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SUMMARY 
 
Peatlands are being mapped globally because they are one of the largest pools of terrestrial carbon (C). Most 
inventories of C have been conducted in northern Sphagnum dominated peatlands or tropical peatlands. 
Northern white-cedar (cedar, Thuja occidentalis L.) peatlands are amongst the most common peatland types 
in the Great Lakes Region of North America, yet there is no information on their C pool sizes or rates of C 
accumulation. Therefore, the main objectives of this study were to determine: 1) the ages of cedar peatlands; 
2) the amount of C stored in the peat profile; and 3) the apparent long-term rate of C accumulation. We sampled 
14 cedar peatland sites across northern Minnesota and the Upper Peninsula of Michigan, USA. Cedar peat was 
found to be derived mostly from wood and to have an average thickness of 1.12 m (range 0.3–3.25 m). Basal 
dates indicated that cedar peatlands were initiated between 1,970 and 8,590 years ago, and they appear to have 
been continuously occupied by cedar. Long-term apparent rates of C accumulation (LARCA) ranged from a 
low of 6.4 g C m-2 yr-1 to a high of 39.7 g C m-2 yr-1, averaging 17.5 g C m-2 yr-1. Cedar peatlands tend to be 
shallower than Sphagnum peatlands in the region but, due to their higher bulk density (average 0.16 g cm-3), 
they contain high amounts of C with our sites averaging ~80 kg C m-2. Thus, they represent a regionally 
important pool of C. 
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INTRODUCTION 
 
Peatlands accumulate carbon (C) due to primary 
production exceeding decomposition and other losses 
(Clymo 1984). They are important in the global C 
budget, storing > 600 Gt C since the last glacial 
maximum (Yu et al. 2010). Peatlands store C at a 
disproportionately greater rate than upland 
ecosystems. They have been found to cover only 
~3 % of the global land area, but store ~30 % of the 
worlds’ soil C (Gorham 1991). Factors such as water 
table depth, plant community type and climate all 
affect the type and amount of peat C stored in each 
peatland (Loisel et al. 2014). 

Peat can be formed from many types of plants; 
with Sphagnum mosses, herbaceous plants and trees 
all being capable of producing deep peat deposits 
(Rydin & Jeglum 2013). Tree-dominated peatlands 
form a distinctive peatland type that is commonly 
called peat swamp or forested peatland. Peat swamp 
forms woody (silvic) peat, often with low bryophyte 
and herbaceous cover. The large differences between 
peat types (e.g., treed versus herbaceous versus 
Sphagnum moss) can result in important differences 
in physical and chemical attributes, which can in turn 
strongly influence C cycling (Bridgham et al. 1998). 
For instance, Sphagnum mosses contain a range of 

chemical compounds, not found in other plants, that 
inhibit decomposition (Rydin & Jeglum 2013); 
whereas woody peats characteristically have higher 
contents of cutin and lignin than herbaceous peats 
(Päivänen 1982). The large differences in growth 
form, substrate quality and production between 
sedges, Sphagnum and trees affect CO2 cycling and 
especially CH4 emissions (Updegraff et al. 1998); 
and it is likely that climate change will alter CO2 
cycling and CH4 emissions differently in different 
peatland types (Limpens et al. 2008). Therefore, it is 
important to start differentiating between peatland 
types if we are to better predict and model changes to 
these systems. 

Northern white-cedar (cedar, Thuja occidentalis 
L.) grows in a variety of habitats including limestone 
cliffs, sand dunes, riparian systems, abandoned farm 
fields and peatlands (Johnston 1977, Kost et al. 
2007). Cedar peatlands are commonly referred to as 
“cedar swamps” and are typically found in areas with 
calcium-rich groundwater (Chimner & Hart 1996). 
Cedar swamps are amongst the most diverse 
ecosystems of the Great Lakes region of the USA and 
eastern Canada and provide high-quality wildlife 
habitat, especially for deer (Odocoileus virginianus, 
Verme 1965). Most inventories of C storage in 
northern peatlands have been conducted in 
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Sphagnum dominated peatlands (Tolonen & Turunen 
1996, Yu et al. 2003). However, peatlands dominated 
by T. occidentalis are amongst the most common 
peatland types in the Great Lakes region of the USA 
and eastern Canada (Heitzman et al. 1997, Boulfroy 
et al. 2012). Consequently, the main objectives of 
this study were to determine: 1) the ages of cedar 
peatlands; 2) the amount of C stored in the peat 
profile; and 3) the long-term apparent rate of C 
accumulation in cedar peatlands in the Great Lakes 
Region. 

METHODS 
 
Site description 
We sampled 14 cedar peatland stands, located across 
northern Minnesota and the Upper Peninsula (UP) of 
Michigan (USA), during the summers of 2011 and 
2012. Cedar peatlands (Figure 1) were identified on 
the basis of dominance of cedar and the presence of 
cedar peat (Kost et al. 2007, Boulfroy et al. 2012). 
The coring locations were chosen at random, but 
were all at least 20 m away from the nearest boundary 

 
 

 
 

 
 
Figure 1. Photographs of a representative cedar swamp showing typical hummock and pool topography 
(above) and representative cedar peat in a Russian peat corer (below). Bottom photo shows the lower end 
of a core, with clearly visible wood chunks in the peat lying on top of mineral sediments. 
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between cedar peatland and upland. Given that cedar 
peatland typically occurs in large tracts and often 
grades into other peatland types, we did not attempt 
to quantify basin morphology or to calculate 
peatland-scale carbon storage for this study. 

Two peat cores were collected from each site, 
within 1 m of each other. A tile probe (a series of 
connecting rods) was used prior to coring to estimate 
peat thickness and help us to avoid hitting large 
woody debris. Because coring was made difficult by 
the high density of roots near the surface, we 
collected the top 50 cm of peat by cutting with a long 
serrated knife then gently inserting a 10.16 cm 
diameter PVC tube over the sample. The PVC tube 
was lifted from below to minimise compaction and 
loss of peat. Peat below 50 cm was cored with a 
Russian peat corer (Aquatic Research Instruments, 
Hope, Idaho, USA) in 50 cm increments (Figure 1). 
The cores were stored in 50 cm long sections of 
5.08 cm diameter PVC pipe that had been cut 
lengthwise, and the open sides and the ends were 
covered by wrapping in plastic film secured with duct 
tape. After transport to the Wetlands Laboratory at 
Michigan Technological University (MTU), the 
samples were immediately frozen (-23 °C, -10 °F) 
until further analysis. The specific conductivity and 
pH of soil water were measured in the excavated 
coring hole using a YSI63 meter (YSI Incorporated, 
Yellow Springs, Ohio, USA). 
 
Laboratory Methods 
We cut the frozen peat cores into 5 cm sections for 
subsequent analysis. Samples were then oven dried at 
110 °C to constant mass (~ 24 hours) (Chambers et 
al. 2011). Volume was calculated using the internal 
dimensions of the corers. The large surface cores 
were cut in half lengthwise, and an adjusted volume 
was calculated accordingly. Bulk density was 
calculated by dividing oven-dry mass by volume of 
the sample (Chambers et al. 2011). 

The 5 cm sections were divided into two 
subsections. One subsection was placed in a muffle 
oven at the Michigan Tech Soils Laboratory to 
determine loss on ignition (LOI) (Chambers et al. 
2011). Pre- and post-burn masses were measured and 
ash-free LOI was calculated (post-burn mass 
subtracted from pre-burn mass = LOI). Percent 
organic matter (OM) was calculated from LOI. The 
other subsection was ground and homogenised using 
a Spex Certi-Prep Mixer/Mill for 15 to 45 seconds. A 
subset of 98 samples were analysed for % C content 
using a Shimadzu TOC-5000 Total Organic Carbon 
Analyser. A regression of % OM to % C was then 
used to derive % C for all remaining samples. The 
linear  relationship  is  expressed  by  the  equation 

𝑦𝑦 = 0.4371𝑥𝑥 + 5.5568          (r2 = 0.78)  [1] 
 
with the independent variable (x) being % OM and 
the dependent variable (y) being % C. 

Long-term apparent rates of C accumulation 
(LARCA) were calculated using basal ages (date of 
initiation). Care was taken to select peat samples 
adjacent to the mineral substratum layer at the bottom 
of the core, which were sent to Beta Analytic in 
Miami, FL for 14C dating and calibrated to calendar 
dates (cal. yr. BP, BP = 1950) (Stuiver et al. 1998). 
LARCA was calculated as total peat C divided by 
basal age (Tolonen & Turunen 1996, Clymo & 
Turunen 1998). 
 
 
RESULTS 
 
For groundwater, mean pH ranged from 5.9 to 6.9 
with an average of 6.4; and specific conductivity 
ranged from 23 and 394 µS cm-1, averaging 
179 µS cm-1 (SD = 29) (Table 1). Peat thickness 
ranged from a low of 0.4 m to a high of 3.25 m and 
averaged 1.12 m (SD = 0.21, Table 1). Rates of 
vertical increase in peat thickness averaged 
0.25 mm yr-1 (Table 2). 

Across all sites and depths, bulk density averaged 
0.19 g cm-3 (Table 2); but it varied with depth and 
between sites. Bulk density was lowest in the 
uppermost 20 cm (0.13 g cm-3) and increased to an 
average of 0.17 g cm-3 below 20 cm depth (Figure 2). 
The C content of the peat had a narrow range of 38–
43 % across sites and depths, and a mean value of 
40.7 % (Table 2). Total C per core ranged from 
25 kg m-2 to 190 kg m-2, average 77 kg m-2 (Table 2). 

Basal dates indicate that these cedar sites initiated 
between 1,910 and 8,590 cal. yr. BP (Table 1). 
LARCA ranged from a low of 6.4 g m-2 yr-1 to a high 
of 39.7 g m-2 yr-1 and averaged 17.5 g m-2 yr-1 across 
all sites (Table 2). Older sites tended to be deeper 
than younger sites, but the correlation was not strong 
and some older sites were shallower than younger 
sites (Figure 3). There was also little correlation 
between initiation age and LARCA, with older sites 
accumulating as much C as many younger sites 
(Figure 3). However, there was a strong correlation 
between peat thickness and C storage (Figure 4). 
 
 
DISCUSSION 
 
Age of cedar swamps 
Our results indicate that cedar swamps are stable 
ecosystems that can create woody peat for thousands 
of   years.    We    observed    continuous    cedar   peat 
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Table 1. Site physical characteristics, Beta Anayltic laboratory number (ID#), 13C/12C quotient (δ13C), radiocarbon age (14C age), median 2 Sigma range, and calibrated 
age of basal date of peat. Specific conductivity and pH were obtained from groundwater at the site, peat thickness at the coring location, location of site by state and 
co-ordinates. 
 

Site ID# δ13C 
14C age 

(Cal BP) 
Calibrated age 

(yrs BP) 
median 

-2σ 
median 

+2σ pH 
Specific 

conductivity 
(µS cm-1) 

Peat  
thickness 

(m) 
State 

Co-ordinates 

N E 

Eagle Harbor 1 305347 -26.8 2460±30 2650 2360 2710 6.0 158 1.50 MI 47° 27' 09.1800", -088° 09' 04.5000" 

Eagle Harbor 2 305349 -27.2 2880±30 2990 2930 3080 6.6 23 1.50 MI 47° 27' 04.8600", -088° 09' 06.3600" 

Marsin 305348 -26.2 5880±40 6680 6640 6790 6.4 180 0.50 MI 47° 11' 00.1200", -088° 38' 33.5400" 

Christmas 305353 -25.7 2880±30 2990 2930 3080 6.0 136 0.40 MI 46° 26' 00.1800", -086° 40' 57.7800" 

Bob's Lake 1 305350 -22.5 5100±40 5900 5740 5920 6.8 394 0.50 MI 46° 12' 36.8400", -087° 30' 35.1000" 

Bob's Lake 2 331078 -25.3 7030±40 7900 7790 7950   3.25 MI 46° 12' 37.6000", -087° 30' 30.2000" 

Chassell 331076 -27.0 3800±40 4210 4080 4350 5.9 62 0.90 MI 46° 57' 43.1400", -088° 28' 00.6600" 

Sleeper Lake 331077 -27.6 7790±40 8590 8460 8630 6.6 223 0.90 MI 46° 34' 13.2600", -085° 34' 48.5100" 

Oldman Rd. 331079 -25.9 1970±30 1910 1870 1990 6.9 161 0.40 MN 48° 04'34.1400", -094° 26'43.0200" 

Hwy 71       6.0 108 1.45 MN 48° 01'29.1600", -094° 02'35.9400" 

Shingleton 1       6.4 310 0.95 MI 46° 22' 35.9400", -086° 26' 31.0200" 

Shingleton 2 331080 -21.3 3700±30 4040 3970 4100 6.7  0.95 MI 46° 22' 42.2400", -086° 26' 27.2400" 

Hwy 133 331081 -25.4 6760±40 7610 7570 7670 6.0 229 1.95 MN 47° 04' 15.6600", -092° 37' 53.8800" 

Boomer Rd.       6.9 166 0.60 MN 47° 11' 20.2800", -091° 41' 01.8600" 

Average  -25.5 4568 5043 4940 5115 6.4 179 112.50   

Standard Error  0.6 614 716 718 712 1.0 29 21   
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Table 2. Average peat characteristics of cedar swamps. Carbon content and bulk density are averaged 
throughout each profile. Peat height growth and long-term apparent carbon accumulation rate (LARCA) are 
calculated from basal dates. 
 

Site 
Carbon 
content 

(%) 

Bulk 
density 
(g cm-3) 

Total 
carbon 

(kg C m-2) 

Height 
growth 

(mm yr-1) 

LARCA  
(g C m-2 yr-1) 

Eagle Harbor 1 40.7 0.22 105.1 0.57 39.7 

Eagle Harbor 2 43.3 0.16 103.2 0.50 34.5 

Marsin 36.3 0.38 55.4 0.07 8.3 

Christmas 39.1 0.19 28.7 0.13 9.6 

Bob's Lake 1 40.5 0.28 56.3 0.08 9.5 

Bob's Lake 2 40.3 0.15 189.2 0.41 24.0 

Chassell 40.9 0.13 48.1 0.21 11.4 

Sleeper Lake 41.2 0.15 55.2 0.10 6.4 

Oldman Rd. 39.9 0.16 25.0 0.21 13.1 

Hwy 71 43.3 0.14 88.1   

Shingleton 1 42.6 0.17 68.6   

Shingleton 2 36.7 0.20 70.2 0.24 17.4 

Hwy 133 43.1 0.18 141.6 0.26 18.6 

Boomer Rd. 42.5 0.17 40.5   

Average 40.7 0.19 76.9 0.25 17.5 

Standard Error 0.60 0.02 12.2 0.05 3.3 
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Figure 2. Bulk density profile in the top 140 cm averaged across all sites (14 cores). 
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Figure 3. Plots of (A) peat thickness and 
(B) LARCA against cedar swamp basal age. 

 
throughout all the cores (cedar peat has a distinctive 
colour and texture that is easily distinguishable). 

Cedar has several traits that allow it to be the 
dominant peat producing plant in these ecosystems. 
It is the longest-living tree species (up to 400 years) 
in peatlands in this region (Boulfroy et al. 2012). All 
other trees that commonly occur in cedar swamps 
(e.g., Abies balsamea L., Larix laricina (Du Roi) K. 
Koch, Fraxinus nigra Marshall) are much shorter-
lived species that die out leaving cedar as the 
dominant overstorey species (Boulfroy et al. 2012). 
Many late successional species have difficulty 
regenerating in their own shade; however, cedar 
regenerates readily in shady conditions. Most cedar 
reproduction in swamps has been attributed to 
vegetative layering (Curtis 1946, Nelson 1951), 
although cedar can also reproduce from seed under 
favourable light and hydrological conditions 
(Chimner & Hart 1996, Kost et al. 2007). Young 
cedar trees are shade tolerant and can exist in the 
understorey for years to decades, growing very 
slowly - they can take 20 years to reach one metre tall 
in shade (Johnston 1977). Also, cedar wood is rot-
resistant and decays very slowly (Boulfroy et al. 
2012), which may assist in peat formation. 

The initiation of cedar swamps has been 
continuous since the continental glaciers receded 
(11,000 to ~8,500 BP; Derouin et al. 2007). Areas 
adjacent to Lake Superior became exposed as water 
levels dropped to their current positions during the 
period 4,000 to 2,100 cal. yr. BP (Johnston et al. 
2004), and some of the newly exposed land became 
wetlands and peatlands. Our coastal cedar sites 
(Eagle Harbor and Christmas) had peat initiation 
dates ranging from 2,880 to 2,460 cal. yr. BP. Basal 
dating of three nearby Sphagnum dominated coastal 
peatlands in the Western UP showed that these 
peatlands were also initiated between 2,570 and 
1,830 cal. yr. BP (Boisvert 2009). It appears that 
cedar sites formed in exposed coastal areas which had 
higher groundwater pH, whereas Sphagnum 
dominated communities formed directly on top of 
exposed beach sand with lower pH values (Boisvert 
2009).  

Our non-coastal cedar peatlands had basal peat 
dates that ranged from 8,590 yr BP to 1,910 yr BP. It 
is likely that most of these sites were formed from 
sedge fens after conditions became dry enough for 
cedar establishment (Glaser 1987). This is supported 
by our core data, as most of these sites had a thin 
basal layer of sedge peat underlying the cedar peat. It 
has been suggested that cedar swamps can overtake 
sedge fens, but the exact mechanisms are unknown 
(Cushing 1963, Heinselman 1963). Based on recent 
studies of the reproductive success of cedar in 
swamps, cedar encroachment on a sedge fen may 
only be possible if there are drier areas within the fen 
to provide more aerobic conditions (Chimner & Hart 
1996). Other possible methods of encroachment 
could involve wind-thrown cedar from outside the 
fen falling into the fen and vegetatively sprouting 
from branches (Curtis 1946). 
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Figure 4. The relationship between total carbon 
storage of cedar swamps and peat thickness. 
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Long-term carbon accumulation of cedar 
peat 
The cedar swamps we sampled were located on 
common soil types for cedar swamps, including: 
Carbondale, Tawas, Lupton and Cathro mucks 
(Boulfroy et al. 2012). The thickness of the peat layer 
averaged just over 1 m, with a maximum depth of 
3.25 m. In contrast, peat thickness at Sphagnum 
peatlands in the region averages ~3.5 m (Gorham et 
al. 2003, Limpens et al. 2008, Chimner et al. 2014). 
However, cedar peatlands have much denser peat 
(0.16 g cm-3) than Sphagnum peatlands (~0.10 g cm-3) 
(Yu et al. 2003, Chimner et al. 2014); so even though 
cedar peatlands are shallower, they hold only slightly 
smaller quantities of C than Sphagnum peat (Chimner 
et al. 2014). 

Cedar swamps had on average ~80 kg C m-2 stored 
as peat, which does not include above-ground 
biomass. Upland forest stands store 67–88 Mg C ha-1 
above ground with an additional 5–19 Mg C ha-1 in 
standing and fallen woody debris (Weishampel et al. 
2009). Live biomass in cedar stands is similar to that 
in upland forests, but with much greater amounts of 
standing and fallen woody debris. If the maximum 
values from upland forests (Weishampel et al. 2009) 
were applied to cedar swamps, they would have 
800 Mg C ha-1 plus 88 Mg C ha-1 of live biomass and 
19 Mg C ha-1 of dead woody debris, so we estimate 
that they can store roughly 900 Mg C ha-1 in total.  

Sphagnum peatlands in the northern latitudes of 
North America have been found to have an average 
LARCA between 25 and 30 g C m-2 yr-1 (van Bellen 
et al. 2011). Sphagnum peatlands in Finland have 
been found to have similar LARCAs of 17–19 g C    
m-2 yr-1 (Turunen & Moore 2003). These values for 
Sphagnum peatlands are similar to our measured 
values for cedar swamps, which had an average 
LARCA of 17.5 g C m-2 yr-1. 

Peatlands that create woody peat have been 
insufficiently studied in the temperate and boreal 
regions. However, peat swamps have become a focus 
of intense study in tropical regions, where most peat 
is formed from trees (Chimner & Ewel 2005). 
Tropical forested peatlands have been shown to store 
large quantities of C in Indonesia (~2700 Mg C ha-1) 
and the Amazon Basin (~1500 Mg C ha-1) (Page et 
al. 2011, Lähteenoja et al. 2012, Draper et al. 2014). 
These C pools are much larger than those measured 
in this study (~800 Mg C ha-1), due to the much 
greater peat thickness and C content found in the 
tropics. For instance, average peat thickness is 
approximately 5 m in Indonesia (Jaenicke et al. 2008, 
Page et al. 2011) and 2.5 m in Peru (Lähteenoja et al. 
2009a, Draper et al. 2014), whereas it is just over 1 m 
in our USA sites according to this study. The average 

% C content of tropical swamp peat also appears to 
be greater, with average values of 49.5 % in Indonesia 
(Warren et al. 2012) and 46 % in Peru (Lähteenoja et 
al. 2009a), compared to the 41 % for temperate cedar 
peat determined in this study. However, cedar peat 
appears to be denser, with an average bulk density of 
0.19 g cm-3, compared to average bulk densities of 
0.13 g cm-3 in Indonesia (Warren et al. 2012) and 
0.07 g cm-3 in Peru (Lähteenoja et al. 2009a,b). 
Tropical swamps also accumulated C faster than our 
temperate swamps, which had an average LARCA of 
20.5 g C m-2 yr-1. Peatlands in the Amazon had a 
mean long-term accumulation rate of 2.2 mm yr-1 and 
a LARCA of 66 g C m-2 yr-1 (Lahteenoja et al. 2009a), 
while forested tropical peatlands in Indonesia have 
been found to grow at rates as high as 20 mm yr-1 with 
average values for accumulation rate of 8 mm yr-1 and 
for LARCA of 56 g C m-2 yr-1 (Page et al. 2004). 

In conclusion, we found that cedar peatlands 
could be a major long-term sink of C in the Great 
Lakes Region. There is currently no regional estimate 
of the area of cedar peatland in the landscape from 
which we could calculate a C pool, but cedar swamp 
peat is likely to be a regionally important C pool 
given its density and coverage. This study was not 
designed to quantify cedar peatland C stocks on a 
peatland or regional scale. However, using the NRCS 
web soils database “Web Soil Survey 3.0” and known 
soils that form cedar peat (Cathro, Tawas, Lupton and 
Carbondale mucks), we can calculate that there is 
~420,000 ha of cedar peat in the Upper Peninsula of 
Michigan (Web Soil Survey 2013). Multiplying this 
area by our average C density and thickness 
measurements, we estimate that there is roughly 
0.33 Gt of cedar peat in the Upper Peninsula of 
Michigan. Given the wide distribution of cedar in 
Eastern North America, the quantity of C in cedar 
peat is likely to be several Gt, and thus to represent a 
regionally important pool of C. 
 
 
ACKNOWLEDGEMENTS 
 
We thank Brian Ott for assistance with soil sampling. 
We also acknowledge McIntire-Stennis for partially 
funding the project and two anonymous reviewers for 
greatly enhancing this manuscript. 
 
 
REFERENCES 
 
Boisvert, E.A. (2009) Initiation and Development of 

Three Lake Superior Coastal Peatlands. MSc 
thesis, Michigan Technological University, 71 pp. 

Boulfroy, E., Forget, E., Hofmeyer, P.V., Kenefic, 



C.A. Ott & R.A. Chimner   PEAT ACCUMULATION IN GREAT LAKES FORESTED PEATLANDS 
 

 
Mires and Peat, Volume 18 (2016), Article 01, 1–9, http://www.mires-and-peat.net/, ISSN 1819-754X 

© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2015.OMB.182 
 

8 

L.S., Larouche, C., Lessard, G., Lussier, J-M., 
Pinto, F., Ruel, J-C. & Weiskittel, A. (2012) 
Silvicultural Guide for Northern White-Cedar 
(Eastern White Cedar). General Technical Report 
NRS-98, Department of Agriculture, Forest 
Service, Northern Research Station, Newtown 
Square, PA, USA, 74 pp. 

Bridgham, S.D., Updegraff, K. & Pastor, J. (1998) 
Carbon, nitrogen, and phosphorus mineralization 
in northern wetlands. Ecology, 79, 2571–2571.  

Chambers, F.M., Beilman, D.W. & Yu, Z. (2011) 
Methods for determining peat humification and 
for quantifying peat bulk density, organic matter 
and carbon content for palaeostudies of climate 
and peatland carbon dynamics. Mires and Peat, 
7(07), 1–10. 

Chimner, R.A. & Ewel, K.C. (2005) A tropical 
freshwater wetland: II. Production, 
decomposition, and peat formation. Wetlands 
Ecology and Management, 13, 671–684. 

Chimner, R.A. & Hart, J.B. (1996) Hydrology and 
microtopography effects on northern white-cedar 
regeneration in Michigan’s Upper Peninsula. 
Canadian Journal of Forest Research, 26, 389–
393. 

Chimner, R.A., Ott, C.A., Perry, C.H. & Kolka, R.K. 
(2014) Developing and evaluating rapid field 
methods to estimate peat carbon. Wetlands, 34, 
1241–1246. 

Clymo, R.S. (1984) The limits to peat bog growth. 
Philosophical Transactions of the Royal Society 
of London, Series B, Biological, 605–654. 

Clymo, R.S. & Turunen, J. (1998) Carbon 
accumulation in peatland. Oikos, 81, 368–388. 

Curtis, J.D. (1946) Preliminary observations on 
Northern White Cedar in Maine. Ecology, 27, 23–
36. 

Cushing, E.J. (1963) Late-Wisconsin Pollen 
Stratigraphy in East-Central Minnesota. PhD 
dissertation, University of Minnesota, 
Minneapolis, 165 pp. 

Derouin, S.A., Lowell, T.V. & Kajdas, I. (2007) 
Landscape evolution and deglaciation of the 
Upper Peninsula, Michigan: An examination of 
chronology and stratigraphy in kettle lake cores. 
Journal of Great Lakes Research, 33, 875–886. 

Draper, F., Roucoux, K., Lawson, I., Mitchard, E., 
Coronado, E., Lahteenoja, O., Montenegro, L., 
Sandoval, E., Zarate, R. & Baker, T. (2014) The 
distribution and amount of carbon in the largest 
peatland complex in the Amazonia. 
Environmental Research Letters, 9(12), 124017. 

Glaser, P.H. (1987) The Ecology of Patterned Boreal 
Peatlands of Northern Minnesota: A Community 
Profile. Report 85(7.14), US Fish and Wildlife 

Service, Washington DC, 98 pp.  
Gorham, E. (1991) Northern peatlands: role in the 

carbon cycle and probable responses to climatic 
warming. Ecological Applications, 1, 182–195. 

Gorham, E., Janssens, J.A. & Glaser, P.H. (2003) 
Rates of peat accumulation during the postglacial 
period in 32 sites from Alaska to Newfoundland, 
with special emphasis on northern Minnesota. 
Canadian Journal of Botany, 81, 429–438. 

Heinselman, M.L. (1963) Forest sites, bog processes, 
and peatland types in the Glacial Lake Agassiz 
region, Minnesota. Ecological Monographs, 33, 
327–374. 

Heitzman, E., Pregitzer, K.S. & Miller, R.O. (1997) 
Origin and early development of northern white-
cedar stands in northern Michigan. Canadian 
Journal of Forest Research, 27, 1953–1961. 

Jaenicke, J., Rieley, J.O., Mott, C., Kimman, P. & 
Siegert, F. (2008) Determination of the amount of 
carbon stored in Indonesian peatlands. Geoderma, 
147, 151–158. 

Johnston, J.W., Baedke, S.J., Booth, R.K., 
Thompson, T.A. & Wilcox, D.A. (2004) Late 
Holocene lake-level variation in southeastern 
Lake Superior: Tahquamenon Bay, Michigan. 
Journal of Great Lakes Research, 30, 1–19. 

Johnston, W.F. (1977) Manager’s Handbook for 
Northern White Cedar in the North Central States. 
General Technical Report NC-35, North Central 
Forest Experiment Station, Forest Service, US 
Department of Agriculture, St. Paul, MN, 18 pp. 

Kost, M.A., Albert, D.A., Cohen, J.G., Slaughter, 
B.S., Schillo, R.K., Weber, C.R. & Chapman, 
K.A. (2007) Natural Communities of Michigan: 
Classification and Description. Report No. 2007-
21, Michigan Natural Features Inventory, 
Lansing, MI, 317 pp. 

Lähteenoja, O., Reátegui, Y.R., Räsänen, M., Torres, 
D.D.C., Oinonen, M. & Page, S. (2012) The large 
Amazonian peatland carbon sink in the subsiding 
Pastaza-Marañón foreland basin, Peru. Global 
Change Biology, 18, 164–178. 

Lähteenoja, O., Ruokolainen, K., Schulman, L. & 
Alvarez, J. (2009a) Amazonian floodplains 
harbour minerotrophic and ombrotrophic 
peatlands. Catena, 79, 140–145. 

Lähteenoja, O., Ruokolainen, K., Schulman, L. & 
Oinonen, M. (2009b) Amazonian peatlands: an 
ignored C sink and potential source. Global 
Change Biology, 15, 2311–2320. 

Limpens, J., Berendse, F., Blodau, C., Canadell, J. 
G., Freeman, C., Holden, J., Roulet, N., Rydin, H., 
& Schaepman-Strub, G. (2008) Peatlands and the 
carbon cycle: from local processes to global 
implications - a synthesis. Biogeosciences, 5, 



C.A. Ott & R.A. Chimner   PEAT ACCUMULATION IN GREAT LAKES FORESTED PEATLANDS 
 

 
Mires and Peat, Volume 18 (2016), Article 01, 1–9, http://www.mires-and-peat.net/, ISSN 1819-754X 

© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2015.OMB.182 
 

9 

1475–1491. 
Loisel, J., Yu, Z., Beilman, D.W., Camill, P., Alm, J., 

Amesbury, M.J., Anderson, D., Andersson, S., 
Bochicchio, C., Barber, K., Belyea, L.R., 
Bunbury, J., Chambers, F.M., Charman, D.J., De 
Vleeschouwer, F., Fiakiewicz-Kozie, B., 
Finkelstein, S. A., Galka, M., Garneau, M., 
Hammarlund, D., Hinchcliffe, W., Holmquist, J., 
Hughes, P., Jones, M.C., Klein, E.S., Kokfelt, U., 
Korhola, A., Kuhry, P., Lamarre, A., 
Lamentowicz, M., Large, D., Lavoie, M., 
MacDonald, G., Magnan, G., Makila, M., Mallon, 
G., Mathijssen, P., Mauquoy, D., McCarroll, J., 
Moore, T.R., Nichols, J., O’Reilly, B., Oksanen, 
P., Packalen, M., Peteet, D., Richard, P.J., 
Robinson, S., Ronkainen, T., Rundgren, M., 
Sannel, B.K., Tarnocai, C., Thom, T., Tuittila, E-
S., Turetsky, M., Valiranta, M., van der Linden, 
M., van Geel, B., van Bellen, S., Vitt, D., Zhao, 
Y. & Zhou, W. (2014) A database and synthesis 
of northern peatland soil properties and Holocene 
carbon and nitrogen accumulation. The Holocene, 
24, 1028–1042. 

Nelson, T.C. (1951) A Reproduction Study of 
Northern White Cedar, Including Results of 
Investigations Under Federal Aid in Wildlife 
Restoration Project Michigan 49-R. Game 
Division, Department of Conservation, Lansing, 
MI, 100 pp. 

Page, S.E., Rieley, J.O. & Banks, C.J. (2011) Global 
and regional importance of the tropical peatland 
carbon pool. Global Change Biology, 17, 798–
818. 

Page, S.E., Wűst, R.A.J., Weiss, D., Rieley, J.O., 
Shotyk, W. & Limin, S.H. (2004) A record of Late 
Pleistocene and Holocene carbon accumulation 
and climate change from an equatorial peat bog 
(Kalimantan, Indonesia): implications for past, 
present and future carbon dynamics. Journal of 
Quaternary Science, 19, 625–635. 

Päivänen, J. (1982) Main physical properties of peat 
soils. In: Laine, J. (ed.) Peatlands and Their 
Utilization in Finland. Finnish Peatland Society, 
Helsinki, 33–36. 

Rydin, H. & Jeglum, J.K. (2013) The Biology of 
Peatlands. Second edition, Oxford University 
Press, Oxford, 335 pp. 

Stuiver, M., Reimer, P.J. & Braziunas T.F. (1998) 
High-precision radiocarbon age calibration for 
terrestrial and marine samples. Radiocarbon, 
40(3), 1041–1083. 

Tolonen, K. & Turunen, J. (1996) Accumulation 
rates of carbon in mires in Finland and 
implications for climate change. The Holocene, 6, 
171–178. 

Turunen, J. & Moore, T.R. (2003) Controls on carbon 
accumulation and storage in the mineral subsoil 
beneath peat in Lakkasuo mire, central Finland. 
European Journal of Soil Science, 53, 279–286. 

Updegraff, K., Bridgham, S.D., Pastor, J. & 
Weishampel, P. (1998) Hysteresis in the 
temperature response of carbon dioxide and 
methane production in peat soils. 
Biogeochemistry, 43, 253–272. 

van Bellen, S., Garneau, M. & Booth, R.K. (2011) 
Holocene carbon accumulation rates from three 
ombrotrophic peatlands in boreal Quebec, 
Canada: Impact of climate-driven 
ecohydrological change. The Holocene, 21, 1217–
1231. 

Verme, L.J. (1965) Swamp conifer deeryards in 
northern Michigan, their ecology and 
management. Journal of Forestry, 63, 523–529. 

Warren, M.W., Kauffman, J.B., Murdiyarso, D., 
Anshari, G., Hergoualc’h, K., Kurnianto, S., 
Purbopuspito, J., Gusmayanti, E., Afifudin, M., 
Rahajoe, J., Alhamd, L., Limin, S. & Iswandi, A. 
(2012) A cost-efficient method to assess carbon 
stocks in tropical peat soil. Biogeosciences, 9, 
4477–4485. 

Web Soil Survey (2013) USDA Natural Resources 
Conservation Service (NRCS). Online at: 
http://websoilsurvey.nrcs.usda.gov/app/HomePa
ge.htm. 

Weishampel, P., Kolka, R. & King, J.Y. (2009) 
Carbon pools and productivity in a 1-km2 
heterogeneous forest and peatland mosaic in 
Minnesota, USA. Forest Ecology and 
Management, 257, 747–754. 

Yu, Z., Vitt, D.H., Campbell, I.D. & Apps, M.J. 
(2003) Understanding Holocene peat 
accumulation pattern of continental fens in 
western Canada. Canadian Journal of Botany, 81, 
267–282. 

Yu, Z., Loisel, J., Brosseau, D.P., Beilman, D.W. & 
Hunt, S.J. (2010) Global peatland dynamics since 
the Last Glacial Maximum. Geophysical 
Research Letters, 37(13). 

 
 
Submitted 31 Mar 2015, revision 11 Nov 2015 
Editor: Stephan Glatzel

_______________________________________________________________________________________ 
Author for correspondence: 
Professor  Rodney A. Chimner, Michigan Technological University, 1400 Townsend Drive, Houghton MI 
49931, USA.   Email: rchimner@mtu.edu 


	Long-term peat accumulation in temperate forested peatlands
	(Thuja occidentalis swamps) in the Great Lakes region of North America
	SUMMARY
	METHODS
	RESULTS
	DISCUSSION

	ACKNOWLEDGEMENTS

