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Abstract 

The most important environmental gradients of Maine peatlands are geologic substrate and alkalinity. Other 
gradients are coastal-inland climate, moisture content of the peat, P and K concentrations, and shade. Abundance 
weighted means of pH, Ca, and moisture content of peat are given for the 48 most frequently occurring bryophyte 
and lichen species. A TWINSPAN differentiated twenty associations. Environments of the first four TWINSPAN 
dichotomies differed largely by pH and related variables, though Fe, %H20, shade, microtopography, and degree 
of humification were also significant. A CCA with forward selection entered pH, P, Fe, Na, %H20, shade, and a 
climate factor as the minimum number of variables which best account for the species variation. Bryophyte and 
lichen distributions are determined primarily by edaphic and hydrologic factors, which determine the kinds and 
amounts of mineral solutes in peat interstitial water. Two independent chemical gradients were identified: (1) the 
acidity-alkalinity gradient related to base cation concenllations, and (2) a gradient of Fe, A1, Mn, and Si related to 
shallowness of peat and inputs from granitic lithologies. 

Introduction 

Bryophytes play a primary role in peatland initiation 
and development and, together with lichens are impor- 
tant components of the peatland flora. Despite this, 
only a little work has been done in Maine to quan- 
tify relationships of bryophyte and lichen species to 
environmental factors in peatlands (Davis & Anderson 
1991). Such quantitative relationships recently have 
been published for Minnesota (Vitt & Slack 1984; 
Janssens & Glaser 1986; Glaser et aL 1990; Gorham & 
Janssens 1992a,b; Janssens 1992) and western Canada 
(Horton et al. 1979; Gignac & Vitt 1990; Vitt & Chee 
1990; Gignac et al. 1991). 

The primary objective of this paper is to describe 
the quantitative relationships of bryophyte and lichen 
taxa to environmental gradients in Maine peatlands. 
These relationships will be useful for future paleoeco- 
logical studies to interpret peatland development and to 

infer past environmental conditions. Our second objec- 
tive is to delineate and describe the bryophyte/lichen 
associations of Maine peatlands and to characterize 
their physical and chemical environments. 

Davis (1989) has postulated that the great diversity 
of fen and bog types in the small geographic area of 
Maine is a function of the state's steep climatic gradi- 
ents. Our third objective is to test the hypothesis that 
climatic factors are important for determining the dis- 
tributions of peatland bryophytes and lichens in the 
state, 

Methods 

Study sites 

The 96 studied peatlands are distributed across the state 
(Fig. 1) and include the nine Maine peatland types 
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Fig. I. Locations of the 96 Maine peatlands. Darkened circles 
indicate the 51 peatlands with interstitial water chemistry data which 
are the main focus of this paper. Names and additional information 
for individual peatlands are available from the authors. 

identified by Davis and Anderson (1991). A subset of 
51 of these peatlands which have data on interstitial 
water chemistry to relate to the vegetation data is the 
main focus of this paper. These 51 peatlands include 
20 open-basin and valley (unpatterned) fens, 6 closed- 
basin (kettle) fens, 1 ribbed fen, 3 bogs without pattern, 
4 bogs with concentric pattern, 15 eccentric bogs, and 2 
coastal bogs. All of the bogs are complexes surrounded 
by fen areas which were also sampled. 

FieM studies 

One summer field day was spent at each peatland, with 
the exception of four of the larger (> 350 ha) peatlands 
with 2 to 4 days each. Relev6s measuring 5 x 5 m were 
used to sample as many association types as possible. 
There were 1 to 15 (mean = 5.6) relev6s per peatland, 
289 relev6s in all. Cover estimates (Braun-Blanquet 
1932) for every species were recorded for each of four 
strata. Bryophyte and lichen results come only from 
the ground stratum. Additional species which occurred 

within 15 m of each relev6 were tallied to ensure as 
complete a species list as possible for each associ- 
ation. Maximum microrelief was estimated for each 
relev6. 

At 263 relev6s a 150 ml sample of peat interstitial 
water was collected from the top of the water table 
using a pointed and perforated 60-cm-long by 3-cm- 
diameter cellulose carbonate collection tube. The water 
was drawn from the tube by a hand vacuum pump. 
The polyethylene collection bottles had been pretreated 
by an overnight soak in 10% HCI followed by glass- 
distilled water rinses. Water samples were kept at ca.5 
°C until treatment in the laboratory (generally within 
24 h). 

A cubic 250 cm 3 sample of peat was cut from just 
below the living green surface layer and put in a plastic 
bag to prevent water loss. Depth of peat to mineral 
substrate was determined with a Davis peat sampler at 
259 relev6s. 

Laboratory analyses 

Water samples were filtered through Nucleopore 0.65 
#m cellulose membrane filters. The filtrate was split 
for analyses of (1) pH and total alkalinity, (2) dissolved 
organic carbon (DOC), and (3) conductance (kco~r) and 
selected chemical elements. The DOC subsample was 
preserved with strong acid, and all subsamples were 
refrigerated until analysis. 

The first two splits were analyzed, respectively, 
with (1) a Radiometer Acid Rain Analysis System 
(ARAS) automated Gran-plot titrator, and (2) an OI- 
700 Total Carbon Analyser (TCA). The pH sample 
was aerated with standard air just prior to pH determi- 
nation and titration with 0.02N H2SO4. Precision for 
pH was 0.01 unit. The TCA was calibrated with stan- 
dard KHCsH404. Detection limit for DOC was 0.01 
ppm. 

The third split was analyzed for Ca, Mg, P, AI, Fe, 
Mn, Zn, and Si by plasma spectrometry (Jarrel-Ash 
ICP); K and Na by flame spectrometry (Instrumenta- 
tions Mod. Video 12); anions by ion chromatography 
(DIONEX Mod. 2000 I/SP with conductance detec- 
tor); and specific conductance. Conductance at 25 °C 
was corrected for hydrogen ions (Sj6rs 1950) (correct- 
ed conductance = kco~). The detection limit for CI 
was 0.001 ppm; for Mg, Mn, Zn, and SO4 0.005 ppm; 
Ca, P, and Si 0.01 ppm; Fe 0.02 ppm; AI and Na 0.05 
ppm; and K 0.1 ppm. There was a total of 16 chemical 
variables. 



Degree of humification of peat follows the 10- 
class scale of von Post (1924). Percent water content 
(%H20), determined by drying peat at 90 °C, is used 
as an indicator of site wetness, since depth to water 
table was not measured. Mineral residue (minres) after 
ignition (550 °C) of the peat and acid digestion of the 
ash was filtered on 1.5 # glass fiber filters and weighed 
after drying. 

Taxonomic references used were Hale (1979) for 
lichens, Schuster (1966-1992) for liverworts, Ander- 
son et aL (1990) for mosses other than Sphagnopsida, 
and Crum (1984) for Sphagnopsida. 

Database and statistical analyses 

Braun-Blanquet cover class estimates were converted 
to percentages by taking the geometric mean of the 
range for each class. Shade was calculated by summing 
the total % species cover of the tree stratum, high shrub 
stratum, and dwarf shrub stratum. 

Two synthetic climatic variables were calculated 
for each peatland based on the method of Briggs and 
Lemin (1992). Using 38 climate variables from 63 
meteorological stations in Maine from 1954 to 1983, 
they computed the principal components. The first 
principal component, accounting for 66% of the vari- 
ance, reflected south to north and coastal to inland 
gradients. Temperature variables for all seasons but 
summer, heat accumulation, spring and fall PET, and 
number of frost-free days had high positive correla- 
tions, and snow accumulation and summer precipita- 
tion had high negative correlations. The second prin- 
cipal component, accounting for 10% of the variance, 
reflected high continentality and seasonality. Spring 
and summer extreme maximum and summer aver- 
age maximum temperatures were correlated (+) with 
this component. To extrapolate the results from the 
principal components analysis across the state, Briggs 
and Lemin (1992) developed stepwise multiple linear 
regression equations relating each principal compo- 
nent to latitude, longitude, and altitude. Using these 
equations, we calculated principal component scores 
for each of our peatlands and use them as climatic fac- 
tors (CF1 and CF2) for multivariate statistical analyses 
(described below). 

To define the most important environmental gradi- 
ents in the data set, we carried out a principal com- 
ponents analysis of the correlation matrix (with vari- 
max rotation) of 16 chemical variables, %H20, min- 
res, shade, CF1, and CF2. All variables except pH, 
shade, CF1, and CF2 were first log transformed due to 
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their skewed distributions. Negative alkalinities (min. 
-370.0) were eliminated by adding 370.0 to all alka- 
linity values before transformation. Degree of humifi- 
cation and depth to substrate were not included in the 
multivariate analyses due to numerous missing values, 
but they were later correlated with the PCA and CCA 
a x e s .  

The 48 bryophyte and lichen species which 
occurred in at least four relev6s were considered for 
statistical analyses. Taxon abundance-weighted-means 
(AWM) and standard deviations (AWSD) of pH, Ca, 
and %H20 were calculated to estimate optima and 
tolerances for each species. TWlNSPAN (Hill 1979) 
was used to define the bryophyte/lichen associations. 
Dichotomies (splits) were maintained if the eigenvalue 
was >0.25 and the residual was less than the tolerance. 
Mean values for selected environmental variables were 
calculated for the first several dichotomies. Signifi- 
cantly different means were determined by t-tests (Zar 
1984). 

Canonical correspondence analysis (CCA) was per- 
formed on the combined biological and environmental 
data sets using CANOCO version 3.1 (ter Braak 1988, 
1990). An exploratory CCA was performed using all 
environmental (explanatory) variables, followed by 
a CCA with forward selection, which progressively 
enters the variables which best account for the biolog- 
ical variation, until further addition of variables pro- 
vides no additional statistical significance (as assessed 
by Monte Carlo permutation tests; p = 0.05). The 
CCA with forward selection was evaluated by exam- 
ining the canonical coefficients (significance assessed 
by approximate t-tests) and the intraset correlations 
(ter Braak 1986). The exploratory CCA was evaluated 
using only the intraset correlations, since the canoni- 
cal coefficients were unstable due to inclusion of highly 
correlated variables. 

Results 

Descriptive statistics for all environmental vari- 
ables are given in Table 1. 

Environmental gradients 

The first six PCA axes account for 71.2% of the vari- 
ance (var) in the environmental data (Table 2). The first 
component (PC1), accounting for 19.8% var, has high 
positive loadings for pH, alkalinity, Ca, Mg, kcorr, and 
Si and high negative loadings for DOC and Zn. This 
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Table I. Summary of chemical and physical characteristics of the relev6s. Variables 
lacking units are in mg.1-1, except pH (air-eqnilibrated), %H20 (% moisture content 
of the fresh peat), and degree of humification which is based on a 10 point scale. 
BDL = below detection limit. 

Variable N Mean SD Minimum Maximum 

Ca 259 1.97 3.60 0.01 27.20 

K 259 0.36 0.63 BDL 7.28 

Mg 259 0.47 0.57 0.02 3.11 

P 259 0.05 0.05 BDL 0.42 

A1 259 0.14 0.15 BDL 0.94 

Fe 259 0.28 0.46 BDL 3.64 

Mn 259 0.02 0.03 BDL 0.20 

Na 259 1.57 1.94 0.20 14.00 

Si 259 1.31 1.47 BDL 9.47 

Zn 259 0.02 0.02 BDL 0.16 

CI 259 1.86 3.10 0.08 26.10 

SO4 259 0.38 0.69 0.02 7.50 

k~or~/zS.cm-1 at 25 °C 258 24.5 23.4 1.4 142.1 

pH 258 4.74 1.22 3.60 8.35 

DOC 257 38.4 14.2 1.8 87.9 

Alkalinity 255 -11.3 2 2 6 . 4  -364.7 1397.0 

%H20 289 89.5 6.4 55.3 98.6 

Minres (mg.g - l  dry wt) 289 0 .031  0 . 0 7 6  0.001 0.626 

Microrelief (cm) 225 27 16 0 99 

Shade (H % cover) 289 89.8 39.3 0.4 240.6 

Substrate depth (m) 259 3.6 2.1 0.3 9.1 

Humification degree 230 3.3 2.4 1.0 9.0 

component largely reflects the supply of base cations 
from mineral sources and represents an alkalinity gra- 
dient. Depth to substrate is negatively correlated with 
this axis. Component 2 (PC2; 16.7% var) has high pos- 
itive loadings for the lithophilic elements Fe, AI, Mn 
and Si, and CF2 and minres. This component reflects 
the influence of granitic substrates on the interstitial 
water. Depth to substrate is most highly correlated ( - )  
with this axis. Component 3 (PC3; 15.7% var) is relat- 
ed to marine salts and climate. CI, Na, CF1, and kco~r 
have high positive loadings; CF2 has a high negative 
loading. Degree of humification is most highly cor- 
related (+) with this axis, reflecting the condition of 
surface peats in the more southern and coastal sites. 
Component 4 (PC4; 7.6% var) reflects moisture con- 
tent, PC 5 (6.0% var) the plant nutrients P and K, and 
PC 6 (5.4% var) shade. 

Bryophyte and lichen autecology 

The 96-peatland database of 155 bryophyte and 
lichen taxa is available from author DSA. One hundred 
and forty-four taxa, including 24 Sphagnopsida and 
14 lichens were recorded for the 51 peatlands which 
have water chemistry data. Descriptive statistics for 
the 48 bryophyte and lichen species that occurred in at 
least four relev6s are presented in Table 3. The most 
frequently encountered species was Sphagnum magel- 
lanicum, followed by S. recurvum agg., S. capillifolium 
var. tenellum, S. capillifolium var. capillifolium, S. fus- 
cure, and Pleurozium schreberi. Cladina rangiferina 
was the most commonly encountered lichen species. 
All of the lichen species, along with Mylia anomala, 
Dicranum undulatum, Pohlia nutans, Ptilidium cil- 
iare, and Bazzania trilobata, had the lowest AWM 
pHs. Sphagnum capiUifolium var. tenellum, S. fuscum, 
S.flavicomans, and S. majus had the lowest AWM pHs 
among the Sphagnopsida. Highest AWM pHs were 
recorded for Sphagnum warnstorfii and Campylium 
stellatum, which were found in open or semi-open 
habitats of moderate-rich fens, and for Plagiomni- 



151 

Table 2. Rotated factor ioadings for the six axes extracted by the PCA of 21 environmental 
variables. Correlations (r) of substrate depth and degree of humification with the six axes 
are also given (** p = 0.001;* p = 0.05). 

Variable Axis 1 Axis 2 Axis 3 Axis 4 Axis 5 Axis 6 

Ca 0.784 0.423 0.082 -0 .262  -0 .033 -0 .067  

K -0 .001 0.130 0.269 -0 .206  0.641 -0 .334  

Mg 0.683 0.414 0.407 -0 .215 -0 .040  -0 .069  

P 0.086 0.126 -0 .027  0.035 0.839 0.136 

AI -0 .038  0.814 0.169 -0 .154  0.067 0.161 

Fe 0.139 0.853 0.148 0.095 0.104 0.133 

Mn 0.162 0.652 -0 .015 0.134 0.101 -0 .095  

Na 0.317 0.206 0:856 - 0.111 0.049 -0 .025  

Si 0,513 0.579 0.100 -0 .078 0.117 0.064 

Zn -0 .473 0.330 0.143 0.008 -0 .108 -0 .328 

CI 0,155 0.095 0.909 -0 .034  0.113 -0 .053  

SO4 0,103 0.158 0.176 -0 .648 -0 .096  -0 .254  

kco,-~ 0.626 0.228 0.519 -0 .158 0.140 -0 .098  

pH 0,897 0.192 0.144 -0 .088 0.032 -0 .053  

DOC -0.621 0.236 0.065 -0 .279  0.054 0.061 

Alkalinity 0.838 0.107 0.012 0.045 0.080 -0 .010  

%H20 0.035 0.231 --0.042 0.789 --0.181 -0 .199  

Minres 0.268 0.489 0.336 --0.418 0.087 --0.042 

Shade -0 .084  0.158 0.066 0.011 -0 .028 0.828 

CF1 -0 .173 0.029 0.824 -0.181 -0 .039  0.081 

CF2 0.017 0.569 -0 .533 -0 .118 -0 .076  -0 .125  

Variance (%) 19.8 16.7 15.7 7.6 6.0 5.4 

Substrate depth -0 .24** -0.44** -0 .13  0.05 -0 .08  - 0 . 1 2  

Humification 0.19" 0.18" 0.26** -0 .20* 0.19" 0.07 

um ellipticum, Hylocomium splendens, Rhytidiadel- 
phus triquetrus, Sphagnum wulfianum, and Ptilium 
crista-castrensis, species typical of wooded fen habi- 
tats. Ranking of species by AWM Ca roughly paral- 
lels the ranking for AWM pH. Species with the low- 
est values for AWM H20 include Cladina stellaris, 
Dicranum polysetum, Ptilidium ciliare, Campylium 
stellatum, Cladina mitis, and Sphagnum capiUifolium 
var. capillifolium. Species with the highest values for 
AWM H20 include Sphagnum majus, Cladopodiella 
fluitans, S. papillosum, S. cuspidatum, and S. teres. 

Bryophyte and lichen associations 

The TWINSPAN analysis differentiated twenty 
bryophyte and lichen associations (Fig. 2 and Table 4). 
The first division separated 15 relev6s (Group C) repre- 
senting various types of fens from the other 265 relev6s 

(Group AB). Sphagnum fimbriatum, S. centrale, and 
Aulacomnium palustre are characteristic of Group C. 
pH and related factors and degree of humification dif- 
fer significantly between C and AB (Table 5). The 
first division of AB separated 147 relev6s (Group A) 
with Sphagnum capillifolium var. tenellum, S. fuscum, 
S. capillifoIium var. capillifolium, Cladina rangiferi- 
na, and Mylia anomala as indicator and preferential 
species (Hill 1979), from 118 relev6s (Group B) with S. 
recurvum agg. and S. magellanicum. The significantly 
higher means of pH, Ca, and Fe indicate that Group B 
is more highly minerotrophic, and it has shallower and 
more humified peat. Group A relev6s are mostly from 
bogs and very poor and poor fens, and Group B relev6s 
are from poor and moderate-rich fens. Group A is sub- 
divided into A1 with S. cuspidatum and Cladopodiella 
fluitans as indicator species, and A2 which has the 
same indicator and preferential species as Group A 
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Table 3. Descriptive statistics for the 48 bryophyte and 
lichen taxathat occurred in at least four of the 289 relevds. 
Mean cover of each species is based only on the num- 
ber of relev6s of occurrence (N). AWM = abundance 
weighted mean. AWSD = abundance weighted standard 
deviation. 

Meaa AWM AWM AWM 

Species ( sn )  (AWSD) (AWSD) (AWSD) 

Species code N % Cover pH Ca (nag.L-- I ) %H20 

Aulacoalniva'tpalgslre 22 1.0 5.44 3.18 92.1 

APA (2.8) 11.291 (3.97) (3.7) 
Bazzaa~ trilobata 35 3,6 4.09 0,64 87.1 
BTR (10.7) (0.82) (2.15} (4A) 

CaUiergonstramineum 8 0.4 5.62 3.55 90.1 
CST (0.6) (1,55) (2.92) (1.8) 
Campyliamst¢llatum 5 12.8 7.76 14.19 86,2 

CMS (27.3) (o.I 1) (2.40) (0.2) 
Cladimagracilis 4 0.2 4.07 0.68 88.6 

CLG (0.0) (0.25) (0.95) 13.11 
Cladinamiti~t 23 1.0 3.95 0,42 86.5 
CLM (0.9) (I}.21) (0.43) (6.4) 

CladinamngO'erina 82 3,2 4,10 0.19 88.3 

CLR (5.9) (11.23) (0.27) 15.1) 
Cladinaslellaris 14 0.4 3.99 0.49 82,6 
CLS (0.6) (0.311 (0.39) 110.5) 
Cladoniacri$tat¢lla 16 0.5 4.05 0,45 88.5 
CLC (0,7) (0.64) (1.28) (2.9) 
Cladoniapyxidata 9 0.2 3.92 0.84 87.4 
CLP (11,11) (0.29) 10.61) (5.3) 
Cladoniasquamosa 15 4.0 3.94 0.40 88.9 

CLQ (9.5) (11.12) (11.19) (3.6) 
Other Cladonia spp. 7 2.6 3.86 0.36 89.7 
CLO (4.9) (0.1 I) (0.22) (2.3) 

Cladopodiellafluilans 19 11.4 4,26 11,52 95.3 
CDF (21.01 (0.34) (0.46) (0.9) 
Dicranumpolysetum 14 0.8 4.84 5,12 85.8 
DPO (0.9) (1,601 (8.64) (5.1) 
Dicranum scoparium 7 11,4 5.64 1.98 92.7 

OS(2 (0.7) 11.68) 11.94) (2.8) 
Dicraratm toldulotltm 54 2.1 4.03 0.50 87.2 
DNU (4,0) (0,391 (1.79) (6,8) 
OtherDicratuonspp. 53 11.9 4.21 0.56 87.2 
DSP (1,9) 10,61) (1.20) (3.9) 
Hylocomiunl splendeas 11 6,3 7.60 8.22 88.2 
HSP (11,1) 111.38) (4.78) (1,4) 
Myl(a anonlala 40 11.4 4.UO 0.32 87.0 
MAN (0,5) (11.27) (0,33) (5.0) 

Plagionmium ellipticum 11 1.4 7.97 5.40 89.8 
PGE (3,9) 10.811 (2.63) (0.9) 
Plearoziltm $chreb¢ti 87 4.5 4.44 1.92 87.1 
PLS (12.01 (1.o0) (4.25) 17.13 
Pohlia nutan$ 5 0,2 4.04 11.26 90.9 
PNU (0X)) (0.15) (0.08) (4.2) 
Poly(richum commume 5 2.8 4,24 1.28 93.2 
PCO (5.8) (0.33) (0.55) (0.9) 
Poly~ricOtott$trictum 62 3.5 4.16 1.37 90,6 

PST 19.11 (0,60) 12.21) (3.2) 
Ptilidiumciliare 36 1.7 4.05 0.21 86.0 
PTC (3.6) (11.211 (0.45) (5.9) 
Ptil(ioa crisla-coslretlsis 7 2.3 7.09 6.72 87.6 
PLC (4.8) (11.93) (2.82) (1.0) 
Rhytidiadelp6ustriq~tras 6 0.8 7.56 13.58 88.0 
RTR (0.9) 10,65) (8.20) ( l . I )  
Splmgnum capill~oliura 
vat. capill~(olium 122 9.0 4.62 2.73 87.11 
SCA 114.71 1 1 . 4 0 1  (5.36) (5.6) 
Sphagnum capillifoliura 
vat. teneUum 126 3t.4 4.10 0,43 92.5 
SCT 133.1) (0.42) (1.181 (4.7) 
Sphagnumcentrale 17 7.9 5.71 3.16 92.5 
SCE (11.9) 1 1 . 0 5 1  (l,831 (4.0) 
Sphagnum cusp(datum 29 19.1 4.48 11.66 94.9 
SCU (33.0) (0.91) (1.02) (3.7) 

Table 3. Continued. 

Mean AWM AWM AWM 

Species (SD) (AWSD) (AWSD) (AWSD) 

Specie~ code N % Cover pH Ca (nag.L-- 1 ) %H 2 0  

Sphagnumfimbtiatwa 15 3.8 5.07 3.84 90.2 
SFI (9.6} (0.77) (1.46) 14,0) 
Sphagnumflavicomana 5 22.2 4.13 0.29 93.4 
SFL 119.31 (0.03) (0.05) 10.3) 
SphagnumSuscum 94 13.8 4,111 0.30 90.3 
SFU (17.2) 10.31) (0.95} (3.8} 
Sphagnumgirge~ahnii 10 10.4 4.81 1.79 91.8 

SGI (14.61 (0.86) (0.85) (1.1) 
Sphagnum imbricatum 10 12.1 4.36 0,94 91.1 
SIM (18.41 (0.74) 11.71) (3.2) 
Sphagnum magellmOcar4 166 8.4 4.42 1.04 92.2 

SMA (14.7) (0.78) (1.37) (3.5) 
Sphagnuramajus 6 15.6 4,17 0.60 96D 
SMJ 135,1) (11 .10)  ((M8) (0.5) 

Sphagnumpalustre 7 11.2 6.08 4.12 88.5 
SPL 10.0) 0.44) (2,65) (5.8) 
Sphagnumpapillosum 13 33,2 4.39 1.44 94.9 

SPA (38.7) (0.61) (1.89) 12.11 
Sphagnumrecurvams.I. 133 21.8 4.64 1.74 92.2 
SRE (24.4) (0.81) 11.661 (3.0) 

Sphagnum russowii 9 2,(1 4.32 3.113 88.8 

SRU (4.2) (1.61} 11,521 11.31 
Sp6agaum subsecandum s.l. 6 3.6 6.04 5.77 91.1 
SSU (4.8) 0.12) (4.25} (2.6) 
Sphagnumteres 6 11.5 6,01 2.40 94.1 
STE (I).7) (0.81) (1.69) (2.5) 
Sphagnum warn~oOii 6 4,5 8.30 20.67 88.5 

SWA (6.7) 10.13) 11.70) (0.8) 
Sphagnumwu~t~zJlum 6 11,5 7.33 4.41 90.4 
SWU (11.7) (0.44) 11.281 (2.0) 
Thuidi~mdelicatMtcm 10 1,9 5.32 4.31 89A 

'/'DE (4.0) (11.76) 12.91) (1,4) 
Warnstoo~afluitans 4 0.2 5.68 1.82 93.7 
WFL (0.0) (1.24) 11.51) (3.6) 

with the addition of  S. recurvum, Dicranum undula- 
turn, Pleurozium schreberi, and Polytrichum strictum. 
A1 and A2 environments differ largely by microrelief 
and shade. Group A 1 relev6s are from open lawn and 
mud bottom communities, and Group A2 are most- 
ly from shrub heath, wooded shrub heath, forested 
bog, and poor wooded fen communities. Group B is 
subdivided into B 1 which has the same indicator and 
preferential species as Group B with the addition of  S. 
capillifolium var. tenellum, and B2 which has S. gir- 
gensohnii, Hylocomium splendens, Bazzania trilobata, 
and Aulacomnium palustre. These two groups reflect 
differing degrees of  minerotrophy within the poor fens. 
Also, the peats of Group B2 are typically less saturated 
in summer. 

Relationships between bryophyte and lichen species 
and environmental gradients 

In the exploratory CCA, the percent of  the species- 
environment variance accounted for by the first three 
axes (and their eigenvalues) are: (1) 17.4 (0.50), (2) 
13.2 (0.38), and (3) 12.0 (0.34). The intra-set eorrela- 



Table 4. Mean species' cover (%) and frequency for each 
TWlNSPAN association. Species included are those with 
> 1.0 % mean cover and/or > 25 % frequency. (p = 
present at < 0.5 % mean cover). N, mean pH, mean Ca 
(mg.L- ' ) ,  mean %H20, and mean shade are listed in 
order with standard deviations in parentheses. 

Cove~ (%) Frcquer~y 

1. N ffi 5; 4.37(0,97); 0A910.69); 94.8(4,3); 25(31 ) 

Sphagnum cusp/datum 87.2 5 

Sphagatlm magellmlictwa 0.8 2 

Cladopodiella fluitan~ p 2 
Sphagaum capill~folium v~. tcnellum p 2 
2, N = 3; 4.3310.M); 0.6710.43); 95.4( 1.1 ); 39(30) 

Cladopodiellafl~ta~r 53.2 3 

Sphagnum capiUifolium vat. tenellgm 16.5 2 
Sphagnum ma/~ 1,3 2 
Sphagnum mageUanicum p 1 
3. N = 3; 4.34(0,63); 0.2010.151; 96.711.6); 24(19) 

Cladopodiellaflt*itans 17.2 3 

Sphagnum capill~olium vat. wnellum 5.1 2 
Sphagnum cugpidatmn 4.5 3 

Sphagnum magellnuic~ 4,4 1 

4. N = 3; 4.1610.21); 0.83( 1.18); 81,8(22.91; 80(9) 

Sphagnum capillifolium vat, tenellum 45.6 3 

Sphagnum cuspidatum 0.8 3 

Cladop~diellafluita~ 0.7 2 

Sphagtltlra raagellanicum p 1 
5. N ffi 28; 4. I 1 (0.32); 0.36(0.52); 94.2( 1.5); 93(42) 

Sphagllura capillifolium vat, tenellum 78.7 28 

gphagnuan magellanicum 1.7 10 
Sphagnmnfu&~m 1.7 8 

Sphagtmm cuspMat um 1.3 2 

6. N = 11: 4.3611,151; 1.27(3A9); 91.5(3.8); 99(42) 

Sphagntun capill~olium vat. tenelhan 39.7 11 
Sphagnum mag¢llaaicum 19.6 1 I 

Sphagnum recurvum 4.4 7 
SphaghvJn copillifolium vat. capillifolium 2.8 6 
Cladbta rang~erina p 6 
Dicranum spp. p 5 

Mylia anomala p 4 
Sphagnumf~scwn p 3 
7. N = 23; 4.07(0.23); 0.1810.141; 90.4(2.9); 9414111 

Sphagnum capillifoliton vat. tenellum 25.0 23 

Sphagnum~scum 15.8 21 
Cladina rang~[erina 5.6 17 
Sphagnumflavicoraana 1.6 1 
Sphagnum ntagellanicum 1.1 I 8 
Sphagnum capillifoliura vet. capillifolium 1.0 10 
Dicranum spp. p 13 
Mylla anomala p 11 
Polytri¢hum atrictum p 8 
Sphagnura recurvum p 7 
8. N ffi 43; 4.18(0.45); 0.40(0.59); 87.317.11; 83(30) 

Sphagnumfusctan 17.5 40 

Sphagnum capillifolium vat. tenellum 7,2 30 
Pleurozium xchreberi 5.6 26 

Ba~l~ia trilohata 2,5 12 

Cladina rang~erina 2.4 29 

SphagnUra capillifolium vat. capill(folium 2.0 27 

Sphagnum recurvum 1.8 20 

Sphagmtm flavicomwls 1.7 4 
Diera~'n imdu/atum 1,2 18 

PtlTidoan ciliate 1.1 18 
Sphagnum magellanicum I).6 28 

Dicrantt~l Spp. 0.6 14 

Polytrichwn stricture p 12 

Mylia anomala p I 1 
9. N = 27; 4.1711.01); 1.65(4.33); 85.3(6.0); 89(30) 

Sphagnum capiUifolium vat.capiItifolium 25.9 27 

Polytrichum striaum 6.9 19 
Sphagnum wagellanicum 4A 13 

Sphagnum capiUifolium vsr. tenellum 2.5 6 
Cladonlasquanwsa 1.5 7 
Sphagnum fuacum 1.3 8 
Dicranam mldu/atum 1.2 12 

Pleumzium schreberi 0.8 9 

Cladina mitis p 11 
Cladina rang~enna p 11 
10. H = 79; 4.67(0.87); 1.5611.601; 92.2(3.3); 99(411 
Sphagnum recurvum 32.4 75 

Table 4. Continued. 

Cover (%) Frequency 

Sphagnum mag¢llanicwa I 1.7 
Sphagnum Caln~FO'olium vat. tentllum 2.0 

Sphagaum t~pillifolium vat, capillifolium 1.5 
Sphagntcra ft:acum 1.3 
Sphagmtra papillosum 1.0 
Pleurozium schreberi 0.6 

11, N ffi4; 4,28111.20); 1 ,G9( L03); 95.6(1.3); 70(44) 

Sphagnum papiUosum 87.2 

Sphagnum atagellanicum 3.8 
Sphagnum c~spidatum 1.0 
Sphagnam capiUifolitffa vat. capillifolium 0.5 

Sphagnum capillifolium vat. tenellum 0.5 

Sphagnum recur~un 0.5 

Cladopodiellafluitans p 
Polytricham stricture p 

Sphagnum nut/us p 
12. N = 3; 5.28( 1.32); 2.23(0.92); 92.5(2.0); 1171371 

Sphagnum girgenaohaii 28.6 

gphagnttra recurvum 4.4 

Sphagnuan magellanicum 2.0 

Pleurozium $chreberi 1.3 

B a h i a  trilobala p 
Dicranum undulatum p 
Hylocomiltm splendens p 
Sphagnmn wulhanum p 
13, N = 23; 6.4511.55); 6.16(5,591; 88.9(4.4); 11131461 
Sphagnum capillO~olium vat. cagillifollum 5.6 

Sphagnum recurvum 3.5 

Pleurozium schreberi 3.0 

Hylocomium splenden$ 3.0 

Sphagnum magellanicum p 
Baz2ania trilohata p 
Dicranum spp. P 
Polyt~chum $trictlml p 
Dicranum undulatum p 
Plagiotmlium ellipticum p 
Sphagnum girgenaohaii p 
14. N = 2; 6.7911.40); 7.63(3.30); 85.3(0.5); 84(55) 

Sphagnum itabricatum 6.7 

RhyFutiadelphas triquetrus p 
Sphagnum magellanlcum p 
lhaidium delicatulum p 
15. N = 4; 6.11411,611); 6~3915.9111; 911.513.31; 721171 
Sphagnum subsecmutum 4.8 
Sphagnum recurvum 1.11 
Aulacomnium palustre p 
Dicranum undulatum p 
Bazzania trilobata p 
Calliergon ~ramineum p 
Pleuwzium schrebe~ p 
Sphagnum capilhfoli~n rag. capillifolium p 
Sphagnwn cuspidatum p 
Sphagtlum magellanicma p 
Sphagnum palustre p 
Sphagnum warnalor~i p 
16. N ffi 2; 8.1111.51); 8.35(3.42); 92.5(2.6); 55(19) 

Calliergon stramineura p 
Cladonia criaateUa p 
Sphagnum palustre p 
17. N = 5; 5.13111.981; 3.9412.191; 92.6(4.5); 114155) 
Sphagnum recurvum 12.7 

Sphagnum centrol¢ 12.6 

SphagnumfinTbriatum 11.1 
Sphagnum cuapidatum 2.6 

Aulaconmium palus;re p 
Dieranum undulatl~l p 
18, N = 2; 7.0611.141; 1.6111.131; 75.5(5.2}; 9012l) 
gphagnum cl~pidatum 18.2 

Sphagnum f~tbriatum p 
19, N ffi 4; 6.1010.881; 5.32(3.38); 89.3(2.3); 88(29) 

Shagnum llmb~atum P 
Sphagnum Folttffre P 
Aulacomaitw~ palustre p 
Dicranum polysetum p 
20. N = 2; 8.04(0.43); 20.5(9.47); 86.0111.31; 54( 11 ) 

Campylium stellalum 31.8 

Sphagnum warnstor~i p 
Polytricham $t~ctwn p 
Sphagnum fuscum P 
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Fig. 2. First four TWINSPAN dichotomies, based on 280 relev6s (9 
relev~s had none of the 48 species used in the multivariate analyses). 
Numbers of relev6s are in parentheses. Indicator species (*) and 
preferential species are given. Species codes are listed in Table 3. 
The twenty, numbered "ultimate TWlNSPAN communities" (Table 
4) are given on the right. 

tions indicate the relative importance of the environ- 
mental variables to the CCA axes (Table 6). Significant 
(p = 0.001) correlations for axis 1 are (+) Ca, pH, alka- 
linity, kco~r, Mg, and SO4, and ( - )  %H20. Significant 
correlations for axis 2 are (+) Fe, Si, A1, Mn, P, Mg, 
CF2, pH, and minres. The relatively low correlation 
for conductance suggests that electolyte concentration 
isn't nearly as important as for axis 1. These two CCA 
axes correspond closely to the first two PCA axes. 
The third axis is partly redundant with the first two, 
although it also reflects the climate variables (CF1 and 
CF2), and distance from the ocean (Na and CI; Table 
6). 

In the CCA with forward selection, the variables 
selected (and % of explained species-environment 
variation) are pH (10.8), P (9.7), Fe (8.4), Na (8.4), 
%H20 (6.6), shade (5.9), and CF1 (4.5). The per- 
cent of the species-environment variance accounted 
for by the first three axes (and their eigenvalues) are: 
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Axis 1 
Fig. 3. Biplot of CCA axes 1 and 2 with forward selection showing 
environmental vectors and species scores. Species codes are given 
in Table 3. Species in G1 are CLG, CLR, CLC, CLP, DUN, PNU, 
PST, SFU and SIM. Species in G2 are APA, CST, DPO, DSC, PLS, 
PTC, SCE, SFI, SRU, STE, and TDE. 

(1) 24.4 (0.38), (2) 20.7 (0.32), and (3) 15.4 (0.24). 
As in the exploratory CCA, the first canonical axis 
primarily reflects an alkalinity-acidity gradient, pH is 
most strongly correlated with this axis, but P, Na, and 
shade are also correlated (+), and %HzO is inversely 
related (Table 7; Fig. 3). Degree of humification is 
also correlated with this axis (r = 0.35; p = 0.001). 
The second canonical axis reflects the gradient of Fe 
and P. CF1 and Na are inversely related to this axis, 
as is substrate depth (r = -0.39; p = 0.001). The third 
axis reflects trophic variation associated with P. pH and 
%H20 are inversely related to this axis. 

Species' positions on the biplot (Fig. 3) reflect opti- 
ma relative to the environmental gradients. Species 
centered at the alkaline end of the gradient include 
Sphagnum warnstorfii, Campylium stellatum, Rhytidi- 
adelphus triquetrus, Hylocomium splendens, Plagiom- 
nium ellipticum, Ptilium crista-castrensis, and Sphag- 
num wulfianum. Bazzania trilobata and Sphagnum gir- 
gensohnii are associated with relatively high P and Fe. 
Species related to high moisture and Fe include Sphag- 
num majus and S. papillosum. Cladopodiella fluitans 
and S. cuspidatum are also associated with high mois- 
ture. Species with high values for CF1 include Sphag- 
num flavicomans, Cladonia squamosa, and Cladina 
mitis. 
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Table 5. Means (and standard deviations) for selected environmental variables (units as in Table I) for the first 
four TWINSPAN dichotomies. Significantly different means determined by t-tests: ** p = 0.001; * p = 0.05. 

Variable Division 1 Division 2 Division 3 Division 4 

AB C A B A1 A2 B1 B2 

Ca 1.52 7.57* 0.64 2.76** 0.54 0.65 1.53 6.09** 

(2.98) (7.91) (2.05) (3.58) (0.67) (2.15) (1.58) (5.12) 

Fe 0.26 0.37 0.11 0.48** 0.15 0.11 0.48 0.47 

(0.46) (0.52) (0.18) (0.61) (0.22) (0.18) (0.63) (0.58) 

C1 1.54 3.29 1.50 1.60 0.75 1.59" 1.65 1.45 

(2.21) (3.86) (2.10) (2.36) (0.70) (2.19) (2.66) (1.34) 

pH 4.58 6.29** 4.17 5.13"* 4.31 4.16 4.65 6.41"* 

(1.09) (1.31) (0.61) (1.32) (0.62) (0.61) (0.85) (1.50) 

%H20 90.5 88.3 89.7 91.5" 92.5 89.4 92.4 89.2** 

(5.7) (5.7) (6.7) (3.8) (11.0) (6.0) (3.3) (4.2) 

Relief 28 22 28 28 9 30** 28 27 

(16) (13) (17) (16) (6) (16) (16) (16) 

Shade 90 89 85 98* 40 90** 97 98 

(40) (38) (38) (42) (32) (36) (41) (44) 

Substrate depth 3.8 3.0 4.7 2.6 ** 4.9 4.7 2.6 2.5 

(2.1) (2.0) (1.9) (1.7) (2.1) (1.9) (1.8) (1.6) 

Humification 3.0 4.7* 2.4 3.7** 1.4 2.5** 3.5 4.2 

(2.3) (1.6) (1.9) (2.5) (0.7) (2.0) (2.6) (2.3) 

Four of the major TWINSPAN groups are well 
discriminated by the CCA, and there are relatively 
few outliers (relev6s located outside a group's circum- 
scribed boundary) (Fig. 4). Group A1 occurs as a dis- 
crete cluster at low pH and relatively high %H20. This 
is a homogeneous group of relev6s as indicated by the 
small amount of ordination space it occupies. Group 
A2 also occurs at the low end of the pH gradient, as 
well as along CF1, indicating proximity to the coast. 
These relev6s are located at the low end of the Fe and 
P gradients. Group B 1 occurs along the same range of 
pH as Group A2 but is differentiated by higher %H20 
and Fe. Group B2 occurs at the higher end of the pH, 
P, and Fe gradients. Group C represents a very het- 
erogeneous group of relev6s spread along the length 
of axis 1, indicating a wide range of pH and %H20 
conditions. 

Discussion 

Sj6rs (1948) identified three gradients ("directions of 
variation") that are of primary importance in determin- 
ing patterns of peatland vegetation. They are degree 

of "minerotrophy" (which we interpret as alkalinity), 
height above the water table, and degree of openness 
from mire margin to mire expanse, which has been 
interpreted as a shade gradient (Vitt & Slack 1984; 
Janssens 1992). The direct gradient analyses of this 
study suggest that alkalinity is the most important gra- 
dient affecting the bryophytes and lichens of Maine's 
peatlands, pH is the best proxy to explain the biological 
variation along this gradient (covarying factors include 
Ca, alk, k . . . . .  Mg, and Si). These variables also are 
related to the major TWINSPAN divisions. A series 
of CCAs performed on only the relev6s with pH < 
4.75, with and without forward selection, still iden- 
tifies this gradient as primary (unpublished results). 
Gorham and Janssens (1992b) show that the pH gradi- 
ent explains most of the variance in a large bryophyte 
data base representing five major regions of North 
America. In a study of vegetation and water chemistry 
in fens of Alberta, Canada, Vitt and Chee (1990) found 
bryophyte distributions to be determined primarily by 
the alkalinity gradient. 

Most of the Sphagnum species and the lichens 
occur predominantly at the acidic end of the gradi- 
ent (Table 3). Exceptions to this distribution include 
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Table 6. Intra-set correlations of exploratory 
0.05. 

CCA axes with environmental variables. ** p = 0.001; * p = 

Variable Intra-set correlations Axis 1 Intra-set correlations Axis 2 Intra-set correlations Axis 3 

Ca 0.72** 0.14" -0.25** 

K 0.07 0.10 0.21" 

Mg 0,50"* 0.51"* 0.07 
P 0.21" 0.51"* 0.19" 

A1 0.08 0.58** -0.03 
Fe -0.07 0.62** -0.31"* 

Mn 0.00 0.51"* -0.22** 

Na 0.16" 0.12 0.37** 
Si 0.16" 0.60** -0.04 

Zn -0.12 0.16" -0.05 

C1 0.07 0.02 0.34** 

SO4 0.30"* 0.07 0.17" 
l%orr 0.55** 0.17" 0.11 
pH 0.64** 0.33** -0.22** 

DOC -0.04 0.00 0.08 

Alk 0.58** 0.20* -0.21" 

%H20 -0.41"* 0.14" -0.34** 

Minres 0.04 0.29** -0.02 

Shade 0.12 0.11 0.32** 

CF1 -0.03 -0.12 0.35** 
CF2 -0.04 0.38** -0.31"* 

Table 7. Canonical coefficients and intra-set correlations of CCA axes with environmental variables 
included by forward selection. ** p = 0.001; * p = 0.05. 

Variable Canonical Canonical Canonical Intra- Intra- Intra- 
coefti- coeffi- coeffi- set correla- set correla- set correla- 
cients Axis cients Axis cients Axis tions Axis tions Axis tions Axis 
1 2 3 1 2 3 

pH 0.78** 0.13 -0.55** 0.70** 0.33** -0.59** 
P 0.31"* 0.47** 0.76** 0.36** 0.55** 0.72** 

Fe -0.43** 0.74** -0.22* -0.09 0.68** -0.28** 
Na 0.22* -0.42** 0.05 0.28** -0.20* 0.01 

%H20 -0.42** 0.09 -0.16 -0.52** 0.21" -0.30** 

Shade 0.14" -0.06 -0.06 0.20* -0.03 -0.08 
CF1 0.01 -0.21" 0.11 0.06 -0.40** 0.14" 

S. teres, S. subsecundum, and  S. palustre, w h i c h  

h a v e  A W M  pHs  o f  6.01,  6.04,  and  6.08 respec t ive-  

ly, and  S. wulfianum and  S. warnstorfii, w h i c h  h a v e  

A W M  pHs  o f  7 .33 and  8.30. O f  the  c o m m o n  m e m -  

be r s  o f  the  A m b l y s t e g i a c e a e ,  Warnstorfiafluitans and 
Calliergon stramineum were  f o u n d  u n d e r  mode ra t e ly  

ac id ic  cond i t i ons  ( A W M  pH s  5.68 and  5 .62 respec-  

t ive ly)  and  Campylium stellatum u n d e r  m o r e  a lka-  

l ine  cond i t ions  ( A W M  p H  7.76) .  Our  A W M  p H  val -  

ues  for  M a i n e  b r y o p h y t e  species  c o r r e s p o n d  wel l  w i th  

those  p u b l i s h e d  by  G o r h a m  and  J ans sens  for  f ive pea t -  

land reg ions  across  no r the rn  N o r t h  A m e r i c a  (1992b) .  

Di f fe rences  b e t w e e n  the  two  s tudies  c an  be  par t ly  

exp l a ined  by  the  d i f fe r ing  scales  o f  the  s a m p l i n g  uni ts .  
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Fig. 4. Biplot of CCA axes 1 and 2 with forward selection showing 
environmental vectors and outlines of major TWINSPAN groups 
(letter-number coded). Outlines circumscribe scores of the relev~s 
in each major TWINSPAN group (except C). To preserve clarity, 
individual relev6s ate shown for Group C and for outlier relev6s 
in other groups. See Fig. 2 for i'elationships of major TWINSPAN 
groups. 

Janssens (1987) used 0.50 x 0.50 m quadrats posi- 
tioned to minimize microtopographic relief, with the 
dominant bryophyte in the center. Our 5 x 5 m relev6s 
reflect broader, larger scale patterns of variation. 

After alkalinity, the next most important gradient 
determining bryophyte/lichen distributions is related 
to Fe and P concentrations. Covarying with Fe and 
P are AI, Mn, and Si, indicating intimate association 
with granitic mineral soils. Shallowness of peat also 
appears to heavily influence this axis. This gradient 
is largely independent of (orthogonal to) the alkalinity 
gradient, and accounts for some of the differentiation 
of the poor fen associations. This factor complex has 
not previously been identified in quantitative investiga- 
tions of bryophyte/lichen distributions, either because 
the indicative elements were not measured or because 
they accounted for little of the variation in data sets 
from other regions. 

The long %H20 vector indicates its importance in 
explaining the biological variation (Fig. 3). A ranking 
of our taxa from wet to dry based on AWM %H20 com- 
pares well with data of Gorham and Janssens (1992b), 
with few exceptions. One of these is Sphagnum subse- 
cundum, for which our data indicate drier growing con- 
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ditions. Crum (1984) and our own field observations 
support the view of Gorham and Janssens (1992b). 
Another exception is Sphagnumpalustre, which grows 
in similar wet, relatively mineral-rich shrub and/or 
sedge fens, yet it also has a fairly low AWM %H20. 
Perhaps peats formed in such habitats have less water 
holding capacity and thus do not reflect well the actu- 
al growing conditions. The lichens as a group have 
among the lowest AWM %H20. 

Bryophyte/lichen distributions were also related to 
climate. CF1 was the last factor to be entered in the for- 
ward selected CCA. The species related to this vector, 
such as Sphagnum flavicomans and S. imbricatum, are 
primarily coastal (Damman 1977). All of the lichen 
species are also located high along this vector. The 
interpretation of CF1 as a measure of coastal influ- 
ence is supported by the PCA, which groups CF1 with 
Na and C1 (Table 1). Despite Maine's steep climat- 
ic gradients (McMahon 1990), the great variation in 
bryophytes and lichens to be found within a particu- 
lar peatland far outweighs differences in geographic 
distribution (between peatlands) due to macroclimate. 
However, climate has been found to be of primary sig- 
nificance, along with degree of mineral influence, in 
determining bryophyte distributions in western Cana- 
da (Gignac & Vitt 1990; Gignac et al. 1991). Most of 
that variance, as in this study, is due to the oceanic 
influence. For example, seven of 18 Sphagnum species 
are limited to oceanic peatlands (Gignac & Vitt 1990). 
When the oceanic sites are removed from the multi- 
variate analysis, the climate signal is much reduced 
(Gignac et al. 1991). 

We have maintained the distinction between S. 
capillifolium var. capillifolium (= S. nemoreum Scop.) 
and S. capillifolium var. tenellum (= S. rubellum Wils.) 
based on the characters given by Crum (1984). As 
Crum states, the two varieties grade into each other, so 
occasionally the identification is somewhat arbitrary. 
Apparently, the distinction between the two is clearer 
in Maine's cool, humid climate than in more conti- 
nental regions. Our data suggest that S. capillifolium 
var. capillifolium grows under slightly drier and higher 
pH and Ca conditions. It was usually found higher on 
the hummocks, just below S. fuscum, while S. capil- 
lifolium var. tenellum formed low hummocks or more 
typically, extensive lawns. 

We treated S. recurvum as an aggregate rather than 
distinguishing the three varieties (Crum 1984). This 
was considered necessary due to the extensive nature 
of this study, but perhaps more refined estimates of 
environmental optima could have been calculated and 
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differences revealed if they had been distiguished. 
Vitt and Slack (1984) discuss differences in ecolog- 
ical amplitude for two members of this group. They 
found that S. fallax and S. angustifolium had the least 
niche overlap for the gradient relating to height above 
the water table and the greatest overlap for pH and 
conductance. 

Conclusion 

Bryophyte and lichen distributions on Maine's peat- 
lands are determined primarily by mineral influences 
on peat interstitial water. The primary gradient is relat- 
ed to alkalinity, and a secondary gradient is related 
to Fe, P, AI, Mn, and Si concentrations. Less impor- 
tant, yet significant factors are moisture content of the 
peat, shade, and climate. The autecological data pre- 
sented here will be useful in paleoecological studies of 
peatland development. Quantitative reconstructions of 
edaphic conditions should be possible using weighted 
average calibrations, a logical extension of canonical 
correspondence analysis (ter Braak & Juggins 1993; 
Janssens et aL 1992). 
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