie j i i i ck le1 
41!1us ,eniild:a (Smooll i  4 Idc i )  S' 
>\!nu$ r:ido<d (Speckled Alder)  
Ccrno,iai,:hoi i!,ucronsia (Moi ro ia in- t lo l l j )  
Heizila liopiiliioii~ (Inia! Bi r ih l  
ller rer!iutiiaia (Common W i i x e ~ b e r l j i  
1 roiita !igu\rnna (Ma l chc i i j l  

HI .KLI  1 4YFK' 

i liameedaphiic caIycoi.7ra 
kalrnr,! ang.ui:iloli,i 
kd lm~a  poiiloB.3 
rliidiumedic gi.iiicoph}lla 
I cd,,r?i rii~cnlarid~rum h 

Khododcndmn iartadense k 

E:r,<>[>!,<>rt#r,, >i>!\Ud"> b 
~ ~ ~ C C I I I I O I I I  ~ I I ~ L U C C O J  

Divir is rorur~dito!,a 
.\*,riiii)ilin ~I I I ,P,*~C.,  

Priur !1ili~hiii~ilad 
Kohu% ciinmaenioriii &( 

Eii>priitiin n!eiuoi UC 
<iirpli\ 'Cspllo,"~ 2 
C,'djliii>aoa durnoia 
,lierbii~s biiibosa 
~ , , l " ~ , " ~ < > ~ ,  p,ilcf,<ll,~~ 
.Soiid.lpv iiiipinoia 
.\IYIICI $Ale iu 
i'oyoiiia o ~ h i o ~ l u r ~ o l d e r  
C aier ollgo?pcrn~a C 
Care\ ilauciilura i 
Rhyiichorpoiit nlha 
1:rropiioiiim kiigi,i!com 

tnoptroium nr~~i~5i~fi?l!um 9 
*,,cCI,III,III I,IIC,O'i(lp",I 

Peiidndrr riig!iiii,? S 

1)ecudun ucr!!cillr!u~ 5 

< ephdlaiiihur oicidenialli S 
( .ire,% loiiocaipd 
jptraea laiiioiia 
j f ~ n f c a  ioo,cn!oia 
( irlla palt,i!rlr 
( arc> itncrz 
i)rjirp!ei!~ !AcI);oicii% 
i vvo ia~h ia  ierie>:ii. 
( a r c <  io$:inia 
< alaiiiaprorrii ca,i.idcnsir 

0rriwiid;i ono.$momea 

O<niu,da r rga l j~  
l ipha  la:ilo!!n 
l>iilicliiiiin aiiinii!ii.%ceuin 
iiaiirirn pahi iiir 

Siniplocarpu\ !oeridiii. 5 
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water .  They o f t e n  form a zone between the 
p rev ious  type and t he  upland. 

The cinnamon fern-h ighbush b l uebe r r y  
t h i c k e t  i s  d i s t i n g u i s h e d  f rom the h igh-  
bush-bl ueberry  t h i c k e t  by a much b e t t e r  
devel oped ground vege ta t i on .  It a1 so con- 
t a i n s  many nut r ient -demandi  ng spec ies 
(Tabl e 5 ) .  Win te rber ry  ( I 1  ex v e r t i c i l -  
l a t a )  can be abundant i n  t m r u b  l a y e r .  
-1 1 -devel oped Sphagnum c a r p e t  usual  l y  
covers most o f  t he  pea t  su r face .  

Mountain h o l l y - b l a c k  spruce t h i c k e t .  
Th is  t h i c k e t  o f t e n  forms the  t r a n s i t i o n  
from the  open bog t o  t h e  b lack  spruce f o r -  
ests .  It i s  f l o r i s t i c a l l y  and geographi-  
ca l  ly c l e a r l y  separated from the  highbush 
b l uebe r r y  t h i c k e t s  (Tabl e 5 ) .  Ericaceous 
dwarf-shrubs p l ay  an impo r t an t  r o l e  i n  t he  
ground vegetat ion,  and t h e  S hagnum c a r p e t  R-- i s  dominated by spec ies wi ow n u t r i e n t  
demands. Th i s  i s  the most n u t r i e n t - p o o r  
o f  the  th ree  t a l l  -shrub t h i c k e t s .  





- ~ 1 - - l - j z a m e a  t ~ ~ i t h i r x  tha Table 9. Species showing clear regionai differrncas in 
region. The southern species are restricted to the southern ha l f  of the regton,  
except as shown. 
-- -- - - - - - - - - - -- - - - . - -- - - .- - - - - - - 

Hab i ta t  preference Southern species - -- - -- - - - -. .- - - -. -- -. .. . . - - - - - - 
Wide eco log ica l  
amplitude, occur  i n  
many types 

Dwarf-shrub bogs 

Forested bog border 
and t a l l  -shrub 
t h i c k e t s  

Vaccinium corymbosum 
Rhododendron v i  scosum 
Rhododendron nud i  f lorum 
Lyonia l i g u s t r i n a  
Ga l ussac ia  frondosa 
h a  
Chamaecypar i~ thyo ides 
Rhus ve rn i x  -- 
Cleth ra  a l n i f o l  i a  
Alnus s e r r u l a t a  
Woodwardia v i r q i n i c a  
S m l o c a r  us f oe t i dus *  
M f o l  i a  Y-- 
Carex howei -- 
Sphaqnum pulchricomaC 

Rhododendron m_nadeflse - --- 
Ledum qraenlandicurn 
Myr ica  SaiiS: 
Ka_LmLa p o l i f o l ~ a  
Andromeda q l  a u ~ o p h . ~  1 1 a 
Eriophorum a n q u s t i f o l  i l  

CaieX = i R o r a ( I  
S c i r p u r n T o s u  s d 
D Y F z i i m ~ -  

Cladina spp. 
b ,  d 

Empetrum n i  grum**> 
~ a m a e m o r u s * *  
E h o r u m  9 i s sum 
Geocaulon 1 iv idum 
S haqnum fuscum 
$mado h i l a  e r i ce to rumd  
&spermad -- 

Nemopanthus rmcronata 
Viburnum cass ino ides 
Pinus banksianad m'z - m x -  
L a r i x  l a r i c i n a  -- 

occidenta l  i s 
Alnus ruqosa - 
Alnus crisps**? 
SiTiTana t r i f o l  i a  
Carex paupercul ad 
TTEZea b o r e a l i s  
C1 i n t o n i a  b o r e a l i s  
Gaul t h e r i a  h i s ~ i d u l a  -..____  ̂ -- -- 

Lake border o f  Decodon v e r t i c i l l a t u s  
Chamaedaphne mat and Pel tandra  v i  r q i  n i ca  
Carex r o s t r a t a  fen Cephalanthus occ iden ta l  i s  -- 
Mud-bottoms and Xyris ca ro l  i n i a n a  Xy r i s  montana 
shal low pool s Sphagnum torreyanum* carex l imosa 

Menyanthes tri f o l  i a t a  

' ~ h e  fo l l ow ing  symbol s are used t o  i n d i c a t e  a d d i t i o n a l  geographic t rends:  
* = Southern species t h a t  a lso  occurs  i n  coasta l  areas f a r t h e r  no r th ;  

** = Northern species abundant o n l y  along the east  coast  o f  no r the rn  
Maine. 

 his includes: C. r an  i f e r i n a ,  C. m, C. arbuscula,  C. a l p e s t r i  s and 
C. terrae-novae. A1 o t ese re indeer  mos7es show the same p a t t e r n ,  w i t h  - -+ 
the l a s t  p r i m a r i l y  occu r r i ng  i n  the coasta l  areas o f  nor thern  Maine. 

 his i s  S. recurvum P. Beauv. The l a t t e r  name has no t  been used here t o  
avo id  co?ifuX-l ince it i s  a lso  used as a c o l l e c t i v e  name t o  i nc lude  
S. angust i fo t ium,  2. fa ' l lax and 2. flexuosum. - 

d ~ p e c i e s  occu r r i ng  o n l y  i n  nor thern  New England. Others i n  the column 
occur throughout t he  reg ion bu t  are  much l e s s  common southward. 



Figure 25, Ericaceous dwarf-shrubs common in peat bogs of the Northeast: (a) Kalmia poljfo/ja, (b) Kalmia 
angustifo,ia, ( c )  Ledum groenlandicum. (dl Chamaedaphne cal~culata. (e) Andromeda glaucophylla, 
( f )  ~ h ~ d ~ d ~ ~ d ~ ~ ~  canadense, (g) Gaylussacia baccata, (h) Gaylussacia dumosa, 4i) Vaccinium angustifo/ium, 
(j) Vaccinium macrocarpon, (k) Vaccinium oxYcoccos. 



Figure 26. Empetrum nigrum-Sphagnum fuscum community (Quoddy Neck, M E ) .  Note the low height 
of dwarf-shrubs, such as Kalmia angustifolia, the common occurrence of Scirpus cespitosus and the  
abundance of lichens. 

fur ther  d e t d i l s  on the f l o r i s t i c  composi-  
t i o n .  

Sphagnum fuscum-Kalmia communi ty (F ig-  
ure  21') .  This i s  the  most commo~dwarf-  
shrub community in  the  northern pa r t  of 
t he  region.  I t  occurs  on r e l a t i v e l y  well - 
drained peat  and of ten  covers  the  major 
p a r t  of a bog. Near the coas t ,  t h i s  com- 
munity i s  r e s t r i c t e d  to  small bogs and 
she1 te red  pa r t s  of l a rge  bogs. Yalmia 
angwstifol  -- i a  forms a 30-40 cm high dwarf- 
shrub l aye r  t h a t  determines the physiog- 
nomy of the yegetat ion and most e a s i l y  
s epa ra t e s  i t from o ther  dwarf -shrub vege- 
t a t i o n  on ombrotrophic pea t .  In the 
coas ta l  a r ea s  of Maine, Empetrum nigrum, 
Rubus chamaemorus, S p h a g ~ i m S r i c a f i ,  
and. t l av~comans a r e  found regular ly  i n  
t h i  s c o ~ m u n i  ty  type.  

F i r e  destroys the  Sphagnum ca rpe t  and 
increases  the Cladonia cover,  e spec i a l l y  
t h a t  of ~ l a d o h i a c r i s p a t a  (Damman 1 9 7 7 ) .  
Many bogs--fiiTG3eastern Maine were f r e -  

quently b u r n t  u n t i l  a b o u t  2 C  years ago. 
Depending on f i r e  hi s t o r y ,  t he  Sphagnum 
cover var ies  q r e a t l y .  Osval d ' s 1 1 9 7 0 J  
naked Kalmia - angus t i fo l  i a  a s soc i a t i on  
probably r e f e r s  t o  such burn t  s i t e s .  

Sphagnum fuscum-Gay1 ussac ia  baccata  
c o m m ~ i t y  (F igure  28) .  This community 
o c c u ~ i e s  the  d r i e s t   arts of t he  bogs in 
the  'northern p a r t  of t he  region and c6vers 
l a rge  a r ea s  in  the  c e n t e r  of convex domed 
bogs (Damman 1 9 7 7 ) .  I t  i s  absent  i n  the  
bogs of the coas ta l  zone of the Bay of 
Fundy . Gaylussacia baccata  dominates the 

P dwarf-shrub l aye r  %id i s  usua l ly  50-60 cm 
high. ~ a l m i a  angus t i fo l  i a  i s -  abundant 
throughout. fhT< communi ti shares  with 
the two previous types many spec i e s  of 
nutr ient-poor  s i t e s  (Table 6 ) .  Fi r e s  
reduce the S~haqnum cover  and i nc rea se  the 
Cladonia c o ~ ~ e s c r i b e d  f o r  the Sphag- 
num fuscum-Kalmia t v ~ e .  Trees a r e  of ten  - --- - 
sparse i n  t h i s  type because of f i r e .  



Figure 27. Sphagnum fuscum-Kalmia angustifolia community on the slope of a plateau bog lJonesport 
Bog, ME). Kalmia angustifolia is the dominant dwarf-shrub. 

Figure 28. Sphagnum fuscum-Gaylussacia baccata comn~unity in the center of a convex raised bog 
(Meddybemps Heath, ME). Fires have removed most of the trees in this part of the bog, but more 
trees survived the fires near the pclols in the bog center (center background). 
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Sphagnum rube1 1 um-Chamaedaphne commu- 
n i t v ( F i q u r e 2 9 ) .  Thiscomunityrepre-  
GFii?s t h e  most nutrient-poor vegetation oln 
floating or quaking bog mats throughout 
the reg i an. Chamaedaphne calycul a ta and 
Sohaanum rubell wm are always the domrnan t 
sbecies; the abundance of &ny bog species 
with northern or southern a f f in i t ies  var- 
ies  with geographic location (Tables 6 and 
9 ) .  In contrast to the three previous 
typej, lfc'lens a r e  rlevPr abundant here. 

Toward the lake edge, the m t vegeta- 
tion i s  enriched by lake water, especially 
on the windward side. This results in the 
presence of many species that are other- 
wise absent (Table 6). Low trees and 
shrubs are common in this  zone (Fig. 30). 
The zone shows clear geographical changes 
in i t s  f l o r i s t i c  composition, since many 
species show southern a f f in i t ies  (Table 
9 ) ,  c:g., Peltaldra ~ i r  inica, Decodon 
v e r t i c ~ l l a t u ~ C e  a an us 05378iC 
tal  i s .  

pIi4-K 

other Chamacdaphne-domi na ted dwarf -shrub 
boas i s-Tdxn%nce of Spl-ia~niawi rubel - 
l u i ,  or occasionally 5.  ma$T:-n=uK-in 
TEFmoss caroet, I n - - a d d m T B e i ~ m u -  
nity lacks k n y  more nutrient-demanding 
species, especially in the inter ior  of the 
bog mat vegetation (Table 6). An impaver- 
ished form of t h i s  cornunity type, i n  
which Chamaedaphne i s  only XO cm high, 
occurs i n  f i l  lea-75 pools of ombrotrophic 
bogs (Damman i 9 7 7 j .  

Sphagnum fa1 1 ax-Chamaedaphne communi t y  
(Figure 31) .  This community =curs on 
floating and quaking bog mats influenced 
by more nutrient-rich water than the 
S hagnum rube1 1 urn-Chamaedaphne community . 
h o u n d  throughout the region b u t  i s  
the most common bog mat vegetation in the 
southern part  of the region. The moss 
carpet i s  dominated by ei ther  Spha num 
fallax or Sphagnum papi 1 losum. & 
macrocarpon i s  usually present, and other 

Figure 29, Sphagnum rubellurn-Chamaedaphne calyculata community on quaking bog mat (Beckley 
Bog, CT), Chamaedaphne is the dominant dwarf-shrub species; both Ledum groenlandicum and Kalmia 
polifolia are also visible on photograph. 



Figure 30. Margin o f  bog mat enriched by lake water, Carex lasiocarpa and many other more nutrient- 
demanding species are restricted t o  this part of the mat, and larch and black spruce occur as l o w  
trees in  this zone (Pond Hill Pond Bog, CT). 

Figure 31. Sphagnum failax-Chamaedaphne calyculata community. The arching shoots of water-willow 
(Decodon vertjcillatus) are scattered throughout the mat, and buttonbush (Cephalanthus occidentalis) 
can be seen i n  foreground (Cranberry Pond Bog, PA).  



more nutrient-demanding species such as 
Dul ichium arundinaceum occur f requent ly ;  
o ther  f l o r i s t i c  d i f ferences are shown i n  
Table 6. The community shows obvious geo- 
graphic d i f ferences.  Decodon v e r t i c i l  l a -  
tus, S ha num fllavicomans, and S. p u l c h r i -  Peg coma can e comnon i n  the s o u t T h e ~ ,  
X Eriophorum angust i fo l  ium i s  o f ten  
abundant i n  the nor thern bogs (Tables 6 
and 9 ) .  

Sphagnum cen t ra l  e-Chamaedaphne comu-  
n i t v .  Th is  communitv. f looded r e a u l a r l v  
b y u t r i e n t - p o o r  water; occurs in-basinrs 
w i t h  l a r  e water- level f l uc tua t i ons  and 
more rare 9 y along brooks. It i s  most com- 
mon i n  the southern p a r t  o f  the region, 
probably because a f  l a rge  evapotranspi r a -  
t i o n  losses and, consequently, l a r g e r  
water- level f luc tua t ions .  The c o m u n i t y  
i s  most e a s i l y  recognized by the i r r e  u l a r  
hummocky surface, the evidence o f  f 4 ood- 
ing, and i t s  low species d i ve rs i t y .  Cha- 
maeda hne ca lycu l  ata completely dominates 
thF-%- warf-shrub layer .  F l o r i s t i c a l l y ,  
t h i s  i s  the poorest of the Chamaedaphne 
dwarf-shrub bogs. The cover o f  t he  moss 
l a y e r  var ies and i s  f requent ly  patchy. 
Sphagnum fa1 1 ax i s  usual ly  most abundant; 
- r a n d  - S. f imbriatum are always 
present (Table 6): Carex s t r i c t a  i s  often 
present on s i t e s  w F r M 1 y  small 
water- level f l uc tua t i ons .  Low bushes o f  

The communities i n c l u d e d  here are dom- 
i na ted  by sedges and haye a water tab le  
r i s i n g  above the  sur face d u r i n g  wet  peri- 
ods. F l o r i s t i c a l l y  and ecological Iy ,  how- 
ever, they form a heterogeneous group .  

Carex r o s t r a t a  cornm~n-it~y (Figure 3 2 ) .  
This comnunitr i s  comon on wet, n u t r i e n t -  

Spi raea spp. , Vacci n i  urn corymbosum, and 
l l 6dEEndron  viscosum are conspicuous i n  
the south. 

Rhododendron canadense-Chamaedaphne 
community. This community occurs i n  the 
northern par ts  o f  the region where i t  
occupies bog s i t e s  f looded by very weakly 
minerotrophic water o r  by drainage water 
from ombrotrophic bogs. The community i s  
found on the lower slope o f  ra ised bogs 
f looded only i n  the spring by meltwater 
( Damnan 1977 1, i n  water t racks o f  ombro- 
t roph ic  bogs, and along brooks d ra in ing  
ombrotrophic bogs. 

The most conspicuous d i f fe rence from 
the other Chamaeda hne dwarf-shrub bogs i s  
the a b u n d a i E T d h T p h o r u m  angusti  f o l  i urn 
and Rhododendron canadense. It has a 
well-developed moss carpet  dominated by 
Sphagnum rube1 1 um o r  S. magel 1 anicum m5). - 

poor s i t e s  t h a t  receive seepage from the -. 
surround! n uplands. i ~ e  peat  i s  ofcen 
l ess  than ? m deep. A1 though i t  i s  i n f l u -  
enced by nut r ien t -poor  minerotrophic 
water, i t  represents the most n u t r i e n t -  
r i c h  o f  the three comun i  t i e s  described 
here. 

The Carex r o s t r a t a  community i s  f l o r -  
i s t i c a l  l y a n d  physiognomical l y  c l e a r l y  
d is t inguished from the other  comuni  t i e s  
described here. Carex ros t ra ta ,  60-70 cm 
high, dominates t n e g e t a t i o n ,  Chamae- 
daphne ca lycu l  a ta  occurs w i th  va r i ab le  
cover, and a varTety o f  shrubs (Table 7 )  
are scattered throughout. The moss carpet  
i s  mostly we1 1 developed and dominated by 
Sphagnum papi 11 osum o r  S. - -  fa1 1 ax. Osmunda 
c i  nnamomea, Dryopter i  s t h e l y p t e r i  s, Cal am- 
ag ros t i  s canadensi s, Polyt r ichum coi%%%', 
Sphagnum tlmbriatum, and - b. c e n t m e  
usua l l y  present (Table 7). 

Extremely poor f en  community (F igure 
33). This t y p i c a l  lagg vegeta t ion  o f  the 
northern h a l f  o f  the region separates the 
bog vegetat ion from the  surrounding min- 
e r a l  s o i l  o r  from the shrub-covered miner- 
ot rophic bog-border vegetat ion.  I t  a l  so 
occurs alone on comparable hab i ta t s .  

Several grass-1 i k e  species, e.g. , 
Carex e x i  1 i s  , Sci rpus cespi tosus , Rhyn- -- 
chos o r a  a lba ,  Eriophorum angus t i f o l  I urn, 

v n i c u m ,  are abundant i n  the 
h e r b 1  ayer; nevertheless, the Sphagnum 
carpet  determines the appearance o f  t h i s  
community (Table 7) .  Four Sphagnum spec- 
ies,  - -  S. f a l l a x ,  S. papi l losum, S. rube l -  
lum, and S. a re  a b i n d a f i d  
f i e  up moTt carpet .  Several 
o ther  species, e.g., Aster nemoral is and 
Smilacina t r i f o l  i a ,  c l e a r l y  d i s t i ngu i sh  
t h i s  community. 

Sphagnum-Sci rpus cespi tosus community 
(F igure 3 4 ) .  This ombrotrophic lawn com- 
munity occupies most o f  the center  o f  the 



Figure 32. Carex rostrata community on shallow minerotrophic peat wi th  scattered larch, red  maple, 
and highbush blueberry. Cinnamon fern (Osmunda cinnamomea) clumps are visible a t  lef t .  Leather 
leaf (Chamaedaphne calyculata) is common but mostly hidden by the sedges (Tobyhanna, PA). 

Figure 33, Extremely poor fen community covers an extensive area in this soligenous fen in northern 
Maine and occupies most of the foreground in the photograph. Eriophorum angustifol ium, Carex 
oligosperma, and C. exilis are the most abundant sedges in this fen (Attean Lake, ME). 



Figure 34. Sphagnum-Scirpus cespitosus community in the center of a plateau bog (Jonesport Bog, 
ME) .  Note the abundance of Scirpus cespitosus and lichens, mostly reindeer mosses. 

plateau 5 ~ 3 s  alcng the Bay o f  Fufidy (Dam- begs. bowhere i n  t he  reg ion  do they cover  
man 1977).  It i s  widespread f u r t h e r  l a r g e  areas, b u t  they form a conspicuous 
nor th ,  b u t  r e s t r i c t e d  t o  t h i s  area w i t h i n  p a r t  o f  the bog vege ta t i on .  Two c o m u n i -  
the  Nor theastern Un i t ed  States.  t i e s  a re  descr ibed here. 

The abundance o f  Sc i rpus cesp i  tosus 
and Cladonia species ( o f t e n  over 25%) d i s -  
t i n g s t h i s  commtlni ty ,  wh ich  r e p r e -  
s e n t s  a d ry  v a r i a n t  o f  t h e  lawn co~nmunity 
occupying t h e  p l a t e a u  bogs o f  Nova S c o t i a  
(Damman 1977). The species c h a r a c t e r i z i n g  
t he  oceanic p la teau  bogs appear i n  Maine 
on l y  i n  a few bogs i n  extreme coas ta l  
l o c a t i o n s  (Damman and Dowhan 1981 1. Table 
7 shows o ther  f l o r i s t i c  c r i t e r i a  separat -  
i n g  t h i s  from the  o the r  communities. 

5 . 1 -5 .  Carpet and Mud-Bottom vege ta t ion  - 

This  inc ludes c o r n u n i t i e s  o f  wet 
depressions c o n s i s t i n g  e i t h e r  o f  a  very  
loose Sohaanum c a r ~ e t  o r  covered w i t h  l i v -  

8 " 

e rwo r t s  and reskmbl i n g  sur faces w i t h  
exposed peat. Carpet and mud-bottom vege- 
t a t i o n  occur on f l o a t i n g  and quaking mats 
as we l l  as s o l i d  peat  i n  ombrotrophic 

Rhynchospora a1 ba mud-bottom community 
( F i g F e T T h i s  i s  t h e  normal mud bo t -  
tom vege ta t ion  d i s t r i b u t e d  throughout  the 
r eg i on .  Th is  community can be dominated 
by e i t h e r  Cladopodie l  l a  f l  u i  tans,  a  1  i v e r -  
wor t ,  o r  by Sphagnum cuspidatum (Damnan 
1977). U t ~ i c u l a r i a  co rnu ta  i s  always 
abundant, b u t  the  s m a l l s  a re  hidden 
i n  the moss carpe t ,  and t h i s  species i s  
on l y  conspicuous when i t  i s  f l owe r i ng .  

C ladopod ie l l  a  f l u i  t a n s  dominates i f  
t h e  comnun i  ty occupies sha l low peaty 
depressions i n  the  bog t h a t  d r y  up regu- 
l a r l y ;  Sphagnum cuspidatum i f  i t i s  s i t u -  
a ted  a long  t h e  marg in  o f  a  pool  o r  i f  the 
Sphagnum mat f l u c t u a t e s  w i t h  t he  water 
tab le .  Table 8 shows t h e  compos i t i on  o f  
t h i s  community i f  i t  occurs w i t h i n  the 
Spha num rube l  1 um-Chamaeda hne comnuni t y  
A r i e n t - p o o r  d o g  mats. 



Figure 35. Rhynchospora alba mud-bottom community surrounded by dwarf-shrub vegetation 
(Meddybemps Heath, ME). The liverwort Cladopodiella fluitans covers most of the dark area in the 
right center. The light area surrounding this is dominated by Rhynchospora alba and Sphagnum 
cuspidatam. Utrieulara cornuta is common in both zones but not visible in photographs. A Sphagnum 
rubellurn carpet (dark tone) with some leather leaf (Chamaedaphne calyculata) separates the mud- 
bottom vegetation from the dwarf shrub bog. 

Northward, Sphagnum tenel lum, S. majus, 
and Xyris montana a m ,  anif sGF5El 
s p e c i F 5 e c o m e  more abundant (Table 9 ) .  
On ombrotrophic bogs, the f l o r i s t i c  compo- 
s i t ion  of t h i s  community i s  similar (Dam- 
man 1 9 7 7 ) .  In fens within the Northern 
Hardwood Zone and north, the moss layer i s  
usually dominated by Sphagnum pulchrum, S. 
papillosum, - - S. fallaK-E"-ST majus, -- a5d 
the following vascular plants are usually 
present: Eriophorum 
1 imosa, Scheuchzeria - 
yanthes t r i f o l  i a t a .  --- 

Carex rost ra ta  mud - bottom community 
( ~ i  g K 3 r  Local 1y Carex rost ra ta  can 
dominate these mud-bottZii-3 tes .  This 
happens most frequently on floating mats 
in the southern bogs where nutrient-rich 
lake water or t e l l u r i c  water peaches the 
bog surface, Such s i t e s  represent fen 
windows in the bog mat, and they develop 
usually on places where the bog mat i s  

th in .  Besides Carex rost ra ta ,  several 
other nutrient-dem8iCdiiia s ~ e c i e s  can be 
present, e . g . ,  Typha l a i i f o l  ia and Phrag- 
mites; the moss carpet has a di f ferent  -- 
composition than in typical mud-bottoms 

5.2 VEGETATION PATTERNS IN PEAT BOGS 

5.2.1.  Factors Control 1 ing the Vegetation 
Pattern 

Peat bog vegetation frequently shows a 
d i s t i nc t  zonation, which i s  often consid- 
ered a resu l t  of hydrarch succession, and 
elaborate successional diagrams have been 
devel oped for p l  a n t  communities in 
( e .  g ,  , Dansereau and Segadas-Vianna 1952 
Succession affects  the structure and f l  or-  
i s t i c  composition i n  peat bog-lake systems 
with open water [Swan and Gill 1970). 
However, even i n  these systems much of the 
vegetation zonation observed i s  related t o  



Figure 36, A fen window in Sphagnum rubellurn-Chamaedaphne vegetation on a quaking bog ma t .  
The sedge Carex rostrata dominates the physiognomy of the mud-bottom vegetation in  the fen window 
(Beckley Bog, CT). 

the  chemist ry  a n d  f l o w  of water i n  t h ~  
bog, I n  bogs formed by swamping o r  pa l u -  
d i f i c a t i o n  (Granlund 1932; Gore 1983) o f  
d ry  l and  r a t h e r  than f i l l  i n g - i n  of a  l a ke ,  
t he  vege ta t ion  p a t t e r n  I s  completely con- 
t r o l l e d  by t he  hydrology o f  t h e  bog and 
t he  source o f  t he  water ( S j o r s  1948; Ma1 - 
mer 1962a; Damman and Dowhan 1981). 

S t r a t i g r a p h i c  s tud ies  c l e a r l y  show 
t h a t  succession has been impor tan t  i n  con- 
t r o l l  i n g  the vege ta t ion  pa t t e rn ,  However, 
a t  p resen t  many peat lands are i n  equ i l  i b -  
r i um  w i t h  the c1 imate, and by and l a r g e  
the  vege ta t ion  zonat ion remains s tab le ,  
un less the hydro logy i s  changed. Th is  
app l i es  t o  most o f  t he  so l  igenous and omb- 
rogenaus bogs i n  t he  nor thern  p a r t  o f  the 
r eg i on  but ,  apparent ly ,  i s  a l s o  t r ue  fo r  
many topogenous bogs. Once a  l ake  i s  
f i l l e d  in ,  pea taccumu la t i on  w i l l  no t  
r a i s e  the sur face much above the  water 
tab le ,  un less t he  c l j m a t i c  cond i t i ons  
a1 1  ow ombrogenous bog format ion.  Wetness 
combined w i t h  n u t r i e n t  de f i c i ency  can keep 
f o res t s  from occupying these s i t e s .  

The vege ta t ion  p a t t e r n s  i n  bogs can be 
exp la ined  l a r g e l y  by water  chemis t ry  and 
water movement through the  bog, and suc- 
cess ion i s  l e s s  impo r t an t  i n  shaping the 
vege ta t ion  than i s  o f t e n  assumed. The 
r e l a t i o n  between water c t iemis t ry  and f l o r -  
i s t i c  composit ion o f  the  bog vege ta t ion  
has been the sub jec t  o f  many s tud ies  
( S j o r s  1950; Schwintzer and Tomberl i n  
1982; Y i t t  a n d B a y l e y 1 9 8 4 ) .  T h e p r o -  
cesses a f f e c t i n g  water f l o w  i n  pea t  are 
reasonably we1 l understood; never the less ,  
f l ow  th rou  h  peat  bogs i s  p o o r l y  docu- 4 mented and i m i t e d  mos t l y  t o  inpu t -ou tpu t  
s tud ies  (Ver ry  1975; Hemond 1980) .  The 
l a r g e  l o c a l  v a r i a t i o n s  i n  seepage along 
t he  bog border,  combined w i t h  t he  v e r t i c a l  
d i f fe rences  i n  h y d r a u l i c  c o n d u c t i v i t y  o f  
the  peat ,  hamper q u a n t i f i c a t i o n  of water 
f low.  Publ ished data on f l o w  p a t t e r n s  
w i t h i n  peat  bogs a re  n o t  a v a i l a b l e  f o r  the 
Northeast.  However, t h i s  f l ow p a t t e r n  
determines t h e  changes i n  water  q u a l i t y  
and vege ta t ion  w i t h i n  a pea t l and  and 
causes the d i f f e r e n c e s  i n  vege ta t i on  pa t -  
te rns  among peat lands.  



i v a n v v  i l Y S / ,  1YBL) and Ingram (1953) 
discussed the various f l o w  pa t t e rns  i n  7 Y r Y v I 

p e a t l a n d s ,  i vanov 's  e l abo ra te  c l a s s i f i c a -  
t o  4s t o  e x  to form m e  a s s  f i r  
a d i  scussion sf vege ta t i on  pa t t e rns .  A l  so 
i t  does n o t  i n c l ude  a l l  cond i t i ons  found 
i n  the  bog-lake systems o f  our region. 
Nevertheless, h i s  ideas and those o f  
Ingram i n f l uenced  the f o l l ow ing  d iscus-  
.,ion, 

5.Z. 2 .  vege ta t ion  Pa t te rns  i n  Re1 a t i o n  t o  I 

Water F l o w  and H a b i t a t  Y v i t Y 

The na tu re  of the bog water and i t s  
f l o w  p a t t e r n  w i l l  be descr ibed f o r  a  few 
o f  the major  pea t  bog landforms o f  the  
reg ion .  Th is  i n f o rma t i on  w i l l  then be 
r e l a t e d  t o  the vege ta t ion  pa t t e rns  i n  
these peat lands.  Th is  sec t i on  c l a r i f i e s  
t he  e s s e n t i a l  f ea tu res  o f  t he  va r ious  bog 
7 andforms, h igh1 i g h t s  the d i f f e rences  
among them, and prov ides an understanding 
o f  the  causes o f  dev i a t i ons  from the pa t -  
t e r n s  d i  scussed here. 

Peat bo l a k e  systems. These systems & are a u e E i n e r o t r o p h i c  water, 
b u t  i t s  e f f e c t  on the  sur face vege ta t ion  
changes dur ing  t h e i r  development. The 
successional changes i n  water movement a re  
i l l u s t r a t e d  i n  F i gu re  37. M inero t roph ic  
i n p u t s  t o  t h e  bog come from t he  l a k e  water 
and from t e l l u r i c  water seeping i n  a t  t he  
bog border .  The bogs develop i n  01 igo -  
t r o p h i c  l a kes  and, the re fo re ,  the seepage 
water i s  more f e r t i l e .  I t s  chemical com- 
p o s i t i o n  depends most ly  on t he  na tu re  of 
the  surrounding depos i t s  and the  l eng th  of 
the  slopes. The amount o f  seepage i s  
1 a rges t  i n  1  andscapes w i t h  compacted ti 11 
o r  bedrock near t h e  s o i l  surface, and i t  
shows s t rong,  seasonal v a r i a t i o n s .  I n  
e a r l y  sp r ing ,  su r face  r u n o f f  w i l l  add t o  
the m i n e r a l - s o i l  water i n p u t ,  which i s  
ma in ly  r a i nwa te r  and me1 t water t h a t  have 
b a r e l y  con tac ted  the minera l  so i  1. Conse- 
quen t l y ,  t he  water i s  very  weakly minero- 
t r o p h i c .  

The bog mat f l o a t s ,  and t h i s  prevents  
f l ood ing  by the  l ake .  The water t ab l e  i s  
a lmost  s t ab l e ,  u s u a l l y  a t  10-20 cm below 
the  Spha num surface. Lake water i s  drawn 
t o  t e sur  ace by evaporat ion.  A t  the  
marg in  o f  t h e  mat, l a k e  water can a l so  be 
thrown on the sur face  by wave ac t ion .  
Th is  marg ina l  zone becomes more narrow as 

MSWL M S W L  

MINERAL SOIL MSWL = MINERAL SOIL 
WATER LIMIT 

Figure 37. Changes in water flow and nutrient input 
to the bog surface during hydrarch succession shown 
in cross section and plan view. Diagrams a, b, and c 
show bog development typical for most of the region; 
diagram d applies only to the three northern peatland 
zones (Figure 3). Seepage input is rarely uniform along 
the bog border. The dense clusters of dots in the plan 
views are fen windows where more nutrient-rich 
water reaches the bog surface. 



the bog mat grows, and the lake  becomes 
smaller and wave ac t i on  diminishes. I n i -  
t i a l  l y ,  the pond-border bog i s  in f luenced 
by minerotrophic water i n  several ways. 
However, when the mat becomes more exten- 
s i ve ,  three zones are recognizable (Figure 
37)  : a border zone w i th  seepage input-- 
i t s  e f f e c t  decreases w i th  distance From 
the border; a zone inf luenced by lake  
water through the bog mat -- i t s  e f f e c t  
decreases w i th  distance from the lake  
edge; and a zone along the edge o f  the mat 
enriched d i r e c t l y  by lake water. 

The associated vegetat ion pat te rn  i s  
shown i n  Figure 38. The diagram f o r  the 
Appalachian Oak Zone and the southern p a r t  
of the Northern Hardwood Zone shows the  
p a t t e r n  most commonly found i n  the south- 
ern p a r t  o f  the region. I n  the southern 
coastal areas, the A t l a n t i c  white cedar 
(Chamaecy a r i s  thyoides)  can rep1 ace much 
o h - h i g h b u s h  blueberry t h i cke t .  
I n  t h i s  case, the cover o f  Vaccinium c o r -  
ymbosum and Rhododendron viscosum i s  rmch 
lower. Depending on the water chemistry, 
t he  bog mat can be e i t h e r  a Spha num 
rube1 l um-Chamaedaphne comuni  t y  & 
8 )  or  the s l ~ g h t l y  more nutrient-demand- 
i ng Spha num fa1 1 ax-Chamaedaphne comnu- 
n i t v .  + c m e  o f  a Decodon v e r t i -  
c i l i a t u s  zone a t  the edge ?jT-€TK mat- is 
c h a r a c t e r i s t i c  f o r  the southern bogs; i t 
p lays  a major r o l e  i n  extendin the bog S mat i n t o  the lake  (Nichols 191 1. Mud- 
bottoms occupy the low pa r t s  o f  the - Cha- 
maedaphne mat. 

The inf luence o f  the lake water i s  
weakest on the humnocks. The bog mat var -  
i e s  a lso i n  thickness, and the lake  water 
in f luence i s  s t ronger i n  some depressions 
than i n  others. The Carex r o s t r a t a  mud- - 
bottom c o m n i t y  occuples t s  of 
the  mat (F igure 38) or  other  s i t e s  t h a t  
contac t  more n u t r i e n t - r i c h  water ( f en  win- 
dows). When the bog mat has completely 
covered the lake, the e n t i r e  bog center  
becomes nutr ient-poor, a1 tholugh more nu t -  
r i e n t - r i c h  depressions p e r s i s t  (F igure 
3 7 ) .  Such bogs remain o l i go t roph i c ,  
a1 though the surface peat o f  humnocks and 
ra i sed  pa r t s  can become l o c a l l y  ombro- 
t roph i c .  A t  t h i s  stage, water w i th  sus- 
pended organic matter i s  s t i l l  present 
under the mat, and the bog mat r i s e s  and 
fa1 1 s w i th  the bog-water l e v e l  . However, 
the  mat has l o s t  some f l e x i b i l i t y  and 

water l eve l s  f l u c t u a t e  w i t h i n  the mat* 
Presumably, t h f  s becorns mre pronounced 
as the bog m a t  thtekeqs. During the  ear- 
l i e r  stages of mat developmnt, one can 
observe a s i m i l a r  tncrease in  water-l eve1 
f l u c t u a t i o n  from the pond edge t o  the m i n -  
e r a l  s o i l  contact  as  the peat becomes 
grounded. I n  these filled-in lakes, the 
Chamaedaphne mat covers the e n t i r e  bog 
center. but  Decadsn verticillatus o f ten  - 
p e r s i s t s  i n  sons fez  S ! - ~ ? W S -  "xrf jr 
growin black spruce, red  mple, * j t e  
pine, ?arch, and p i t c h  p ine  (Pinus -- r i g i d a )  
t rees  are scat tered on the Chamaedaphne 
mat. 

Major changes occur northward i n  the 
plant-comnuni t y  pa t te rn  o f  these bogs. 
F i r s t  nor thern white cedar (Thuja occiden- 
t a l i s l  replaces the red m a p l e  ?TfTXXTc 
GliTEF cedar as the bog-border t ree .  
F i n a l l y ,  black spruce replaces northern 
whi te cedar (Figure 38). The Nemopanthus- 
black spruce community forms the t ran-  
s i  t i o n  from the open Ghamaedaphne mat t o  
the  spruce forest ,  and the Decodon zone i s  
absent, so Chamaedaphne becomes the p r i n -  
c i p a l  species extending the  bog mat (Swan 
and G i l l  1970). 

I n  the i n i t i a l  stages o f  l a k e - f i l l  
succession, the process 5s c o n t r o l  l e d  
mainly by cond i t ions  i n  the l ake  and sur- 
rounding uplands. I n i t i a l  l y ,  c l  imate 
a f f e c t s  succession only i n d i r e c t l y .  Mow- 
ever, c l i m a t i c  cond i t ions  become progres- 
s i v e l y  more important as the  mat develops, 
r e s u l t i n g  i n  geographical d i f fe rences 
w i t h i n  the bogs o f  the Northeast. The 
r e l a t i  on between p r e c i p i t a t i o n  and evapo- 
t ransp i ra t i on  dur ing the vegeta t ive  season 
i s  most important, since these fac to rs  
c o n t r o l  the upward and downward f l ow  o f  
water i n  the surface peat. Increased pre- 
c i p i  t a t i o n  o r  lower evapot ransp i ra t ion  
w i l l  make the S ha num carpet  l ess  depen- 
dent on water ~n eg e c a p i l l a r y  zone above 
the l a k e - w a t e r l e v e l .  Wi th in  t h e N o r t h -  
east, t h i s  dependence decreases roughly 
w i th  a l t i t u d e  and from south t o  north, 
u n t i  1 t rue ombrogenous bog development 
becomes possib le i n  the nor thern  h a l f  of 
Maine. 

Moat bogs occur mostly i n  k e t t l e  holes 
i n  p i t t e d  outwash o r  kame deposits. They 
appear t o  be r e s t r i c t e d  t o  basins w i th  
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Figure 38. Vegetation pattern o f  peat  bog-lake systems i n  southern and northern part o f  
region shown in  cross section and plan v iew. Hemlock can also be common in  the borders 
of bogs of the  Appalachian-Oak and Northern Hardwood Zone (Table 4). 

strong water-level fluctuations. Refer- bogs to a g rea t e r  depth than i n  the  
ence to these bogs in the l i terature are border of bogs with a more s t ab le  water 
few (Nichols 1915; Rigg 1940; Osvald 1970; t ab l e .  
Buell and Buell 1975),  and their develop- 
ment i s  poorly understood. Presumably, I n  lake-fill bogs, the bog water 
the moat develops because during dry peri - becomes gradually more nutrient-poor with 
ods peat  decays i n  the  border of moat distance from the border. The inflow from 



the upland areas varies, and t h i s  causes 
local f e r t i l i t y  differences in the "bg 
border. In contras t ,  in the moat of the 
moat bogs the water chemistry i s  fa i r ly  
uniform, and t h e  bog becomes more 
nutrient-poor from moat to bog center. 

These m a t  bogs occur only i n  the 
southern part  of the region, and these- 
fore the vegetation does not show the 
geogr-ap'nl'cal changes disczssed a b ~ v e  fo r  
the other peat bog-lake systems. The veg- 
etation pattern of a moat bog i s  i l l u s -  
t ra ted in Figure 39. The moat completely 

surrounds the bog m% anrx ~ a r ~ e s  ~n w a t n .  
I t  has a poorly developed vegeta t ion ;  b u t -  
ton bush ICephalanthus occ iben td l  i s )  usu- --- - - -- -- 
a l l y  dominates a zone i n  the moat, and 
Glyceria canadensis and  S c i  rpus cyperinus 
are  usually presext. CaFFxT>Xe%k%F5-Kfi- ---- 
dominate a zone along the edge of the 
f loat ing mat. The vegetat ion on the 
f loat ing m a t  is  the --- Sphagnum -- fa7 1 ax-$ha- 
maedaphne community w i t h  Sphagnum papi1 l o -  
sum often equally or more a b u n d a n " c t K T .  
Ki7ax.  The grounded center I S  ~ ~ i u p i e d  
by the highbush blueberry community and 
e i the r  the Sphagnum fa9 lax-Chamaedaphne or -- --- 

VEGETATION PATTERN CHANGES IN WATER CHEMISTRY 

Figure 39. Vegetation pattern and changes in water chemistry in moat bogs. 
The density of stippling indicates degree of mineral-soil water influence. The 
nutrient regime in the moat is uniform, but the surface peat becomes more 
nutrient-poor from the edge of the bog mat to the bog center. 



the Sphagnum TUDa3 I 1 uol-Cbsmaedapnne cobpmu- 
n i  t i e s ,  depending on the ion ic  cosposi $ i o n  
o f  the bog water, 

?.-imnogenous bogs + The sumer water- 
'is maintained by 

streams or lakes. The limnogenous peat 
bogs occur mostly. in association w i t h  
other peat1 ands and t h i s  influences 
hydrology. Water movewnt i s  toward the 
c t r o ; m  nr 9 3 k e .  &+ $ 9 ~  b 3 ; ~  3 ~ ;  3153 
flooded by lake or stream water during 
high water (Figure 40). Therefore, the 
minerotrophl'c water affecting these bogs 
l"s derived from two sources. In the n u t -  
rient-poor 1 imnogenous bogs, the f l  osded 
zone i s  invariably more nutrient-rich than 
the remainder of the bog. 

The vegetation along the brook varies 
depending on the ionic composition of the 
brook water. It i s  fiostl; domf nated bv 
ei ther  Carex lasiocarpa a<d Sphagnum f a l -  
lax or - 3 T h F b r o o k X a t e r  i s  more X- - 
rient-rich by Ca1 amagrosti s canadensi s ,  
sometimes with Carex s t r i c K  Carex ros- 
t ra ta  can a l s o d o m i n m s  zzbne. T e  
further sequence depends on the adjacent 
wetland. Figure 40 shows a sequence com- 
monly encountered when the brook flows 
through a raised bog. In t h i s  case, 
ombrotrophic water draining from the bog 
d j l i t e s  the bog watxr i n  a zone above the 
Calama ro s t i s  community. This zone i s  --4h6 occupie y-the Rhododendron-Chamaedaphne 
community i f  flooding by weakly minero- 
trophic water occurs only during very high 
water-levels, such as during snow me1 t s .  

SPHAGNUM FUSCUM- 
KALMIA 

"7 RHODODENDRON CANADLZNSE- 

I F  sumer flooding i s  common, th i s  zone i s  
occupfed by a Sppha num centrale-Chamae- 
daphne c o n u n i t y - A S .  mf Z"-Ee  ----- 
major species i n  the moss caFiEE- 

01 igotrsphic peatlands outside lake 
b a s i ~ h ~ i ~ r ~ r ~ p e a t l  and- 
influenced by oljgotrophicwater.  They 
have a sol id ,  notquaking, bog surface 
that  can be flooded, b u t  not by lake or 

-* 
br oak ~ d t e r .  iney hdve  developee I n  vari - 
ous ways. The present conditions a t  the 
surface, rather than the i r  or igin ,  deter- 
mine the i r  hydrology and vegetation, 

These bogs lack the large water reser- 
voir of the peat bog-lake systems; there- 
f ow  they depend more direct ly  on precipi-  
ta t ion and mineral-soil water to  maintain 
the i r  water levels.  The mineral -soil 
water can be stagnant (topogenous bogs) or 
flow la te ra l ly  through the peat (sol ige-  
nous bogs). This dis t inct ion i s  not 
always c lea r ,  e .g . ,  in peatlands that  
receive seepage but show no signs of l a t -  
eral  water movement through the bog. 

The hydrology and water chemistry of 
these peatlands i s  control led primarily by 
(1)  the conditions within the watershed of 
the bog ( s i z e ,  deposit, r e l i e f ) ;  ( 2 )  the 
size of the peatland; and ( 3 )  the climate. 
The conditions in the watershed a f fec t  the 
amount and chemical properties of the 
water flowing into the bog. The s ize  of 
the bog determines the re la t ive  e f fec t  of 
seepage and precipitation on water level s 

M S W L  1 
CHAMAEDAPHNE CALAMAGROSTIS CANADENSIS 

I I 

F~gure 40. Vegetation pattern and water flow in timnogenous bog system associated with an ombrotrophic bog 
(at left). Inside the mineral-soil water limit (MSWL), the Calamagrostis canadensis vegetation is regularly flooded 
by the brook, but the Rhododendron canadense-Chamaedaphne vegetation is flooded only during high spring 
water levels and receives ombrotrophic water the remainder of the year. 



and water chemistry. The c l  i rnat ic condi - 
t ions ,  especdal ly p r e c i p i t a t i o n  and evapo- 
t ransp i ra t i on ,  inf luence both and are 
responsible f o r  c l ea r  geographic t rends i n  
these peatlands. 

01 igo t roph ic  topogenous and sol igenous 
peat  bogs develop on nut r ien t -poor  parent 
mater ia ls  and have e i t h e r  small watersheds 
o r  are a f fec ted  by water ddluted consider- 
ably by rainwater, as Fn wet c l imates  o r  
l a rge  bogs. They can be associated w i th  a 
1 ake, bu t  peat1 and development cannot be 
a t t r i b u t e d  t o  the  lake. 

Hydro1 og ica l  l y ,  three d i f f e r e n t  condi - 
t i o n s  should be recognized: 

(1) B o u s i n  basins t h a t  d o n o t  d ra in  " 
f r e e l y  and t h a t  receive water p r fmar l  ly 
from o r e c i ~ i t a t i o n  (Fiuure 41) .  Water 
tosses' occu; mostly by"evapotranspi r a t i o n  
so t h a t  water l e v e l s  f l uc tua te  s t rong ly .  
These water- level changes are l a r g e s t  i n  
regions w i th  h igh s u m r  temperatures 
where evapotranspirat ion losses are high. 
They occur most c o m n l y  i n  basins i n  
sandy deposits under la in  by c lay o r  s i l t ,  
o r  on bedrock i f  seepage along the slope 
i s  i n s i g n i f i c a n t .  S i t e  cond i t ions  are 
ra the r  uni form throughout t h i s  bog type 
because o f  spr ing  f looding. Di f ferences 
i n  the p o s i t i o n  o f  the peat  surface re la-  
t i v e  t o  the s u m r  water l e v e l  are respon- 
s i b l e  f o r  the l a r g e s t  h a b i t a t  d i f fe rences 
i n  these bogs. $1 i g h t l y  more n u t r i e n t  
r i c h  cond i t ions  occur near the mineral 
s o i l  contac t  i n  the bog border. The wet- 
t e s t  s i t e s  are o f ten  found here because of 
more rap id  decay o f  the  peat. 

V i r t u a l l y  no water f lows through these 
bogs. During high-water leve ls ,  water may 
d ra in  from the bog throlugh a drainage 
channel o r  leave the bog through permeable 
deposi ts  i n  the bog border. This happens 
mostly i n  l a t e  w in ter  and ea r l y  spring. 

Basins o f  t h i s  type are occupied 
mostly by a dense highbush blueberry 
t h i c k e t  i n  the Appalachian Oak Zone and 
the  warmest pa r t s  o f  the Northern Hardwood 
Zone (Figure 41).  The Osmunda-highbush 
blueberry community occupies a somewhat 
more n u t r i e n t  r i c h  b e l t  i n  t he  bog border. 
The remainder i s  usualy occupied by the 
t y p i c a l  highbush blueberry comnuni ty 
unless the bog i s  small. The Sphagnum 

cen t ra l  e-Chamaedapnne ccsmnuraizy i s  found 
7 n  openings i n  the ~ t f c k e t s  and local iy  
along the border. 
and Carex s t r i c t a  
row -323EGn t k l  s and the ml" neral  
s o i  1. 

Basins w i t h  these large water- level 
f l u c t u a t i o n s  are  u n c o m n  northward. I f  
they occur beyond the nor thern l i m i t  o f  
dense Vaccinium - - corymbosum th i cke ts ,  they 
are  occupied by a - T E a m a p h n e  -- calycu la ta  
vegetat ion.  

( 2 )  Bogs i n  drained basins w i t h  l i m i t e d  - 
see a e i n  u t .  These bogs receive t h e i r  
-!=--? water supp y from 01 i go t roph i c  seepage 
water and p r e c i p i t a t i o n .  They are found 
i n  va l l eys  i n  till landscapes under la in  by 
a c i d i c  bedrock, most commonly i n  areas 
w i t h  s h a l l  ow o r  compacted t i 1  1 . Seepage 
i s  seasonal and mostly r e s t r i c t e d  t o  the 
e a r l y  p a r t  o f  the vegetat ive season. The 
surface-drainage pat te rn  i s  poor ly  devel- 
oped i n  these peatlands, b u t  small brooks 
f requen t l y  d ra in  the l a rge  ones. Water 
movement i s  through o r  over the peat and 
from the  bog border t o  the  center  (F igure 
41). L i t t l e  i s  known about drainage i n t o  
t h e  under ly ing till ; presumably, i t  i s  
negl i g i b t  e. 

The mineral - s o i l  water in f luence i n  
these basins i s  much stronger than i n  the 
undrained basins described above. There- 
fo re ,  t he  Osrnunda-highbush blueberry com- 
muni t y  occurs throughout (F igure  41).  
However, because the  seepage f l o w  i s  weak 
and seasonal, cond i t ions  become more nut- 
r i e n t  poor as distance from the  border 
increases. Th is  i s  c l e a r l y  v i s i b l e  i n  the 
vegetat ion, and the Osmunda-highbush blue- 
ber ry  c o m n i  t y  i s  f l o r i s t i c a l l y  r i c h e s t  
near the  bog border. Apart from t h i s  bor-  
der zone, the  water chemistry seems t o  
vary l i t t l e ,  bu t  i t  i s  c l e a r l y  minero- 
t roph i c  throughout these bogs. 

Seepage i n f l o w  i s  usua l l y  r e s t r i c t e d  
t o  c e r t a i n  s i t e s  along the bog border, and 
water f lows mostly through channels i n  the 
bog. As a resu l t ,  nu t r ien t -poor  pockets 
w i t h  a t y p i c a l  highbush-blueberry comnu- 
n i  t y  and small patches o f  S ha num magel - 
1 anicum-black spruce fo res  can occur 
loc871y (F igure 41). 

ee 
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Figure 41. Vegetation pattern and water f low in perched-water peatlands influenced 
by nutrient-poor minerotrophic water. The vegetation pattern is controlled by the flow 
rate and chemistry of the bog water. Hemlock can also be abundant in the border of 
these peatlands, especially those receiving seepage. See Table 4 for further details on 
bog border forests. 



This type o f  highbush blueberry bog i s  
t yp ica l  f o r  the southern p a r t  o f  the 
region because dense highbush blueberry 
th ickets  do not  develop northward. Also, 
topographical ly s imi lar  habi tats receive 
much more seepage during the sumner f a r -  
ther  north and are fens o r  swamps. 

(31 Bogs i n  drained basins wi th  obvious 
bu t  very nutr ient-poor seepage input. 
These bogs also receive t h e i r  water supply 
as 01 igotrophic seepage water and p rec ip i  - 
ta t ion.  However, here see age water i s  
supplied throughout most o f  t f: e vegetative 
season, regula t ing water leve ls  so t h a t  
they f luc tuate w i th in  narrower l i m i t s  than 
i n  the previous two si tuat ions.  I n  addi- 
t ion,  the more continuous f low i s  c l e a r l y  
re f lec ted i n  the vegetation, w i th  nut- 
rient-demanding plants i n  areas w i th  
higher f low rates. Differences i n  nut- 
r i e n t  inputs are often not expressed i n  
the ion ic  composition of the bog water 
except outside the vegetative season. A t  
t h a t  time, K concentrations r e f l e c t  i npu t  
di f ferences most c lea r l y  (Malmer 1962b; 
D a m n  1986). 

I n  the southern p a r t  o f  the region, 
evapotranspiration losses are so high t h a t  
t h i s  type o f  soligenous mire can ra re l y  
develop. Conditions most c lose ly  resem- 
b l i n g  i t  i n  the Appalachian Oak Zone can 
develop on gent le  lower slopes on nut- 
r ient-poor parent materials. I f  the s i t es  
remain moist during the sumner and the 
seepage water i s  nu t r ien t  de f i c ien t ,  the 
Carex ros t ra ta  comnuni ty w i l l  occupy such 
s i t es  (rigure 41). Larch and red maple 
are scattered, and bushes o f  Vaccinium 
corymbosum and Rhododendron v i  scosum are  
comnon. The peat on these s i tes  i s  usu- 
a l l y  less than 1 m deep and we1 1 decom- 
posed. 

Farther north, condit ions f o r  the 
development o f  sol igenous mires wi th  a fen 
vegetation become more favorable. 

Ombrogenous &. These are the genu- 
ine peat bogs o f  the co ld  temperate zone 
wi th  a topography cont ro l led by d i f f e r -  
ences i n  peat accumulation. They occur 
only i n  the northern p a r t  o f  t h i s  region 
(Figure 21,  and are o f ten associated wi th  
other peatlands. The vegetation pat terns 
o f  the three major types o f  ra ised bogs 
(Figure 3) are shown i n  Figure 42. This 

i l l u s t r a t e s  the  d i f f e r ~ n c e s  w5 t h  t he  01 i- 
gotrophic bogs t h a t  are the foca l  p o i n t  o f  
t h i s  community p r o f i l e .  The hydrology o f  
ombrogenous bogs i s  discussed by Rycro f t  
e t  a l .  (1975), Ivanov (1981), Ingram 
(1982, 1983), and Damman (1986). The i r  
vegetat ion cover i s  described by Ganong 
(1897), Osval d (1970), Gauthi e r  and 
Grandtner (1975), Damman (1977), and 
Worl ey (1981). 

5.3 GEOGRAPHICAL CHANGES IN 
HYDROLOGY AND VEGETATION 

Geographical dif ferences i n  the 
hydrology o f  peatlands r e s u l t  from changes 
i n  the surplus o f  p rec ip i ta t ion  over eva- 
potranspiration. I n  peat above a water 
table, u ward movement o f  c a p i l l a r y  water 
and perco ! at ion o f  rainwater are cont ro l  - 
led  by these processes when the bog i s  no t  
frozen. I f  the moisture surplus 
increases, the bog surface w i l l  become 
more dependent on p rec ip i ta t ion  and more 
impoverished i n  nutr ients.  By i t s e l f ,  
t h i s  process w i l l  not  lead t o  ombrogenous 
bog development but, a t  most, t o  l oca l  
ombrotrophy o f  the highest par ts  o f  the 
bog surface. Complete ombrotrophy ra re ly  
occurs on the humnocks o f  topogenous and 
sol igenous mires, because vascular p l an t  
roots reach i n t o  the minerotrophic peat 
and enr ich the surface with leachates and 
det r i tus .  

Ombrogenous-bog development depends on 
the r i s e  o f  the bog surface beyond the 
inf luence o f  minerotrophic water. Since 
water flows p r imar i l y  through the re l a -  
t i v e l y  undecomposed surface peat or over 
the surface i t s e l f ,  minerotrophic water 
continues t o  a f f ec t  the surface unless the 
topography o f  the bog prevents t h i s  water 
movement. So, i n  topogenou s peat1 ands 
water f low has t o  be reversed to  i n i t i a t e  
ombrotrophic bog development (Figure 37). 
This requires a r i s e  o f  the bog center and 
the development o f  a perched water tab le  
i n  the peat to  prevent mineral-soi l  water 
from reaching the center. 

For the bog surface t o  r i s e  i n  the 
center, peat accumulation i n  t h i s  p a r t  o f  
the bog has t o  exceed tha t  i n  the border. 
Peat accumulation i s  the excess o f  produc- 
t i o n  over decay, but  i t i s  due t o  slow 
decomposition rather than high production 
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CHAPTER 8. ANIMAL COMMUNITY COMPOSITION 

Few studies have examined vertebrate 
assemblages in peatlands. The most com- 
plete studies have been conducted in Min- 
nesota (Marshall and  Buell 1955; Karns 
1979; Nordquist and Birney 1980; Warner 
and Wells 19801, Michigan (Brewer 1967; 
Ewert 19821, Canada (Buckner 1957a, 1966; 
Erskin 1977; Muir 1977), and Scandinavia 
(Jarvinen and Sam1 isto 1976; Henttonen 
e t  a1 . 1977 ; Bostrom and Wansson 1981). 
The only extensive studies of vertebrate 
assemblages in Northeastern peatlands are 
those of Stockwell and Hunter (1985) and 
Brooks e t  a1. (1987). 

The vertebrate fauna of peatlands has 
general ly been considered rather depauper- 
ate. There are no endemic species, and 
few vertebrates use bogs as their primary 
habitat. However, the vertebrate species 
diversity may actually be greater within 
peatlands than in surrounding habitats 
because of the relatively great vegeta- 
tional diversity. 

6 . 1 1  Mammals 

Most large mamnal species in the 
Northeast move across peatlands, b u t  few 
linger for long. Moose (Alces alces), 
whi te-tailed deer ( O d o c o i l e u ~  i m s )  

.+e and black bear ( Ursus americanus 
peatlands more t m t h e r  large mamnal 
species. The edges of bogs provide good 
browse, and deer use i s  so heavy in some 
Maine bo s ,  t h a t  browse lines are apparent 4 ( Worley 981 ) . Some forested peatlands 
provide deer with winter yarding areas 
under dense stands of spruce or tamarack. 
Moose are perhaps the most frequent and 
best-adapted l a r  e mammals exploiting B Northeastern peat and habitats. During 
the sumner moose extensively use aquatic 
habitats including lakes, ponds, streams, 
and open bogs where they feed on aquatic 

yegetation {Dodds 1974; Crossley and GiV - 
bert 1983). Water and open-bog habitats 
represent only 1.0% and 1.5%, respec- 
tively, of the total home range of moose 
in northern Maine, b u t  these habitats are 
used significantly more than their rela- 
tively small availability suggests. 
A1 though areas of water and open bog were 
used heavily during the sumner, they were 
n o t  used a t  all during the winter (Cross- 
1 ey and Gi 1 bert 1983). 

Formerly, the woodland caribou (Rangi- 
fer caribou) occurred throughout eastern 
Canada and into northern Maine and extreme 
northern New Hampshire and Vermont where 
small herds fed extensively in the bogs 
and barrens (Allen 1972). Caribou were 
easily hunted and were eventually extir- 
pated from the region. A few survived in 
the bogs of northern New Hampshire until 
a t  least 1885 and i n  Maine near the St. 
Johns River until 1916 (Allen 1972). 

Bogs and other wetlands can be impor- 
tant habitat components for black bears i n  
the Northeast by providing thick escape 
cover I Eve1 and 1973; Kordek 1973 ; Landers 
e t  a1 . 1979) and an abundance of succulent 
food in the post-denning period (Landers 
e t  a1 . 1979; E l  owe 1984). The occurrence 
of swamps i s  considered a key component of 
bear range i n  the Pocono region of north- 
eastern Pennsylvania (Eveland 1973; Lind- 
zey e t  a l .  1976; Alt e t  al .  1980) and the 
most important factor determining the size 
of bear range in northwestern Massachu- 
se t ts  (Elowe 1984). Isolation of wetland 
pockets by residential development and 
other means reduces the value of suitable 
bear habitat (Lindzey e t  a1 . 1976) and 
increases the vulnerability of bears by 
attracting hunters (Kordek 1973; Landers 
e t  a l .  1979). 

Beaver (Castor canadensi s )  are fre- 
quently fou;na7n peatlands with open 



water, p a r t i c u l a r l y  those w i th  f lowing 
water (Johnson 19851, b u t  t h e i r  importance 
t o  beaver has not  been invest iga ted i n  the 
northeastern United States. I n  Minnesota, 
Rebertus (1986) found evidence o f  cu r ren t  
o r  previous beaver a c t i v i t y  i n  200 (42%) 
o f  481 bogs surveyed. This inc luded 102 
colony s i t e s  w i th  over-wintering lodges a t  
the  bog and 98 work areas w i th  lodges i n  
adjacent  ponds o r  streams. Beaver use o f  
sedge-moss , t a l l  -shrub, and wooded bog 
cover types re f lec ted t h e i r  a v a i l a b i l i t y  
i n  the landscape. However when i n h a b i t i n g  
bogs w i th  moats, beavers showed a s i g n i f i -  
can t  preference f o r  sedge-moss and an 
avoidance of t a l l  -shrub cover types. I n  
bogs w i t h  flowage created by beaver dams, 
beaver ra re l y  used sedge-moss because t h i s  
vegetat ion occurred i n  k e t t l e  hole bogs 
t h a t  lacked s u f f i c i e n t  ground water f low. 

Flooding by beavers can ser ious ly  dam- 
age peatlands. Bogs w i th  f l o a t i n g  mats 
a re  l e a s t  af fected,  because here r i s i n g  
water l e v e l s  f lood only the grounded mat 
near the upland margin o f  the bog. 

The d i v e r s i t y  and densi ty  o f  small 
mama1 populat ions i n  peatlands depends 
l a r g e l y  on the  s t ruc tu ra l  d i v e r s i t y  o f  the 
peatland vegetation. Stockwell and Hunter 
(1985) captured 12 species o f  small mam- 
mals i n  Maine peatlands. I n  t h e i r  study 
o f  seven vegetation types, they captured 
as few as f i v e  species i n  moss-Chamae- 
daphne and as many as 11 species X T G j g  
and forested bog. The greates t  number o f  
small mammal species was i n  the  two vege- 
t a t i o n  Qpes w i th  the greatest  s t ruc tu ra l  
d i v e r s i t y  and c losest  t o  upland hab i ta ts ,  
whereas the smallest number was i n  vegeta- 
t i o n  types w i th  the l e a s t  s t ruc tu ra l  d i v -  
e r s i t y  and i n  the center  o f  the peatlands, 
f a r thes t  from uplands. 

Using p i t f a l l  traps, Stockwell and 
Hunter (1985) found the masked shrew 
(Sorex cinereus) t o  be the most abundant 
species (67% o f  captured specimens) i n  
every vegetat ion type except the shrub 
th ickets ,  where the meadow jumping mouse 
(Za us hudsonius) was most abundant. It 
m a e u p  9- 1 3% o f  a l l  captures and was the 
second-most abundant small m a m l  species 
i n streamside meadows. ~ o o l  s. shrub 
heaths, and moss-Chamaeda hne hab i ta ts .  
The southern red-ba&Cl e thr iono-  
w s  gapperi 1, most o f ten  found i n  spruce - 

fores ts  w i t h  r e l a t i v e l y  dry  substrates, 
comprises i f i d  o f  the captures i n  
the shrub t h i c k e t  and 15% i n  t h e  fo r -  
ested bog. The meadow vo le  (Microtus 

ennsylvanicus), a species o f  f i e l d s  and % wet mea ows, accounted f o r  10% o f  the cap- 
tu res  i n  laggs and 9% i n  streamside mead- 
ows. The water shrew (Sorex a l u s t r i s ) ,  
usua l l y  found a1 ong the  edges 5 7 -  o s reams, 
lakes, and beaver ponds, has f requent ly  
been associated w i t h  peatlands. It made 
up 20% of the  captures i n  laggs. Other 
small mammal species inc luded the smoky 
shrew (Sorex fumeus), pygmy shrew (Sorex 
hoyi  1, T f W t - t a T l e d  shrew ( B l  a r i na  b r e v ~  - - 
cauda) , star-nosed mole (Cond l u r a  c r i  - 
3%i€K), southern bog l e m i  +S- ng y n a p t y  
coo e r i ) ,  deer mouse (Peromyscus manicu a 
*and woodl and jumping m o u s & ~ ~ -  
za us i n s i  n i s ) .  The s t a r - n o s e d m o l e s  
&m&tic o f  the  North American 
moles and was on ly  found on s i t e s  w i th  
standing water (Stockwe1 1 and Hunter 
1985). I n  the Northeast, t h i s  mole i s  
found i n  var ious wetland hab i ta ts ,  b u t  
a lon  the A t l a n t i c  Coastal P l a i n  south t o  
the  8k efenokee Swamp, the  southern edge o f  
i t s  range, i t  i s  mostly r e s t r i c t e d  t o  
peat land h a b i t a t s  and has been found only 
i n  assoc ia t ion  w i t h  Sphagnum. 

I n  a one-year study o f  s i x  peatlands 
i n  the Pocono reg ion o f  Pennsylvania 
(Brooks e t  a l .  1987) found a t o t a l  o f  21 
mamnal species, w i t h  w h i t e - t a i l e d  deer 
being most f requen t l y  detected and pres- 
e n t  on a l l  s i x  s i t es .  The three most 
abundant small mamnal species were the 
southern red-backed vo le  (78 a t  5 s i tes) ,  
whi te- footed muse  (Pero scus leuco us) 
( 6 9 a t 6 s i t e s 1 ,  an d 3 f i - r h  e m a s e d s r e w  
a t  6 s i t e s ) .  Other documented small mam- 
mal species inc luded the meadow vo le  (8 a t  
3 s i t e s ) ,  deer muse  (6 a t  4 s i tes) ,  
s h o r t - t a i l e d  shrew (6  a t  2 s i t e s ) ,  meadow 
jumping mouse (2 a t  2 s i t e s ) ,  and woodland 
jumping mouse (1) .  

The northern and southern bog lemnings 
(Synaptomys b o r e a l i s  and 2. cooperi) 
are perhaps more c l o s e l y  associated 
w i t h  Sphagnum, a1 though no t  necessar i ly  
peatlands, than any o f  the other  
Northeastern mammals. Preble (1899) 
named the subspecies o f  northern 
bog lemming found i n  t h e  Northeast 
Syna tomys boreal  i s  s ha n i c o l a  because --Pa- ~ X b e c i m e n  was rappe i n  a runway 



Fabyans, New Wampshi re+ ent spec!- 
mens have been trapped a% several s i t e s  i n  
New Hampshire and Maine, i n c l u d i n g  an 
a l p i n e  sprin on M t ,  #atahdin, Maine 
LDutcher 19037 and a spruce forest wi th  a 
deep mat near the base of 
Katah r r e t t  Clough and John J .  
A3 b r i g h t ,  T h e  Nature Conservancy, Maine 
Chapter;  pe r s .  carnm.), In Eastern 
Canada, t he  northern bog 1 emmi ng prirnari 1 y 
i r thah i  t c  S?hagnllm-l ak rador  t ~ a - h l a r k  

spruce bogs, bu t  i t  i s  a l s o  found in  deep, 
mossy, spruce woods, wet a lp ine  meadows, 
and a1 pi ne tundra (Banf i e l  d 1974).  

The southern bog lemming was ini t ial ly 
consfdered a bog-dwell ing species, b u t  now 
i t  i s  known to occupy a wide variety of 
wet and upland habitats throughout i t s  
range (Linzey 1983). However, in the 
northeastern United States and southern 
Canada i t  !s mostly associated with S ha - 
num bo s or heavily forested areas ;[k% 
fi 19!2 ; Hamil ton 1941; Coventry 1942; 
Connor 1953; Buckner 1957b; Manville 
1960). In Virginia, the southern bog lem- 
ming prefers habitats normal ly occupied by 
the meadow vole b u t ,  because of behavioral 
dominance by the meadow vole, the southern 
bog lemning gains access only t o  the poor- 
es t  of these habitats during the low phase 
of the vole population cycle (Linzey 1984; 
Linzey and Cranford 19841, Habitats o f  
marginal qua1 ity for meadow voles were 
unavailable t o  southern bog lemnings even 
i f  minimal densities of voles were pres- 
ent. I n  New Jersey, Connor (1959) found 
that southern bog 1 emning numbers sur- 
passed those of the meadow vole only in 
Sphag~u! bogs with shrub cover. Appar- 
e n t l y ,  t h e  same re1 a t i onsh ip  e x i s t s  
between t h e  southern bog lemming and t h e  
meadow vole  i n  Northeastern bogs a s  we l l .  

6.1.2. Birds 

Avian species with boreal aff ini t ies 
are usually considered characteristic of 
Northeastern peatlands. Within the range 
1 imits of boreal species, they dominate 
peatland avifaunas. In Maine, boreal bird 
species represented 58% of the avifauna of 
peatlands b u t  only 33% of surrounding 
habitats (Brewer 1967). A number of 
boreal bird species reach the southern 
edge of their ranges in either peatlands 
or alpine habitats (Figure 43). Within 

the N ~ ~ t h ~ ~ ~ t ,  h3re329 b i r d  S~PCS~S are 3 v  

jmpor tant  component i n  peatlands of the 
Boreal and Coastal Spruce-Fir Zone of 
Maine, northern Mew Havshi re, northern 
Iderrnone, and the Adirondack Msuntains sf 
New Yark, South of the ranges of boreal 
species, peatlands are dminated by bird 
species Prom surrounding habitats (Figure 
441, Birds that wcupy wet meadows and 
marshes are found i n  fens, and species 
that inhabit shrubby forest openings also 
i p h a b j t  ~ h r g h  h e g t h ~ .  

Stockweill and Hunter (1985) reported 
104 bird species in a 2-year study of 
Maine peatlands. Within an  individual 
peatland they found 29-69 species each 
year. Bird species richness in peatlands, 
expressed as the number of species pres- 
ent, was greater than that in surrounding 
habitats. They attributed this t o  the 
variety of vegetation types occurring in 
relatively small areas i n  most peatlands. 
For a1 1 peat1 ands, bird species richness 
i s  directly and independently correlated 
with vegetation diversity and size of 
peatland. Bird densities are also corre- 
7 ated with peatland vegetation diversity. 
Bird densities are lower in peatlands dom- 
inated by open patches than in peatlands 
dominated by arboreal patches. Fol iage 
height diversity within a peatland i s  the 
best indicator of bird species richness, 
bird density, and bird species composi- 
tion. As foliage height diversity 
increases, bird species richness 
increases, bird density increases, and 
bird species composition changes. The 
fewest bird species are found in fens and 
the most in wooded heaths. Most species 
occur i n  several peatlands and in several 
types of vegetation (Figure 45) .  

The comnon ye1 lowthroat and Nashville 
warbler were present and abundant in all 
e i  h t  types of ve etation sampled (Stock- 9 B we 1 and Hunter 1 85). Fifteen species 
were comnon or abundant in three or more 
vegetation types and 20 species in 1-2 
vegetation types. Most species, including 
some frequently associated with bogs 
(e .  g., spruce grouse), were observed only 
rarely. 

Stockwell and Hunter (1985) found t h a t  
avian comnunities in bogs were distinctly 
divided into two groups associated with 
arboreal and  non-arboreal vegetation. 



Block  - b a c k e d  
Woodpecker  

p,roo;<s ex a;. ( $  <,~,ri+ 67 h i v e d  

species i n  a one year  st lady of 5 i ~  pec-mt- 
lands i n  the Pocano reg ion  of Pennsylva- 
n i a .  The 12 most Treqadent spec i e s  
i n c l uded  b l ue  j ay  (90 a t  6 s i t e s ) ,  k l a e u -  
capped chickadee (75 a t  6 s i t e s ) ,  gray 
c a t b i r d  (45  a t  6 s i t e s ) ,  cedar  waxwing 129 
a t  6 s i t e s ) ,  American craw (24 a t  4 

9 n' s i t e s ) ,  red-winged b l a c k b i r d  ( 1 7  a t  4 
& ,  q, 

,I -1 s i t e s ) ,  ru fus-s ided towhee 115 a t  4 
'4. ' k ,A, ' s i t e s ) ,  song sparrow (15 a t  4 s i t e s ) ,  

+- 
r v  Ay no r t he rn  f l i c k e r  i i 4  a t  5 ~ " G s ) ,  Kiby 

LA' 4 ' ~ '  crowned k i n g l e t  (13 a t  6 s i t e s ) ,  common 
y e l l o w t h r o a t  ( 1 1  a t  5 s i t e s ) ,  and wh i te -  
t h roa ted  sparrow (10  a t  4 s i t e s )  . 

I n  the Adirondack Mountains o f  New 
York Hard in  (1975) recorded 30 b i r d  spec- 
i e s  on four pea t land  s i t e s  i n c l u d i n g  two 
c o n i f e r  bo s (18 spec ies) ,  an er icaceous 
shrub bo 710 spec ies ) ,  and a bog sedge- 
meadow 714 spec ies) .  ~ o s t  abundant i n  
each o f  these cover types were: t h e  common 
y e l l o w t h r o a t  (44)  and song sparrow (50 )  i n  
t he  two c o n i f e r  bogs; bobo l i nk  (51)  and 
song sparrow (10)  i n  the  e r i caceous  shrub 
bog; and bob01 i n k  (331 ,  song sparrow (201, 
and savannah wa r row  (10) i n  the  bog 
sedge-meadow. 

 POI^ W a r b l e r  A1 though Nor theastern pea t lands  gener- 
a l l y  l a c k  a d i s t i n c t i v e  av i fauna ,  c e r t a i n  

U o r e a l  species such as t h e  spruce grouse 
* have been cons idered represents t i v e .  Most 

are boreal  species t h a t  t y p i c a l l y  i n h a b i t  
coo l ,  wet, brushy openings, o r  edges i n  
sp ruce - f i r  f o res t s .  Inc luded  among these 
b i r d  species a re  t h e  spruce grouse, t h ree -  
toed and b lack -backed woodpeckers, 01 i v e -  
s ided and ye1 1 ow-be1 1 i e d  f l y ca t che rs ,  gray 
jay,  bo rea l  chickadee, palm, Tennessee, 
Cape May, and bay-breasted warb lers ,  L i n -  
c o l n ' s  sparrow, and r u s t y  b l a c k b i r d .  Each 

Figure 43. Northeastern United States breeding of these species has a un ique combinat ion 

ranges of six boreal bird species characteristic of of h a b i t a t  preferences, b u t  they  a re  a l l  
peatlands. r e g u l a r l y  found i n  a s s o c i a t i o n  w i t h  pea t -  

lands i n  nor thern  New England and t he  Adi-  
rondack Mountains o f  New York. 

Vege ta t ion  types w i t h i n  these ca tego r i es  
shared many o f  the  same b i r d  species, and 
t h e  average degree o f  s i m i l a r i t y  between 
these two major  groups was 0.63 (F i gu re  
4 6 ) .  They observed c e r t a i n  b i r d  species i n  
o n l y  one o r  two pea t land  types and o the r  
spec ies i n  several  pea t l and  types w i t h  
s i m i l a r  vege ta t i on  c h a r a c t e r i s t i c s .  

Among t h e  boreal  spec ies t h a t  charac- 
t e r i z e  nor thern  New England bogs, t h e  L i n -  
c o l n ' s  sparrow and t he  palm wa rb l e r  are 
probably  the two most r e s t r i c t e d  t o  t h i s  
h a b i t a t .  The palm wa rb l e r  breeds i n  open 
S hagnum bogs o f  no r t he rn  Maine, and the  
llL-7- i nco  n s sparrow i s  found on t he  brushy 
edges o f  these bogs as f a r  south as nor th -  
e r n  New Hampshire, Vermont and New York 
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Yellow-beilred Flycatcher 
Gray Jay Olive-sided Flycatcher 
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Red-winged Blackbird Mallard 

Wood Duck 
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Figure 44. Comparison of bird distribution typical of a lake-border bog in the northern and southern part of the 
region. 
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A l d e r  Flycatcher Kibbee 1985). Both species o f t e n  place 
I t h e i r  nests i n  a mund o f  

R e d - w ~ n g e d  E l a c k b l r d  
t o n  rass (Kn ight  9904; Ben 
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Figure 45. Distribution of ten bird species in Maine 
peatlands (redrawn after Stockwell and Hunter 1985). 
Densities are expressed as number of individualsllll) 
ha based on 8 peatlands. Sample sizes far bog-border 
forest and wooded fen were too small to be included. 

LG WF FB WH SH ST FE SM 

VEGETATION TYPE 

WF = WOODED cEN (MOUNTAIN HOLLY 
BLACK SPRUCE) 

VJH = WOODED HEATH 
SH = SHRUB HEATH SM = STREAMSIDE MEADOW 

Figure 46. Dendrogram of overlap of vegetation types 
based on similarities of 1983 and 1984 bird species com- 
position on eight Maine peatlands [redrawn after 
Stockwell and Hunter 1985). Overlap values are 
calculated as CAB = (CA + CB)/2 and range from 1 
(identical) to 0 (completely different). 

6.1.3. h p h i b l a n s  and Regtqles --- 

Few amphibians o r  reptiles can be con- 
s idered peat land species, b u t  mny North- 
eastern species are f s a n l  ;r+ peat:snds. 
The low pH o f  the water, t h e  coal mlcroha- 
b i t a t s ,  the saturated substrates, and the 
occasional f l ood ing  m k e  bogs unsui table 
h a b i t a t s  f o r  some species* The constant 
moisture content  o f  the moss 
substrate i s  p a r t i c u l a r l y  f o r  
others. Someamphib iansmaybeat t rac ted  
t o  the moist  microhabi tats,  b u t  the bog 
water may be too ac id  f o r  breeding. 

I n  the New Jersey p ine barrens, Gosner 
and Black (1957) found t h a t  tadpoles o f  
f r o g  species occur r ing  i n  a c i d i c  Sphagnum 
bogs were mart t o l e r a n t  o f  low pH than 
those o f  species occur r ing  only i n  ponds 
w i t h  h igher pH. I n  general, boreal  spec- 
i e s  are more ac id  t o l e r a n t  and most can be 
found i n  o r  around bogs. The wood f rog  
Rana s y l v a t i c a )  appears t o  be p a r t i c u -  lw a c i d  to le ran t .  I t s  eggs are  able t o  

surv ive  and develop a t  pH 4.0 (Johnson 
19851, although Karns (1979) never found 
wood f r o g  l a rvae  i n  water w i th  a pH below 
5.0. Tolerance extremes and pH o f  g reat -  
e s t  hatching success f o r  the  spot ted sala-  
mander ( Ambystoma m c u l  a turn) under labora - 
t o r y  cond i t i ons  were pH 6-10 and 7-9, 
respec ti vely (Pough and W i  1 son 1976). 
Jef ferson salamanders (Ambystoma j e f f e r s o -  
nianum) to le ra ted  more a c i d i c  c m s  
from pH 4 t o  8, and achieved greatest  
ha tch ing  success between pH 5 and 6. 
Pough (1976) observed a c i d - t o l e r a n t  egg 
masses o f  spotted salamanders i n  New York 
ponds between pH 4.5 and 5.0, where most 
egg masses o f  t h i s  species had no t  sur- 
vived. Cook (1983) found one pond i n  the 
Connecticut River  Val ley ,  Massachusetts, 
where Je f fe rson and spot ted salamanders 
were breeding successfu l ly  a t  pH 4.25. 

I n  a study o f  e i g h t  vegetat ion types 
i n  nine Maine bogs (Stockwell  and Hunter 
1985) the wood f r o g  was the most c o m n  
amphibian, accounting fo r  59% o f  a l l  
amphibian and r e p t i l e  captures i n  p i t f a l l  



eraps, i nese  t r d p s  yresded kZ specjes o f  
arrphr"biaa.rs t o t a  4 I i n g  2,149 specimens and 
t h ree  specjmens of eas te rn  g a r t e r  snake 
f Thamnophi s s i  r t a l  4 5). The n e x t  f o u r  most 
F?@Te3Tvc@tFr5dspecr'es were t h e  green 
f r o g  (Rana cl  ami tans )  , (29% o f  t o t a l  1 ; 
n o r % h e r K 7 F o ~ % X ~  (Rana -- -5 p i  l e n s ) ,  5% 
o f  t o t a l  y blue-spa t ted  sa lamnde r  Anrbys- 
toma l a t e r a l e ) ,  4% sf t o t a l ;  and p i c k e r e l  
fii -Rin.pausSt lS js) ,  1% of t o t a l .  The 
rem;l-o"n53-species wgre caught i n  low num- 
bers r n  many vege ta t i on  types. Wood and 
green f r o g s  were "tapped i n  a71 vege ta t ion  
types and a? n e a r l y  a11 s i t e s .  Wood f r ogs  
were m s t  abundant i n  f o res ted  bogs and 
l e a s t  abundant i n  streamside meadows, 
where t h e  n o r t h e r n  l eopa rd  f rog was t he  
most abundant species. Green f r ogs  were 
most abundant i n  wooded heath and l e a s t  
abundant i n  moss-Chamaedaphne. Streamside 
meadow was t h e  o n l y  vege ta t i on  type where 
n e i t h e r  wood no r  green f r oq  dominated. 
Four- toed salamander ( ~ e m i  dac t y l  ium scuta- 
turn) and mink f r o s  (Rana s e o t e n t r i o n m .  
8 T e n  cons idered  6 o g ~ o c i a t e s ,  were n o i  
recorded! 

The presence of amphibian breeding 
s i t e s  i n  o r  near t h e  bogs s t ud i ed  by 
S tockwe l l  and Hunter (1985)  g r e a t l y  i n f l u -  
enced t h e  number o f  i n d i v i d u a l s  o f  each 
spec ies p resen t .  The s u r v i v a l  , emergence, 
and subsequent d i s p e r s a l  and cap tu re  of 
newly t rans fo rmed j u v e n i l e s  c o n t r i b u t e d  t o  
h i g h  coun ts  and g r e a t  seasonal v a r i a t i o n  
o f  spec ies b reed ing  nearby. Juven i les  
c o n s t i t u t e d  85% o f  a1 1 anurans captured 
and 18% o f  a l l  salamanders captured. 

S tockwe l l  and Hunter (1985) found l i t -  
t l e  v a r i a t i o n  i n  spec ies composi t ion o r  
r i chness  i n  s i x  o u t  o f  e i g h t  vege ta t ion  
types s tud ied .  The presence o f  secondary 
p o o l s  d i d  n o t  inc rease  species r i chness  o r  
abundance, n o r  a1 t e r  spec ies composit ion. 

Brooks e t  a l .  (1987) found 13 species 
o f  amphibians and r e p t i l e s  i n  s i x  peat-  
lands o f  t h e  Pocono r e g i o n  o f  Pennsylva- 
n i a .  None o f  these spec ies were common. 
The f i v e  most f r e q u e n t l y  encountered spec- 
i e s  were t he  r e d - s a t t e d  newt (Notho- 
phthalmus v i r idescens!  (13 a t  4 s m ,  

ana catesbeiana)  ( 8  a t  2 r n f r o g  (R 
s i t e s ) ,  s r i n g  peeper (Hy la c r u c i f e r )  (5 
a t  2 s i t e s  ! , wood f r o g  (3-3 3, and 
green f r o g  ( 3  a t  2 s i t e s ) .  

Wl though no a~nph-rliblan o r  r e p t i l e  i s  
1-ima"ted t o  peat lands,  severa l  a r e  f r e -  
quen t l y  assoc ia ted  w i t h  t h i s  h a b i t a t .  The 
f ou r - t oed  sa l amnde r  i s  t h e  bes t  example. 
Th i s  sa l amnde r  i s  among t h e  most secre- 
t i v e  i n  t h e  eas te rn  Un i t ed  States, and i t  
i s  i n f r e q u e n t l y  c o l f e c l e d  even i n  areas 
where i t i s  t ~ l a t i v e l y  c o m n .  Adu l t s  
i n h a b i t  hardwood and, l e s s  often, c o n i f e r -  
ous f o res t s  m s t  o f  the  year ,  b u t  they 
move t o  water  i n  the  spr ina.  The eggs a r e  
u s u a l l y  depos i ted  i n  a c a v i t y  w i t h i n  a 
clump o f  moss d i r e c t l y  over  water  
( B 1  ancha , Bishop 1941). The moss 
may be i n  deep, shaded s i t u a t i o n s  i n  mixed 
f o r e s t s  of  hemlock, p ine,  and hardwoods, 
i n  open l a r c h  meadows, o r  i n  a S ha num- 
heath bo rde r i ng  bog ponds (Bishop % 1 . 
Some nes ts  have been found i n  f a i r l y  open 
bogs. The female u s u a l l y  s tays w i t h  t h e  
eggs u n t i l  j u s t  be fo re  they ha tch  ( B r e i t -  
enbach 1982). Comnunal nests my c o n t a i n  
t he  eggs o f  severa l  females b u t  on l y  one 
o r  two guard them. 

The bog t u r t l e  (Clemnys muhlenbergi  i ) 
occurs f rom Massachusetts, New York, and 
Connect icut  south a1 ong t h e  Appalachians 
t o  n o r t h  Georgia and South Ca ro l i na .  It 
i s  f r equen t l y  assoc ia ted  w i t h  Spha num 
bogs (Bar ton  and P r i c e  1955; E rns t  __% an 
Barbour 1972; Bury 19791, b u t  open, sedgy, 
o r  shrubby fens and wet meadows are i t s  
t y p i c a l  h a b i t a t s  (Ca r r  1952; Arndt  1977). 
A muddy bot tom seems t o  be t h e  most im o r -  I t an  t requirement (Bar ton  and P r i c e  19 5 1. 
A rnd t  (1977) found bog t u r t l e  h a b i t a t s  i n  
Delaware t o  be cha rac te r i zed  by meadows 
w i t h  a subs t r a t e  of deep mud, numerous 
smal l  spr ings,  cons tan t l y  f l o w i n g  c l e a r  
and r e l a t i v e l y  coo l  water,  and an anasto- 
mosing network o f  r i v u l e t s ,  shal low pools,  
and muskrat runways. The water tempera- 
t u r e  was u s u a l l y  lower  than t h e  a i r  temp- 
e ra tu re .  The pH ranged from 5.5 t o  7.4 
b u t w a s u s u a l l y  between 6 . 0 a n d 6 . 8 .  I n  
t h e  Nor theast ,  however, t h e  bog t u r t l e  i s  
c h a r a c t e r i s t i c  o f  calcareous, graminoid 
fens. 

The spo t ted  t u r t l e  (Clemmys g u t t a t a ) ,  
a c l o s e  r e l a t i v e  o f  t he  bog t u r t l e ,  i s  
found throughout  the Nor theast  i n  t h e  
s lugg ish  water  o f  bogs, swamps, and small 
ponds w i t h  muddy bottoms, as we l l  as ca l -  
careous fens and o t h e r  h a b i t a t s  (Pope 
1939 ; Carr  1952 ; Erns t  and Barbour 1972). 
I n  no r t he rn  New England, bogs may be more 



impo r t an t  than f a r t h e r  south. A t  l e a s t ,  
a t  the no r t he rn  l i m i t  o f  i t s  range i n  
southern Onta r io  and Quebec, t h e  spo t ted  
t u r t l e  f i n d s  i t s  main o r  on l y  re fuge  i n  
smal l  deep bog ponds and l a k e s  w i t h  boggy 
margins [Cook e t  a l .  1980). 

6.2 INVERTEBRATES 

Many i n ve r t eb ra tes  f n d i g e ~ o u s  t o  bogs 
and barrens a re  der i ved  f rom an a r c t i c  o r  
suba rc t i c  fauna, b u t  o t h e r s  a r e  t y p i c a l  
Canadian Zone species t h a t  feed  upon 
spruce, tamarack, cranberry ,  o r  o t he r  bog 
p l a n t s  (Ferguson 1955). A number o f  
i n v e r t e b r a t e  species are r e s t r i c t e d  t o  
peat lands, hav ing ob l  i g a t e  r e l a  t i o n s h i p s  
w i t h  peat land p l an t s .  Aquat ic  i n v e r t e -  
b r a t e s  o f  bogs i nc l ude  species adapted t o  
s1 ow-moving, oxygen-depleted waters. The 
l o w  pi i  o f  bogs i s  l e t h a l  t o  ma~y i n v e r t e -  
b ra tes  i n c l u d i n g  earthworms, may f l y  l a r -  
vae, and aquat ic  m i tes  (Svendsen 1957; 
Standen 1979). These a c i d i c  wa te rs  a l s o  
p reven t  she l l  development on clams and 
s n a i l s  t h a t  t h r i v e  i n  ca lcareous fens.  
Species occu r r i ng  i n  bog waters,  e.g., 
water boatmen (Cor i x idae)  and w h i r l ~ g l g s  
(Gyrinu'dae), can t o l e r a t e  a  p H  as low as 
3.5 (Johnson 1985). 

P i t c h e r  p l a n t s  (Sarracenia s p p .  a r e  
t h e  o b l i g a t e  hos t  t o  more i n v e r t e b r a t e  
species than any o ther  bog p l a n t .  A t  
l e a s t  16 ar thropod species are ob l i ga tes ,  
and many more are poss i b l e  o b l i g a t e s  o r  
f requen t  assoc ia tes o f  p i t c h e r  p l a n t s  
( R y m l  and F o l k e r t s  1982) .  Only t h e  
nor thern  p i t c h e r  p l a n t ,  Sar racen ia  purpu- 
rea,  i s  found i n  peat lands o f  t h e  -- - 
eastern  s t a t es .  A t  l e a s t  e i g h t  a r t h ropod  
species are found as o b l i g a t e  p i t c h e r  
p l a n t  assoc ia tes o f  S. purpurea, and four  
o f  these have been- found on ly  on t h i s  
species [Ryrnal and F o l k e r t s  1982). O b i -  
gate and probably ob1 i g a t e  commensal s  
found w i t h i n  the w a t e r - f i l l e d  p i t c h e r  
i n c l ude  a  mosquito, a  midge, two sarco-  
phagid f l i e s ,  and a  m i t e .  Species t h a t  
feed e x c l u s i v e l y  on t he  t i s s u e  of t he  
nor thern  p i t c h e r  p l a n t  i n c l u d e  an aph id  
and t h r e e m o t h s  (F i gu re  47).  The p i t c h e r  
p l a n t  mosquito (hfyeomyia smi t h i  i , i n c l u d -  
ing W. haynei Dodge 1 9 m  the most 
t h o r 5 u g h l y m i e d  spec ies assoc ia ted  w i t h  
S. PurDurea (Smith 1902: P r i c e  1958; B w f f -  - 
i n g m ;  Paterson 1971; Addico t t  1974; 

I s t o c k  e t  d i .  ::76; 2 ~ ~ 2 2  .:?r( .C:7bfi-+p +.-- ,-. 'Oe, A 4 " 2 ) .  
The egg, l a r v a l  and pupal  stages o f  t h i s  
mosquito are found w? t h i n  the water-f i  l l e d  
p i t c h e r .  The larvae l ive in the upper 
water  column where they feed on d e t r i l i s .  

The midge ~Metriocnern_u~ knab f  i s  f r e -  
quen t l y  found s h a r i n g  t he  same p i t c h e r  
w i t h  W. s m i t h i i  I B u f f i n g t o n  1970).  M i q e  
l a r v a e  oK r -Tn  t he  lower- p o r t j o n  o f  the 
p i t c h e r  f l u i d  h e r e  they feed on the mass 
o f  entrapped prey (Krldi: 13C5, Carrieron e t  
a l .  1977; F i s h  and Ha71 1978; Rymal and 
F o l k e r t s  1982).  The pupae a re  i n  a ge la -  
t i n o u s  mass a t tached  t o  t he  p i t c h e r  wa l l  
above t h e  water sur face.  The l a r v a e  o f  W. 
s m i t h i i  and M. knabi  can be f r ozen  i n  the  
pftcher for -  montiis du r i ng  t he  w in te r .  
Dur ing t h i s  t ime the  l a r v a e  v o i d  t h e i r  
g u t s  o f  food m a t e r i a l  t h a t  would F a c i l i -  
t a t e  water c r y s t a l  format ion and cause 
death. Overw in te r ing  m o r t a l i t y  o f  midge 
and mosquito l a r vae  f rozen  i n  t n e  p i t c h e r  
f l u i d  i s  u s u a l l y  l e s s  than  5% (Paterson 
1971).  

The sarcophagid f l y  B l  aesoxipha 
f l e t c h e r i  i s  an o b l i g a t e  assoc ia te  o f  
p i t c h e r  p l an t s ,  i n c l u d i n g  S. purpurea, and 
Sarcophaga s a r r a c i n i a e  is probabTy an 
o b l i g a t e .  T I i F E v X T f  these l a r g e  f l i e s  
develop i n  t he  p i t c h e r  where they feed  on 
t h e  entrapped prey mass. They o f ten  occur 
i n  most o f  t he  p i t c h e r  p l a n t s  i n  a  bog b u t  
u s u a l l y  s i n g l y  w i t h i n  i n d i v i d u a l  p i t c h e r s  
as a  r e s u l t  o f  cann iba l i sm  (Fo rsy th  and 
Robertson 1975; Rymal and F o l k e r t s  1982).  

The l a r v a e  o f  a t  l e a s t  f i v e  species o f  
moths Feed e x c l u s i v e l y  on p i t c h e r  p l a n t s  
and t h r e e  of these--two noc tu i ds  and a 
t o r t r i c i d - - a r e  found on t h e  nor thern  
p i t c h e r  p l a n t .  Larvae o f  t he  noc tu i d  
Exyra ro1 andiana u s u a l l y  g i r d l e  the  
c e r  w  t a  narrow feed ing  canal and 
cause the upper p o r t i o n  o f  t h e  l e a f  t o  
w i  1 t and fa1 1  over.  Usual 1y on ly  one 
l a r v a  occurs i n  each l e a f  where i t  feeds 
on  t he  i nne r  p o r t i o n ,  l e a v i n g  the ou te r  
ep idermis  i n t a c t  (Jones 1921; Rymal and 
F o l  k e r t s  1982).  The n o c t u i d  r o o t  bo re r  
Papaipema m a s s i o n a t a  feeds e x c l u s i v e l y  
on  t he  underground rhizomes o f  p i t c h e r  
p l a n t s .  The burrowing a c t i v i t i e s  o f  t h i s  
c a t e r p i l l a r  a re  p a r t i c u l a r l y  damaglng and 
f r e q u e n t l y  cause t h e  e n t i r e  clump of 
p i t c h e r s  t o  w i l t  and d i e  (Jones 1921; 
Rymal and Fo l  k e r t s  1982).  A1 though t h i s  



Feeding an loaf 
d/ noctuid moth-Exyra rolandiana 

aphid-Macrosipha/m jeanae 

Feeding in pitcher fluid 
mosquito- Wyeomyia smithii 

Figure 47. Invertebrate associates of the pitcher plant (Sarracenia purpureai) 

i s  c e r t a i n l y  t h e m o s t  damaging o f  the 
ob l i ga te  herbivores of S. pu;;urea, i t  i s  
r a r e l y  abundant enough-to a e c t  p i t c h e r  
p l a n t  populat ions w i t h i n  a bog. The t h i r d  
ob l i ga te  lep idopteran grazer i s  the t o r -  
t r i c i d  math Endothenia daeckeana. The 
larvae o f  t h f s  moth feed on ly  on the f low-  
ers  and developing f r u i t .  Larvae bore 
i n t o  the ovary and consume the  seeds. 
When mature, they bore down the  f lower  
s ta l k  where they pupate and emerge i n  the 
spr9'ng through a pre-chewed e x i t  hole 
(Jones 1921; H i 1  t on  1982; Rymal and Fo l -  
k e r t s  1982). 

Other obl i gate associates inc lude an 
a p h i d a n d a m i t e .  Theaph idMacros i  hum 
jeanae i s  c u r r e n t l y  known on T - - E i $ T  y 

i n  Canadian bogs (Robinson 197271. 
stages o f  t h i s  aphid occur on the 

p i t che r  p lan t ,  and i t  i s  sometimes found 
i n  la rge numbers on the  second-year leaves 
(Robinson 1972). The m i te  Anoetus i bson i  
feeds on p i t c h e r  p l a n t  p r e y ~ i h  

on the p i t c h e r  wa l l s  beneath the surface 
o f  the l i q u i d  (Nesb i t t  1954; Hughes and 
Jackson 1958; Rymal and Fo l ke r t s  1982). 

Many lepidopteran species are found i n  
bogs, and some are ac tua l l y  r e s t r i c t e d  t o  
bogs (Forbes 1923, 1960; Ferguson 1955; 
Brower 1974; Howe 1975; Opler 1985). 
These are ob l i ga te  associates o f  spec i f i c  
l a r v a l  food p lan ts  and, i n  some species, 
o f  s p e c i f i c  a d u l t  nectar  sources as wel l .  
Typical  bog b u t t e r f l i e s  inc lude such spec- 
i e s  as the bog f r i t i l l a r y  (Ba lo ia  eunomia 
dawsoni ) , bog e l  f i n  ( Incf  s a l S a o r a i e e n -  
si:s),nd bog copper (Lycaena e ixanthe).  
KEro lep idop te ran  s p e c l e s a r a c  ef--r e r l s  I c  
of Northeastern bogs are l i s t e d  i n  Table 
~n 

Many species o f  d r a g ~ n f l  l e s  and dam- 
s e l f 1  fes (o rder  Odonata) are charac ter is -  
t i c  o f  Northeastern bogs (Howe 1921 ; 
Walker 1925, 1958; Garman 1927; Gibbs and 
Gibbs 1954; Needham and West fa l l  1955; 



name name 

-- - -- - - - -  -- 

- -".- ,.F s r r .  
0 4 ,  I i ~ ( i i r C . 4  

Bog Rol o r i a  eunomia -- U P ~  nown 
f r ~ t i l l a r y  -- -- 

J u t t a  a r c t i c  Oeneis j u t t a  Probably the sedge 
Eriophorum spi ssum - - - - -- - - - - - - - 

Bog elf1 n Inci sal  fa Black spruce 
TanOrZFn s i s -- 

Westernpine inc i sa l i a  Probably black spruce 
C ?  f: c Cy;$3; r g h ~ :  

Bog copper Lycoana -- Cranberry 
epixanthe -- - -- --- 

i-lessel ' s M i  toura - hessel - i At lant ic  white cedar 
bai rs t reak 

INCH WORMS GEOMETRIDAE 

Chalky Scopul a purdta -- -- Unknown 
W3'Jn 

Epi l i s  Cranberry, o ther  
T K i K a t a r i a  -- 

I tame -- Most1 y cranberry 
suTphu raea 

Sharp 1 i ned Eufidonia Various shrubs 
powder moth d i s c o p i r a t a  --- 

Cranberry Ema t u  rga Shrubs, esp .  -- Myrica, - 
spanworin ami t a  r i a  - heaths 

Projecta -- Cleora projecta Sweet gale 
Q ray 

Blueberry G l  ena Blueberry, sand 
S ray coanataria cherry ,  pin cherry 

Metarranthi s sp.  Unknown 
Tat-eFmria 
;iif authors 

Metarranthi s Unknswn 

(continued) 
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Table 10. Continued. 
- - - - - - - - - - - - - - - - - - - - . - - - . - . . - - - . - - - - _  --------- - -. 

~ a b i  t a t a  
N o r t h e a s t e r n  

preference U n i t e d  S ta tes  
c o n f i r m e d  range 

--- _ - ---_ --- - -  - - -  - 

Common 
name 

S c i e n t i f i c  
name 

L a r v a l  food p l a n t s  
i n  Nor theas t  

SATURN1 IDAE 

Col umbi a 
s i  1 kmoth 

Hyal ophora 
columbia 

ARCTI IDAE 

Larch 

TIGER MOTHS, 
WOOLLY BEARS 

Bog 
h o l  omel i na 

Hol omel i na 
1 amae 

General 1 ME, VT? 

Bog t i g e r  
moth 

Gramnia sp. 
( s p e c i o s a ) ?  

General NH, VT, MA 
CT 

NOCTUIDAE 

Sundew 
cutworm 

Hemipachnobia 
subporphy rea 
monoch romatea 

Sundews, c~hangi ng 
t o  heaths i n  l a t e  
i n s t a r s  

1 o r  2 ME, MA, CT, 
NY, PA 

Anomogy na 
i m p e r i  t a  

Anomogy na 
youngi  i 

Spruces? 4 ME, NH 

B1 ueberry ,  o t h e r  
heaths, 1 a rch  

2 ME, NH, MA. 
CT, NY, PA 

T r i c h o r d e s t r a  Chokebcrry, 
rugosa -- .- -. probab ly  o t h e r s  

2 ME, NY 

Maroonwi ng S i d e r i d i  s 
maryx - 

Unknown 3 ME, NY, MA 
(RI), CT, NH, PA 

I? ME, VT 

1 ME, NH, MA, CT 

Las ionyc ta  sp. Unknown 

Small dark 
ye1 1 ow 
underwi ng 

Anarta c o r d i g e r a  Heaths 

Thaxter  ' s  
p i n i o n  

L i  thophane 
t h a x t e r i  

Sweet ga le ,  
sweet f e r n  

3 ME, NH, NY, MA 
RI, (CT), (PA) 

2 ME, (NH?) Nor thern 
broad s a l l o w  

Xy lo type  
acadia 

Larch, severa l  shrubs 

3 ME, NH, MA 
CT, R I ,  NY 
PA 

Cranberry 
b l  ossomworm 

E p i g l  aea 
a p i a t a  

Cranberry, b l u e b e r r y  

2 ME, NY, (MA) 
( R I )  

O l i g i a  - 
minuscula -- 

Probably  a sedge 

Apamea corrmoda -- Probably a sedge 

P i t c h e r  p l a n t s  ME, MA. NY 
(cT) 

Papiapema 
appassionata 

P i t c h e r  
p l a n t  b o r e r  

(con t inued)  



Table 10. Concluded. 

Common 
name 

Chain f e r n  
b o r e r  

P i t c h e r  
p l a n t  moth 

S c i e n t i f i c  La rva l  food p l a n t s  
name i n  Nor theast  

Pap i apema 
s t e n o c e r i  s 

Chain f e r n  

Fag: t ana  Ferns 
1 i t t e r a  

Exyra r. -- P i t c h e r  p l a n t s  
r o l a n d i a n a  

S y n i p h a  L e a t h e r l e a f  
microqamma 

~ a b i  t a t "  Nor theas te rn  
preference U n j t e d  S ta tes  

con f i rmed range 

zc MA, NY? 

2? (ME), MA, CT 
j;y 1 n 8 . 1 )  , , , V h : ;  

2 ME, MA, M Y ,  
CT 

1 ME, NH, NY 

Syngrapha Unknown 
montana 

4 ME, NH 

Sungrapha Unknown 
surena 

Sweet ga 1 e Catocala 
underwi ng coe lebs  

Macroch i lo  
maria 

Sweet ga le  

Probably sedges 

1 o r  3 ME 

2 ME, NH, NY 

ME, NH, MA 

" 

a ~ a b i  t a t s :  

1 = bog o b l i g a t e ;  
2 = found i n  bogs and o t h e r  a c i d i c  pea t lands ;  
3 = found a l s o  i n  p i n e  bar rens  and o c c a s i o n a l l y  o t h e r  s i t e s  w i t h  abundant 

heaths;  and 
4 = found a l s o  i n  the a l p i n e  zones o f  New England. 

b ~ h e  r e g i o n  covered i s  n o r t h e a s t e r n  Pennsylvania and a l l  o f  New England and New York. Since 
v i r t u a l l y  no r e c o r d s  f rom n o r t h e r n  New Jersey  bogs a r e  a v a i l a b l e  and s i n c e  t h e  fauna o f  
southern New Jersey  i s  so d i f f e r e n t  f rom the  r e s t  o f  the  Nor theast ,  t h a t  s t a t e  i s  n o t  
cons idered  here.  

L ~ ~ ~ a r e n t l y  a bog species i n  New England, b u t  n o t  r e s t r i c t e d  t o  bogs i n  most o f  i t s  range, 

Beatty and Beatty 1968, 1971; White and 
Morse 1973; Walker and Corbet 1975; Opler 
1985). Examples o f  bog odonates inc lude 
such species as the  southern bog darner 
(Go haeschna ant i lope) ,  banded bog skim- 
m h e  oiiG-Riitneri ) ,  and boreal 
b l u e t  (tnallagma (Table 11). 
Odonate nymphs a r e m a t e  carnivores;  
theyefore, the  a f f i n i t y  o f  c e r t a i n  species 
t o  bogs i s  a r e s u l t  o f  the prey a v a i l a b i l -  
i t y  ra ther  than the presence of food 
p lants.  

The banded bog skimner i s  perhaps the 
most geographical ly  r e s t r i c t e d  bog odonate 
i n  the Northeast. This dragonf ly  i s  a 
g l a c i a l  re1 i c  species t h a t  has been c o l -  
l ec ted  a t  on l y  a few coasta l  l o c a l i t i e s  i n  
New Jersey, New York, Connecticut, Rhode 
Island, and New Hampshire bu t  a t  13 s i t e s  
i n  Massachusetts. Populat ions a t  many o f  
these s i t e s  have been destroyed by urbani-  
zat ion, and several others i n  densely pop- 
u la ted  areas may be threatened i n  the near 
future.  A t  l e a s t  seven ex tant  populat ions 



Tdbie  31 Odonates ctlieracterast~c of Norfheast~rn peatlatards, This list ~onta ins  only species showing a pro- 
nounced preference for paat bogs, and, therefore, not ail! species occurring in bogs are included. Source: Chris 
Leahgi, Massachusetts Audubon Society. 

Species name H a b i t a t  Conf i  rrrred Nor theastern  range 
b  

re1  a t i o n s h i p a  
Fo res t  zoneL 

Coenagri onidae 
A 

Amphiagr lon sauc~urn" - B A ML, NH, YT, MA, CT, R I ,  NY, PA, NJ NH, A 0  

Caenagr ion i n te r roga tum -- - BO/BA ME, VT SF 

Enallagma bo rea le  -- B A ME, NH, VT, MA, CT, R I ,  NY 

Neha lenn ia  g r a c i l  i s  - -- - - - -- - €30 ME, NH, VT, MA, CT, R I ,  NY, PA, NJ SF, NH, A 0  

Aeshni dae 

Gsmphaeshna f u r c i l l a t a  -- BO ME, VT, NH, MA, CI ,  R I ,  NY, PA, N J  NH, AD 

Aeshna i n t e v r u p t a  -- B A ME. NH. VT, MA. NY SF, NH 

A. juncea - -- B A NH SF 

A. s i  t c h e n s i s  
-. -" 

BO ME 

A, s u b a r c t i c a  - 8 0  ME, Nti 

A. t u b e r c u l  i f e r a  - B A YE, NH, VT, MA, CT, R I ,  NY, P A  NH, A0 

Cordul  i i dae 

Wi l l i amson ia  f l e t c h e r i  - -. - - -.- -- -- BO ME, MA, VT 

W .  l i n t n e r i e  
.- 

BO MA, NH, (RI, NY, NJ) '  

SF, NH 

NH, A 0  

Do roco rdu l i a  l e p i d a  - -- B A ME, V t ,  NH, MA, CT, R I ,  NY, PA, N J  NH, A 0  

D. l i b e r i a  - -- B A ME, NH, VT, MA, CT, R I ,  NY, PA, N J  NH, A 0  

Somatochlora a l b i c i n c t a  --- B A NH, NY SF 

S. f r a n k l i n i  - -- -- -- BO ME, NH SF 

S. i n c u r v a t a  - BO YE SF, NH 

S .  kennedyi  - BO ME, NH, MA, VT, NY SF, NH, A 0  

S. w a l s h i g  - -- B A ME, NH, VT, CT, NY, PA SF, NH, A 0  

Cordul  i a  s h u r t l e f f i  -- --- B A ME, NH, VT, MA, CT, NY, PA, NJ SF, NH, A0  

Ep i  theca c a n i  - B A ME, NH, VT, MA, CT, NY, PA SF, NH 

L i b e l l u l i d a e  

Nannothemi s  be1 1  a  
-p 

BO ME, NH, VT, MA, CT, R I ,  NY, PA, N J  SF, NH, A0  

L i b e l l u l a  quadr imacu la ta  - B A ME, NH, VT, MA, CT, PA, NJ SF, NH, A 0  

L.  j u l i a  - --- B A ME, NH, MA, VT, CT, NY, PA, NJ NH, A 0  

( con t i nued )  



b c 
Species name H a b i t a t  Conf i rmed Nor theas te rn  range Fisres t zone 

r e l a t i o n s h i o  

Sympetrum danae B A VE, NH, VT, MY SF, N H  

L e u c o r r h i n i a  f r i g i d a  " . R A ME, N H ,  VT, MA, CT, R i ,  NY,  PA,  N3 SF, N H ,  A0 

L.  g l a c i a i i s  Z A L.E, k:I?) !iT; hOP, CT, Y V .  P A  SF. NH - - - . 

L.  hudsonica - B A EE, N H ,  V I ,  MA, CT,  91, N Y ,  P A  SF, N H  

L.  proxima - -- B A ME, N H ,  VT, MA,  C T ,  MY SF, N H  

a~~ = Bog ob l  i ga  te - -Spec ies  breeds e x c l u s i v e l y  ( o r  n e a r l y  so) i n  bog ponds/pool  s,  Sphagnum ponds, 
s low streams f l o w i n g  through bogs and/or  s p r i  rig bogs. 

'BA = Bog assoc ia te- -Spec ies  showing s t rong  a f f i n i t y  f o r  bog c o n d i t i o n s  ( see above) ,  and f r e q u e n t l y  
encountered i n  such s i t u a t i o n s  i n  t h e  tdortheast b u t  t lav ing a more b r o a d l y  d e f i n e d  ecotype. 
I nc ludes  some unpub l i shed  s t a t e  reco rds  i n  t h e  c o l l e c t i o n  o f  Paul S. M i l i o t i s .  

c SF = S p r u c e - f i r  

NH = Nor thern  hardwoods 
A0 = Appalachian oak 

d ~ s p e c i a l  l y  s p r i n g  bogs. 

e Candidate f o r  endangered s t a t u s  

f ~ n o w n  s t a t i o n s  i n  these s t a t e s  no l o n g e r  e x t a n t .  

g ~ e q u i r e s  some f low. 

a re  thought t o  remain--one i n  Connecticut, W i l d l i f e  (Federal Register  19841, i s  pro- 
one i n  New Hampshire, and f i v e  i n  Massa- posed for  State l i s t i n g  i n  New Hampshire, 
chuset ts .  and i s  on the  o f f i c i a l  State l i s t  i n  Mas- 

The nymph o f  the banded bog skimmer 
1 i ves  i n  deep, c o l d  bog ponds and canals 
t h a t  do not  dry up i n  l a t e  summer or  
f reeze s o l i d  i n  w in ter  (White and Raf f  
1970). This i s  a very e a r l y - f l y i n g  dra- 
gonf ly ,  and adu l t s  are seen from about the 
f i r s t  o f  A p r i l  t o  mid June, before most 
o the r  species have emerged (Howe 1923). 
The a d u l t  i s  found i n  bogs o r  woodlands 
adjacent  t o  Sphagnum bogs. 

sachusetts . 
The sphagnum c r i c k e t  (Nemobius a1 us P. t r i s ) ,  the smal lest  c r i c k e t  i n  New ng 

land, appears t o  be l i m i t e d  t o  bogs (Morse 
1920). 

Many groups o f  peat1 and inver tebra tes  
are s t i l l  poo r l y  known, and f u r t h e r  study 
w i l l  undoubtedly reveal  add i t i ona l  peat- 
land ob l i ga tes .  I n s e c t  groups t h a t  war- 
r a n t  p a r t i c u l a r  a t t e n t i o n  i n  f u t u r e  bog 
s tud ies  inc lude Ephemeroptera (mayf l ies )  , 

Bick (1983) l i s t e d  the banded bog Hemiptera (bugs), Hornoptera (hoppers and 
skimmer as "Vulnerable" i n  h i s  l i s t  of aphids), Coleoptera (bee t l es ) ,  Diptera 
"Odonata a t  r i s k  i n  the  conterminous ( f l i e s ) ,  and Hymenoptera (wasps and ants).  
Uni ted States and Canada.' The banded bog Arachnids (sp ide rs  and mi tes) ,  ~ y r i a p o d a  
skimmer i s  a candidate f o r  l i s t i n g  on the (mi11 ipedes and cent ipedes),  and Protozoa 
Federal 1 i s t  o f  Threatened and Endangered i n  peatlands are a1 so poo r l y  known. 



CHAPTER 7. HUMAN DISTURBANCES AND THREATENED BlOTA 

7.1 PEAT NslNING 

Although peat  has been used as a fue l  
f o r  hundreds o f  years  i n  o ther  p a r t s  o f  
the  world, i t  has never been an important  
source o f  domestic f ue l  i n  North America. 
Nevertheless, i t  has been mined f o r  t h i s  
purpose i n  a few i s o l a t e d  bo s i n  the 41 Northeast ( H i l l s  and H o l l i s t e r  1 12). I n  
North America, peat i s  used mainly i n  hor-  
t i c u l t u r e  and a g r i c u l t u r e  because o f  i t s  
a b i l i t y  t o  r e t a i n  water. Most o f  i t  i s  
used as a mulch, s o i l  cond i t ioner ,  o r  po t -  
t i n g  s o i l .  The upper, most ly  l i v i n g  pa r t s  
o f  the Sphagnum p l a n t s  are  a1 so used f o r  
a i r  l a y e r i n g  i n  greenhouses. Species o f  
the P a l u s t r i a  group e.g, , S ha num a il 
losum and S. ma elianicum8~!b%id 
T a r e  *st 4fmT- sui  a e o r  t h a t  purpose. 

I n  recent  years  there  has been an 
increased i n t e r e s t  i n  peat  as an energy 
source, especia l  l y  f o r  e l e c t r i c  power 
p lan ts .  Bogs l a r g e  enough f o r  develop- 
ments o f  t h i s  k i n d  are found only i n  
Maine. Thus f a r ,  none o f  them are used 
f o r  t h i s  purpose. 

Consequently, peat  i s  mined on a small 
scale i n  most o f  the  region.  H o r t i c u l -  
t u r a l  peat  moss i s  harvested on a comner- 
c i a1  scale i n  nor theastern Maine, and 
o ther  peat  min ing  operat ions are  found i n  
nor theastern Pennsylvania. Peat mining 
invo lves  th ree processes: c l e a r i n g  o f  the 
vegetat ion,  d r a i n i n g  and mining. It 
r e s u l t s  i n  the des t ruc t i on  o f  the sur face 
vegetat ion.  A1 thou h S ha num p l a n t s  can 
grow anywhere from 8 .5- '&4h 10 cm per 
year, peat accumulates very s lowly,  usu- 
a l l y  l e s s  than 1 mn/yr. Therefore, peat 
i s  a nonrenewable resource, and mining 
r e s u l t s  i n  the  v i r t u a l l y  permanent removal 
o f  the peat. 

Peat-mining operat ions i n  the  southern 
and cen t ra l  p a r t s  o f  the reg ion  genera l ly  

leave an area o f  open water. Here, the 
f i b r i c  peat o f  peat bogs and the muck of 
mesotrophic cedar swamps are mined. 

I n  the l a rge  ra ised bogs o f  nor theast -  
ern Maine, peat i s  co l l ec ted  by l a r g e  vac- 
uum machines t h a t  suck up the dry peat, 
This method removes on ly  t h i n  l a y e r s  o f  
peat each year, b u t  i t requ i res  harves t ing  
over areas o f  1000 acres o r  la rger .  Thus, 
extensive areas o f  peatland can be d i s -  
turbed i n  a few years. Peat c u t t i n g  was 
c a r r i e d  o u t  i n  Maine up t o  about 1960. 
This operat ion d i s tu rbs  smaller areas b u t  
leaves deep scars (Figure 48). 

Regeneration o f  d is tu rbed peat1 ands i s 
very slow, even o f  bogs harvested by the 
vacuum method. It takes decades fo r  a 
c losed vegetat ion t o  develop on a denuded 
peat surface. F igure 49 shows the sur face 
o f  a ra i sed  bog (p lateau bog) 9 years 
a f t e r  harvest ing stopped. Eriophorum 
spissum i s  usua l l y  the f i r s t  co lon jzer .  
Growthand establ ishment i s  slow because 
o f  t he  extreme n u t r i e n t  de f ic iency  o f  the 
peat and f r o s t  heaving o f  seedl ings by  i c e  
needles i n  spr ing  and f a l l .  Regeneration 
a f t e r  peat c u t t i n g  (Figure 48) requ i res  
much more t ime (Mornsjo 1969). 

7.2 FIRES 

A1 though some f i r e s  are caused by nat -  
u r a l  phenomena, most are caused by man. 
F i r e s  are c o m n  i n  the  peat bogs o f  the 
nor thern  p a r t  o f  the region (Osvald 1928, 
19551, and they g r e a t l y  a f f e c t  the vegeta- 
t i o n .  

F i r e s  se t  i n  the h igh Calama r o s t i s  
vegetat ion o f  the lagg o f  a bog 7+- o improve 
cond i t i ons  f o r  deer hunt ing  o f ten  a lso  
burned the bog vegetat ion. I n  add i t ion ,  
many bogs were burned t o  improve ber ry  



Figure 48, Raised bog from which peat was harvested by cutting. The ridges are the original peat bog 
surface. The trench is now occupied by Sphagnum species, Carex canescens. and Eriophorum spissurn. 
The latter is especially abundant on the drier part in the background. 

Figure 49. Raised bog surface harvested by vacuum method. Photograph taken 9 years after harvesting 
stopped in this area. The surface vegetation and only a very thin layer of peat was removed. Eriophorum 
spissum is virtually the only colonizer. Dead rhizomes of ericaceous dwarf shrubs are clearly visible 
between the Eriophorum tussocks. 



n * picking. Vkasc pr;c.",%cfs h a ~ s  bii~ta ~ 8 % -  

continued, b u t  their effects a r e  s t i l l  
clearly visible i n  the presewt vegetation. 
Bogs are now burned by forest $Ires 01" by 
f ires i n  adjacent B'iueberry barrens. Bet- 
t e r  f i r e  control during the burning of the 
blueberry barrens has a9 so reduced thJs  
risk. 

Fires affect mostly the dry dwarf 
shrub and forest-covered parts of a bog. 
The dwarf shrubs recaver easily f ~ o m  
underground rhizomes and regain their 
original cover i n  3-4 years. Large parts 
of many inland bogs formerly covered with 
an open forest now support a dwarf-shrub 
heath. Fires burn the reindeer mosses and 
kil l  most of the S ha num during the dry 
periods. Severa P-p 1 ichens colonize the 
burnt crust,  e.g., Cladonia 
cr is ta te l la ,  C. ver t ic i l la ta ,  an 
data, and ca?T become very 
f l ' s  ( D a m n  1 3 7 7 ) .  Burned dwarf-shrub 
bogs can be recognized for decades by the 
low Sphagnum cover and the abundance of 
Cladonia crispata. 

Fires are uncomnon i n  the topogenous 
and soligenous mires of the southern and 
central parts of the region because of the 
wet bog surface and the lower frequency of 
f i r es  in the surrounding areas. 

7.3 OTHER ANTHROPOGENIC EFFECTS 

Housing and resort developments 
threaten peat bogs, and probably are the 
major threat in the densely populated 
southern part of the region. Peat bogs 
are destroyed directly by flooding or d ig -  
ging to create lakes, and indirectly by 
enrichment of the bog water by septic tank 
effluents. Bog water i s  very nutrient 
deficient, and nutrient additions cause 
drastic changes i n  the bog ve etation 
(Malmer 1974; bffeng e t  a1 . 1978; Shaw 
andReinecke 1983). The effecton the 
vegetation and the penetration i n t o  the 
bog depends on the properties of the e f f l -  
uent and especially the hydrology of the 
bog. In addition t o  the immediate effect 
on the vegetation, nutrient additions 
accelerate decay processes. This i s  par- 
ticularly important i n  nutrient poor bogs 
where decay i s  stimulated most by nutrient 
additions. In these bogs, i t  can change 
also the topography o f  the bog surface. 

- oogs are ofeen cons1 aereG b i  o i  ogisai 
n u t r i e n t  P i  1 Lers %Richardson e t  a3. X976), 
b u t  recent studies indicate *at  is my 
n o t  be true and %hat the capacity for 
retention of certain elements, e ,g . ,  P can 
be very 737'ani Led fb lwr  9974; Richardson 
e t  a l .  1978; %haw and Reinecke 1983). The 
abil i ty of bogs Lo retain nutrients as 
well as other elements appears to be 
closely tjed to their hydrology (Dam- 
man 1978a, 1979b). Removal and retention 
o f  eleir~rrts will therefore depend on 
water-level fluctuations as well a s  water 
movement. This deserves further research. 

7.4 RARE, THREATENED, AND 
ENDANGERED SPECIES 

Peat bogs are wet, nutrient-deficient, 
and cold habitats strikingly d i  fferent 
from the surrounding uplands, as we11 a 5  
from most other wetlands. Many plant 
species reach their southern l imit  i n  peat 
bogs. These species are often considered 
re1 ics from an early postglacial period. 
However, they occur a1 so i n  many recent 
bogs (Hemond 19801, and the unusual habi - 
t a t  conditions i n  these bogs appear t o  be 
the primary factor control 1 i n g  the i r  pres- 
ent distribution. The greatest threat  to  
bog organisms i s  habitat destruction. 
This i s  n o t  limited t o  disturbances such 
as peat harvesting or drainage. Because 
of the extreme nutrient deficiency of 
bogs, these ecosystems are sensitive to  
changes i n  the surrounding uplands that 
a l t e r  the nutrient input. 

Since bogs become progressively 
smaller and less cornon southward, many 
bog species are considered rare i n  the 
southern part of the region and are 
included on state l i s t s  of rare and endan- 
gered species. This concerns mostly spec- 
ies that are widely distributed northward 
and become rare a t  the southern l imit  of 
their range. These species will not be 
l is ted here unless they are rare i n  the 
region as a whole. I t  should be empha- 
sized, however, that their restr icted dis- 
tribution can be of concern a t  the State 
level (Dowhan and Craig 1976; Wieg~n 
1979 ; Crow e t  a1 . 1981). This appl ies to 
a large number of species i n  the bog 
flora; some of these are 1 isted i n  Table 
9. 
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barely reachi~g j n t o  the nravtherla part o f  
the region make UP a special category. 
These species (Table 12) are rare ~eoion- 
a l ly  and ~ubus even- natioial l y  
(Crow e t  -9 t t e r  i s  cornon, 
however, in the bogs Of the northeastern 
coastal parts of Maine (Daman 1977; Crit- 
ical Areas Program 198%). Arethuse bu3 - 
bosa occurs througho~t t h e r e g i o n  X i ' d  
lZjTnd, b u t  i t  i s  now rare or declining 
because of h a b j t z t  & ? ~ t ~ z c t j ~ n  znd co! - 
lecting. I t  reaches i t s  northern limit i n  
the Southern Boreal Zone. In  contrast t o  
the others, i t  does not. have a primarily 
northern distribution. I t s  abundance in 
parts of Nova Scotia and Newfoundland 
results from the comon occurrence of 
suitable habitat. 

Several bog species with southern 
affini t ies reach their northern limit i n  
the region, and several of the southern 
species in Table 9 are l i s ted  as rare i n  
Maine (Critical Areas Program 1981). How- 
ever, these species often reach their 
northern 1 imit on more nutrient rich or 
drier s i tes rather than in bo s. Species 1 of the New Jersey Pine arren flora 
(Harshberger 1916; McCormick 19701, which 
reach into the region, do not occur in the 
peat bogs described here b u t  favor Chamae- 
cy ar is  swamps and open areas w i t m y  
F&i- er than peaty soils.  

requjre larger terrttor3es khan can be 
found i n  the small bogs of the southern 
part o f  the regdon. ConsequentSly, these 
are no vertebrates f n  the Northeast that 
occur only i n  bogs. However, there are a 
number of species closely associated w i t h  
bog habitats t h a t  would be adversely 
affected by the loss sf these habitats. 
Vertebrates associated w i t h  peat bogs are 
considered vulnerable and those proposed 
f3r ? i s t i n g  on s t a t e  rare or endangered 
species l i s t s  are l is ted i n  Table 13. 

The minimum size of crdtical habitat 
for some invertebrate species may be quite 
small (Opler 1985). One Massachusetts 
colony of the bog copper butterfly 
(Lycoana epixantha) survives in a bog less 
than 0.1 acre i n  size (Dale Schweitzer, 
The Nature Conservancy, pers. corn. 1. The 
vul nerabi 1 i ty of species dependent on bogs 
i s  Illustrated by the probable extinction 
of 11 of the 17 known populations of the 
banded bog skimner (Will iamsonia 1 intneri ) 
in the wake of urbanization (Mass. Natural 
Heritage Program f i l e s )  . 

The present information on the dis t r i -  
b u t i o n  of bryophytes and fungi i s  too lim- 
ited to indicate rare and endangered spec- 
ies for these groups. The same applies t o  
the rare invertebrates. However, addi - 
tional information on the distribution of 
some of these can be found in Chapter 6. 

Table 12. The distribution of nationally or regionally rare plant species in peat bogs of the 
northeastern United States. The following categories are used: R-rare; + present; - ab- 
sent; EX-extirpated. 

State 

Species ME NH V T MA R I C T N Y PA 

Arethusa bul  bosa R~ R R R + R + R 

Geocaulon l i  vidum R R R - - - R - 
Rubus chamaemorus R a  R - E X  - - - - 

a ~ u t  frequent i n  bogs of northeastern coastal Maine. 



Tabfe 13. State rare and endangered vertebrates characteristic of northeastern peattanas. None of these spectes 
is listed as threatened (TI or endangered (El at the national level. The following categories are used: S-species 
of special concern; R-rare; D-infrequent or declining; EX-extirpated; U -status undetermined. In addition. 
the presence ( +  1 or absence ( -  l of a species is shown i f  it did not fall into any of the other categories. The 
categories for birds are based on  breeding records. 

Species 

State and Status o f  L i s t  
* - ,- -- ---" -- -. - .  - --. " 

ME NH VT MA R I  CT N Y PA 
proposed proposed proposed o f f i c i a l  proposed u n o f f i c i a l  o f f i c i a l  o f f i c i a l  

Bog t u r t l e  E 0 E E 

Spotted t u r t l e  T S S S t + + + 

Four-toed salamander t t S S t t t t 

Spruce grouse + t S T + 

Three-toed woodpecker t S S 4 

Black-backed woodpecker t t S + 

Rusty b l a c k b i r d  t S t t + 

Pigmy shrew t t t t U 

Southern bog 1 emmi ng t t S S S R + 4 

Northern bog lemming T E 

Woodland car ibou  E X  E X  E X  



CHAPTER 8, RECOMMENDATIONS FOR RESEARCH 

This study revealed many major and 
c r i t i c a l  gaps i n  our knowledge about the 
peat  bogs of the northeastern United 
States. This appl ies t o  v i r t u a l l y  a l l  
aspects o f  these bogs and i s  especial ly 
t r u e  f o r  the topogenous and sol igenous 
peatlands, which are most abundant i n  the 
Northeast. Research i s  needed t o  f i l l  
these gaps and t o  understand the conse- 
quences of anthropogenic changes t o  these 
peat bogs. The general nature o f  the re -  
search needed i s  b r i e f 1  y discussed be l  OW. 

8.1 CLASSIFICATION OF PEAT BOGS 

The peat bogs i n  t he  northeastern 
Uni ted States include a wide range o f  con- 
d i  t i ons  w i th  respect t o  habi ta ts ,  t h e i r  
development, and processes. Ecological 
processes and chemical f l u x e s  are c lose ly  
t i e d  t o  hydrological condi t ions.  Because 
o f  fundamental d i f fe rences  i n  hydrol ogy 
among major pea t l  and types,  data obtai ned 
i n  one bog type may n o t  apply t o  other 
types. Therefore, a l l  research should be 
ca r r i ed  out i n  we1 1-def ined peat l  and 
types. For t h i s  reason, an adequate 
c l a s s i f i c a t i o n  of peatlands i s  essent ia l .  

I n  t h i s  repor t  we used a peatland 
c l a s s i f i c a t i o n  system based on hydrol ogy 
and vegetation type as a basis f o r  a 
discussion o f  d i f ferences among bogs. 
However, t h i s  c l a s s i f i c a t i o n  was based on 
a very 1 im i ted survey and inadequate p l an t  
community data. C lear ly ,  t h i s  c l a s s i f i -  
ca t i on  needs t o  be r e f i n e d  t o  serve as a 
framework w i t h i n  which research can be 
ca r r i ed  out. 

8.2 ECOLOGICAL PROCESSES 

We c l e a r l y  need t o  know more about 
n u t r i e n t  and metal f luxes i n  peat bogs t o  
l e a r n  about the consequences of nu t r i en t  

addi t ions and about the capacity o f  bogs 
t o  r e ta i n  nu t r i en t s  and heavy metals. 

I n  addi t ion t o  research on chemical 
f luxes f o r  bogs as a whole, spec i f i c  pro- 
cesses w i t h i n  peatlands need t o  be inves- 
t igated. Di f ferences i n  decay o f  organic 
matter a f f e c t  surface topography, water 
flow, and n u t r i e n t  release. I n  sp i te  o f  
i t s  obvious importance, we know less about 
decay ra tes and the microbial  processes 
involved than about any other peatland 
process. 

Water chemistry changes rap id ly  a f t e r  
mineral -soi 1 water enters a peatland, and 
t h i s  a f f ec t s  vegetation, peat chemistry, 
and decay. An understanding o f  these pro- 
cesses i s  c r i t i c a l  f o r  an evaluation o f  
the impact o f  anthropogenic a l te ra t ions  t o  
the peatland o r  the  surrounding uplands. 

8.3 HYDROLOGY 

The hydrology o f  very few bogs has 
been studied i n  the northeastern United 
States. A1 though the p r i nc i p l es  control  - 
1 ing water movement through bogs are well- 
establ ished, t h e i  r appl icat ion t o  actual 
bog s i t es  i s  d i f f i c u l t .  The lack o f  data 
on water flow w i t h i n  peatlands especial ly 
hampers our understanding o f  processes i n  
topogenous and sol igenous pea t l  ands. 

Research needs t o  be focused on seep- 
age i n t o  and f low through bogs, and on 
evapotranspiration losses from bogs. 
Seepage and evapotranspi ra t ion,  through 
t h e i r  ef fect  on water chemistry and water 
tab le  f luctuat ions,  have a major impact on 
ecological processes and vegetation pat- 
terns. 

V a r i a b i l i t y  i n  seepage f low along the 
bog border and d i f f i c u l t i e s  i n  measuring 
seepage flow are major reasons f o r  the 
1 imi ted information avai lable.  These 



problems nsed t o  be addressed by fnte- 
grated studies of the hydrology, water 
chemistry and vegetation of bogs. 

Evapotranspiration varies with vegeta- 
tion and water level. Detailed analyses 
of the variation in evapotranspiration 
within a peatland are required to under- 
stand water chemistry changes in undis- 
turbed peatlands and to determine the 
impact of drainage, peat removal, and 
artificial  lakes. 

8.4 VEGETATION 

This report describes the common plant 
communities of peat bogs and related peat- 
lands, but  this classification i s  based on 
very limited data. This study revealed 
how poorly the bo vegetation of the 2 northeastern United tates has been inves- 
tigated. Most botanical studies of peat- 
lands have described their flora ra the r  
than p l a n t  communities and community 
dynamics. I n  add i t ion ,  f l o r i s t i c  surveys 
usua l l y  r e f e r  t o  bogs as a whole and pay 
l i t t l e  o r  no a t t e n t i o n  t o  h a b i t a t  
d i f fe rences w i t h i n  bogs. 

The floristic composition of the vege- 
tation i s  a sensitive indicator of water 
chemistry, water flow, and water table 
fluctuations. Vegetation studies should 
focus on establishing the relationship 
between envi ronmental factors and the 
floristfc composition of the vegetation. 
This type of information i s  needed to: 

(1) p r e d i c t  changes i n  vegetat ion r e s u l t -  
i ng from anthropogenic a l  t e ra t i ons  
a f f e c t i n g  the peat1 and; 

(2) use vegetat ion as an i n d i c a t o r  of 
h a b i t a t  v a r i a t i o n  and t o  t race  water 
f l ow  w i t h i n  a  peatland; and 

(3) provide a  vegetat ion-habi tat  c l a s s i f i -  
c a t i o n  t h a t  can be used as a  frame- 
work f o r  s tudies on ecological  pro- 
cesses and the  app l i ca t i on  o f  t h e i r  
r e s u l t s  i n  wise management. 

8.5 BOG DEVELOPMENT AND SUCCESSION 

Our knowledge about succession in the 
peat bogs of the Northeast is based mainly 
on t h a t  i n  l a k e - f i l l  bogs which represent 
o n l y  a subset o f  t h e  d i f f e r e n t  types of 
bogs. Succession o f  bogs i n  general i s  
o f  t en  erroneously i n te rp re ted  from vege- 

t a t i o n  zonation i n  this subset o f  bog 
types. Careful s t r a t i  g raph ica l  s tudies 
are needed to the development 
of o ther  peat lands,  e s p e c i a l l y  moat bogs 
and peatlands resul  ti ng from pa lud i f  ica-  
t i o n .  Bryophytes a r e  dominant  i n  the sur- 
face Vegetat ion and p r e s e r v e  we l l  i n  peat. 
Consequently, s u b f o s s i  1 bryophyte assem- 
blages w i l l  show t h e  sequence of vegeta- 
t i o n  changes on a s i t e  i n  much greater  
d e t a i l  than v a s c u l a r  p l a n t  remains o r  
t r a d i t i o n a l  graphic studies. Such 
inves t iga t ions  c a n  i n d i c a t e  succession 
dur ing bog development as  we l l  as recent 
vegetat ion changes. 

8.6 FLORA AND FAUNA 

The biology and ecol ogy of peatland 
organisms are poorly studied. Research on 
the flora and fauna should emphasize the 
basic ecology of the  dominant species and 
those of special concern, such as rare and 
endangered species. 

The availability of a suitable habitat 
i s  a precondition fo r  the occurrence of 
any organism. For ra re  and endangered 
species, the presence of the required 
habitat and i t s  ex tent  i s  critical for 
their survival. Therefore, efforts t o  
p r o t e c t  these s p e c i e s  should be h a b i t a t  
o r i en ted  r a t h e r  t h a n  species oriented. 
Habitat conditions i n  bogs are coupled to  
processes i n  the surrounding uplands. 
These uplands have a greater effect as bog 
s i ze  decreases. Consequent ly ,  recommen- 
dat ions fo r  p r e s e r v a t i o n  and management 
w i l l  have t o  d i f f e r  w i t h  bog type and 
size, the  nature  o f  su r round ing  uplands, 
and c l imate.  R e s t o r a t i o n  o f  bog hab i ta ts  
i s  almost i m p o s s i b l e  because o f  t h e i r  
s e n s i t i v i t y  t o  changes i n  n u t r i e n t  i npu t  
and hydrology, and t h e  emphasis i n  
p ro tec t i ng  r a r e  s p e c i e s  has t o  be on 
h a b i t a t  p r e s e r v a t i o n .  

The distribution of some organisms in 
bogs i s  l i t t l e  known. This applies espe- 
cially to fungi and so i l  invertebrates. 
Research on these organisms should be 
encouraged to Provide a more complete pic- 
ture of the f l o r i s t i c  and faunistic compo- 
sition of bog c o m n i t i e s .  This i s  also 
of biogeographic in te res t  because bogs 
have cold microcl imates and often repre- 
sent the southernmost habitats for north- 
ern species. 



The t-esults of a l l  o f  ';ilfs research the landscape 'ail1 affect  peatlands. I n  
w i l l  be d i r ec t l y  appl icable to  solv ing addi t ion,  i t  w i l l  provide a much-needed 
environmental problems concerning the framework f o r  the appl i ca t i on  o f  research 
peatlands of the Northeast. This research resu l t s  and f o r  evaluat ing the r e l a t i v e  
w i l l  supply basic facts necessary t o  value of remaining peat bogs. 
assess how anthropogenic a1 t e ra t  i ons i n  
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APPENDIX: GLOSSARY OF TERMS 

Aapa mire - a type o f  sol igenous peatland, a l s o  cal led s t r ing  mire, 
character ized by a l t e r n a t i n g  s t r i n g s  and pools along the contours of 
the  slope (Figures 1 and 9 ) .  

Acrotelm - the  zone of b iological ly  ac t ive ,  aerobic o r  in termit tent ly  
aerobic surface peat ,  through which almost a l l  water  movement 
takes  place;  the low water t ab le  is often used a s  t h e  boundary 
with the  catotelm (Figure 18) .  

Aerobic - character ized by the presence of f r ee  oxygen. 
Anaerobic - character ized by the  absence of f r ee  oxygen. 
Blanket bog - a type of ombrogenous peatland developing i n  climates with 

a l a r g e  moisture surplus,  such as  cool,  temperate, maritime climates;  
the peat  covers slopes and val leys ,  but outcrops o f  mineral 
s o i l  r e s u l t  loca l ly  in  minerotrophic condit ions.  

Bog - a nutrient-poor, ac id ic  peatland w i t h  a moss l a y e r  dominated by 
S ha num mosses; ericaceous shrubs or  conifers  a r e  often &. 

Bog pool - a small body of stagnant water in a bog, o f t e n  several meters 
deep; in  most peatlands they a re  secondary f e a t u r e s .  

Capi l lary  water - water drawn above the  water table  i n  the small 
pores of the  s o i l ;  held more t i g h t l y  than g rav i t a t iona l  water, 
but  ava i l ab le  t o  p lants .  

Capi tulum - the  head of a Sphagnum moss plant ,  formed by the 
dense growth of the newest branches. 

Catotelm - the  zone of permanently anaerobic peat ,  cha rac te r i zed  by neg- 
l i g i b l e  water movement and very low biological a c t i v i t y  (Figure 18). 

Convex domed bog - a type of raised ombrogenous peat1 and (Figure 1) w i t h  
a gen t l e  slope toward the  center  and a more gradual change from 
minerotrophic t o  ombrotrophic vegetation than in  p la teau bogs. 

Coprogenous sediment - a lake sediment consis t ing l a r g e l y  of fecal p e l l e t s  
of bottom fauna; r e l a t i v e l y  dark i n  color,  s l i g h t l y  viscous but not 
s t i c k y ,  and normal ly  devoid of recognizable p lant  fragments. 

Detr i tus  - dissolved and pa r t i cu la te  dead organic mat te r .  
Dy - a brown lake sediment consis t ing largely  of amorphous humus ge l s  and 

mostly derived from bogs associated with the lake;  poorer i n  nutri- 
e n t s  than gy t t j a .  

Endemic species - a species r e s t r i c t e d  t o  a region o r  habi ta t .  
Ericaceous - belonging t o  the heath family (Er icaceae) .  
Eutrophic - r e l a t i v e l y  r ich  i n  nu t r i en t s ;  generally r e f e r r i n g  t o  a habi- 

t a t  more nutr ient - r ich  than oligotrophic o r  mesotrophic habi ta ts .  
Evapotranspiration - combi ned loss  of water from sur face  evaporation and 

from t ransp i ra t ion  by plants .  
Fen - an open peatland, sometimes w i t h  sca t tered t r e e s ,  occurring on m i n -  

e rot rophic  s i t e s ;  r icher  i n  nu t r i en t s  and l e s s  a c i d i c  than a bog. 
Fen window - a s i t e  i n  a bog where nutr ient - r ich  minerotrophic 

water reaches the  surface. 
F i b r i s t  - a suborder of organic s o i l s  (His tosols)  Characterized by a sub- 

surface layer  composed mainly of p lan t  f i b e r s ,  o r  by a surface layer  
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composed than hemists or  sapris €-- s 

Graminoid - grass-1 ike;  r e f e r r i ng  t o  grasses, sedges ana rushes. 
Gyt t ja  - a form o f  coprogenous sediment occurring i n  waters enriched i n  

nu t r ien ts  and oxygen, consist ing o f  a mixture o f  pa r t i cu l a te  organic 
matter, inorganic precipi tates,  and minerogenic matter. 

Heath - an area i n  which the veqetation i s  dominated by ericaceous shrubs, 
growing on mineral o r  organic s o i  1 ; used i n  Maine t o  r e f e r  t o  an e r i c a -  
ceous dwarf-shrub bog. 

Hemist - a suborder o f  organic s o i l s  (Histosols)  character ized by a sub- 
surface layer  dominated by mucky peat or peaty muck; more decomposed 
and general ly more n u t r i e ~ t - r i c h  than f i b r i s t s ,  but less  than sa- 
p r i s t s .  

Histosols - the s o i l  order o f  oraanic so i ls .  
Hollow - a microtopographic depression o f  various sizes i n  peatlands; 

covered wi th  Spha num moss, l i ve rwor ts ,  l i chens o r  bare peat, 
and in termi t ten l+ y wi th  standing water. 

Humification - the process o f  decay o f  p l an t  remains t o  amorphous organic 
matter. 

Hummock - a moss-covered e levat ion i n  a peatland, usual ly  less  than 40 cm 
high, and varying from less than 1 square meter t o  over 10 square 
meters i n  area, usual ly wi th  dwarf shrubs, and sometimes wi th  shrubs 
o r  trees. 

Hydrarch succession - the progression o f  communities occurr ing when a 
pond i s  transformed i n t o  a bog by f i l l i n g  and mat growth. 

Hydraulic conduct iv i ty - the ra te  a t  which water f lows through a 
s o i l  i n  response t o  a potent ia l  gradient. 

Hydrostatic pressure - the pressure required t o  stop the movement o f  
water; used as a measure o f  water potent ia l .  

Hypnoid mosses - mosses resembling those i n  the genus Hypnum, 
mostly used t o  ind icate  a va r ie ty  o f  pleurocarpous mosses i n  peat- 
lands not dominated by S ha num. 

Lagg - the nut r ient -enr ic  Tw- e zone a t  the margin o f  a ra ised  bog, rece iv ing 
water from the surrounding mineral ground and from the bog i t s e l f .  

Limnogenous peatland - a type o f  minerotrophic peat1 and developing a1 ong 
a lake or  slow-moving stream. 

Marsh - a wet area, per iod ica l l y  inundated w i t h  standing o r  slow-moving 
water, tha t  has a grassy o r  herbaceous vegetation and of ten 1 i t t l e  
peat accumulation; the water may be sa l t ,  brackish or  fresh. 

Med i f i b r i s t  - an organic s o i l  great group belonging t o  the f i b r i s t  subor- 
der, and dist inguished from the sphagnofibrists by a surface layer  
t h a t  contains less S ha num f i b e r  o r  i s  less  th ick .  

Mesotrophic - having %e mo erate  leve ls  o f  nutr ients;  r e f e r r i ng  t o  a hab i t a t  
intermediate i n  richness between eutrophic and o l igot rophic .  

Meteoric water - atmospheric water, i .e. p rec ip i ta t ion .  
Minerotrophic - areas influenced by water t h a t  has been i n  contact  w i t h  

s o i l  o r  bedrock, and i s  r i cher  i n  minera l -nut r ient  elements than 
rainwater. 

Mire - a general term for a va r ie ty  o f  peatlands ranging from ombrotrophic 
bogs t o  fens and swamps. 

Mud-bottom - a f l a t  depression o r  hollow i n  a bog, wi th  a sparse cover o f  
vascular plants and covered mostly by 1 iverworts or  w i th  exposed 
peat . 

Obligate associates - species which always occur together. 
Obligate commensals - a p a i r  o f  species i n  which one species requires the 

other t o  survive, bu t  i n  which the other species i s  not reduced i n  
f i tness.  



Oligotrophic - poor t o  extremely poor i n  nut r ients ;  r e f e r r i ng  t o  a 
hab i t a t  l e ss  nu t r ien t - r i ch  than eutrophic or mesotrophic. 

Ombrogenous peatland - a type o f  peatland i n  which development i s  con- 
t r o l  l e d  by p rec ip i ta t ion ;  ombrogenous peatlands are p r imar i l y  om- 
brotrophic bu t  contain minerotrophic s i tes ,  mostly near t h e i r  mar- 
gins. 

Ombrotrophic - rain-fed; used mostly t o  ind icate  peatlands o r  por t ions of 
peatlands which receive water only from prec ip i ta t ion .  

Pa lud i f i ca t ion  - swamping o f  dry land by the r i s e  o f  a water tab le  i n  
adjacent peat l  ands. 

Pattern - a r e p e t i t i v e  micro-physiographic arrangement i n  a peatland; 
used mostly t o  r e f e r  t o  the pat tern o f  s t r ings and pools. 

Peat - the part ial ly-decayed remains o f  p l an t  material accumulating on 
wet s i t es  because o f  water-logging. 

Peatland - a wet area i n  which peat has accumulated. 
Perched water tab le  - a water tab le  held above the regional leve l  by an 

impermeable or  slowly permeable 1 ayer. 
P lant  community - an assemblage o f  p lants  in te rac t ing  wi th one another 

and occupying, and o f ten  modifying, a habi ta t .  
Plateau bog - a type o f  ra ised ombrotrophic peatland characterized by a 

pronounced slope r i s i n g  t o  an almost f l a t  central  p la in ;  i n  the 
northeastern United States, t h i s  type o f  bog i s  r es t r i c t ed  t o  the 
northeast coast o f  Maine (Figures 1 and 2).  

Quaking bog - a bog wi th  a surface tha t  quakes o r  y i e l ds  under foot ,  
and t ha t  r i ses  and f a l l s  w i th  water leve l  changes, e.g., the mat 
o f  a f l oa t i ng  bog. 

Raised bog - a type o f  ombrogenous peatland, wi th  the ombrotrophic center  
ra ised above the minerotrophic bog border or lagg; t h i s  includes 
plateau and convex domed bogs. 

Sapr is t  - a suborder o f  organic s o i l s  (Histosols)  characterized by a 
subsurface layer  dominated by muck, a black organic material composed 
o f  1 ess than one-third i d e n t i f i a b l e  f ibers ;  more decomposed and more 
nu t r i en t - r i ch  than f i b r i s t s  or  hemists. 

Sapropel - a form o f  strongly reduced, b i o l og i ca l l y  active, l imn ic  peat -  
Scl erophyl 1 ous - having thick,  leathery, and usual ly wintergreen leaves. 
Sedges - p l an t  species i n  the sedge fami ly (Cyperaceae), especial l y  spe- 

c i es  o f  the genus Carex. 
Seepage - l a t e r a l  w a r n o w  through the s o i l  ; i t  represents an impor- 

t a n t  mineral -soi  1 water inpu t  i n t o  many peat l  ands. 
Slope fen - a t y  e o f  soligenous peatland tha t  develops on slopes; i t  Can 1 occur f a r  sout o f  the zone o f  aapa mires i f  the supply o f  seepage 

water i s  abundant. 
Sol igenous peatland - a type o f  minerotrophic peatland depending on a 

re1 i ab l e  source o f  seepage water; water seeps through o r  over the 
surface peat. 

Sphagnofibrist: an organic s o i l  great group belonging t o  the f i b r i s t  
suborder, and having a surface layer  t h a t  consists o f  75% o r  more of 
mater ia l  derived from Sphagnum mosses, and being e i the r  90 
cm o r  more th ick ,  o r  rests  on rock or mineral so i l .  

Strat igraphy - the ve r t i ca l  sequence o f  layers o f  peat and other mate r ia l s  
as deposited by vegetation i n  s i t u ;  t h i s  sequence records the h i s -  
t o r y  o f  the deposit ional environment and may be used t o  t race the 
development o f  the peatland. 

S t r ing  - narrow, elevated ridges or iented with t h e i r  long axes across the 
slope and a l te rna t ing  wi th  elongated pools. 

Swamp - a wet minerotrophic peatland i n  which standing or  gent ly f'lowing 
water occurs seasonally or  pers is ts  f o r  long periods, e.g., wooded 
swamps and shrub swamps. 



Tel ltiric water - terreqtrial water; water that has been in contact with 
the mineral soil or bedrock. 

Topogenous peatland - a type of minerotrophic peatland developing i n  topo- 
graphical positions p ere water accumulates; generally maintained by 
a permanent ground water table. 

Wooded heath - an ericaceous dwarf-shrub bog with some tree cover; heath 
and wooded heath are used in this sense only in Maine. 

Wooded swamp - a wet minerotrophic peatland with sparse to dense tree co- 
ver; the trees are rooted below mean water level and can tolerate 
1 arge water-level fluctuations. 
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The p u b l i c a t i o n  reviews t h e  e c o l o g i c a l  i n f o r m a t i o n  a v a i l a b l e  f o r  peat  bogs i n  the  
g l a c i a t e d  Nor theastern  Un i ted  Sta tes ,  a  r e y i o n  extending f rom the  Canadian border  t o  the 
Pocono Mountain area o f  Pennsylvania. Peat bogs depend on a c i d i c ,  n u t r i e n t - p o o r  water f o r  
development and u s u a l l y  occ i i r  i n  areas u n d e r l a i n  by sand, g rave l ,  o r  g l a c i a l  t i l l .  The 
h y d r o l o g i c  c h a r a c t e r i s t i c s  and chemicdl conbposi t i o n  of bogs i n f l uences  bo th  n u t r i e n t  
c y c l  i n g  and p l a n t  community development w i t h i n  bogs. Th i s  pub1 i c a t i o n  descr ibes  peat  
bogs, t h e i r  d i s t r i b u t i o n  i n  the  area under cons ide ra t i on ,  the phys i ca l  s e t t i n y s  i n  which 
they  e x i s t ,  and the  types o f  bogs g e n e r a l l y  recognized.  Hydrology,  water chemistry,  and 
t h e  c y r l i n y  o f  n u t r i e n t 5  c t ~ r r f  utlwr elt.rttetrts i n  pea t  hogs ~ r - c  discussed T h i c  c? i~c ! ! sc inn  
leads i n t o  two chapters d e s c r i b i n g  the  vege ta t i on  and animal communities o f  peat  bogs. 
The f i n a l  chapters d iscuss  anthropogenic i n f l uences  on peat  bogs and recommend s tud ies  t o  
f i l l  t h e  gaps i n  our present  understanding o f  t he  ecology o f  the  pea t  bogs. 
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