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PREFACE

This paper compiles information about Sphagnum-dominated peatlands of western Washington.  It

concentrates primarily on low-elevation peatlands, defined as those being below about 600 meters (2,000

feet) mean sea level (msl).  The format of this paper follows that of the U.S. Fish and Wildlife Service for

community profiles of wetland ecosystems.  Even though the format is that of a community profile, the

amount of research information available for western Washington peatlands is considerably less than for

other community profiles in this format, specifically the peatlands of northern Minnesota (Glaser 1987) and

tundra ponds of the arctic coastal plain (Hobbie 1984).

Other than the early work of George Rigg and others in the 1940s and 50s, little data have been

generated about western Washington peatlands.  Except for work on vegetation communities by Kunze

(1994), most of the information that does exist has been produced in connection with development

proposals rather than by university or government researchers, making access to the information

extremely difficult for most wetland scientists.  This Community Profile synthesizes this disparate and

largely unpublished information and makes it more widely available to wetland scientists, researchers and

regulators.  This effort was motivated by a concern that Sphagnum-dominated peatlands are in peril in

much of western Washington.  The lack of information has made effective conservation efforts difficult to

pursue.  It is our hope, therefore, that the information presented in this report will be of value in fashioning

better protection measures, formulating much-needed research activity, and in enhancing an

understanding and appreciation of these unique wetlands.
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CHAPTER 1: INTRODUCTION

Sphagnum-dominated peatlands are relatively scarce in the western Washington.  A casual perusal of the
King County Sensitive Areas folio leads to the realization that wetlands in which at least some portion of
the plant community Sphagnum-dominated comprise only about three per cent of the total inventoried
wetlands (extracted from King County, 1980).  These peatlands, by definition, have Sphagnum mosses
forming the predominant portion of the ground layer. The Sphagnum typically forms a hummocky
topography of small mounds, although flat expanses also occur.  Ericaceous shrubs that are very
uncommon in western Washington, apart from Sphagnum substrates, are frequently found growing in
these peatlands.  In particular, Ledum groenlandicum (Labrador tea), Kalmia microphylla (bog laurel) and
Vaccinium oxycoccous (bog cranberry) are especially common on the Sphagnum mat 1 (see Figure 1.1,
1.2 and cover photograph).  In addition to supporting a unique community of ericaceous shrubs and other
plants, Sphagnum-dominated peatlands are acidic and typically have tea-stained waters rich in tannins
and organic acids.

The purpose of this document is to present information that currently exists about the Sphagnum-
dominated peatlands2 of lowland western Washington and to place that information in the context of our
understanding, primarily from literature sources, of other Sphagnum-dominated peatlands elsewhere in
the northern hemisphere. Even though Washington's peatlands are poorly studied, sharing the information
that is available can help wetland scientists establish a common base of knowledge about this infrequent
wetland type.  It is also hoped that this document will make obvious the need for better data to understand
and manage these unique wetlands.

1.1 Paper Organization
This report is Phase one of a two-part

Community Profile of western Washington

peatlands.  This first phase consists of five

Chapters covering the basic physical,

chemical and vegetation information

available for this area.  Additional draft

chapters presenting initial management

and research recommendations are

provided in Appendix A. References are at

the end of each Chapter, and a

bibliography of peatland literature is in

Appendix D.

Chapter One describes some of the basic

terminology and classification schemes related to peatlands, summarizes the gradients operating in

peatlands, and presents the basis for identification of peatlands included in the report.

                                           
1 In a survey of 30 peatlands in King County, Ledum groenlandicum, occurred in all 30,  Kalmia microphylla occurred
in    67%, and Vaccinium oxycoccous occurred in 57% (L. Kulzer, unpublished field notes).

FIGURE 1.1  Kalmia microphylla in bloom with Ledum foliage
in background.
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FIGURE 1.2 Ledum groenlandicum in bloom.

Chapter Two discusses the physiographic provinces of western Washington and the physical properties

of Sphagnum-dominated peatlands, both in a general sense, and specifically those identified in

Appendix B of this report.

Chapter Three presents water chemistry information available for four Sphagnum-dominated peatlands.

Chemical characteristics of other water sources that may influence Sphagnum-dominated peatlands, such

as precipitation, groundwater, and chemistry data for other surface waters, are also presented.

The fourth Chapter discusses the biology, taxonomy, and ecology of Sphagnum species found in

western Washington.  Many of the underlying factors that affect the distribution of the Sphagnum species

of western Washington peatlands are summarized.

Chapter Five covers the vegetation of Sphagnum-dominated peatlands.  Information on the vegetation of

Sphagnum-dominated peatlands in western Washington relies primarily by Kunze (1994).

Appendix A contains

drafts of two important

chapters that will be

finalized when all the

information in Phase 2

has been assembled.

Those drafts are on

preliminary

management guidelines

and research needs.

Appendix B presents

information about the

location and

characteristics of

Sphagnum-dominated

peatlands of western

Washington lowlands

by county.  Appendix C contains expanded physical, water chemistry and vegetation information

summarized in Chapters 2 through 5.  A bibliography for Sphagnum-dominated peatland literature,

arranged by author, is presented in Appendix D.  Appendix E is a draft key to the Sphagnum species

found in western Washington.

                                                                                                                                            
2 Sphagnum-dominated peatlands are those peat-accumulating systems in which Sphagnum mosses dominate the
lowest layer of vegetation.  Acid peatland is also used interchangeably with the term Sphagnum-dominated peatland.
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1.2 Conditions Favoring Formation of Sphagnum-dominated Peatlands
Peatlands occur when the rate of production of organic material exceeds the rate of decomposition

(Moore and Bellamy 1974), causing partially decomposed organic matter to accumulate3.  It is not so

much that the production of organic matter is unusually high in peatlands, but that the rate of

decomposition is unusually low (Craft and Richardson 1993; Reader and Stewart; 1972).  This slowed rate

of decomposition is typically due to a combination of water-logging, acidity, and anoxic conditions (Clymo

1984; Malmer 1986; Glasser 1987; Crum 1992).  Gignac and Vitt, 1994,.state that the two most important

factors maintaining slowed decomposition rates are cold temperatures and high water levels. Most

investigators classify wetlands as peatlands when the amount of organic material accumulates deeper

than 30 to 40 cm (12 to 16 inches) (Kivinen and Pakarinen 1981; in Glaser 1987; Gorham et al. 1984;

USDA 1975; Zoltai 1987; Zoltai et al. 1988).  The National Wetlands Working Group of Canada uses 40

cm (16 inches) as the division between peatlands and non-peat-forming wetlands (National Wetlands

Working Group 1988).

Peatlands are, in large measure, a product of northern climates.  The United States ranks third in world

peatland resources (Vitt 1994), with Canada and the Commonwealth of Independent States, formerly the

USSR, far outranking it in terms of peatland area4.  The vast majority of U.S. peatlands are in Alaska.

Washington has relatively few peat resources, ranking 21st of all 50 states in the extent of peat soils

(Malterer 1996).

A typical set of allogenic, or external factors, are associated with acid, or Sphagnum-dominated peatlands.

First, in the water balance, precipitation exceeds evapotransportation.  This can occur either because of

very high rainfall and mild temperatures, as in maritime climates, or in situations of more moderate rainfall

but lower average annual temperatures, as in more northerly continental climates. Moisture deficit, defined

as precipitation minus potential evapotransporation, is another way to describe the water balance, and

acid peatlands are found where the moisture deficit is positive.  Secondly, the substrate tends to be

infertile.  Glaciated regions and granitic substrates are common in areas with Sphagnum-dominated

peatlands.  These parent materials tend to be low in available nutrients and minerals.  Thirdly, poor

drainage and stagnant water are also requisites for the development of acid peatlands.  Poor or stagnant

drainage occurs in plateaus, drainage divides or "saddles," river flood plains, and coastal strand areas.

Acid peatlands can also develop in stagnant zones created by surface water flow obstructions within more

extensive peatland complexes (Glasser 1994; Halsey, Vitt and Zoltai 1997).

                                           
3 Accumulated organic matter is classified by soil scientists as either peat or muck, depending on the degree of
decomposition.
4 Canada has about 170 million hectares of peatlands, the Commonwealth of Independent States (formerly USSR)
about 150 million hectares, and the U.S. about 36 million hectares (Vitt, 1994).
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In western Washington, Sphagnum-dominated peatlands are concentrated in the Puget Sound lowlands,

particularly Snohomish, King and southern Mason Counties.5  These areas have high annual rainfall, mild

winter temperatures, and cool summer temperatures.

1.3 Peatland Classification: the Bog to Fen Gradient
Terminology in peatland literature is particularly challenging.  The development of peatland naming

conventions or classifications will be summarized in this section, followed by definitions of the more

common terms that describe peatland features in Section 1.4.  A glossary of terms is found at the end of

the paper, following Chapter Five.

Investigators from different countries have developed distinct sets of terminology throughout the 20th

century to describe the peatlands of their respective areas.  Often, a naming convention developed in one

area did not adequately differentiate the peatland characteristics in other areas.  New names or

redefinition of old names occurred to fit different physical features or different ideas about the importance

of allogenic or autogenic peatland influences.  In general, though, the terms bog and fen are the most

commonly used to describe different types of peatlands.  Both bogs and fens are peat accumulating

systems.  Bogs and fens can be thought of as describing a continuum of peatlands, rather than two

distinct, separate groupings.  In this continuum, the variables of vegetation (Sphagnum vs. sedge

dominated), chemistry (acidic vs. circumneutral) and source of water (rainfall vs. groundwater) differ along

gradients.  These three variables have been the ones most often used by scientists to differentiate

peatlands along the bog-to-fen continuum.  Although the two extremes of the bog-to-fen continuum would

bear the same name (bog or fen) using any of the variables, peatlands in between the two extremes would

be named differently depending on whether vegetation, chemistry, or source of water is used to distinguish

them.  Even recently, significant discussion pertaining to naming conventions appears in scientific journals

(Bridgham 1996; Wheeler and Proctor 2000).

One of the first peatland classification systems was developed by Weber (1909, reviewed in Zoltai 1988).

It was based on the physiogomy or cross-sectional profile of the peatland.  Weber differentiated between

hochmoore and niedermoore, with an intermediate ubergangmoore.  Generally, these German terms

correspond to the English terms bog (hochmoore) and fen (niedermoore).  In the first half of the 20th

century, the terms bog and fen were used relatively loosely to define peatlands with differing

characteristics along several gradients that included acidity as well as vegetation.

In the 1950s, the terms bog and fen were further differentiated by the Scandinavian scientists DuRietz and

Sjors.  Both investigators distinguished between bogs and fens based on floristic makeup; however, Sjors

also investigated the pH characteristics of the categories he established based on floristics.  DuRietz

(1949) established four categories: bog, poor fen, moderately rich fen and extremely rich fen based on the

                                           
5 Data are for peatlands identified as Sphagnum-dominated at the surface in Rigg, 1958.
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"poorness" or "richness" of the vegetation.  Sjors (1950) established six categories along the bog-to-fen

gradient: moss (bog), extreme poor fen, transitional poor fen, intermediate fen, transitional rich fen and

extreme rich fen.  pH was investigated for each of these categories, with considerable overlap between

most of the categories.  During the same time period, Kulczynski (1949), a German investigator,

distinguished between bogs and fens based on whether or not the peatland was influenced by flowing

groundwater, and whether the groundwater was from the immediate catchment only or also from outside

the immediate catchment.

In the latter half of the century, peatland naming conventions continued to be refined and redefined.

Malmer, a Swedish investigator, gravitated to the terms bog, poor fen and rich fen (1965, 1968, and 1986).

Similar to Sjors, Malmer associated certain pH thresholds with these terms. Moore and Bellamy applied

the terms ombrotrophic, mesotrophic and rheotrophic to differentiate bogs, poor fens and rich fens.

These terms were based on water mobility, with ombrotrophic peatlands receiving precipitation only, and

rheotrophic peatlands receiving ground and surface water flows.  Mesotrophic peatlands were

intermediate between the ombrotrophic and rheotrophic peatlands, but not clearly differentiated in this

scheme.

More recently, investigators employing quantitative methods relating physical, chemical, and vegetation

variables using detrended correspondence analysis (DCA) or detrended canonical correspondence

analysis (DCCA) have found support for four categories of peatlands (Kivinen and Pakarinen 1981;

Gignac and Vitt 1990; Vitt and Chee 1990; Vitt 1994; and Halsey et al. 1997).  These categories include

bogs, poor fens, moderately rich fens and extreme rich fens. Vitt (1994) also associated pH ranges with

these categories.  Sometimes bogs and poor fen categories were lumped into a single Sphagnum-

dominated peatland category (Gignac and Vitt 1990), and several other investigators have concluded

there is less distinction between the bog and poor fen categories than between the intermediate and rich

fen categories (Malmer 1986; Damman 1995 in Wheeler and Proctor 2000).

Although the technical literature reflects complex distinctions between types of bog and fen peatlands,

Mitsch and Gosselink (1986), in their textbook summary of peatlands, defined the two extreme ends of the

bog-to-fen continuum.  The two categories (bog and fen) they defined combined vegetation indicators with

surface hydrological characteristics in a way that mixed categories of previous investigators.  The 2000

edition ot Mitsch and Grosselink updates their previous exposition of peatlands relying heavily on the

recent work of Bridgham (1996) and Glasser (1997), and gives a more complete summary of classification

historic schemes.  Crum (1992), also in a textbook-like compilation, offered the opinion that the best

classifications are based on water source and water movement.  Table 1 summarizes some of the main

historical distinctions made in classification along the bog-to-fen gradient.

TABLE 1: Historical distinctions between bog and fen peatlands.

Author
�  More Acidic Less Acidic    �



Community Profile of Sphagnum-dominated Peatlands in Western Washington

Chapter 1 6

Mitch &
Grosselink
(2000)

Bog: Sphagnum-dominated Fen: sedge and grass-dominated

Rich fen: pH > 5.5Vitt (1994),
Halsey, et al.
(1997)
Canada

Bog:
Sphagnum
dominated

pH<4

Poor fen:
Sphagnum dominated

pH= 4-5.5
Moderate
rich fen

pH 5.5-7

Extreme rich
fen

pH 7-8.5

Gignac & Vitt
(1990)

Sphagnum -dominated
(bogs and poor fens)

Rich fens

Moore &
Bellamy (1974)6

Euorpean

Ombrotrophic
mires

Mesotrophic mires Rheotrophic mires

Malmer
(1965, 68, 1986)
Sweden

Bog
pH<4.2

(summer)

Poor fen Rich fen
pH>5.5 (summer)

Kulczynski
(1949)

Ombrophilous
mires- not

influenced by
flowing

groundwater

Transition mires-
influenced by groundwater flowing

from immediate catchment only

Rheophilous mires-
influenced by groundwater

flowing from outside
immediate catchment

Sjors (1950)7

Fennoscandia
First to link
floristic
indicators to
water pH.

Moss
pH 3.7-4.6

Extreme
poor fen

pH 3.8-5.2
(includes

indetermin-
able poor

fen)

Transi-
tional
poor

fen pH
4.5 -
6.5

Intermediate
fen

pH 4.5-6.5

Transitional
rich fen

pH 5.7-7.8

Extreme
rich fen

pH 7.1-8.5

Rich fen8DuRietz
(1949-50)
Sweden
(in Malmer
1986)

Bog- Sphagnum
dominates

bottom
vegetation layer

Poor fen
Sphagnum dominates bottom

vegetation layer Moderately
rich fen

"brown moss"
dominates

Extremely
rich fen

Weber (1909)9

German
Hochmoore Ubergangsmoore Niedermoore

Many investigators have noted that detailed hydrological measurements and an analysis of isolating

mechanisms are often required to determine if the surface peat layers are strictly rainwater-fed, or if they

are influenced by mineral-enriched ground or surface waters.  This makes a naming convention based on

water source difficult to apply in the field (Siegel and Glaser 1987; McNamara et al. 1992; Podniesinski

and Leopold 1998).  Therefore, application of these terms to specific peatlands is often imprecise and

                                           
6 Classification based on water mobility in  the mire
7 Categories based on floristic makeup.  pH was recorded once categories established.
8 NOTE:  terms poor and rich refer to the vegetation, not nutrients or cations
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subject to differences of opinion.  The difficulty in measuring hydrological influences has, in part, lead to

the widespread use of chemical, vegetation and floristic indicators.

Recently, Bridgham et al. (1996) called for a new paradigm in the naming of peatlands (as well as the use

of terms describing peatland systems).  He called for the terms bog and fen to be used broadly, based on

chemistry and plant species, and "…without accompanying assumptions regarding hydrology, topography,

ontogeny, nutrient availability or the presence or absence of non-dominant indicator plant species."

Gignac and Vitt (1990), Gorham and Janssens (1992), and Malmer et al. (1992) also observed that

Sphagnum moss-dominated bogs and poor fens contrast markedly with brown moss-dominated moderate

and rich fens, suggesting the distinction between bogs and poor fens is, in large part, artificial.  Gorham

and Janssens, looking at continental North American peatlands, argued for a distinction between bogs

and fens based on Sphagnum versus brown moss domination of the ground layer.

Even more recently, Wheeler and Proctor (2000) have concluded that the mineral-soil-water distinction

between peatlands is not sharp.  Furthermore, Wheeler and Proctor’s analysis of European peatlands

shows that distinctions between rain and mineral soil-water cannot be related to consistent differences in

vegetation or water chemistry.  They recommend, with Damman, (1995) that classifications based on

mineral soil water be abandoned, and that the term 'bog' should encompass weakly "minerotrophic" as

well as "ombrotrophic" peatlands.  Although Vitt (1990) and Bridgham et al. (1996) would share this

general conclusion of broadening the application of the term 'bog', they would base this broadening on

dominance by Sphagnum and the chemistry of ecosystems rather than the inexact terms ombrotrophic

and minerotrophic.

Confusion in terminology has occurred because the distinctions between bog and fen have been made

using several different criteria (floristic, chemical and hydrological) and because of variations in regional

common usage.  This confusion is evident in the state of Washington.  Many early studies of peatlands in

the region used the term, Sphagnum bog, to describe a peatland dominated by Sphagnum moss, both in

terms of surface cover and in terms of peat composition (Fitzgerald 1966; Rigg 1916, 1919, 1925, 1940;

Rigg and Richardson 1938).  While rainwater-fed bogs are almost always characterized by a ground layer

of Sphagnum mosses, these mosses also commonly dominate the ground layer of poor fens in many

classification schemes (Vitt 1994).  The term bog was also used historically, not in the strictly defined

sense of an ombrogenous peatland, but as a term equivalent to Sphagnum-dominated peatland (Rigg

1958).

To avoid the confusion and the accompanying implications as to external environmental characteristics,

the terms "Sphagnum-dominated peatland" and  "acid peatland" are used in this report rather than the

terms bog or fen.  The terms Sphagnum-dominated peatlands and acid peatlands are used interchangably

to mean those peatlands in which Sphagnum mosses form the ground layer of the wetland vegetation

community, the pH is 5 or lower, and which lie above organic, rather than mineral soils.  No organic soil

                                                                                                                                            
9 Categories based on ontogeny (stages of development from groundwater influenced to raised peat domes)
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depth is implied with the use of these terms for this report since information on the depth of subsurface

soils is not available for most of the peatlands inventoried.  Using the categories of Vitt (1994) and Halsey

at al. (1997), Sphagnum-dominated peatlands include both bog and poor fen categories.

1.4 Terminology Related to Peatlands
Just as the terms for distinguishing between peatlands have had a long and varied history of development

and have not yet achieved a widely accepted standard usage, so also has peatland terminology grown

from many roots and has not come to an agreed upon standard for all terms.  The uses given here follow

those suggested by Bridgham et al. (1996), Wheeler and Proctor (2000), and Vitt (1994).  If the

recommendations of these investigators conflict, differences are explained in the text.

Ombrotrophic-minerotrophic and ombrogenous-geogenous

Perhaps the most-used term in referring to acid peatlands is ombrotrophic.  The suffix "trophic" is

commonly used in limnology as well as in reference to peatlands (e.g. eutrophic, oligotrophic).   Indeed,

limnologists commonly refer to the "trophic" state of lakes.  In limnology, "trophic" refers to the nutrient

status of the water body – whether it is nutrient enriched or nutrient poor.  Typically phosphorus is used to

define the trophic state of lakes (Hutchinson 1957).  The typical trophic categories in lakes are

oligotrophic, mesotrophic, eutrophic and dystrophic, from least to most nutrient enriched.  In relation to

peatlands, ombrotrophic is often used to refer to the source of water or nutrients in the peatland.  The root

"ombros" comes from the Greek, meaning a rainstorm sent by Zeus, and ombrotrophic is often used for

those peatlands deriving water only from rainfall, or along the bog to fen gradient, bogs.  However, there

are problems with this usage.  Bridgham et al. (1996) and Wheeler and Proctor (2000) suggest that the

suffix "trophic" be reserved for references to the nutrient status of peatlands, rather than the source of

water or the base richness.  Vitt (1994) suggests that the suffix "trophic" should refer to the nutrient status

of vegetation in peatlands.  Strictly speaking, the terms ombrotrophic and minerotrophic would have little

literal meaning, since "ombro" (rainstorm) and "minero" describe the source rather than the amount or

concentration of the nutrients.  However, ombrotrophic is often used in reference to peatlands to mean

ultra-oligotrophic.

Both Bridgham and Vitt support use of the terms ombrogenous and geogenous when referring to the

source of water or hydrology in peatlands; the suffix "genous" coming from the Latin root gener, genus

meaning birth or origin.  Thus ombrogenous peatlands receive water only from rainstorms, and

geogenous peatlands also receive water that has been in contact with the earth, either surface or ground

waters.  Unfortunately, Wheeler and Proctor (2000) still used the terms ombrotrophic and minerotrophic in

their essay on peatland terminology.  Agreement on standard usage for these terms is still an unachieved

goal.
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The terms topogenous, limnogenous and soligenous are also used to describe the origin of peatlands.

Topogenous peatlands refer to those that develop in topographic depressions or kettleholes left by melted

ice.  Limnogenous peatlands are those that are affected by inundation or permanent influence of water

from rivers or lakes.  They often develop along the margins of lakes or rivers or in river flood plains.

Soligenous peatlands are affected by groundwater or springs water issuing along slopes.  Aapamires is

the general term for peatlands developed on slopes.  Aapamires are usually characterized by slow down-

slope movement, and develop characteristic ridges of peat perpendicular to the direction of flow (strings)

alternating with watertracks that are not dominated by peat (flarks).

Bridgham et al. (1996) suggest use of the words "strongly acid, weakly acid and circumneutral" to describe

the pH of peatlands.  Further, they suggest that the terms rich and poor are too inexact to describe the

alkalinity of peatlands.  Wheeler and Proctor suggest that the terms oligotrophic, mesotrophic and

eutrophic not be applied to base richness of peatland waters, but be limited to major nutrients, mainly

nitrogen and phosphorus.

1.5 Gradients in Peatlands
The major gradients in peatlands have already been mentioned superficially in the previous section on

peatland classification.  These include a) vegetation, b) chemical, especially acidity/alkalinity gradients,

and c) gradients in the source of water.  A fourth important gradient relates to movement of water in

peatlands.

Vegetation gradients

Peatland investigators have been examining the gradients in vegetation in peatlands, both at the ground

surface and in the herb, shrub and tree layers, for over a century.  In most regions with varied peatland

types, vegetation gradients have offered clues to the processes shaping peatlands.  And many

investigators have also commented on the fact that Sphagnum can actively alter environmental conditions,

acting as an autogenic factor in forming peatland characteristics (van Breemen 1995).  At the ground layer

the dominant gradient is from Sphagnum moss at one extreme, to brown mosses to sedges and grasses

at the other extreme.  Indeed, the Sphagnum mosses are not all of a kind, but in themselves show

gradation based of different environmental variables (Vitt et al. 1975; Horton et al. 1979; Clymo and

Hayward 1982; Andrus 1986; Vitt et al. 1989; Gignac and Vitt 1990; Bates and Farmer 1992; Vitt et al.,

1995).  Shrubs found in peatlands also show gradations, similar to those of the ground vegetation layer.

These range from the dominant ericaceous shrubs of the most acidic Sphagnum-dominated peatlands to

plants considered base indicators in calcium-rich fens.  In recent decades, vegetation studies have made

use of sophisticated analytical methods to discern grouping and gradients which would be difficult to

identify otherwise (Vitt and Slack 1974; Vitt et al. 1989; Nicholson and Vitt 1989; Gignac and Vitt 1990;
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Halsey et al. 1997).  Even so, recognition of vegetational gradients in peatlands dates back to before the

turn of the century.

Acidity/alkalinity gradients

It is widely acknowledged that Sphagnum mosses can mediate the acidification of the waters in which they

grow (Crum 1992; Clymo 1963).  Thus, a gradient from acidic to circumneutral (pH of around 7) to basic

(in calcium-rich fens) is seen.  Alkalinity concentrations generally follow the pH gradient, with very low

alkalinities in acidic waters and very high alkalinities in calcium-rich waters.  Although pH-alkalinity

gradients exist, it has also been noted that there seems to be a bimodal (rather than continuous)

distribution in pH and alkalinity of acidic peatlands (Gorham et al. 1984; Vitt, 1994).  Acidic peatlands with

pH ranges below 5 form one mode, and rich fens with pH above 5.6 form the other.  There seems to be

fewer peatlands with pH in the range of 5.1 to 5.6 (Vitt 1994).  This observation is related to the carbonate-

bicarbonate equilibrium discussed in Chapter 3.

Source of water

The source of water has long been recognized as contributing to gradients in peatlands, and has been

used to differentiate peatlands in some classification schemes (Moore and Bellamy, 1974).  At one

extreme are peatlands influenced only by rainwater, and at the other extreme are those peatlands

influenced by mineral-rich groundwater.  Surface water and mineral poor groundwater can be seen as

having intermediate influences on peatlands.

Movement of water

Whether water is stagnant or moving has a profound effect on peat accumulation.  Moving water has both

physical effects as well as chemical ones.  Moving water is able to supply many more nutrients, even if

concentrations at any one time are fairly low.  On an annual basis, nutrients and cations supplied by

moving water can contribute substantially to the overall nutrient budget of a system.  Movement of water

was seen by Kulczynski (1949) as a major factor in differentiating bogs from fens, which he termed

ombrophilous and rheophilous mires.

Other gradients

In addition to the four major gradients described above, other peatland gradients also have been

acknowledged.  These include micro-topographic gradients from the edge to the center and also from

hummock to hollow in Sphagnum-dominated peatlands.  Nutrient scarcity or abundance, sunlight to

shade, and seasonal gradients can also vary in peatlands and affect the expression of vegetation and

chemistry characteristics.

Micro-topographic gradients

Micro-topographic gradients in hummock-forming peatlands are important, and provide a variety of

microsites for floristic development.  For instance, many ericaceous shrubs tend to develop on the top of
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Sphagnum hummocks rather than in hollows.  Likewise, certain species of Sphagnum occupy higher, drier

positions on hummocks than others (Vitt et al., 1975, Crum, 1992).  In addition to the vertical microsites

offered by hummocks, the variation from the center of the peatland to the periphery also provides

interesting gradients.  Many Sphagnum-dominated peatlands are encircled by a moat (or lagg) more

reminiscent of swamp or marsh vegetation.  Chemistry, hydrology, and vegetation changes are apparent

along this interior to lagg gradient.  Nutrient gradients have also been a subject of interest and debate in

peatlands.  Currently there is much disagreement as to the existence and importance of nutrient

gradients.  This ranges from the view that there are pronounced nutrient gradients along the bog-to-fen

continuum that are of major importance in classifying peatlands (Wheeler and Proctor 2000), to those

finding less consistent variation and attaching little important to nutrient gradients (Vitt and Chee 1990).  It

may well be that regional differences affect the importance of this gradient in differentiating peatland

types.  The sun to shade gradient is important for considering aspects of Sphagnum ecology (see

Chapter 4).  Many species of Sphagnum are intolerant of shade (Crum 1992), and the growth of shrubs

and trees in peatlands can be an important variable affecting shade, both between peatland types and

within individual peatlands.  Seasonal variation can be important for some parameters, particularly

hydrological and physical ones.  However Vitt et al. (1995) found little seasonal variation in surface water

chemistry parameters in Sphagnum-dominated peatlands.

1.6 Identification of Sphagnum-dominated Peatlands for this Report
In addition to information available in King County, contacts were made in the spring of 2000 with other

counties, cities, state governments, environmental organizations and consultants to identify the locations

of Sphagnum-dominated peatlands and sources of biological, physical or chemical information regarding

these peatlands.  In all, about 250 Sphagnum-dominated peatlands were identified in the low-elevation

areas of western Washington (areas less than 600 m or 2,000 feet msl).  Sources of information include

field-verified wetland inventories, wetland delineations, records in the Washington Natural Heritage

Program database having the descriptors "Sphagnum and Ledum," and peatlands identified as Sphagnum

bogs in Rigg, Peat Resources of Washington (1958).  Since many of the Sphagnum-dominated peatlands

described by Rigg have either been mined or are no longer dominated by Sphagnum mosses, this total

includes historic Sphagnum-dominated peatlands in addition to existing ones.  Additional Sphagnum-

dominated peatlands that were not identified for this report undoubtedly exist.

The physical, biological, and chemical information compiled for western Washington Sphagnum-

dominated peatlands varies considerably in detail and completeness.  Data were compiled from multiple

sources, each with a different purpose and level of information.  This makes it difficult to draw strong

conclusions from the information.  General trends, however, can be determined, although the number of

specific observations is small.  The reliability of the data and observations therefore varies.  Appendix B

identifies all Sphagnum-dominated peatlands for western Washington from contacts made in spring 2000,
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categorized by county.  An X preceding the peatland name indicates the Sphagnum resource is known to

be extirpated.  In this case the system may currently be a non-Sphagnum-dominated peatland, a non-peat

accumulating wetland, or it may be filled.

1.7 Area Covered by this Report
This report compiles information on the low-elevation peatlands of western Washington. Lowland western

Washington refers to that region lying westward of about 600 meters (2,000 feet) in the Cascade mountain

range to the Pacific Ocean, north to the Canadian border and south to the Columbia River, the border with

the state of Oregon.  The higher elevation areas of the Cascades and Olympics were excluded from this

report because the peatlands of this area are of a distinctly different character, having extremely short

growing seasons, a distinct alpine-influenced flora, and many areas that did not experience continental

glaciation.  The Olympic Mountains form an island within this region.  The area of the Olympic Mountains

above 600 meters (2,000 feet) is likewise not covered by this report. However, some information from

higher elevations and from the neighboring regions of western Oregon and British Columbia is

occasionally offered for the sake of comparison.
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CHAPTER 2: PHYSICAL CHARACTERISTICS OF SPHAGNUM-DOMINATED
PEATLANDS IN WESTERN WASHINGTON

Ranging from tidal flats and low elevation sand dunes to the foothills of the Cascade Mountains, the
topography of western Washington encompasses a great diversity of landforms and parent materials.
The landforms in this area provide a variety of opportunities for peatland development, varying with the
topography and physiography.  An ideal framework in which to discuss the physical characteristics of
western Washington peatlands is that of physiographic regions, covered in the first section of this chapter.
Next descriptors of western Washington climate and rainfall are given, and a summary of the role of
climate in peatland formation is provided.  Lastly, some characteristics of western Washington
Sphagnum-dominated peatlands and their watersheds are presented, followed by a general discussion of
developmental pathways and isolating mechanisms in peatlands.

2.1 Physiography and Distribution
A number of authors have described the Washington area, developing their own system of physiographic

regions, also called provinces (Easterbrook and Rahm 1970; Fenneman 1931; Franklin and Dyrness

1973; Hansen 1947; Rigg 1958).  This has resulted in similar systems with slightly different regional

names and boundaries.  This paper will follow those established by Rigg (1958), although other sources

will be used to supplement descriptions where regions are similar.

Of the seven physiographic regions defined by Rigg for Washington State, four can be found within

western Washington.  These four provinces, the Olympic Mountain, Puget Sound, Willapa Hills and

Cascade Mountain, contain the majority of Washington’s peatlands.  These four main western

Washington provinces contain 82% by area and 84% by number of the state’s peat resources, as

identified by Rigg (1958).  Although the 84% figure includes some peatlands from higher elevations above

609 m (about 2000 feet), they are not part of this inventory.  Since the majority of peatlands are located in

western Washington, sound management and preservation of these peatland ecosystems is critical to

maintaining the peatland natural heritage for the entire state.

The Olympic Mountain physiographic province is bounded to the north by the Strait of Juan de Fuca,

to the west by the Pacific Ocean, to the east by Puget Sound, and to the south by the Chehalis River

valley (Easterbrook and Rahm 1970).  It consists of coastal lowlands skirting the Olympic Mountains.  The

Olympic peaks rise to elevations of 1800 to 2100 meters (5,904 to 6,888 feet) with the tallest, Mt.

Olympus, reaching 2424 meters (7,951 feet) (Easterbrook and Rahm 1970), but elevations over 610 m

(about 2000 feet) are not part of this profile area.  The lowlands are thought to be an uplifted coastal plain

which slopes towards the coast, and is generally less than 120 meters (394 feet) in elevation (Fenneman

1931).  As described by Rigg (1958), the Olympic Mountain province consists of both the coastal

lowlands and the central mountains, with the exception of the lowland regions to the east, north-east and

south-east of the peninsula, which are included in the Puget Sound province (Rigg 1958).  Because of

this distribution pattern, the average elevation of Sphagnum-dominated peatlands in the Olympic
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Mountain physiographic province is lower than that of the Sphagnum-dominated peatlands in the Puget

Sound province (see Table 2-1).  Seventeen per cent of the Sphagnum-dominated peatlands in this

western Washington inventory are in this physiographic province (see Table 2.2).

TABLE 2.1 Minimum, maximum and average elevations of Sphagnum-dominated peatlands in the
physiographic provinces of western Washington.

Physiographic Province Elevation

meters (feet)1

Minimum Maximum Average Number in

sample

Cascade Mountain 108 (340) 542 (1,780) 300 (986) 23

Puget Sound 1.5 (5) 360 (1,180)  114(374) 163

Olympic Mountain 3 (10) 366 (1,200) 105 (346) 42

Willapa Hills 8 (25) 49 (160) 26 (84) 5
1 Elevations are rounded to the nearest meter or  foot.

TABLE 2.2 Number of Sphagnum-dominated peatlands by physiographic province.

Physiographic Province Sphagnum-dominated peatlands

Number Percent of total

Puget Sound 176 71

Olympic Mountain  43 17

Cascade Mountain  23  9

Willapa Hills    5  2

Total 247 100

All of the sites identified as part of the Olympic Mountain physiographic province fall within Hansen’s

(1947) coastal strip natural area.  The vegetation of the western lowland strip along the Pacific Ocean is

also quite distinctive, comprising the Sitka spruce (Picea sitchensis) forest zone, while all other regions of

western Washington are part of the Western hemlock (Tsuga heterophylla) forest zone (Franklin and

Dyrness 1973).  This low elevation strip of Sitka spruce forest also continues southward along the coast,

extending into the Willapa Hills physiographic province of Rigg (1958).  Figure 2.1 (adapted from Kunze,

1994) includes the Olympic Mountain province as well as the Willapa Hills province, which is in

southwestern Washington.
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FIGURE 2.1 Olympic Penninsula and Willapa Hills
Physiographic Provinces.

The Puget Sound physiographic province
contains the majority of western Washington

peat deposits identified by Rigg.  It occupies

the lowland areas surrounding Puget Sound

and foothills of the Cascade Mountains, the

western border abutting the lower hills of the

Olympic Mountains in the northwest and the

Willapa Hills in the southwest (see Figure 2.2).

The Cowlitz River valley and the upper basin

of the Chehalis River occupy the southern

regions of the province (Fenneman 1931).

The northern portion of the basin, which drains

to Puget Sound, is separated from the

Chehalis and Cowlitz drainages by a terminal

moraine, representing the southern limit of the

Wisconsin ice sheet (Hansen 1947).  Thus the

topography of the northern Puget Sound

province is a consequence of glaciation, while

that of the more southern part of this region is

primarily a result of stream erosion

(Easterbrook and Rahm 1970).

The Puget Sound region is an area of low relief, having elevations of less than 150 meters (492 feet), with

only a few exceptions (Fenneman 1931).  Sphagnum-dominated peatlands in this region ranged in

elevation from 1.5 meters (5 feet) at Cranberry Lake on Whidbey Island to 360 meters (1,180 feet) in

eastern Skagit county.  Elevation data are available for only 163 of the 180 identified peatlands in this

physiographic region.

Glaciation in the Puget Sound province favored the formation of several types of glacial lakes, many of

which have filled with organic sediment, or are in various stages of lake-fill succession (Hansen 1947).  In

contrast, south of the terminal moraine just south of Olympia, the province contains fewer areas of

standing water suitable for peat formation (Hansen 1947).  Only one of the 176 Sphagnum-dominated

peatlands identified in the province occurs south of the terminal moraine.  Because of the favorable

topography and infertile soils in the glaciated basin, the province contains the majority, or 71% of the

Sphagnum-dominated peatlands identified in western Washington.  Table 2.2 presented the number of

Sphagnum-dominated peatlands identified in this study for each physiographic province.
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FIGURE 2.2 Northern portion of the Puget
Sound physiographic province.

The Willapa Hills Physiographic Provinces
is considered the northern extent of the

Oregon Coast Range by Fenneman (1931),

and lumped with the Coastal Strip natural area

by Hansen (1947), as depicted in Figure 2.1.

It occupies the region between the Pacific

Ocean and the Puget Sound physiographic

province south of the Chehalis valley and

north of the Columbia River (Easterbrook and

Rahm 1970; Rigg 1958).  As the name

suggests, the region is hilly, reaching

elevations of approximately 500 to 900 meters

(1640 to 2,950 feet) (Easterbrook and Rahm

1970), although most of the area is less than

about 500 meters (1640 feet) (Rigg 1958).

Containing only five known Sphagnum-

dominated peatlands, this province has

minimal importance in terms of area or volume of Sphagnum peat deposits.  The nature of these deposits

is quite different from other deposits in western Washington.  Areas of sand dunes are prevalent along

the coastal regions, just north of the mouth of the Columbia River, as well as north of Willapa Bay (Rigg

1958).  It is in these dune regions that four of the five Sphagnum-dominated peatlands identified in this

province occur.  All four are found as scattered patches of Sphagnum in large wetland complexes,

estimated at 8,000 to 16,000 hectares  (about 19,700 to 39,500 acres) by Rigg (1958), and occur in the

elongated depressions between sand dunes.  Only one peatland occurs outside of ocean beach sand

dune complexes, at 50 meters (164 feet) elevation.

The Cascade Mountain physiographic province extends westward from the eastern border of the

Puget Sound physiographic province.  Like the Puget Sound province, the Cascade Mountain

physiographic province extends from the Canadian border, south to the Columbia River, which forms the

border with Oregon State (Rigg 1958).  Most of the peaks and ridges of the Cascades owe their sharp

detail to glaciation (Fenneman 1931), as do the many small lake basins present in the province (Hansen

1947).  These montane glacial lakes are generally shallower than those forming on glacial drift from

continental ice sheets, and, as a result, the organic sediments within them are thinner (Hansen 1947).

There are exceptions to this, with several peat deposits reaching depths comparable to lower elevation

peatlands (Hansen 1947).  According to Rigg (1958), some deposits are known to reach depths greater

than 14 meters (46 feet). The Cascade Mountains province occupies the highest elevation sites in

western Washington.  Peatland elevations in this province range from 108 meters (340 feet) in the
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FIGURE 2.3 Zones of equal rainfall, western Washington
area, in inches.

Columbia valley to 542 meters (about 1780 feet), near the elevation limit established for this profile (see

Table 2-1).  The mean elevation is about 300 m (986 ft).  Depressions containing lakes or peat deposits

are widely scattered (Hansen 1947), and only 9% of western Washington’s Sphagnum-dominated

peatlands occur in this region (Table 2-2).

2.2 Climate and Rainfall of Western Washington
The climate of western Washington is maritime and characterized by moderate precipitation and

evaporation, and temperatures that are strongly influenced by the Pacific Ocean.  Within the study area,

the National Oceanic and Atmospheric Administration has recognized four climatic divisions, which seem

to be based largely on zones of equal rainfall (isohyets) shown in Figure 2.3 (adapted from Kruckeberg,

1991).  The isohyets are based on long-term averages of normalized data.  These divisions are the west

Olympic coastal, Northeast Olympic-San Juan, Puget Sound lowlands, and east Olympic-Cascade

foothills.  Most of the Willapa Hills physiographic province and lowlands within the Olympic Mountain

physiographic province are within the west Olympic coastal climatic division.  Small, eastern portions of

the Willapa Hills physiographic province are within the east Olympic-Cascade foothills climatic division.

By contrast, most of the Puget Sound physiographic province fits within the Puget Sound Lowlands

climatic division.  A small portion of the Puget Sound physiographic province falls within the rain shadow

of the Olympic Mountains and is included in the northeast Olympic-San Juan climatic division.

Precipitation, evaporation, and temperature

data for these climatic divisions are

described below based on reported data for

four climate stations within each division

except for the Northeast Olympic-San Juan

division, which reflects data for only three

climate stations.  Evaporation data are

available only for a climate station in the

Puget Sound climatic division. It is likely

that evaporation is lower in the west

Olympic Coastal, east Olympic-Cascade

foothills, and Willapa Hills climatic

divisions, which are characterized by

somewhat lower average monthly and

annual temperatures.  A summary of these

data is presented in Table 2.3 and all data

are in Appendix C, Chapter 2.
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West Olympic Coastal

Coastal areas within the Olympic Mountain and Willapa Hills physiographic provinces have relatively high

average annual rainfall.  Average annual rainfall records for the 30-year period from 1961 to 1990

reported for Naselle, Neah Bay, Quillayute, and Aberdeen, show that rainfall varies from 2,032 to more

than 2,921 millimeters (80 to 100 inches).  About 85% of total precipitation occurs as rain between

October and March. At least some precipitation falls each month.  Snow occasionally falls in this area but

rarely remains on the ground for more than a few days and is typically an insignificant amount of the

monthly and annual total.  Table 2.3 summarizes annual precipitation data for the four climatic divisions.

Average temperatures in the west Olympic coastal climatic division are relatively cool for much of the

year.  Temperatures range from a low of around 4ºC (39.9ºF) in winter (January) to a high of about 16ºC

(61.2ºF) in summer (August).  Average annual temperature in the west Olympic coastal division is about

10ºC (50.5ºF).  Average annual precipitation and temperature data are summarized in the climate

diagram for this division (see Figure 2.4).

TABLE 2.3 Average annual precipitation  (mm, inches) and temperature (ºC, °F) data for climatic
divisions.

Average Annual PrecipitationDivision

(mm)* (inches)

Monthly

evaporation

(mm)+

West Olympic Coastal 2580 101.59

Puget Sound Lowlands 1096 43.14 18 -142

Northeast Olympic-San Juan 697 27.44

East Olympic-Cascade Foothills 1500 59.05

Division Temperature

(°C) (°F)

West Olympic Coastal 9.8 49.7

Puget Sound Lowlands 10.6 51.1

Northeast Olympic-San Juan 9.9 49.9

East Olympic-Cascade Foothills 10.3 50.5

* 1961-1990 averages for all but one climate station in the northeast Olympic-San Juan and West Olympic Coastal
divisions are based on normalized data.
 + 1966-1995 average
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Puget Sound Lowlands

Most of the Puget Sound province falls within this climatic division.  Climate data collected at Monroe,

Puyallup, Seattle-Tacoma International Airport, and Sedro Woolley are representative of the precipitation

in this area.  Average annual rainfall at these locations ranges from about 902 to 1,232 millimeters (35.50

to 48.50 inches).  Of the total average rainfall, 75% occurs during the fall and winter between October and

March.  A little less than 5% of the annual precipitation is snow (Kruckeberg, 1991).  Smaller amounts of

rain occur in spring and during the summer drought, about 17% and 8%, respectively.

Average temperatures in the Puget Sound lowlands are somewhat higher than in the other climatic

divisions but are still relatively cool.  Average monthly temperatures for these climate stations range from

a low of about 3ºC (38.3ºF) in January to a high of about 18ºC (65.5ºF) in the middle of summer

(August).  Average annual temperature in the Puget Sound lowlands is about 10 to 11ºC (50.4 to 52.0ºF).

Monthly average evaporation data are available for the Puyallup station for a 30-year period of record

extending from 1966 to 1995, except for the months of January and December.  Average evaporation

data are lowest in winter and range from 18 to 40 millimeters (0.71 to 1.58 inches).  During the spring

temperatureprecipitation
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FIGURE 2.4  Climate diagram for West Olympic coastal areas.
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(April to June), average monthly evaporation rates increase to between 62 and 118 millimeters (2.46 and

4.63 inches).  As might be expected, evaporation rates are highest during the summer months (July

through September) and range from 74 to 142 millimeters (2.92 to 5.61 inches).  In fall, evaporation rates

decline to less than 33 millimeters (1.28 inches), assuming evaporation in November and December is

lower than during the month of October.  From May through September, evaporation rates are higher

than precipitation rates based on data for the Puyallup station.  Presumably this is also the case

elsewhere in the Puget Lowlands, characteristic of areas that experience summer drought.  For the rest of

the year, precipitation exceeds evaporation, a condition typical in areas of peatland formation as will be

discussed in the next section.  Figure 2.5 shows a climate diagram of the precipitation and temperature

data for the Puget Sound lowlands.

Northeast Olympic-San Juan Islands.

Small portions of the Puget Sound physiographic province fall within this division.  Average annual rainfall

is lowest in this division, which lies within the rain shadow of the Olympic Mountains.  Average rainfall

varies from a low of 419 millimeters (16.51 inches) in the heart of the rain shadow at Sequim to 736

millimeters (28.98 inches) at Olga.  This is about 18 to 64 percent lower than the other areas.  These
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FIGURE 2.5  Climate diagram for Puget Sound lowlands.
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differences include lower amounts of precipitation during the summer drought as well as the wetter fall

and winter months.

Average monthly temperatures are lowest in winter and highest in the middle of summer, and range from

about 4 to 16ºC (39.5 to 61.4ºF).  For the two stations in this division with temperature data, Coupeville

and Olga, the average annual temperature was almost identical at about 10ºC (49.9ºF).  There were no

data for the Sequim climate station.  Average monthly temperatures and precipitation are summarized in

the climate diagram for this region (see Figure 2.6).

East Olympic-Cascade foothills

This division includes portions of the Olympic Peninsula, Willapa Hills, and Puget Sound physiographic

provinces.  Average annual rainfall is lower than in the West Olympic coastal climatic division and higher

than either the Puget Sound lowlands or Northeast Olympic-San Juan Islands divisions as indicated by

average annual rainfall data for climate stations in Landsburg, Oakville, Quilcene and Shelton.  For the

30-year period of record, average annual rainfall for these locations ranges from about 1,462 to 1,666

millimeters (57.56 to 65.60 inches).  About 75% of the total average annual rainfall falls during the fall and

winter between the months of October and March.  Spring is drier, accounting for about 15% of the total

Figure 2.6  Climate Diagram for Northeast Olympic-San Juan Islands
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average annual rainfall.  About 10% of the total annual rainfall occurs during the summer drought  (July

through September). Temperatures are similar to the other divisions with a few notable exceptions.

Average temperatures in December and January are somewhat lower for these climate stations than

those reported for stations in the other divisions.   This may be a reflection of the somewhat higher

elevations at the Landsburg and Quilcene climate stations.  In January, the lowest average monthly

temperature for these stations is 2.9ºC (37.3ºF).  The highest average monthly temperature for the period

of record is 19ºC (65.3ºF) in August.  Average annual monthly temperatures range from 10 to 11ºC (49.2

to 51.6ºF).  Summer drought is likely to be less pronounced in the West Olympic Coastal and East

Olympic-Cascade foothill climatic divisions, where average monthly precipitation is higher during the

summer and average temperatures somewhat lower than in the other two western Washington climatic

divisions.  Lower temperatures are also likely to result in lower evaporation rates.  Average monthly

temperature and precipitation are summarized in Figure 2.7.

2.3 The Role of Climate in Peatland Formation
Many authors have suggested that climate is a primary factor in the initiation and formation of Sphagnum-

dominated peatlands.  Climate also strongly influences developmental changes and successional trends.

Vitt et al. (1994) and others (Rigg 1925; Osvald 1933) have indicated that bogs and fens develop where
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Figure 2.7  Climate Diagram for East Olympic-Cascade Foothills
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available precipitation exceeds evapotranspiration.  These peatlands form when the annual water balance

is positive and annual precipitation typically exceeds 500 mm.  Such a climate clearly exists in western

Washington.  Regional differences between the climates within the different physiograhic regions in

western Washington may explain differences in the Sphagnum-dominated peatland vegetation

communities in the different physiographic provinces within the study area.  Malmer (1986) observed that

the flora of bogs in northwestern Europe that were influenced by oceanic climates have more permanent

high water and shorter drought periods than continental bogs elsewhere in Europe.  Malmer postulated

that regional differences in the vegetation of European bogs were due to the hydrological variation that

was climatically influenced rather than the atmospheric supply of minerals, as earlier proposed by Osvald

(1949).  There are insufficient data to determine what role either climate or atmospheric supply of

minerals have on the composition of vegetation in Sphagnum-dominated peatlands in western

Washington.

In addition to the role climate plays in peatland development, climate affects the fate of the peat itself.

Sphagnum peat and other peat accumulates when primary production exceeds decomposition.  Climate

influences decomposition rates in peatlands by allowing saturated or anaerobic conditions to develop

where drainage is poor.  Since anaerobic decomposition proceeds at a much lower rate than aerobic

decomposition, waterlogging leads to peat accumulation.  Temperature also influences decomposition

rates.  Some authors (Engstrom 1984; Winkler 1988; Heinselman 1970) have suggested that reverse

succession may occur as a result of changing climate.  So, instead of a classical lake-infill succession

culminating in a bog forest, peat decomposition may occur as a result of changes in water levels and

small lakes with peaty margins may become larger lakes.  It seems likely that lowering of groundwater or

alteration of surface water hydrology resulting from development in the watershed of peatlands could also

trigger such a reversal because anaerobic decomposition processes would be replaced by aerobic

processes.  Several peatland systems in western Washington appear to have experienced reverse

succession from acidic peatlands to peatlands with water quality and vegetation more characteristic of

rich fens or even the more typical shrub-dominated non-peat accumulating wetlands common in the

region.  Additional research is needed to document the causes of such changes and the thresholds at

which such changes occur.

Peatlands, especially Sphagnum-dominated peatlands, can also influence temperature and ecological

processes in nearby areas.  As Sphagnum grows and Sphagnum peat accumulates, the living and dead

tissues influence the microclimate of the peatland.  Living Sphagnum affects decomposition rates by

increasing acidity and depressing microbial communities.  In addition, peat has very good insulating

properties.  As peat accumulates, it appears to affect microclimate, and the biological, physical, and

chemical processes within peatlands.  Fitzgerald (1966) conducted detailed studies of Kings Lake bog in

King County, Washington.  She established macro- and microclimate stations at various locations on the

bog, which is located at an elevation of about 290 meters (950 feet), and in the adjacent upland forest.

She found that the microclimate (at the surface) temperature maxima are higher and minima are lower in
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all of the bog vegetation zones (lake edge, inner bog, mid-bog, outer bog) compared to the upland forest.

During the course of her investigation, she found that there were no frosts during the growing season in

the adjacent forest, but frost occurred throughout the season in all vegetation zones on the bog.  In

addition, Fitzgerald (1966) found that the more mature and older parts of the bog exhibited more extreme

temperatures than the younger parts, such as thin, floating mat adjacent to the lake edge.  She concluded

that tree seedling establishment and therefore forest succession may be prevented, or at least slowed, on

the bog by extreme high summer temperatures that may cause heat lesions, and frosts (extreme low

temperatures) that result in tree seedling mortality.

2.4 Characteristics of Sphagnum-dominated Peatlands in Western Washington
Information on the Sphagnum-dominated peatlands of western Washington has been compiled from

multiple sources, each with different purposes.  As such, the database for these peatlands contains

information of varying detail and completeness. This makes it impossible to draw strong or definitive

conclusions.  Some general trends are apparent, but caution must be exercised in using this information.

In many cases, trends are based on observations at only a few peatlands or on information collected by a

variety of investigators with varying levels of expertise and differing primary purposes.

General

The entire Puget Sound physiographic province was glaciated, as well as portions of the Cascade and

Olympic Mountain provinces.  Many of the soils have developed on top of compact glacial till or coarser

advance and recessional outwash deposits.  These deposits often have relatively poor fertility and high

winter water tables.

Rigg (1958) has estimated the age of western Washington peat deposits by dating the sedimentary peat

forming the bottom of the peat profile.  The average age when the accumulation of sedimentary peat

began is about 12,000 year before present (b.p.).   This corresponds with the retreat of the continental ice

sheet in the Puget Sound Province (Foley, 2001).  Using this date and the depth of 151 peat deposits,

Rigg also arrived at an average rate of peat accumulation for western Washington.  He found that on

average it took 41 years to accumulate 2.5 cm (one inch) of peat, equivalent to an annual peat

accumulation of 0.62 mm per year (0.02 inches).  This is lower than estimates made by other

investigators which range from 0.1 to 0.8 mm/year (Wieder et al. 1994).  It should be noted, however, that

peat accumulation rates are not thought to be constant.  As evidence of this, an ash layer, common in

western Washington peatlands and dated to be about 6,600 year b.p., is commonly found more than

halfway up the stratigraphic sequence in the Puget Sound area (Foley, 2001).

Because peatland occurrence is determined primarily by the interactions of climate and topography

(Zoltai 1988; Halsey et al. 1997), it is expected that relationships could be seen in the physiographic

provinces with respect to landscape position, basin type, water flow and soil or peat type.  Each of these
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topics will be discussed in turn. Appendix B contains a list of all Sphagnum-dominated peatlands

identified for this report, arranged by county.  Appendix B also contains data matrices on the various

physical features of the Sphagnum-dominated peatlands that are presented here in summary form.

Landscape position.

Six categories are used to identify landscape positions of peatlands: floodplain, terrace, lacustrine,

headwater, saddle and depressional.  A floodplain position is considered to be associated with the areas

surrounding a defined channel that contains at least seasonal surface waters which likely overflow from

the channel and influence the peatland at least periodically.  A terrace position is also located on a fluvial

landform, but is at a higher elevation from the channel, generally on a floodplain that is no longer active.

It could be a remnant from glaciofluvial times or stranded due to a river changing its course or drying up.

Lacustrine positions are those associated with lakes.  They could be adjacent to lakes, form in a band

along the lake margin, or even occur as floating islands in a lake.  A headwater position occurs at the

head of a drainage basin where the water source is derived from the surrounding slopes.  An outflow

channel is sometimes present, which merges with other small channels to initialize a drainage course.  A

peatland occupies a saddle position when it occurs on a drainage divide, such that there is very little land

area draining to the peatland, and water draining from it flows in different directions, to separate

watersheds.  Peatlands found in floodplain, terrace, lacustrine, headwater, and saddle landscape

positions account for about half of the peatlands investigated.  The other half of these peatlands are

found in various slight depressions on lowland flats or as slight depressions in irregular plateaus and

benches along hillsides.  Peatlands in these landscape positions are considered depressional
ecosystems.

In western Washington as a whole, Sphagnum-dominated peatlands are most commonly found in

depressional postitions.  Following this, lacustrine positions are most common.  The same pattern is true

in each of the provinces except the Willapa Hills where the majority of the peatlands occur in inter-dune

depressions.  Figure 2.8 shows the relative distribution of some landscape positions by physiographic

region, excluding the Willapa Hills region.   The totals do not add up to 100% because the depressional

position, which is thought to represent the most common landscape position for peatlands, could not be

verified with certainty from the resources at hand (topographic maps and air photos).  In the Cascade

Mountain physiographic province, headwater peatlands are nearly as abundant as lacustrine peatlands,

followed closely by floodplain and then terrace positions.  This differs from the Puget Sound

physiographic province where the lacustrine positions are more than four times as abundant as

headwater positions.  Floodplain, terrace, and saddle positions are relatively uncommon, occurring in less

than 10% of peatlands in the Puget Sound physiographic province.  This difference can be explained by

the differences in physiography of the regions.  The Puget Sound physiographic province is characterized

by an abundance of glacial lakes (Hansen 1947) that provide many potential lacustrine sites for peatland

development.  In the lower elevation areas of the Cascade Mountains, below 610 meters (about 2,000



Community Profile of Sphagnum-dominated Peatlands in Western Washington

Chapter Two 14

feet), lake basins are less common and peatland development is concentrated in floodplain and terrace

landscapes (i.e., those with shallow slopes), and in headwater regions where slow moving water

accumulates in shallow depressions before forming first order streams.

The landscape positions of Sphagnum-dominated peatlands in the Olympic Mountain physiographic

province more commonly reflect lacustrine than other landscape positions (except depressional).

Peatlands, however, occur more frequently in the other landscape positions compared to the Puget

Sound province. Lowlands in the Olympic Mountain province have both steep terrain, where peatlands

develop in valleys or headwater areas, as well as large, flat regions of uplifted coastal plain, more similar

to Puget Sound, where lakes are abundant.

Basin Type

In addition to the landscape position, the types of basins in which the Sphagnum-dominated peatlands of

western Washington have developed can be differentiated.  Information on the type of basin is important

in understanding the nature of individual peatlands and how they developed.  For instance, glacial lake

basins in the Puget Sound physiographic province are known to have four common origins: (1) kettle

lakes, (2) morainal lakes, (3) lakes formed in drainage channels dammed by glaciofluvial deposits, and

(4) floodplain depressions in valleys of glacial streams (Hansen 1947).  A peatland developing in any one

of these diverse basin types could be described as lacustrine if a lake was still present, while two

peatlands developing in a similar basin type could be classified differently if one had completely filled the

basin with organic deposits while the other still surrounded a small lake.  Although described as lakes,

FIGURE 2.8 Distribution of peatland landscape postion for western Washington
Physiographic Provinces (depressional position makes up the balance).
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these classes depict different ways basins have been formed and can be applied to basins that have

been filled with peat rather than water.  Unfortunately, there is limited information on basin type available

for many of the Sphagnum-dominated peatlands in the database.  No basin types are described for

peatlands in the Olympic Mountain physiographic province and only for a very limited number of sites in

the Cascade Mountain province.

Kettleholes (and kettle lakes) originated from blocks of glacial ice caught in the morainal till or outwash

deposits as glaciers melted (Wetzel 1983).  The melting of these ice blocks resulted in shallow, irregular

depressions of various sizes depending on the original dimensions of the ice blocks (Wetzel 1983). In the

Puget Sound province, there are numerous examples of Sphagnum-dominated peatlands developing in

kettleholes.  Morainal lakes occupy irregular depressions formed in glacial drift.  Specifically, these lakes

occupy irregularities in the ground moraine.  They were formed by deposition under the glacier as it was

moving, as well as from deposits within the ice mass as it melted (Bradshaw and Weaver 1993).  As was

seen in the section on landscape position, it is in these depressions that western Washington Sphagnum-

dominated peatlands most commonly develop, particularly in the Puget Sound physiographic province.

Some also occur in the lower elevation regions of the Cascade Mountain province.  The depressions and

peat deposits vary in size.

Although no Sphagnum-dominated peatlands are known to have formed in valleys blocked by glacial

deposition, a few deposits have formed in instances where valleys were blocked by other means.  The

Milton No. 2 deposit in Pierce County (Rigg 1958) is an example of a small valley being dammed by

sediments of the Puyallup River, and the Pilchuck Creek deposit in Skagit County has formed over a

logjam.

Floodplain depressions in valleys of glacial streams are seldom documented as locations of Sphagnum-

dominated peatlands in western Washington.  In the sites compiled for this study, only the Mosquito Lake

peat area in the Cascade Mountain physiographic province, is identified as developing in a river valley

shaped by glacial streams, although many peatlands occupying a landscape terrace position probably

owe their origins to glacial waters.

Glacial scour lakes may also develop in depressions formed from the erosive forces of glaciers moving

over the landscape (Cole 1983).  Only one example of a Sphagnum-dominated peatland forming in such

a deposit is documented in western Washington, at Camp Wesley Harris in the Puget Sound province.

Sphagnum-dominated peatlands forming in basins developed by means other than glacial activity are

poorly documented in western Washington.  Although many peatlands are described as occurring on

floodplains and terraces, the type of depression occupied within these landforms is not specified.

As mentioned in the section on landscape position, the majority of the Sphagnum-dominated peatlands in

the Willapa Hills physiographic province are found in inter-dunal areas.  This landscape is shaped by wind

shifting sands with peatlands developing in the troughs between the sand dunes.  For the most part, the
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peat deposits occupy areas between longitudinal ridges running parallel to the shoreline, thought to

represent successive beach ridges (Hansen 1947).  This dune environment is presumably much younger

than most landscapes in western Washington, being repeatedly modified by the continually shifting sands

(Hansen 1947).  The peat areas are correspondingly shallow with a maximum depth of 4 meters (13.4

feet), in a region surficially dominated by Sphagnum, to less than 2 meters (6.7 feet), in much of the

surrounding non-Sphagnum wetlands (Rigg 1958).

Water Flow

Water flow within a peatland may be the most important factor controlling its development, yet it is not

simple to quantify, particularly based on a single observation of a site.  From the descriptive information

available, the Sphagnum-dominated peatlands in western Washington receive inflow through seasonal

flooding, defined channels, storm drains, subterranean flow, undefined overland flow, and springs.  Many

of the Sphagnum-dominated peatlands have outflows, which can be described as either seasonal, or

defined channels, including pipes and ditches.  In some cases, Sphagnum-dominated peatlands in

western Washington are influenced by neither inflow nor outflow channels, contributing to their

hydrological isolation from geogenous waters.

Peat Type

Most of western Washington has been included in soil surveys conducted from 1947 to 1986.  The

organic soils, mapped as various series, can be summarized according to the vegetation from which they

were formed and the degree of decomposition that vegetation displays in the soil profile.  An important

initial distinction is that between muck soils and peat soils.  Both are organic soils, but they differ in their

level of decomposition (Soil Survey Staff 1951).  In a muck soil, the organic remains are decomposed to

the point where identification of plant parts is impossible, whereas, in peat soils, plant parts can still be

identified (Soil Survey Staff 1951).  In general, muck soils have a higher mineral content than peat but this

is not used as a differentiating character (Soil Survey Staff 1951).  With this basic distinction in the degree

of decomposition made, peat and muck types can be further subdivided based on the origin of plant

material.  The many soil series used in the soil surveys can, thus, be grouped into seven basic classes,

comprised of:

1) Sphagnum peat,

2) grass and sedge peat,

3) grass and sedge muck,

4) woody (tree and shrub) peat,

5) peat and muck formed from salt tolerant plants,

6) sedimentary peat formed from the remains of microscopic plants and colloidal or

sedimentary materials, and

7) mucky mineral soils which contain organic materials but are either too thin to be considered

peatland soils or have a large degree of mineral materials mixed with the organics.
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Table 2.4  relates the soil names from soil surveys into these seven categories.   Figure 2.9 shows the

distribution of peat types by physiographic province.

TABLE 2.4   Specific soil names in each of seven categories.

Sphagnum
Peat

Sedge and
Grass Peat

Woody Peat Sedimentary
Peat

Sedge and Grass
Muck

Salt Influenced
peat and muck

Mineral Soils

Orcas peat Mukilteo peat Rifle peat Tanwax peat Semiahmoo
muck

Tacoma peat Borosaprists

Greenwood
peat

McMurray peat Shalcar muck Tacoma muck Bellingham
mucky silt
loam

Seastrand
mucky peat

Seastrand
Variant muck
Fishtrap muck
Pangborn muck
Dupont muck
Mukilteo muck
Shalcar Variant
muck
Mukilteo Variant
muck
Carbondale
muck
Seattle muck

In both Pierce and Thurston counties, two soil surveys were conducted 20 years apart.  The soil surveys

of Pierce County were conducted in 1955 and 1975, while those in Thurston County were conducted in

1958 and 1982.  The differences between the older and newer surveys are interesting.  In Pierce County,

three areas were identified with Greenwood peat (a Sphagnum peat soil) as part of the wetland complex

in 1955 (United States Department of Agriculture 1955).  In 1975, however, these areas were not

delineated separately from the surrounding wetlands and were identified as being muck or mineral soils

(United States Department of Agriculture 1975).  In Thurston County, a similar trend was displayed with 9

of the 11 Sphagnum-dominated wetland sites mapped in both surveys, at least partially, as a peat soil in

1958 and as a muck soil in 1982 (United States Department of Agriculture 1958, 1982).  The reasons for

these discrepancies are unclear and it is unknown whether these changes result from:

a) actual changes in the physical properties of the soil, as a result of drainage, or hydrological

modification of the watershed leading to a decomposition of the peat,

b) improved aerial photography and field verification, improving the quality of the mapping,

c) more recent surveys being mapped at a lesser level of detail, or

d) the working definitions of the soil series changing over time.
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It seems unlikely that the original soil surveys were inaccurate, and that the more recent descriptions

represent a correction, since soil profiles by Rigg (1958) indicate that there was, in fact, Greenwood

(Sphagnum) peat present at many sites, as mapped in the earlier surveys.  This lends credence to the

theory that the peat soils had indeed undergone further decomposition during the intervening 20-year

time period, perhaps due to draining or other hydrological modifications associated with human activities

in the area.

2.5 Watershed Characteristics of Western Washington Acid Peatlands
Watershed size

The area of surrounding land from which water flows towards an individual wetland is considered to be

the watershed, or drainage area, for that wetland.  Drainage areas of the Sphagnum-dominated peatlands

in western Washington range in size from about 16 to 18,085 hectares  (40 to 44,670 acres).  Attempts to

correlate wetland size with the extent of Sphagnum peat area or landscape position were unsuccessful.

The inability to find relationships between these attributes is not really surprising.  In flatter topographic

areas, such as plateaus where Sphagnum-dominated peatlands typically develop, very large watersheds

FIGURE 2.9 Distribution of peat types underlying Sphagnum-dominated peatlands by
physiographic region  (based on soil surveys)
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might result in only minimal transfer of runoff into peat areas, whereas in steeper areas, smaller

watersheds might contribute proportionally more surface runoff to the Sphagnum community.  In addition,

incomplete data and knowledge of past disturbance history also make watershed size relationships

difficult to identify.

Disturbance history

Various types of disturbance have been prevalent in the Sphagnum-dominated peatlands of western

Washington this past century.  Although natural forms of disturbance occur (e.g. fire, flooding and other

hydrologic alterations) man-made disturbances are most likely to be reported.  Some manner of man-

made disturbance was reported in at least 45% of the Sphagnum-dominated peatlands and 42% of the

associated watersheds comprising the sample for western Washington (see Table 2.5).  Data supporting

the summary information in the Table is given in Appendix C, "Supporting data and reports for Chapter 2."

TABLE 2.5 Percentage of Sphagnum-dominated peatlands in each physiographic province disturbed
from their natural state.
Physiographic Province % Total Sites Disturbed

Wetland Watershed N (number in

sample)

Olympic Mountain 49 13 43

Puget Sound 49 46 176

Cascade Mountains 17 36 23

Willapa Hills 80 80 5

Western Washington 45 42 247

The degree of disturbance is also seen to varies by physiographic province, with the more remote

Cascade Mountain province having a lower degree of peatland disturbance, and the large wetland

complexes between sand dunes in the Willapa Hills province have a very high degree of disturbance.

The type of disturbance is also of interest, and the two most common disturbance types within each

province are given in Table 2.6, both for the peatland itself and for the surrounding watershed.  From

Tables 2.5 and 2.6, it is appears that the regions with the lowest disturbance percentages also had lower

impact types of disturbance.  Logging, grazing, and recreation are the most commonly identified

disturbance types.  These types of activities may have lower impacts on peatland processes and

functions than direct disturbance of the peatland itself by mining, draining, logging, or farming.

In the Puget Sound and Willapa Hills physiographic provinces, the disturbance types were mining,

logging, draining, and agriculture.  The severe effect of mining and agriculture can be seen in two

peatlands in the Puget Sound province.  The Seola peat area and Cottage Lake peat area (Rigg 1958)

provide two excellent examples of former Sphagnum-dominated peatlands in King County that have been

subjected to the disturbances of mining and agriculture respectively, eliminating the areas of Sphagnum
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peat.  The effect of logging in the watersheds of peatlands appears to be less severe than direct effects

on the peatlands from mining, draining, and farming.

In the Puget Sound and Willapa Hills physiographic provinces, residential developments are beginning to

encroach on Sphagnum-dominated peatlands (Table 2.6).  The major population centers of western

Washington, which occur in the Puget Sound province, coincide with the regions containing high numbers

of Sphagnum-dominated peatlands.  Due to this coincidence, the effects of urbanization may have a very

significant negative influence on a large percentage of western Washington’s Sphagnum-dominated

peatlands.  Potential impacts due to changes in water levels, nutrient and mineral enrichment, increased

bacterial populations and direct physical effects of trampling and establishment of invasive species are

also likely.

TABLE 2.6 Common disturbances of Sphagnum-dominated peatlands in western Washington.

Physiographic Province Most Common Disturbance Types

Wetland Watershed

Olympic Mountain logging grazing logging -

Puget Sound mining logging roads residential

Cascade Mountains logging recreation logging roads

Willapa Hills drainage agriculture logging residential

2.6 Developmental Pathways and Isolating Mechanisms
Sphagnum-dominated peatlands in western Washington appear to have developed through two main

processes.  The first is the deposition of peat in lakes, termed terrestrialization.  The second is the

deposition of peat in marshes or swamps, called flow-through succession or topogenous development

(Moore and Bellamy 1974 as cited by Mitsch and Gosselink 1993). Paludification, the spreading of

Sphagnum sp. onto upland areas through the process of waterlogging, is not obvious in western

Washington.   A more detailed discussion of these successional processes is presented in the

Succession section of Chapter 5.  Both of the processes identified above can lead to peatlands

dominated surficially by Sphagnum, but differing in terms of their underlying peat stratigraphy.  The

successional process by which peat accumulates in a lake basin, eventually leading to the establishment

of a Sphagnum-dominated peatland, has not been studied in western Washington since the early 1900s

(Rigg 1919, 1925, 1958; Rigg and Richardson 1933, 1938).

Sphagnum-dominated peatlands whose development is associated with lakes may be found in a number

of situations.  Sphagnum may be found encroaching on the margin of a lake, such as the Lake Twelve

bog, King County #21, (Rigg and Richardson 1938) or completely surrounding a lake, such as the

Sunnydale bog, King County #23 (Rigg and Richardson 1938).  In other situations, the peatland has filled
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the entire basin leaving no visible lake, such as the Lake Forest Park bog (Rigg and Richardson 1938)

which no longer exists.  These peatlands all represent various stages in the lake-fill model of bog

succession (Crum 1988) and indicate that this successional process occurs and has occurred in at least

some of the peatlands of western Washington.

All three lake-fill sites mentioned above show four basic layers of peat accumulation in their peat profiles.

At the base, all sites begin with a layer of lake mud over basal sands and clays (Rigg and Richardson

1938).  This lake mud, later described by Rigg (1958) as sedimentary peat, is presumed to have settled in

the lake and is composed of organic matter made up of microscopic remains of diatoms, algae, sponges

and plants, mixed with mineral matter (Rigg and Richardson 1933).  Various layers of fibrous peat lie

above the sedimentary peat layer (Rigg 1958), including peats composed of sedges (Carex spp.), tules

(Scirpus spp.) and reeds (Phragmites spp.) (Rigg and Richardson 1938).  A partial, or sometimes

complete, layer of woody peat is then formed over the fibrous peat, with the Sphagnum peat forming

directly on either the fibrous peat or the woody peat (Rigg and Richardson 1938).  At the margins of each

of the profiles lies an area of muck containing organic material from decayed plants, as well as mineral

soil from the adjacent slopes (Rigg and Richardson 1938).  This depositional pattern is in agreement with

the vegetational succession pattern proposed by Fitzgerald (1966) for the peatland surrounding King’s

Lake bog (King County #5).  King’s Lake bog is surrounded by a floating rush-Carex zone from which

pioneering shrubs extend out into the lake.  Bordering the rush-Carex zone, towards the shore, is another

floating zone, dominated by Sphagnum and Carex, that is surrounded by a bog-shrub-tree zone, having a

ground layer of Sphagnum (Fitzgerald 1966).  Beyond that, the peatland is surrounded by a transition

zone and marginal ditch zone, both of which are formed on a substrate of muck (Fitzgerald 1966).

Combining the peat stratigraphy with the surface vegetation patterns, a typical developmental history can

be constructed.  Initially, the sedimentary peat is deposited in the lake basin through settlement of

material washed in from the surrounding slopes, as well as from microscopic organisms inhabiting the

lake (Rigg 1958).  While this sedimentary deposit is being formed, sedges and pioneer shrubs, growing at

the lake margin begin to form a mat extending inwards towards the center of the lake.  A thin, unstable

mat of vegetation forms, which is fragile and pieces may break off, sinking to form the beginnings of a

layer of fibrous peat on the lake bottom.  As the mat gradually thickens, it enlarges and encroaches

further on the lake (Fitzgerald 1966).  This thickened region of the mat serves to isolate plants growing on

it from the lake water, both horizontally and vertically (Vitt and Slack 1975).  This allows Sphagnum

species to become dominant, building further layers of peat.  As the layers of peat build up above the

level of the lake, precipitation becomes more important as a water and mineral source, and the lake water

becomes less influential.  In some instances, this developmental process favors the growth of Sphagnum

and other plants adapted to acidic or mineral-poor environments (Crum 1988).  In comparing the flora

developing on alkaline and acidophilous bog lakes in northern Michigan, Vitt and Slack (1975) determined

that distance from the water’s edge served to isolate the vegetation from the influences of the lake water

enough that in both instances, a common, relatively acidic, plant community developed.
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Sphagnum-dominated peatlands may also be found away from lacustrine influences, isolated within

marshes or swamps, such as in the Grayland peat area (Rigg 1958) or occupying a depression

associated with neither a lake nor a larger wetland complex such as the Sooes River peat area (Rigg

1958).  In such cases, Carex peat forms the basal deposit over mineral soil, lacking an intermediate layer

of sedimentary peat (Rigg and Richardson 1933).  The Sphagnum peat may then overlie Carex peat,

completely dominating the peat area, as is the case in the Sooes River peat area (Rigg 1958), or only

occur in patches, with much of the peatland surface still being dominated by marsh or fen vegetation, as

in the Grayland peat area (Rigg 1958).  The colonization of Sphagnum in these fen or marsh areas

occurs when the build-up of peat has caused the bases of the sedges or shrubs to rise above the

influence of the mineral-rich surface water, causing rainfall to have a greater influence on water chemistry

(Hebda et al. 2000).  As with lake-infill succession, this favors the growth of Sphagnum mosses.  Glaser

(1983) mentions the development of Sphagnum islands in stagnation zones where geogenous runoff is

minimal.  Thus obstructions to flow could also act as an isolating mechanism to encourage the

development of peat profiles.

On the eastern coast of North America, Damman (1986) describes a zone of topogenous peatlands near

the southern distribution limit of Sphagnum-dominated peatlands, with raised, ombrogenous bogs

occurring only farther north, where there is adequate precipitation. Extending only to the south coast of

Oregon (Halsey et al. 2000), Sphagnum-dominated peatlands of western Washington are also near the

limits of their geographical range.  If trends similar to those observed by Damman (1986) also occur on

the West Coast, many of the peatlands, particularly those in areas of lower precipitation, may be

climatically limited from forming a true ombrogenous system.  However, the precipitation and evaporation

data examined previously clearly show a positive water balance, at least for the Puget Sound

physiographic province.  In some continental regions, reversals in groundwater flow creating a discharge

environment under the peat mound, have been found to counteract the climatic moisture limitations and

allow the formation of ombrogenous peatlands even where the water balance is marginal (Glaser et al.

1997).  No such hydrological studies have been conducted in western Washington, so it is unknown if

groundwater reversals play an important part in the development of Sphagnum-dominated peatlands in

western Washington.
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CHAPTER 3: CHEMISTRY OF SOME SPHAGNUM-DOMINATED PEATLANDS IN
WESTERN WASHINGTON

This chapter looks at the chemical character of water from peatlands dominated by Sphagnum moss.
After establishing some basic parameters of the chemical environment, precipitation data from western
Washington is presented, followed by data from four Sphagnum-dominated peatlands.  Water chemistry
data is taken from environmental reports submitted as part of development review requirements in King
County.  Data from both the Sphagnum mat and the peripheral moat area (lagg in Scandinavian
terminology) are provided when available.  Regional groundwater and surface runoff data are also
presented and compared to data for the Sphagnum-dominated peatlands.  Chemical characteristics of
other freshwaters in western Washington are presented for comparison and contrast.  In addition to data
characterizing Sphagnum-dominated peatlands and other waters in western Washington, chemical data
are presented for drainage from a disturbed peatland.

3.1 Basic Chemistry Considerations in Acidic Peatlands

Peatlands have historically been classified along a gradient from the most acidic, base-poor systems

(bogs), to those with circumneutral waters, to alkaline, base-rich systems (rich fens).  This bog-fen

continuum is discussed in Chapter 1.   Sphagnum-dominated peatlands are on the acidic, base-poor side

of the continuum.  The trait of acidity is one of the most important characteristics distinguishing

Sphagnum-dominated peatlands from other peat-accumulating wetlands.  Many investigators have

defined peatland classes using pH ranges as one of the variables separating peatland types.  From early

schemes to more recent ones (Sjors 1950; Malmer 1986; Vitt, et al. 1989) there has been much overlap

between these ranges, although all investigators consider bogs to be the most acidic peatland type.

Depending on the investigator and location, other Sphagnum-dominated peatlands (sometimes termed

poor fens) can have pH values that are close to, and overlapping, the acidity threshold set for bogs. Table

3.1 indicates some of the pH values set by various investigators for bogs and poor fens.  Note that

terminology is used differently by different investigators, and not all poor fens are necessarily Sphagnum-

dominated.

In addition to differences in pH, Sphagnum-dominated peatlands are also exceptional in that the

carbonate-bicarbonate buffering system typical of most surface waters is almost entirely absent.1  The

carbonate-bicarbonate buffering system is based on the dissolution of atmospheric carbon dioxide gas in

water.  At low pH, carbon dioxide forms carbonic acid.  As pH increases beyond 6, carbonic acid

dissociates into positively charged hydrogen ions (H+) and negatively charged bicarbonate ions (HCO3
-).

At higher pH (over 10), carbonate (CO3
-2) is favored in the equilibrium.  Figure 3.1 shows a carbonate-

bicarbonate equilibrium diagram (Hutchinson 1957).   Since the waters of

                                           
1 A buffering system plays a key role in the ability of water to resist changes in pH as strong acids or
bases are introduced.  The ability to resist changes in pH can be important for some aquatic organisms.
Some species of fish, freshwater sculpin, for instance, are highly sensitive to changes in pH, and cannot
live in systems where the pH fluctuates too broadly.
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TABLE 3.1 pH distinctions between bogs and poor fens, various researchers.

Sphagnum-dominated peatlandInvestigator Country
Bog Poor Fen

Sjors (1950) Sweden 3.7 - 4.6 3.8 - 5.2
(extreme poor fen)

4.5 - 6.5

Gorham (1950) England 3.7 ---
Malmer (1986)  Fig 5 Sweden 3.4 - 4.2 4.0 - 5.8
Glaser (in Wright et al.
Ed: 1992)

Minnesota < 4.2 4.2 - ---

Larsen (1982) N. Michigan 4.1 (avg. of 6) ---
Zoltai & Johnson (1987) Canada 4.5 4.8
Vitt & Bayley (1984  ) Ontario, CA                               4.0 - 5.6

(Sphagnum-dominated)
Vitt & Chee (1990)
Table 1

Alberta, CA --- 4.5 , 4.8
(Spring / fall averages)

Nicholson & Vitt (1994)
Table 1

Elk Is. Natl.Park,
Alberta, CA

3.5 - 3.6 4.0 - 4.5

Vitt et al. (1995) Table 2 Alberta, CA 3.9 5.4
Vitt et al., 1990 Table 2 coastal B.C., CA 4.1 - 4.8 4.4 - 6.6
Malmer et al. (1992)
Table 3

Prince Ruppert,
B.C., CA

3.7 - 4.9 4.4 - 6.7

Thorman (2000) Alberta, CA 3.9 5

Summary Range 3.4  - 4.9 4.0 - 6.7

Shaded cells are studies of maritime West Coast peatlands.

Sphagnum-dominated peatlands typically have pH values well below 5, it is too acidic to allow the

dissociation of carbonic acid, thus the buffering effect of bicarbonate and carbonate ions typical of most

waters, is not operative.

Instead of the typical carbonate-bicarbonate buffering system, the waters of Sphagnum-dominated

peatlands are rich in organic acids.  Gorham et al. (1984) states that both humic substances and

aluminum contribute to buffering at pH values less than 5, but goes on to note that their capacity to resist

acidification processes has not been measured.  Some local investigators also refer to these organic

acids as a buffering system (Herrera 1993).  However, it is not clear to what extent, if any, organic acids

react with bases to buffer changes in pH in the same manner as carbonate and bicarbonate ions.  Work

by Munson and Gherini (1993) suggests a more complex interaction between mineral and organic acids

on the actual buffering capacity of waters.

An interesting application of this basic chemical equilibrium comes into play in looking at the distribution in

acidity of peatlands worldwide. In 1984, Gorham et al. noticed a bimodal distribution in the acidity of

Minnesota peatlands.  These investigators found that peatlands tended to be either acidic, with pH less

than 5, or basic, with pH greater than 6.  Fewer peatlands were in the intermediate range between pH 5

and 6.  Data were also presented for Swedish peatlands, which showed a similar distribution.  This

relative scarcity of peatlands in the range of pH 5 to 6 is near the point in the carbonate-bicarbonate
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equilibrium that bicarbonate alkalinity drops rapidly to zero.  At this point, acidification by Sphagnum can

become the dominant influence in acidification, which is hypothesized to progress rapidly, perhaps on the

order of one to two hundred years.  Vitt and Kuhry (1992) have suggested that this bimodal distribution of

pH may be due to the short length of time it takes to complete the switch to Sphagnum domination in a

peatland once the pH decreases to about 6.

Since rainwater is a predominant source of water, it plays an important role in the dynamics of

Sphagnum-dominated peatlands.  Therefore, the chemical properties of rainwater are of interest as a

reference point in understanding the chemistry of acid peatlands and will be discussed in Section 3.2.

However, some general observations are of interest here.  The water of some Sphagnum-dominated

peatlands has long been recognized as being more acidic than rainwater (Moore and Bellamy 1974;

Crum 1992).  The sources of this enhanced acidity have been explored by a number of investigators

(Clymo 1963 and 1964; Gorham 1956; Hemond 1980; Oliver et al. 1983; Munson and Gherini 1993).

Three basic mechanisms of acidification are recognized: cation exchange, dissociation of organic
acids and sulfate reduction.  Of these, cation exchange is perhaps the easiest to understand but

considered by Hemond (1980) to be a relatively minor source of acidity.  In investigating ion exchange as

a method of acidification, Clymo (1963) identified the unesterified polyuronic (galacturonic) acids on and

within the cells of Sphagnum mosses as the active exchange site.  He also found that the cation

exchange ability is related to height above the free water table.  Clymo, working in English bogs,

estimated that a pH of 4.5 could be maintained by cation exchange in the new Sphagnum growth using

only the cations supplied by rainwater.  However, he also found that only a portion of that exchange ability

actually occurs.

FIGURE 3.1 Carbonate-bicarbonate equilibrium diagram
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In cation exchange, the polyuronic acid on the inside and outside surfaces of the cell walls of living

Sphagnum binds with free cations in the water (Vitt, personal communication 2000).  In doing so, the acid

gives up hydrogen ions, the number depending on the charge of the cation captured.  This process is an

obligate one – it occurs in living Sphagnum whenever cations are in close enough proximity to the cell

wall.  Figure 3.2 show a schematic of the cation exchange process.

Organic acids were the focus of a

study by Hemond (1980).  In

investigating Thoreau's Bog

(Massachusettes), Hemond concluded

that "…the dissociation of these weak

[organic] acids is adequate to account

for the observed pH of the bog," which

was as low as 3.8.  Oliver at al. (1983)

found that humic acids, a type of organic

acid, made a significant contribution to

the ionic balance of highly colored

waters, and that mineral ions (e.g. Ca++,

Mg++, SO=
4, etc) were insufficient to

account for observed acidity in humic waters in Nova Scotia.  Thurman (1985) emphasized this same

conclusion.  These observations support the conclusion that cation exchange is only one of several

possible factors causing the acidity in peatland waters.

Sulfate reduction, a third mechanism of acidification in peatlands, was investigated by Gorham (1956),

who considered the oxidation of hydrogen sulfide released from the anaerobic peat to be the source of

high sulfate concentrations in English bog pools.  He assumed sulfate, in its equilibrium condition within

the bog, was present as sulfuric acid, and the source of acidity.  This idea was developed further by

Gorham in 1967 (as reported by Hemond 1980).  Acid rain was identified by Gorham (1956) and also

mentioned by Clymo (1963) as being an additional potential source of peatland acidity.

Munson and Gherrini (1993) developed a predictive model to determine changes in the H+ content of

Adirondack lake waters due to changes in both mineral acidity and dissolved organic carbon (DOC)

(organic acids are an important source of DOC).  Sulfate reduction would be included in mineral acidity in

this model. Using empirical data from Adirondack lakes, they found that both mineral and organic acidity

interacted in predictable ways to affect pH.  Specific studies concerning the importance of the three

processes described above have not been done for western Washington Sphagnum-dominated

peatlands.

FIGURE 3.2 Cation exchange: a schematic
representation.

Cation exchangeCation exchange
Ca++      Na+       H+ Mg++

Mg++            K+

      Ca++

      2 H+

    Na+
Polyuronic acid 

on sides of cell wall
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Profile through a sphagnumProfile through a sphagnum
hummockhummock

2’2’

Zone 1  interstitial spaces
   aerated

Zone 2  interstitial spaces
   saturated, water
   oxygenated

Zone 3  interstitial spaces
   saturated, water
   anoxic

acrotelm

catotelm

Another important characteristic of Sphagnum-dominated peatlands is the presence of a vertical gradient

of dissolved oxygen (D.O.) in the Sphagnum mat.  It is particularly pronounced in Sphagnum-dominated

peatlands characterized by hummocks and hollows.  There are three distinct zones identifiable in profile

through a Sphagnum hummock.  The uppermost zone is characterized by living Sphagnum, and the

spaces between the Sphagnum stems are not permanently saturated.  Zone two lies immediately below

the upper zone.  It consists of living and partially decomposed Sphagnum.  The interstitial spaces are

typically filled with water and have a measurable dissolved oxygen content.  Zones one and two

combined are called the

acrotelm.  Zone 3 lies below the

acrotelm and begins where

dissolved oxygen is depleted.  In

this zone, peat decomposition by

aerobic processes ceases, and

only slow anaerobic

decomposition takes place.  Zone

three is called the catotelm.

Malmer (1986) has reported that

in Swedish bogs, both the

amplitude of water level

fluctuations, as well as the

duration of low water level in

summer, affect the depth of the

acrotelm.  Figure 3.3 represents

these chemically and ecologically

distinct zones.

3.2 Rainwater Chemistry in Western Washington
Since rainwater is a major influence upon Sphagnum-dominated peatlands, the chemical characteristics

of rainwater are an interesting reference point.  Rainwater is different chemically from ground and surface

waters, which are enriched by contact with mineral soils, bedrock and biological processes.  Rainwater is

influenced primarily by atmospheric gases, and in developed areas, anthropogenic contaminants.  When

dissolved in water, carbon dioxide, a common atmospheric gas, dissociates to form carbonic acid.

Therefore, rainfall naturally tends to be on the acidic side.  (Nitrogen, although a major atmospheric gas,

does not dissociate readily in water, hence nitric acids are not typically present in rainwater from

unpolluted areas.)  In addition to natural acidity, rainwater is soft, meaning that earth-derived cations such

as calcium and magnesium are present only in low concentrations.  Since mineral acidity is low in

rainwater, purely rainwater-influenced, or ombrogenous, peatlands probably do not depend solely on

FIGURE 3.3 Vertical zones through a Sphagnum hummock.
Note: the 2-foot depth of the acrotelm indicated in the Figure is
based on measurements, Little Lake, Snohomish County,
Washington.



Community Profile of Sphagnum-dominated Peatlands in Western Washington

Chapter 3 6

cation exchange to develop their acidity.  Cation exchange would be a more important factor in

developing acidity in peatlands that have more contact with surface or groundwater  (that is, in the poor

fens category in many peatland classification schemes: see Chapter 1 for a discussion of peatland

classification).

Data from western Washington, collected as part of the National Atmospheric Deposition Study (NOAA

website May 2000) are given in Table 3.2.  The data are annual averages from 1995 and 1998 for

Olympia and Bellingham, both medium-sized cities.  The data show that rainfall is moderately acidic, the

average pH being about 5.  Cation concentrations are very low and similar for the two cities.  Calcium

averages between 0.02 and 0.03 mg/L and magnesium about 0.02 mg/L.  Sodium, often higher in

maritime climates due to the incorporation of salt from the ocean, is similar for the two cities:  0.15 mg/L to

0.16 mg/L.  Potassium concentrations range from 0.009 to 0.017 mg/L.  Sulfate is relatively high,

averaging 0.35 mg/L in Olympia and 0.2 mg/L in Bellingham.  Chlorine, which tends to be higher in

ocean-influenced climates, averages about 0.32 mg/L in Olympia and 0.22 mg/L in Bellingham.

Macronutrient data (phosphorus and nitrogen) are not given in the NOAA database.  Precipitation

reaching western Washington from the Pacific might be thought to have little opportunity to pick up

nutrients, there being few sources that might cause enrichment.  Local data indicate that human activity,

especially motor vehicle traffic, may be influencing the composition of urban rainwater in the Puget Sound

area.  Rainfall data were collected at two locations in the Seattle area by the Puget Sound Wetlands and

Stormwater Management Research Program (PSWSMRP) from mid-1988 to 1990.  One location, near

the Factoria interchange in Bellevue, represents a very urban situation.  At the Factoria interchange, two

major freeways cross – Interstate 5 and Interstate 405.  The second location, Patterson Creek wetland 12

(PC 12), is at the eastern edge of the Lake Sammamish plateau near the headwaters of the Patterson

Creek.  At the time of rainfall sampling, the Patterson Creek location was rural in character.

Rainfall for the study was collected in 30-gallon plastic garbage cans lined with plastic garbage can liners.

The cans were placed in the middle of an open area near each of the wetlands studied.  Care was taken

to place the cans so that precipitation would fall directly into the can without contacting overhead

vegetation (Lorin Reinelt, personal communication May 10, 2000).  The rainwater collected was

transferred to laboratory-supplied sample bottles and analyzed at a certified environmental laboratory

operated by Metro (now the King County Environmental Laboratory).  Parameters analyzed were chosen

for a nutrient mass balance study of the two wetlands: hence minor nutrients and cations data were not

collected.  Summary statistics are also presented in Table 3.2.
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TABLE 3.2 Precipitation chemistry, western Washington area.

The pH and nitrogen data (all forms, NO3, NO2+NO3 and TKN) is fairly similar for both stations, although

the variance is high.  The pH averages 4.7, and ranges as low as 3.8 to as high as 6.4.  Both extremes

are at the Factoria station.  Nitrate (NO3) averages 0.245 mg/L at Factoria and 0.280 mg/L at PC12,

relatively high values when compared to lake water.  Ammonia (NH3) is about half the nitrate

concentration: 0.129 mg/L at Factoria and 0.145 mg/L at PC 12.  Total Kjedahl nitrogen (TKN) is higher

National Atmospheric Deposition Program
Annual average concentrations 1994-1998

pH conductivity Ca Mg Na K SO4 Cl TP SRP NO3 NH3 TKN
umho/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Olympia, WA
1995 5.0 0.02 0.019 0.180 0.022 0.3 0.29
1996 4.9 0.02 0.013 0.132 0.013 0.4 0.38
1997 4.9 0.02 0.025 0.220 0.017 0.4 0.38
1998 4.9 0.03 0.017 0.124 0.015 0.3 0.22

Average 4.9 0.02 0.02 0.16 0.02 0.4 0.32

Bellingham, WA
1994 0.07 0.025 0.172 0.017 0.3 0.29
1995 5.0 0.01 0.012 0.115 0.005 0.2 0.19
1996 5.0 0.02 0.022 0.215 0.007 0.2 0.21
1997 5.0 0.02 0.018 0.156 0.009 0.2 0.27
1998 5.0 0.02 0.011 0.084 0.005 0.2 0.15

Average 5.0 0.03 0.02 0.15 0.01 0.2 0.22

Factoria interchange, Bellevue, WA June, 1998 - May 1990

Average 4.7 28.2 * 0.069 0.016 0.245 0.129 0.579
n 11 12 12 11 11 11 12

variance(s2) 0.4 499 0.016 0.001 0.061 0.014 0.269
s 0.7 22 0.128 0.028 0.247 0.119 0.518

Patterson Creek wetland 12,  Nov 1988 - April 1990
Average 4.7 12.3 * 0.030 0.016 0.280 0.145 0.648

n 8 8 9 8 8 8 9
variance(s2) 0.18 84.8 0.001 0.0007 0.12 0.013 0.35

s 0.42 9.2 0.034 0.026 0.348 0.116 0.589

Pine Lake, East Lake Sammamish Plateau, Dec 1979 - Apr 1980
Average 0.003 0.160 1.062

n 6 6 6

*  If corrected for hydrogen ion concentration per Sjors (1950), the values are 21.7 and 5.8 uS/cm
    for the Factoria and PC12 stations, respectively.
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than either nitrate or ammonia, and somewhat higher at PC 12 (0.648 mg/L) than at Factoria (0.579

mg/L).

The Factoria station shows high values for conductivity and phosphorus.  Conductivity is a measure of the

ability of water to conduct an electric current (Standard Methods for the Examination of Water and

Wastewater 1992).  The values average 28.2 �S/cm for Factoria and only 12.3 �S/cm for the PC 12

station.  If corrected for hydrogen ion content per Sjors (1950), the respective conductivity values are 21.7

and 5.8 µS/cm respectively for the two stations. Total phosphorus concentration averages 0.069 mg/L at

Factoria and 0.03 mg/L at PC 12.  Both these values are unexpectedly high for rainfall and substantially

higher than typical lake water in the region.  Soluble reactive phosphorus (SRP) is also relatively high at

both stations: 0.016 mg/L at both Factoria and PC 12.  None of the differences in averages between the

two stations are statistically significant because of the high degree of variability in the data.  One of the

most likely sources of variability is emissions from vehicles and the combustion of fossil fuels. The

detergent additives in gasoline, as well as increased dust and particulates, are likely sources of increased

phosphorus.

An older local precipitation data set was collected for the Pine Lake Restoration study in December 1979

through April 1980 (Dion et al. 1983).  The study sought to quantify the nutrient inputs into a nearby lake.

TP was not determined, but SRP averages 0.003 mg/L for the 6 samples collected.  Nitrate averages

0.160 mg/L.  The SRP value in this earlier study was almost an order of magnitude lower than that found

at Factoria and Patterson Creek ten years later.  Nitrate is also lower in the earlier Pine Lake study than

in the Factoria and Patterson Creek stations, but not as dramatically so.  These data, also shown in Table

3.2,  appear to support the conclusion that urbanization can increase the nutrient concentration of

precipitation.

3.3 Chemistry Data for Sphagnum-dominated peatlands

Sphagnum mat and moat water chemistry: overview

A limited amount of water chemistry data was located for four Sphagnum-dominated peatlands in western

Washington:  ELS21, ELS 34, LCR 16 and PC 17. Table 3.3 summarizes the physical characteristics of

these systems. Figure 3.4 gives general locations of these peatlands, along with two other locations

discussed later in this Chapter.  Additional field data of dissolved oxygen profiles are also presented.

General chemistry is summarized in Table 3.4.  Two of these four peatlands, ELS 21 and ELS 34, are

considered typical of Puget Sound area systems.  LCR 16 has a wider moat than is typical, and PC 17 is

dryer than most Sphagnum-dominated peatlands and has a poorly developed, shallow moat.  Data were

collected by environmental consultants and analyzed at certified laboratories.  Complete data are

presented in Appendix C for Chapter 3.
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TABLE 3.3 Physical Characteristics of Sphagnum-dominate Peatland Chemistry Localities

ELS 21 ELS 34 (Queen's
bog)

LCR 16 PC 17

Area of peatland
hectares (acres) 5.4 (13.4) 7 (17.5) 1.2 (2.87 )

(DEA,1998)
Area of watershed
hectares (acres) 103 (257) 68 (171) 98 (245)

Soil type (from 1973
Soil Survey)

Orcas peat No designation Seattle muck Seattle muck

Landscape position Headwater Headwater Plateau Headwater

% Disturbance in
watershed

Largely
undeveloped at
time of data
collection.  Past
logging of
watershed.

About 60%
developed. Road
along part of
undeveloped basin
boundary

Close to 70%
developed

Road along 50%
of basin boundary

Inflow / outflow
streams

Two intermittent
inflow streams,
one intermittent
outflow stream.

No inflow stream.
One outflow
stream, Laughing
Jacobs Creek.

Two intermittent
inflow streams.
Headwaters of
Madsen Creek.

No inflow, no
outflow.

Moat characteristics Broad, shallow
spirea moat.

Narrow moat
except at pipeline
cut through mat.

Very wide moat,
over 4' deep.

Narrow, shallow
moat.

Tree growth on mat No trees on mat. Stunted hemlock
common.

Few stunted trees
on mat.

Few trees on mat.

Dominant shrub
vegetation

Ledum
groenlandicum

Ledum
groenlandicum,
Kalmia microphylla

Ledum
groenlandicum,
Kalmia microphylla,
Vaccinium
oxycoccos

Ledum
groenlandicum,
Kalmia
microphylla

Depth of peat
meters (ft) 6 ( 20 ) No data No data 5 (17)  deepest

Wetness or dryness
of system

Fairly dry mat Wet Wet Very dry mat, little
water between
hummocks.

Condition/characteris
tics of vegetation

Wide spirea
moat, mat
vegetation
disturbed by off-
road vehicle in a
portion of the
bog.

Invasives,
especially Typha
latifolia,  at gasline
cut and at north
lagg.  Hummocks
taller with fewer
invasives in
eastern (upstream)
portion of mat.

Invasives
encroaching at
edges of mat and
willow established
at outlet end of peat
area.

Dry peat.  Shrubs
relatively tall, few
invasives.
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Figure 3.4 Vicinity map for Sphagnum-dominated peatlands discussed in this Chapter.
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TABLE 3.4 Summary of water chemistry data of four Sphagnum-dominated peatlands, King County, Washington.

General considerations for water chemistry sampling

There are no standardized protocols for sampling peatland waters.  This means that water from very

different situations could be sampled and represented as characteristic of the peatland.  The following are

types of peatland water that could be sampled:

a) water from natural inter-hummock pools that have living Sphagnum as a substrate

b) water from natural depression pools in the mat that have muck (or dead peat but no living

Sphagnum) as substrate

c) water from a deep central pool that is bordered by living Sphagnum

d) water from an artificial depression made in the living Sphagnum mat

e) water from a piezometer installed at a depth of 0.3-0.6 m (1-2 ft) in the mat.  By convention

for groundwater sampling, piezometers are typically bailed, that is, the water initially

withdrawn is discarded and the piezometer allowed to refill.  The refill water is typically used

for the chemistry sample.

f) pore water squeezed from the living sphagnum.

Parameter ELS21     ELS34 LCR16    PC17 *     
Mat N Moat N Mat N Mat N Moat N Mat  N Moat N

pH 4.2 7 5.9 19 4.6 17 4.17 3 6.9 9 4.66 1 5.05 1
alkalinity mg CaCO3/L <1 2 <3.7 8 < 1 3 16.4 9 3.8 1 4.90 1
acidity mg CaCO3/L 15.7 3 <1.3 6 473 1 333 1
hardness mg/L  4 3 8 14 5.87 1 12.3 1
conductivity uS/cm 41.8 7 32.2 18 50.2 14 32.6 3 60.3 9 80.0 1 390 1
corrected cond uS/cm 22 7 31 18 40.0 14 9.3 3 NA 72 1 387 1
Ca mg/L  0.72 1 1.90 6 0.38 3 4.9 9 4.73 1 9.98 1
Mg mg/L  0.28 1 0.77 6 0.16 3 2.1 9 1.14 1 2.33 1
Na mg/L  0.59 1 1.78 6 0.78 3 2.5 9 2.28 1 4.95 1
K mg/L  0.5 1 0.60 6 1.28 3 0.6 9 2.03 1 2.97 1
sulfate mg/L  < 1.18 3 5.8 9
Cl mg/L  1.77 3 2.7 9
DO mg/L 1.9 7 3.8 10 1.4 2 4.3 1 6.5 1
turbidity NTU 17 6 5.0 19 6 1 94 1
TP mg/L 0.072 3 0.051 14 0.60 17 0.23 3 <0.025 9 0.72 1 1.37 1
SRP mg/L < 0.005 3 <0.008 14 0.39 17 0.56 1 0.43 1
NO3 mg/L < 0.34 3 <0.102 13 0.03 1 0.07 1
NO2+NO3 mg/L 0.4 11 0.05 3 <0.161 9
NH3 mg/L < 0.05 3 <0.033 14 1.72 14 0.08 3 0.06 9 2.01 1 3.1 1
TKN mg/L 3.55 3 0.4 9

* Note:  the PC 17 sample was taken during summer drought conditions  
Also note high turbidity in PC17 moat sample
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Each of these sample locations/types has different characteristics and are likely to yield different chemical

characteristics.  One difference is the gradation in redox potential with depth, from the presence of

oxygen in surface water, to the lack of oxygen in the acrotelm.  In addition, decay of Sphagnum also

increases with depth, resulting in the release of nutrients.  Vitt et al. (1995) show vertical concentration

data for several chemical parameters for a Sphagnum-dominated peatland in Alberta, Canada.  Seasonal

variation in nutrients would also differ, especially between surface and deeper locations, depending on

the location of the sample.  Many studies have been explicit about the type of water collected, but others

have not.  Therefore, it is difficult to compare results from study to study.  For the Sphagnum-dominated

peatlands discussed below, samples were collected differently.  Two of the peatlands were sampled

using piezometers (ELS 34 and LCR 16) and two from natural surface depressions (ELS 21 and PC 17).

Another consideration in water chemistry sampling is whether the samples are filtered or not, and the size

of filter pores used in filtering.  A number of the parameters involve digestion of the sample by strong

reagents.  If fragments of organic material are contained in the sample, this material would contribute to

the concentration being determined unless the sample was filtered.  The samples from LCR 16 were

filtered before nutrient determinations were made.  It is not known whether other samples were filtered.

East Lake Sammamish (ELS) 21

ELS 21 is located just northwest of Beaver Lake in King County, Washington (see Figure 3.4).  It appears

to be formed in a kettlehole, 6.1 m (20 feet) deep.  Kettlehole peatlands have relatively steep sides and

are formed by stranded blocks of glacial ice which subsequently melt.  Two intermittent streams

contribute flow to this peatland in winter.  An outlet stream, also intermittent, currently drains to Beaver

Lake.  This stream may have been created when the road around the lake was built in the 1950s.  Before

the road was built, there may not have been a defined outlet channel.  The topographic gradient between

ELS 21 and Beaver Lake is very slight.

Data were collected in 1993 and in 1996 in connection with a development proposal in a portion of the

watershed (David Evans & Associates, Inc. 1993 and 1997).  Three of the four sampling dates were in

late spring: one was in December.  Season variation may be represented in the data set.  Mat samples

were taken from natural depressions.  Moat samples were taken near the surface.

Data from the Sphagnum mat show low pH, D.O. and cation concentrations.  Average pH is 4.2, and

ranges from 4.12 to 4.5.  D.O. averages 1.9 mg/L (standard deviation, s, = 1 mg/L).  Calcium is 0.72

mg/L, magnesium 0.28 mg/L, sodium 0.59 mg/L and potassium 0.5 mg/L.  Anion data were not collected.

Hardness averages 3.7 mg/L (s = 0.4 mg/L).  Since hardness is defined as the sum of the calcium and

magnesium ions, this value is high.  It is not known why agreement between the hardness value and the

component cations is poor.

Data from the moat area were taken from various locations ranging from those near the intermittent inlet

streams to stations adjacent to the Sphagnum mat.  Average moat pH is 5.9 (s = 0.9), varying from 4.6 to
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8.1, reflecting a wide range in acidity in the sample locations.  Dissolved oxygen is somewhat higher than

for the mat samples, averaging 3.8 mg/L, but the standard deviation is high (s = 3 mg/L).  Cations were

sampled at six stations, all on one date. Calcium averages 1.9 mg/L, magnesium 0.77 mg/L, sodium 1.8

mg/L and potassium 0.6 mg/L.  Hardness is 8 mg/L, higher than the mat average of 4 mg/L and still high

compared to the sum of the measured moat calcium and magnesium concentrations.  Calcium to

magnesium ratios are often used to indicate dominant cations.  In ELS 21, the Ca/Mg ratio for the

Sphagnum mat samples is 2.6:1, relatively typical of Sphagnum-dominated peatlands.

Conductivity was corrected for hydrogen ion activity following Sjors (1952).  Mat reduced conductivity

averages 22 �S/cm, while moat conductivity averages 31 �S/cm.  This difference is less pronounced than

expected, perhaps reflecting several fairly acidic stations in the moat samples.

Nutrients show slightly higher values of both phosphorus and nitrogen species in the Sphagnum mat pool

water than in the moat.  Total phosphorus concentrations are similar, averaging 0.07 mg/L in the mat and

0.05 mg/L in the moat.  Soluble reactive phosphorus is near the detection level in both mat and moat

locations.  Nitrate + nitrite is higher than ammonia values at both locations, reflecting oxidizing conditions

at the surface.  In the mat, nitrate + nitrite averages less than 0.34 mg/L while the moat concentration

averages less than 0.10 mg/L.  Ammonia concentrations are similar in the mat and moat stations,

averaging less than 0.05 mg/L in the mat and less than 0.03 mg/L in the moat.

East Lake Sammamish (ELS) 34, Queen's bog

ELS 34 is located near a tributary to the headwaters of Laughing Jacobs Creek in a depression between

two parallel ridges running east-west.  The peatland is teardrop-shaped, with the narrow end at the outlet

on the western side of the wetland.  At approximately the center of the peatland, the Sphagnum mat was

cut during the installation of a natural gas pipeline in the early 1960s.  The open water of the cut never

revegetated.  Over time the areas of the mat adjacent to the open water area eroded, and the open water

area increased.  Non acid-adapted vegetation such as Typha latifolia and Juncus effusus became

established along the mat at the cut margins.  The mat area nearest the outlet has been colonized by

Spirea douglasii, as is the north portion of the upper mat receiving drainage from a county road.  Figure

3.5 shows a view of the Sphagnum mat from the adjacent north ridge.  Approximately 60% of the south

watershed is developed in residential land uses.  Southeast 32nd St. follows along the ridgeline at the

northern edge of the drainage basin (see Figure 3.6).
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The data from Queen's bog were

gathered during the Puget Sound

Wetlands and Stormwater

Management Research Program

(PSWSMRP) and are presented

separately in topics below.  Only

a limited number of parameters

are available for this site; pH,

conductivity, nitrate plus nitrite,

ammonia, total phosphorus, and

soluble reactive phosphorus.

Samples for nutrients were taken

only in the Sphagnum mat.  Moat

samples were not taken.

Although fewer parameters were

collected, some parameters were

collected over a year-long period,

Figure 3.5 Queen's Bog (ELS34) looking across the Sphagnum mat

Figure 3.6 Sketch of Queen's Bog vicinity
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allowing seasonal patterns to be identified.  Three stations were sampled from shallow piezometers at the

center of the Sphagnum mat.  The piezometers were bailed prior to sample collection and allowed to

partially refill (Personal communication, R. Horner, May, 2000).  Table 3.5 summarizes the data, showing

each of the six sampling dates.  Averages are also included in the Table.  The pH data for these stations

range from 4.3 to 4.9 and average 4.6.  A wider range of stations were also sampled for pH and will be

discussed in Section 3.3.2 below.

TABLE 3.5  ELS34 Queen's Bog water chemistry data

Average, 3 stations
pH TP SRP NO3 +

NO2

NH3 Conductivity Corrected
Conductivity

Date mg/L mg/L mg/L mg/L �S/cm �S/cm

09/13/90 4.3 0.70 0.48 0.03 2.96 50 34
11/19/90 4.9 0.41 0.24 1.2 1.40 62 58
12/13/90 4.4 0.47 0.26 0.073 1.21 47 32
01/17/91 4.6 0.69 0.46 <0.01 1.42 46 37
2/27/91 4.7 0.50 0.39 0.3 1.50 45 38
04/16/91 4.9 0.81 0.52

Average, all
stations

4.6 0.60 0.39 0.40 1.72 50 40

N 17 17 17 11 14 14 14

Total phosphorus and soluble reactive phosphorus concentrations are relatively high compared with

typical wetland and surface water values.  TP averages 0.60 mg/L, and SRP is 0.39 mg/L.  No annual

trend was discernable.  Nitrogen is most prevalent in the form of ammonia (NH3), having a higher

concentration than nitrate + nitrite (NO2+NO3) on all but one sampling date.  The mean NH3 concentration

is 1.72 mg/L, whereas NO2+NO3 averages 0.40 mg/L, both high values relative to typical surface water

concentrations. In January, NO2+ NO3 values fell below the detection limit of 0.01 mg/L.  Freezing

weather had occurred the week before (Personal communication, R. Horner, 2000).  NO2+ NO3 ranges

from 0.01 mg/L to a high of 1.35 mg/L.  NH3 ranges from 0.84 mg/L to a high of 3.41 mg/L.

Corrected conductivity averages about 40 �S/cm.  The range is from 18 to 73 �S/cm.  Individual sample

values are presented in Appendix C, Water Quality Data.

Lower Cedar River (LCR) 16

LCR 16 is located on the Maple Valley plateau above the Cedar River, southeast of the city of Renton,

Washington.  It is a headwater Sphagnum-dominated peatland and is the source of Madsen Creek, a

tributary to the Cedar River.  The peatland has a relatively broad, wide moat.  Typha latifolia is

established in the moat and around the Sphagnum mat, and in some areas grows directly through the

Sphagnum.  Figure 3.7 show a view across the moat looking toward the Sphagnum mat.  Approximately

70% of the watershed has been developed, including single family residences and a park/playfield.



Community Profile of Sphagnum-dominated Peatlands in Western Washington

Chapter 3 16

Water levels in the wetland were measured and were noted to fluctuate up to 31cm (1.2 feet) in the moat.

This is considered a relatively high level of fluctuation (Horner, 1996) and probably reflects lack of

standard flow control stormwater ponds in the developed areas of the watershed.

It was not possible to measure peat depth in the field due to obstructions at depth, presumably

submerged wood.  Peat was estimated to be over 3 meters (10 ft) deep based on other peat systems in

the vicinity.  Data

were collected in

1995 and in 1998 in

connection with a

development proposal

in the watershed

(Shapiro &

Associates, 1998.

McGarvey Park

Limited Scope Master

drainage Plan,

Baseline Monitoring

Results, revised

August, 1998).

Earlier sampling dates

were of the moat,

later dates from the

Sphagnum mat.  Moat

samples were taken

in December, March and May and may reflect seasonal variation.  Mat samples were from a piezometer

installed in the Sphagnum mat to a depth of 60 cm (2 ft).  The piezometer was bailed and allowed to

partially fill for each sample date.  All mat samples were taken in June, 1998, minimizing seasonal

variation.

Data from the Sphagnum mat show low pH and D.O. values.  Average pH is 4.2, and ranges from 4.11 to

4.22.  Surface D.O. in the mat averages 1.4 mg/l.  Cations concentrations are low.  Calcium averages

0.38 mg/L, magnesium 0.16 mg/L, sodium 0.91 mg/L and potassium 1.16 mg/L.  The calcium to

magnesium ratio is 2.4 to 1, similar to ELS 21.

Data for two anion was collected:  sulfate and chloride.  Sulfate averages 1.18 mg/L and chloride is 1.77

mg/L on average. Alkalinity is less than 1 mg/L on all sampling dates.  Corrected conductivity averages

about 9 �S/cm.

FIGURE 3.7 LCR 16, view across the moat toward the Sphagnum mat
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Three stations were located in the moat. The width of the moat varied at the three stations from

approximately 8 m to over 20 m.  The proximity of the sampling sites to the mat also varied.  Average pH

is 6.9 based on 8 samples (s = 0.2 ), considerably higher than mat pH.  D.O. was not measured in moat

stations.  Cations were sampled three times – in December, March and May.  Values are higher than mat

values except for potassium.  Calcium averages 4.7 mg/L, magnesium and sodium 2.5 mg/L.  Potassium

averages 0.6 mg/L, a decrease from the mat concentration of 1.2 mg/L.  Conductivity averages 60 �S/cm,

an increase over mat conductivity.

Total phosphorus is higher in the Sphagnum mat piezometer sample than in the moat.  The mat averages

0.23 mg/L TP whereas the moat averages less than 0.025 mg/L TP.  Soluble reactive phosphorus was

not tested.  In the mat, ammonia is slightly higher than the nitrate + nitrite concentration.  Nitrate + nitrite

averages 0.05 mg/L and ammonia 0.077 mg/L.   In the moat, nitrate + nitrite is less than 0.16 mg/L (one

data point is below the detection limit of 0.01 mg/L) while ammonia is less dominant at 0.058 mg/L.  Total

Kjeldahl nitrogen is significantly higher in mat water than in moat water (3.55 mg/L vs. 0.4 mg/L).

Patterson Creek (PC) 17

PC 17 is located near ELS 21 east of Beaver Lake on the Lake Sammamish plateau.  PC 17 occupies a

surface and groundwater drainage divide between the Patterson Creek basin and the Beaver Lake basin

(David Evans & Associates, Inc. 1998).  Data were collected only one time, July 1998, in connection with

a development proposal in the watershed (David Evans & Associates, Inc. 1998).  The consultant report

emphasized that because of the dryness of the peatland, there were only limited areas with enough water

to obtain a sample, especially on the mat.  The sample was taken in a natural depression in the mat after

a prolonged period of dry, sunny weather.  This single sample may not be representative of Sphagnum

mat conditions, particularly since evaporation had been occurring and salts would tend to be concentrated

in the remaining pools.  The same concern applies to the sample from the moat.  However, data are

presented to allow relative comparisons between mat and moat to be made.

Data from the Sphagnum mat show the pH is 4.7 and the D.O. is 4.3 mg/L (standard deviation = 1 mg/L).

Cations are also higher than the other peatlands, probably due to evaporative effects.  Calcium is 4.73

mg/L, magnesium 1.14 mg/L, sodium 2.28 mg/L and potassium 2.03 mg/L.  Alkalinity is 3.8 mg/L, lower

than expected from the sum of cation concentrations.  Corrected conductivity is 72 �S/cm.  Anion data

were not collected.

For most parameters, concentrations from the moat area are higher than from the mat.  Moat pH is 5.0

and D.O. is 6.5 mg/L.  Cations are higher with calcium being 9.98 mg/L, magnesium 2.33 mg/L, sodium

4.95 mg/L and potassium 2.97 mg/L.  The ratio of calcium to magnesium is 4.2, indicating relatively

higher dominance by calcium than in ELS 21 or LCR 16.  Hardness in the moat sample is double that of

the mat, from about 6 mg/L in the mat to 12 mg/L.  Alkalinity values, both from the mat and the moat, are
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lower than expected from the sum of cations.  Conductivity increases from 72 �S/cm in the mat to 387

�S/cm in the moat sample.

Nutrients, like the cations, are high in both mat and moat samples. Total phosphorus averages 0.72 mg/L

in the mat and 1.37 mg/L in the moat.  Soluble reactive phosphorus, however, is slightly higher in the mat:

0.56 mg/L versus 0.428 mg/L in the moat.  In the mat, nitrate is 0.032 mg/L while the moat concentration

is 0.069 mg/L.  Ammonia values are very high.  Ammonia is 2.01 mg/L in the mat and 3.1 mg/L in the

moat sample.

Seasonal distribution of pH in East Lake Sammamish (ELS) 34, Queens bog

As part of the PSWSMRP, pH data were collected at approximately two-week intervals at three stations

on the Sphagnum mat.  On fewer occasions, pH was measured from shore to shore along a north-south

transect across the peatland, just east of the pipeline cut (transect B).  All samples were taken from

piezometers  (Personal communication, R. Horner, May 2000).  The center station (B3) was on the

Sphagnum mat, and stations B1 and B5 are assumed to be in the north and south moats, respectively.  It

is not known, however, whether stations B2 and B4 were within the Sphagnum mat, in moat areas, or in

areas where the mat was disintegrated.  Table 3.6 shows average pH values for the transect.

TABLE 3.6 East Lake Sammamish 34 pH data.

pH data for Transect B, Sept 1990 - Dec. 1991
(transect extends north to south from lagg to lagg east of pipeline cut)

B1 (N moat) B2 B3 (mat) B4 B5 (S moat)

pH (avg.) 6.24 5.39 4.49 5.70 5.76

N (sample size) 8 10 11 7 8

S (standard
deviation)

0.13 0.30 0.42 0.55 0.75

Data were collected from November 1990 to December 1991 and represent seasonal variability.  In

addition, the winter of 1990 was particularly wet, with major flooding occurring in the region.  Station B1 in

the north moat has a higher average pH than Station B5 in the south moat, 6.24 versus 5.76. The north

moat is broader and receives small amounts of runoff from a county road.  The pH is 4.49 at the center

station (B3) and intermediate between the center and moat stations.

Monthly pH values for three transects within the center of the Sphagnum mat are shown in Figure 3.8.
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FIGURE 3.8  Seasonal changes in pH, ELS 34, Sept. 1990 - Dec. 1991

Transect A is through the western portion of the mat and transects B and C are through the eastern

portion, with transect B being closer to the pipeline cut.  It is not known to what extent, if at all, non-acid

adapted plants had invaded the sampling stations at Transect B.  The data show a general elevation of

the pH (decrease in acidity) during the spring and summer (April through September).  For transect B, the

pH averages 4.5 for the winter (December –February) and 4.7 in the summer (July - September).

However, for transect B, both the highest and lowest pH values (3.75 and 4.98)  were in winter, obscuring

clear seasonal trends.  Variability at all stations is high.

This suggested trend toward more acidic conditions in the wet fall and winter months is not consistent

with data collected on English bogs by Gorham (1956), who found that acidity increased in dry weather
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rather than wet weather. From the observation that rainwater is less acid than Sphagnum mat pool water,

a decrease in acidity during wet periods seems logical.  Also, observation of pH in Sphagnum hummocks

shows increasing acidity in drier situations (see Chapter 4), a trend consistent with increasing summer

acidity.  Vitt et al., 1995, however, found very little seasonal change in surface water acidity in bogs and

poor fens in continental Canada.

Vertical dissolved oxygen distribution in Sphagnum mats
Field measurements of the concentration of D.O. with depth are presented below. The technique used

was to slowly insert a wooden dowel to a depth of about 2 feet and rotate it to enlarge the hole.  The

water was allowed to equilibrate for about an hour.  The probe of a field YSI dissolved oxygen meter was

then inserted in the hole to a measured depth.  The probe membrane was changed and the meter

calibrated prior to use.  The meter reading was recorded when the readout remained constant for 3

minutes.

Three peatlands were investigated: Little Lake, Hoeven peat area and LCR 16.  Little Lake is a fairly

undisturbed Sphagnum-dominated peatland in Snohomish county.  The watershed is forested, although

forest harvesting occurred in

the past.  Three profiles were

done on October 13, 1997 in

different vegetation types. One

profile was replicated.  Surface

D.O. (at about 4 inches below

the water surface) ranged from

0.3 mg/L to 0.76 mg/L.  At about

20 inches (51cm) D.O. read less

than 0.07 mg/L.  The lowest

reading was 0.03 mg/L, taken in

an area of open Sphagnum near

the central open water pond.

Similar profiles were taken at

Hoeven peatland on the same

day.  Hoeven peatland is about

2 km (1 mile) west of Little Lake,

also in Snohomish county.  More watershed clearing has occurred than at Little Lake, and a road

traverses the edge of the peatland.  Surface D.O. averaged 0.7 mg/L.  Due to obstructions, the probe was

only able to be inserted to a depth of 18 inches (46 cm), with a corresponding D.O. of 0.14 mg/L.

A similar set of samples was taken at LCR 16 in June of 1997.  Two locations were sampled to a depth of

about 30 inches (76 cm).  Surface D.O. was about 1.4 mg/L.  At 30 inches the D.O. reading averaged 0.7

FIGURE 3.9 Vertical dissolved oxygen concentrations, Little Lake Bog,

Snohomish, Washington.
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mg/L.  The greater depth of the acrotelm in LCR 16 could be related to the relatively greater water level

fluctuations observed in the wetland, varying more than 40 cm (1.2 ft) in response to storm events

(Shapiro, 1998).  The PSWSMRP identified a threshold of 20 cm (0.7 ft) as characterizing wetlands with

undisturbed watersheds, with significantly lower fluctuations hypothesized for peatland systems (Horner

et al., 1996).   Another method to establish the depth of the acrotelm is to insert a section of rebar into the

mat.  Rust will develop on the portion with available oxygen (personal communication, Dale Vitt, August

2000).

Fungal and bacterial assay
Acidic waters have a depauperate bacterial community, as bacteria are unable to thrive in acidic, anoxic

conditions. In addition, van Breeman (1995) suggested that lack of available carbon, due to the refractory

nature of carbon in Sphagnum, may also be a factor discouraging bacterial populations in acid peatlands.

Fungal organisms, however, are reported to be less sensitive to pH extremes, and do relatively well in

acid waters (Clark 1998; Moore and Bellamy 1974).  In an attempt to use this information to better

monitor changes induced by urbanization of the watershed, the King County Environmental Laboratory

was asked to examine the microbiology of a conventional wetland and two peatlands, one a disturbed

Sphagnum-dominated peatland, and the other an undisturbed Sphagnum-dominated peatland.  A

generic, low-cost microbial assay differentiating these wetlands was sought.

Differences were seen in the following plate counts: heterotrophic bacteria, filamentous mold, and yeast

mold.  Adenosine triphosphate (ATP) measurements and morphological type diversity richness indices

were also determined.  Water from the undisturbed peatland showed bacterial counts an order of

magnitude lower than the non-peat-forming wetland sampled.  However, the undisturbed peatland also

had the lowest fungal counts, lower than either the undisturbed peatland or the conventional wetland.

Bacterial diversity richness index was highest in samples incubated at neutral pH except for the

undisturbed peatland sample, which showed a higher bacterial diversity richness index when incubated at

pH 4.0.  ATP concentrations were seen to correlate well with bacterial counts.  The complete report is

reproduced in Appendix C.

Enough differences were seen to use the plate counts to establish baseline conditions for a development

proposal in the LCR 16 watershed.  Mat pool water and moat water were examined on two occasions,

once in February and once in June.  Plate counts for heterotrophic bacteria and three fungal assays –

filamentous mold, yeast, and yeast and filamentous mold combined – were carried out. The ATP

concentrations and diversity richness indices were not determined in LCR 16.  Results are in Table 3.7.

Distinct differences were seen between Sphagnum mat pools and the moat.  Although numbers were

higher in June than in February, mat samples had significantly lower bacteria on both occasions.  Mold

and yeast counts showed the same trend.  Counts were much lower in the mat samples than in the moat

samples in both June and February.  These data call into question the belief that fungal communities

(both filamentous and yeast molds) are tolerant of acidic conditions.
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TABLE 3.7 Microbiological characteristics of Lower Cedar River 16

Bacterial assay Fungal assays
Heterotrophic plate
count

Filamentous mold
plate count

Yeast plate count

CFU/1ml CFU/1ml CFU/1ml

Mat stations
Date Stn
6/5/98 1 1,070 23 50

2 540 15 17
2/26/99 1 85 20 400

2 119 18 310

Moat stations
6/5/98 3 78,000 230 3,100

4 24,000 400 2,500
2/26/99 3 10,900 3,500 6,800

4 13,700 2,800 5,800

Discussion and comparisons
Of the four Sphagnum-dominated peatlands examined here, the lowest pH and cation concentrations

were seen in ELS 21 and LCR 16.  ELS 21 also showed low alkalinity and cation concentrations in moat

water, even though the pH of the moat was higher.  This was surprising since the peatland moat received

flow from two intermittent streams.  The streams had relatively small basin areas, being at the basin

headwater.  PC 17 had higher pH and cation concentrations, both in the mat and the moat, but values are

questionable because of evaporative effects.  The pH of mat pool water for PC 17 was 4.7, about the

same as ELS 34 (pH = 4.76 annual average).

Conductivity is lower in waters with low ionic concentrations and generally increases with pH (Malmer

1986).  Thus the lower pH of water of Sphagnum mat pools would be expected to also show lower

conductivity readings than moat water. ELS 21, LCR 16 and PC 17 all follow this pattern for corrected

conductivity.  No moat conductivity was taken for ELS 34, so comparison is not possible.  In the one

peatland with anion data, LCR 16, both Cl- and SO=
4 showed lower concentrations in the mat than in the

moat.  D.O. concentrations were lower in Sphagnum mat pool waters than in moat water for the two

peatlands with enough data to allow comparisons.

Total phosphorus was determined for mat water in all four peatlands.  In two of the systems, ELS 21 and

LCR 16, pool water showed higher total phosphorus concentrations than in the moat water.  PC 17

showed lower total phosphorus concentrations in the mat than the moat, but both values were very high.

No moat nutrient data were taken in ELS 34, so comparisons are not possible.  Total phosphorus values

for mesotrophic lake waters in the Puget Sound area is about 0.010 to 0.020 mg/L (Metro 1994).  In
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comparison, the values for both the Sphagnum mat and moat of these peatlands is quite high.  Although

soluble reactive phosphorus is typically lower than total phosphorus, it was also quite high for ELS 34 and

PC 17 (SRP was not analyzed in LCR 16).  Higher concentrations do not necessarily mean that

phosphorus is more available to plants, however.  Larsen (1982) for instance has shown that soil

nutrients are unavailable at low pH.  Similar mechanisms could be operating in peat systems.

Nitrogen concentrations were also fairly high, and were distributed between oxygenated forms (NO2 and

NO3) and reduced forms (NH3).  Nitrate (or NO2 + NO3) was the prominent form of nitrogen in ELS 21,

both in the mat and the moat.  In LCR 16, NO2+NO3 and NH3 were approximately evenly distributed.  And

in LCR 16 and PC 17, ammonia was the most prevalent form of nitrogen. Considering the four systems

together, nitrate or NO2 + NO3 ranged from approximately 0.03 mg/L to 0.4 mg/L, an order of magnitude

difference.  Ammonia ranged from <0.029 mg/L to over 3 mg/L, about two orders of magnitude difference.

The prevalence of the reduced form of nitrogen (ammonia) is likely related to low dissolved oxygen values

in these systems.  Curiously, the wetland with the highest ammonia concentration, PC 17, also had the

highest D.O. concentration.

The high mat nutrient value could possibly be due to entrainment of peat or other detritus into the

samples if they were unfiltered, or filtered with a relatively coarse filter size.  Another possible reason for

high values could be the method of sample collection in piezometer samples.  Vitt et al. (1995) found

increasing nutrient concentrations with depth in a study of several Alberta peatlands.  For samples taken

in piezometers, such as ELS 34 and LCR 16, high nutrient values may be related to the deeper sampling

depth.

Comparing the four peatlands to Seattle area rainfall data, it is seen that the pH of two of the peatlands is

comparable to rainwater pH of 4.7.  Two of the peatlands have pH values lower than the rainfall average

of 4.7-- ELS 21 and LCR 16.  Cation concentrations in rainwater are about an order of magnitude lower

than in Sphagnum mat pool water.  Although nutrient data for rainwater are limited, concentrations of TP

and SRP in rainwater, even for the enriched urban environments sampled, was an order of magnitude

lower than for mat pool water.  Bridgham et al. (1996) has recently called attention to data indicating that

bogs are not necessarily deficient in measured nutrients as was often assumed.  However, since export

of nutrients may be related to accelerated rates of decomposition brought about by complex watershed or

regional changes, e.g. forest clearing or climate change, Bridgham's finding may not be an intrinsic

character of peatlands, but an indicator of destabilized conditions.  These data support the findings of

relatively high nutrient concentrations in Spahgnum-dominated peatlands, but again, it is unknown

whether this situation is intrinsic to peatlands or a signal that increased rates of decomposition from

disturbances in the watershed are creating this condition.

High nutrient and cation concentrations are of concern in evaluating peatland health.  Fertilization

experiments have not determined under what relative combination of enrichment regimes, that is, what

combination of nitrogen, phosphorous and cation enrichment, Sphagnum is affected.  However, it is clear
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that  some combinations of enriched nutrients causes Sphagnum to die, both in the laboratory and in field

experiments (Bridgham et al. 1996).  For example, a field fertilization study in a Maine ombrogenous

peatland caused death of the Sphagnum and replacement by other species (Bridgham et al. 1996).

Bacteriological sampling revealed that acidic waters of Sphagnum mat pools support fewer colony-

forming-units of heterotrophic bacteria and fungus, both filamentous and yeast molds, than did moat

water.  Bacteriological assays hold promise as an early-indicator of changes in the chemical environment

of acid waters.  However, quantification of representative bacteriological counts for different seasons

would be necessary before such data could be used reliably.  The usefulness of plate counts to signal

disturbance of an acidic peatland is reinforced by the pronounced increase in plate counts for a disturbed

peatland investigated in the initial assay by the King County Environmental Laboratory (see report in

Appendix C).

Relationship to other studies

No other water chemistry data from the western Washington area were located for this report.  Limited

data for Canadian peatlands have been published, with Burns bog, near Vancouver B.C. being the

closest.  Burns bog is a domed peatland2 developed in the floodplain of the Fraser River.  In the Burns

Bog Synthesis Report (Hebda et al., 2000), bog water was characterized by a calcium content of 0 to 3

mg/L and a pH of 3.5 to 5.5.  Bog water was from areas dominated by a Sphagnum mat.  Non-mat water,

from areas not Sphagnum-influenced, had a calcium concentration of greater than 10 mg/L and a pH

between 5.0 and 8.0.  Transitional water was defined as surrounding the Sphagnum-dominated water

regions, and had values between the two, with calcium between 3 and 10 mg/L and pH between 4.5 and

6.0 (Balfour and Banack, 2000, summarized in Hebda et al., 20000).

It is not known how similar Burns bog may be to Puget Sound peatlands.  However, if these categories

were applied to Puget Sound Sphagnum-dominated peatlands, the following classifications would result:

� Water from Sphagnum mats: ELS 21 and LCR 16 would both correspond to bog water as

defined in the Burns bog report based both on pH and calcium.  ELS 34 has only pH data, which

also indicate that it is within the suggested range for bog water.

� Water from moats: ELS 21 moat water falls into the transitional water category because of its

higher pH, but the calcium concentration would be indicative of the bog water category.  LCR 16

moat water had calcium concentration within the transitional range and pH was in the non-bog

water range.

PC 17 was ignored for this exercise because the cation samples are probably not representative.  In

summary, the Sphagnum mat areas of the three peatlands with representative data would fit into the bog

water category established in the Burns bog report.  The moat waters would vary between transitional

water and non-bog water.

                                           
2 A domed peatland is one in which the peat is raised above the elevation of the surrounding land.
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In addition to Burns bog, a number of peatlands in the Prince Rupert and Queen Charlotte Islands of

British Columbia have been investigated (Vitt et al. 1989).  Coastal British Columbia bogs and poor fens

were reported to have a pH of between 4.1 and 4.8 and had low corrected conductivities, from 17 to 82

uS/cm (Vitt et al. 1989).  Gignac and Vitt (1990) also investigated these peatlands, but reported the

chemistry data by Twinspan-determined stand-group rather than by site. However, if the first three stand-

groups are assumed to distinguish coastal bogs and poor fens, the data can be used for comparison.

These stand-groups had corrected conductivities ranging from 11 to 24 uS/cm, and cations in the

following ranges: calcium, 0.6 to 2.1 mg/L, magnesium, 0.3 to 1.2 mg/L, sodium, 2.2 to 7.9 mg/L and

potassium, 0.9 to 4.8 mg/L.  Values for pH were not given.   Zoltai et al. (1988) also reported chemistry

data from slope bogs in British Columbia (specific localities not given).  Samples were collected from

piezometers.  Data from three sites assumed to be Sphagnum-dominated were reported.  They had an

average pH of 4.5.  Cation concentrations were 0.24, 0.14 and 0.5 mg/L for calcium, magnesium and

potassium, respectively.  Chloride was 1.9 mg/L.  Nutrients were 0.08 mg/L for ortho-phosphorus, 0.67

mg/L for nitrate, and 0.43 mg/L for ammonia.  The high nitrogen values may be due to withdrawal of

deeper water from the piezometers, as suggested for the ELS 34 and LCR 16 data.  Other than the high

nitrate and ammonia values in the Zoltai paper, these data bracket the same general range as the

western Washington data, and are summarized in Table 3.8.

TABLE 3.8 Comparison of water chemistry of western Washington and Canadian peatlands.

3.4 Groundwater Chemical Characteristics

Since the influence of groundwater in some classification schemes is one of the factors for distinguishing

peatland type (bogs from poor fens), and since it constitutes an important gradient in peatlands, local

groundwater chemistry is of interest.  Two local groundwater data sets are presented in Table 3.9.  One is

for a typical glaciated plateau in the Issaquah area, remote from any Sphagnum-dominated

Sphagnum mat      "Bog water"                           Sphagnum-dominated. B.C.
ELS21 LCR16 Burns bog Vitt et al. 1990 Gignac et al.1990 Zoltai, 1988

Prince Ruppert B.C. Stand group1,2&3 B.C.
pH 4.2 4.2 3.5-5.5 4.1-4.8 4.5
cor.conductivi uS/cm 22 9 17-82 11 --24
Ca mg/L  0.72 0.38 < 3.0 0.37-.42 0.6-2.1 0.24
Mg mg/L  0.28 0.16 .35-1.6 0.3-1.2 0.14
Na mg/L  0.59 0.78 1.9-14.0 2.2-7.9
K mg/L  0.5 1.28 0.07-.14 0.9-4.8 0.5
Cl mg/L 1.77 23.4 1.9

SO4 mg/L <1.18 1.9
SRP mg/L < 0.005 0.08
TP mg/L 0.072 0.23
NO3 mg/L < 0.34 0.67
NO2+NO3 mg/L 0.05
NH3 mg/L < 0.05 0.077 0.43
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TABLE 3.9 Groundwater chemistry, King County locations

Note:  The high turbidity value for Issaquah Highlands may indicate soil or salts on the sample.

Issaquah Highlands area groundwater chemistry- SUMMARY
Nov. 1992 & April 1993
Parameter n Variance(s2) s

pH 6.72 16 0.8 1
alkalinity mg CaCO3/ 70.5 16 3015.5 55
acidity 
hardness mg/L 69.1 16 1034.3 32
conductivity umho/cm 115.3 15 4745.9 69
Ca mg/L
Mg mg/L 36.3 16 1266.6 36
Na, dissolvemg/L 11.7 16 146.0 12
K, dissolvedmg/L 2.2 16 1.9 1
turbidity NTU 1408.3 16 1498668.9 1224
sulfate mg/L 5.3 16 8.3 3
Cl mg/L 2.6 16 1.3 1

TP mg/L 3.26 16 10.1 3
SRP mg/L 0.02 16 0.0 0
NO3 mg/L 1.72 16 2.4 2
NH3 mg/L 0.10 16 0.0 0
TKN mg/L 1.36 16 0.7 1

Petrovitsky Park, Lower Cedar River wetland 16
Site 1( near moat) Site 2 (upslope, 125 m) 

n=1 n=1
Feb-98

pH 5.61 6.67 Measured in lab
alkalinity mg CaCO3/ 5.8 55.3
acidity mg CaCO3/ --- ---
hardness mg/L 14.3 78.4
conduc umho/cm --- ---
Ca mg/L 3.15 6.15
Mg mg/L 1.56 15.3
Na mg/L 2.18 3.91
K mg/L 0.964 0.9
turbidity NTU --- ---
sulfate mg/L 26.3 5.81
Cl mg/L 1.9 3.6
TP mg/L 0.103 0.035
SRP mg/L 0.011 0.005 Filtered
NO3+NO2 mg/L 1.9 0.468
NH3 mg/L --- ---
TKN mg/L --- ---
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peatland locations (Herrera Environmental Consultants 1993).  The other is adjacent to LCR 16 on the

Maple Valley plateau.  The LCR 16 data are of particular interest since the two wells prescribe a gradient,

one well being adjacent to the Sphagnum mat and the other upland approximately 122 m (400 feet)

(Shapiro & Associates 1998).

The Issaquah Highlands data set is considered representative of groundwater in glacial till areas of King

County.  Samples were taken from shallow wells installed at a depth of 12-15m (4-5 feet).  Samples were

not collected if less than 15 cm (6 inches) of water was in the well so as to avoid excessive turbidity in the

samples.  Groundwater pH is consistently about 6.7, significantly higher than Sphagnum mat and moat

stations.  Cation concentrations vary.

Groundwater data for LCR 16 shows that nearer the wetland moat, cation concentrations are reduced

from those upslope a short distance, particularly for magnesium which is 1.6 mg/L near the moat, but 15

mg/L upslope.  Contrary to this trend, sulfate decreases with distance from the peatland. These data

show that groundwater adjacent to the moat may in fact be influenced by the peatland rather than by

groundwater.  That is, the peatland may be recharging the aquifer rather than being a groundwater

discharge point, at least under winter rainfall conditions.  In general, the groundwater data show higher

cation concentrations (except for potassium) and higher phosphorous and nitrogen concentrations than

found in Sphagnum mat pool water.

3.5  Chemistry of Marshes, Swamps and Other Waters in the King County Area

Comparison with wetlands that are not peat-accumulating

It is instructive to look at the chemistry of other wetlands in the western Washington area to determine the

differences between acidic peatlands and other wetlands.  The PSWSMRP compiled data for marsh and

swamp wetlands in the King County area (Horner, et al.  2000).  Over 50 wetlands were studied for a five-

year period.  Wetlands in the study were classified as having non-urban, moderately urban or highly

urban watersheds.  Non-urban wetlands are those with watersheds with at least 40% forest cover and

less than 4 per cent impervious surface in the watershed.  Highly urban wetlands are

those 7% or less forest cover and 20% or more impervious surface.  Moderately urban wetlands had

intermediate levels of forest cover and impervious surface in the watersheds.

Water samples were taken in open water near the surface. Temperature, D.O., conductivity and pH were

measured in the field.  For non-urban wetlands, pH averaged about 6.4 (standard deviation, s = 0.5),

increasing to 6.7, as urbanization in the watershed intensified (s = 0.6).  Dissolved oxygen averaged 5.7

mg/L, decreasing to less than 5.4 as urbanization increased.  Cations, anions and alkalinity were not
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measured.  Conductivity averaged 73 �S/cm in non-urban wetlands and doubled to about 150 �S/cm in

highly urbanized watersheds.

Total phosphorus concentrations averaged 0.05 mg/L in non-urban wetlands, doubling in wetlands with

highly urbanized watersheds.  Nitrate plus nitrite concentrations were fairly constant, averaging about 0.4

mg/L in both non-urban and highly urban watersheds.  However in moderately urban wetlands,

concentrations increased to about 0.60 mg/L on average.  Table 3.10 summarizes the chemical character

of typical non-acid wetlands.

Sphagnum-dominated peatlands stand out as having much lower pH, lower conductivity and higher total

phosphorus concentrations than conventional wetlands.  The corrected conductivity of Sphagnum mat

pool water was often less than 35 �S/cm, a pronounced difference from the non-peat accumulating

wetland average of 70 - 150 �S/cm, reflecting differences in ion concentration.  Perhaps unexpectedly,

TP concentrations were higher in Sphagnum-dominated peatlands than the average for non-peat

accumulating wetlands, even for wetlands with highly urbanized watersheds.

However, since TP analysis involves the digestion of the sample with a strong acid, any organic material

in the peatland samples would be digested and reported as TP.  It is not unreasonable that mat pool

water might contain small Sphagnum fragments or other organic compounds that would not be filtered out

of samples.

TABLE 3.10 Water chemistry characteristics of western Washington wetlands
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Soluble phosphorus, or SRP values, would be more indicative of available phosphorus, and allow a better

comparison of nutrient status of acid peatlands and conventional wetlands.  However, SRP values were

not reported by the PSWSMRP.  The SRP concentrations for the acid peatlands presented in this chapter

are also, however, quite high in comparison with area lakes, as will be established below.

In addition to chemical parameters, the PSWSMRP (1996) offered guidelines about water level fluctuation

ranges observed in wetlands with high species richness of plants and amphibians.  It was found that the

mean annual water level change between the annual average base water level and highest monthly crest

gage readings remained less than 20 cm (8 inches) in wetlands with the highest species richness.

Further, the report found water level fluctuations occurred for shorter durations in wetlands with high

species richness.  Although Sphagnum-dominated peatlands were not studied in the program, a

recommendation was made that priority peatlands should be managed to maintain the pre-developed

magnitude and duration of water level fluctuation throughout the entire year.

Comparison with Small Streams

Unlike wetlands, which are sinks for nutrients and many other parameters, flowing water is thought to

exhibit lower nutrients and higher D.O. concentrations than wetlands. Two small streams in the Grand

Ridge area of Issaquah are typical of others in King County.  Eleven samples taken at approximately

monthly intervals, form a basis for comparison (Herrera Environmental Consultants, 1993b).  Data are

shown in Table 3.11. Values of pH were circumneutral and D.O. values were often at saturation (10 - 12

mg/L).  D.O. dropped to 5 - 6 mg/L in summer as flows decreased and temperatures increased.  TP was

often below the detection limit of 0.01 mg/L, but occasionally reached 0.2 mg/L.  Nitrate, however, was

relatively high, ranging from about 0.3 mg/L to 4.5 mg/L.

In data collected by Metro (1994) from 50 western King County streams, pH, hardness, conductivity and

nutrient concentrations were tracked monthly from 1991 to 1993.  Of the 50 streams monitored, half had a

pH of 7.5 or above and a conductivity of 130 �S/cm or above, and D.O. of 10 mg/L or above.  Hardness

ranged from 20 to 90 mg/L, and streams in areas with coal deposits had higher concentrations.  Nutrient

concentrations for half the streams averaged 0.048 mg/L TP or greater, 0.63mg/L NO2+NO3 or greater,

and 0.015 mg/L or greater ammonia concentrations.  From this data, local streams would seem to be

characterized by low phosphorus but relatively high nitrogen concentrations.

Lakes
Small lakes in the King County area often show much lower nutrient concentrations than streams. Data

for 1991 to 1993, showed that most small lakes averaged from 0.005 to 0.05 mg/L TP (Metro 1994).  The

pH ranged from a low of 6.7 to about 8.0.  Conductivity ranged from 35 to 170 �S/cm, with tea-stained

lakes showing lowest conductivity.  Alkalinity was not measured.

Lake Washington is a large lake with significant watershed development since the 1950s.
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TABLE 3.11 Chemistry of small streams in the King County area

N = number of samples

The University of Washington has monitored the lake since the 1960's, and has documented some

interesting trends.  In particular, alkalinity concentrations have shown a long-term increase over time.

Values in 1991 to 1992 ranged from about 36.5 to 38.5 mg CaCO3/L.  The pH was slightly basic, ranging

from 7.5 to 8.6 in the same time period.  Limited data on cations showed Ca concentrations at about 8.8

mg/L, Mg at 3.4 mg/L, Na at 4.2 mg/L, and K at 1.1 mg/L  (Personal communication, S. Abella, May,

1996).  Nutrient data for the 1991-92 time period showed TP concentrations ranging from 0.007 to 0.026

mg/L.  Nitrate was much more variable, ranging from below the detection level of 0.002 mg/L to 0.27

mg/L.

Urban Runoff

Alkalinity concentrations due to increased contact with the soil or other surfaces can reach extremes in

urban stormwater runoff, particularly in runoff draining areas with cement infrastructure.  Although

alkalinity per se is seldom collected when monitoring urban runoff, hardness and conductivity, which are

more frequently collected, can give an indication of cation enrichment.  Typically, hardness concentration

is lower than alkalinity for the same sample.  This is because hardness is the sum of only two cations,

calcium and magnesium, whereas in alkalinity determinations, all cations affect the established

equilibrium determined by titration.  Nutrients are also often high in urban runoff.  Typical urban runoff

concentrations for selected chemical parameters are given in Table 3.12.  Hardness in the range of 30 -

40 mg/L was seen in two residential developments from the Seattle area, (King County 1997).  In a large

data set collected in the 1980s in Bellevue, Washington, conductivity in stormwater runoff had median

Grand Ridge first-order streams
Pole creek N Mine Creek N

pH 7.01 9 7.17 8
D.O. mg/L 10.4 7 9.18 6
alkalinity mg CaCO3/L
hardness mg/L 28.2 7 24.24 7
conduc uS/cm 79 9 78.5 8
Ca mg/L
Mg mg/L
Na, dissolved mg/L
K, dissolved mg/L
turbidity NTU 0.67 9
sulfate mg/L
Cl mg/L

TP mg/L < 0.029 9 <0.074 8
SRP mg/L < 0.006 9 <0.007 8
NO3 mg/L 1.55 9 2.21 8
NH3 mg/L <0.012 2
TKN mg/L
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TABLE 3.12 Untreated Urban Runoff , Seattle, WA  Area

values ranging from 33-47�S/cm.  Stormwater nutrient data for urban runoff are also available in the

Seattle area.  One residential site averaged 0.065 mg/L TP, the other 0.05 mg/L SRP.  The Bellevue sites

had higher median TP values, at 0.15 mg/L.

In a more recent study in the Lakemont area of Bellevue, TP values were 0.106 mg/L and SRP was 0.03

mg/L.  Nitrate values were high, 0.77 mg/L, with 0.04 mg/L ammonia (City of Bellevue, 1999).

Summary and conclusions

Key parameters for Sphagnum mat pool water, moat water, and other fresh waters are summarized in

Table 3.13.  In comparing pH, alkalinity, cations and anions, it is concluded that urban runoff shows the

most extreme differences from waters of Sphagnum-dominated peatlands, and poses a concern for the

maintaining the integrity of peatlands, particularly in areas undergoing rapid growth and development

pressure.  Calcium seems to be a key parameter in differentiating between acid peatlands and other

wetlands (Malmer et al. 1992). This conclusion was also reached in the Burns Bog Synthesis report

(Hebda et al., 20000).  Calcium, however, is not typically monitored in urban runoff, since it is not toxic to

most aquatic organisms and is a typical component of the carbonate-bicarbonate buffering system

prevalent in most surface waters.  So although calcium concentration is a good predictor of potential

pH (N) Conductivity (N) Hardness (N) TP (N) SRP (N) NH3 (N) NO2+NO3 (N)
umho/cm mg/L mg/L mg/L mg/L mg/L

Meridian Green residential development, Storm runoff, 1993
Average 32.1 (6) 0.065 (7)

Std. Dev. 12.4 0.04
Glacier Ridge residential development, Stormflows in small stream

Average 40.8 (16) 0.051 (16)
Std.Dev. 19 1.8

Bellevue area runoff data (NURP studies, Prych, E. and J.C. Ebbert, 1986) 

148th Ave SE

Average 6.7 (305) 47 (369) 0.15 (198) 1.2 (189)

Lake Hills
Average 6.7 (430) 33.0 (515) 0.15 (266) 0.98 (268)

Surrey Downs

Average 6.7 (358) 44.0 (415) 0.14 (222) 1.10 (239)

Bellevue area runoff data, Lakemont area (1999)

Average 0.106 0.03 0.04 0.77
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Sphagnum  mat      Non-Sphagnum Rainwater Small streams Storm runoff Groundwater
ELS21 LCR16 wetlands (non-urban) (Patterson Cr) (Grand Ridge) (Lakemont) (Grand Ridge)

pH 4.2 4.17 6.4 4.7 7.1 6.7
alkalinity mg/L CaC <1 < 1 30 * 70
conductivuS/cm 42 32.6 73 12 79 115
correcteduS/cm 22 9.3 ---
Ca mg/L  0.72 0.38 0.023 1

Mg mg/L  0.28 0.16 0.019 36
Na mg/L  0.59 0.78 0.164 12
K mg/L  0.5 1.28 0.017 2.2
sulfate mg/L   < 1.18 0.35 5.3
Cl mg/L  1.77 0.32 2.6
DO mg/L 1.9 1.4
turbidity NTU 17
TP mg/L 0.07 0.23 0.052 0.03 < 0.05 0.106 3.3
SRP mg/L < 0.005 0.016 <0.007 0.03 0.02
NO3 mg/L < 0.34 0.28 1.9 1.7
NO2+NOmg/L 0.05 < 0.37 0.77
NH3 mg/L < 0.05 0.077 0.06 0.145 <0.012 0.04 0.1
TKN mg/L 3.55 0.648 1.36

1 Shaded cells are from Olympia, WA, NOAA data for 1995-1998
* Data from Meridian Green residential development

TABLE 3.13 Comparison, Sphagnum-dominated peatlands and other surface water chemistry

impacts to acidic peatlands, other parameters that are more commonly collected in urban runoff studies

are recommended as indicators of potential impact.  Hardness, alkalinity, conductivity and pH are also

good indicators of potential impact to Sphagnum- dominated peatlands, and more commonly monitored.

Although not discussed in this chapter, nitrate has been found in fertilization experiments to be a limiting

nutrient in Sphagnum-dominated peatlands.  It is also possible that increasing nitrogen inputs could

stimulate the growth of woody plants, shade the Sphagnum and result in long-term changes in the plant

community (Aerts et al. 1992).

Two direct physical measurements are also excellent indicators of peatland health:  1)  the depth of

measurable D.O. concentrations, or depth of the acrotelm and 2)  the magnitude and duration of water

level fluctuations, as measured by the excursion from an average base water level.  Some authors define

the acrotelm in terms of either the height of the summer water table (Malmer 1986; Hebda et al., 20000)

or water level fluctuation (van Breeman, 1995) rather than D.O. depletion, as did Ingram  (1978).  The

Burns Bog Synthesis Report (Hebda et al., 20000), citing Dierssen and Dierssen (1984), Damman and

French (1987) and Verry (1997) as sources, states that a summer water table below 30 to 40 cm (12 to

16 inches) for long intervals jeopardizes the peat-forming community, favoring the growth of woody

plants, which in turn increases the rate of water table decline through evapotranspiration.  Takagi et al.

(1999) reported a 23% greater loss of moisture in summer from portions of a peatland covered by

vascular plants than from areas covered only by Sphagnum, providing direct evidence for a mechanism
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that could result in the deepening of the acrotelm.  The deepening of the acrotelm is important because of

the increase in the rate of decomposition that accompanies it.  As noted in the next section, this increased

decomposition can increase the loading of nutrients to downstream lakes and embayments, causing

accelerated eutrophication.  It also causes changes in the density of the upper peat layers, which in itself

can affect the composition of the plant community.  Direct shading by woody species also causes

changes in the plant community, since many Sphagnum species are intolerant to shading (Crum 1992)

(also see Chapter 4 for additional discussion).

A minimal monitoring program to assess changes in the status of Sphagnum-dominated peatlands should

include the following:

� use of rebar inserted into the Sphagnum, or other technique to indicate the depth of the acrotelm,

� hydrological measurements, particularly of the summer water level and water level fluctuation

throughout the rainy season,

� annual determination of pH and corrected conductivity, and

� determination of changes in calcium and nitrogen loading.

3.6 Enrichment in flow downstream of peatlands

When decomposition rates in peatlands increase, they can yield significant nutrient loads to downstream

lakes and embayments.  Evidence of this can be seen in a study of Pine Lake, a small eutrophic lake on

the east Lake Sammamish plateau near Issaquah, WA.  A watershed loading study was done in 1979

and 1980 by the U.S. Geological Survey and the University of Washington (Dion et al. 1983; Welch et al.

1981).  In the study, external sources of nutrients were identified and monitored to create an annual

nutrient budget for the lake.  Among the inputs were seven small streams, one draining a wetland

complex containing a Sphagnum-dominated peatland.  The Sphagnum area was referred to as  "swamp"

and the potential for peat decomposition to contribute excess nutrient loading was not directly recognized.

TP concentrations were measured from December 1979 to April 1980 for all seven inflow streams.  Mean

TP concentration ranged from about 35 to 73 µg/L* for six of the tributaries.  The seventh tributary with the

Sphagnum-dominated peatland drainage, averaged 163 µg/L* for the same period.  This difference was

determined to be statistically significant using non-parametric multiple comparison tests (Welch et al.

1981).  The authors noted as interesting the constancy of the high nutrient concentrations from the

seventh tributary, even in winter.  The authors noted that on one occasion the pH of the stream was as

low as 4.5.  Table 3.14 summarize the data.

Delaat
* units corrected from mg/L to µg/L on 11/6/02

Delaat
 

Delaat
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TABLE 3.14 Stream TP concentrations draining till watersheds and a Sphagnum-dominated peatland in
the Pine Lake watershed  (December 1979 - April 1980)

Streams no. 1 2 3 4 5 6  7  (drains
Sphagnum
peatland area)

Mean TP (µg/L*) 37 73 34.5 44.5 31.5 39.1 163
S.E. (standard error) 4.5 6.2 7.3

N (sample size) 14 12 13

Average non-Sphagnum streams:             43.3 µg/L* 163

The Sphagnum-dominated peatland contributing these high nutrients is part of wetland ELS30.  It is a

peatland complex that contains multiple community types with a Sphagnum community in the center. The

Sphagnum portion of the peatland is identified as Mukilteo peat with Seattle Muck surrounding it  (1973

King County Soil Survey).  Figure 3.10, shows the ELS30 watershed on a 1995 aerial photo.  A portion of

FIGURE 3.10  Land use in the ELS 30 Watershed, 1995                                              N

Delaat
* units corrected from mg/L to µg/L on 11/6/02
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this wetland was farmed as a blueberry farm during this time period (personal communication, Eileen

Stahl, April, 2000). In a 1997 field survey, a large horse stable was noted within the peatland watershed

(King County, 1997).   The 1936 air photo shows that over half of the bog drainage area to the peatland

was already cleared (Figure 3.11). The Pine Lake Management Plan recommended that the wetland

outflow be diverted to the Pine Lake outlet stream, by-passing the lake (Harper-Owes 1981).  Stabilization

of the peatland system was not identified as an option.

The Pine Lake study, finished in 1981, observed that at that development density in the watershed was

low.  However, increased runoff from the clearing of forest land, and lack of construction erosion control,

or poor farm management practices may have contributed substantial suspended solids loads to the

wetland for several decades (since 1936).  The increased volume of runoff water caused by forest

clearing could have increased water level fluctuations, subjecting more of the upper peat layer to oxygen,

accelerating aerobic decomposition.  These effects would deepen the acrotelm.  Whatever the

mechanism, it is clear that decomposition of peat was contributing substantial nutrients to Pine Lake.

Other investigators have also documented downstream nutrient enrichment associated with peatlands.

Malmer (1962) observed that it is possible for carbon loss from plant litter to be three times higher in fen

peatlands than from a comparable ombrogenous bog site.  It is not the status of the peatland as bog or

fen that is crucial, however, but the rate of decomposition in the peatland.  If anthropogenic or natural

factors cause the rate of decomposition in a peatland to increase, increased nutrient export is likely.



Community Profile of Sphagnum-dominated Peatlands in Western Washington

Chapter 3 36

 

 FIGURE 3.11 ELS30 watershed, 1936 air photo
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CHAPTER 4: ECOLOGY AND TAXONOMY OF WASHINGTON SPHAGNUM MOSS

This chapter examines the ecology and taxonomy of western Washington Sphagnum mosses.  It includes
a summary of Sphagnum biology, a survey of Sphagnum species found in western Washington, the
growth habits and ecological niches of species found in the State, and responses of these species to
environmental gradients and stressors.

Data on Sphagnum in western Washington are sparse.  Data collected during a survey of bogs in King
County, Washington (Cooke Scientific 1998) will be used in conjunction with information found in the
literature (Schofield 1969; Moore and Belamy 1974; Larson 1982; Crum, North American Flora:
Sphagnopsida 1984; Andrus 1986; Crum 1988; Klinka et al. 1989; Crosby and McGill 1995, 1997; Vitt et
al. 1998; McQueen and Andrus: Flora of North America in press).

4.1 Sphagnum Biology

As with all mosses, the lifecycle of Sphagnum mosses consists of two

different generations.  The conspicuous, leafy Sphagnum plant is the

gametophyte generation which is haploid (containing half of the full

complement of chromosomes found in the sporophyte).  It produces the

egg and sperm either on different branches of the same plant

(monoicous) or on different plants (dioicous).  The sporophyte generation

consists of a small, darkened capsule on a short, thin, leafless seta

embedded in the apex of the hyaline gametophyte stalk (Figure 4.1).

Inside the capsule are spores that are ejected when the capsule dries out.

Each spore can germinate and produce a new haploid gametophyte.

Many species do not reproduce sexually as often as others, so

propagation is mostly vegetative. Spreading can occur by branching or by

fragments budding into new plants.  In some species, the fragments are

able to remain dry for long periods of time and still grow when water

becomes available, while in others, fragments will not grow after being dry

for only a week (S. capillifolium) (McQueen 1990).

FIGURE 4.1 Sphagnum
Sporophyte growing on
gametophyte plant (Crum
1984).

Sphagnum mosses differ from other mosses in many ways.  One important

diagnostic feature is the organization of the branches on the plant.  Branches are

arranged in clumps called fascicles that consist of two or more spreading

branches and one or more pendent branches (Figure 4.2).  The number of

pendent and spreading branches are used in species identification.  Sphagnum

grows apically (from the top).  The young branches are usually packed into the

top of the plant in a feature called a capitulum (Figure 4.3), the shape of which

can be used for species identification  (Sastad and Flatberg 1994).  Most
FIGURE 4.2
Sphagnum branched
fascicles (McQueen
1990).
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Sphagnum mosses are anisophyllous, meaning they have two kinds of

leaves-- those found on the branches and those found on the main stem

(Figure 4.4).  The two kinds of leaves are most easily differentiated under

ideal growing conditions.  Less-than-ideal conditions (such as insufficient

moisture) can result in less differentiation between the branch and stem

leaves (hemi-isophyllous).  Plants that grow under conditions of fluctuating

water levels can have branch and stem leaves that are undifferentiated

(isophyllous).  Since stem and branch leaves are most often used for

species identification, the stem leaves of two different species that are in

an isophyllous form can be nearly identical, so species identification can

be difficult to impossible in specimens from less-than-ideal moisture and

mineral  regimes (Sastad and Flatberg 1994) (Figure 4.4).

FIGURE 4.3  Sphagnum
capitulum types (McQueen
1990).

|-L- S. girgensohnii-R-|    |-L- S.obtusum--R-|   |--L---S.teres----R----|

FIGURE 4.4 Branch (L) and stem leaves(R) of three species: S.
girgensohnii, S.obtusum (not from Washington), and S.teres.

McQueen (1990) found that habitat characteristics could affect the

timing of sporophyte production.  He noted that more mineral-rich

peatlands (medium and rich fens) had species that produce

sporophytes in the early part of the summer in full sun near water (S.

magellanicum, S. teres, S. majus, and S. fimbriatum).  Species

common to more mineral-poor , drier peatlands produce sporophytes

in July (S. fuscum, S. capillifolium, and S. angustifolium).  Species

common to shady sites produce sporophytes in late August (S.

russowii, S. girgensohnii, S. subtile, and S. centrale).

The main stem of the Sphagnum plant is composed of a central

region surrounded by one to five layers of hyaline cells, or may lack a

differentiated cortex (Figure 4.5).  The leaves are arranged with

FIGURE 4.5 Typical leaf cell
arrangement, hyaline and green
cells.
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the large, dead, hollow hyaline cells interspersed with smaller live photosynthetic or green cells.  The

morphology of Sphagnum hyaline cells enables them to retain large amounts of water.  They die at

maturity, and in many species are thickened with annular-helical ridges (spiral fibrils) and are frequently

perforated by pores with edges that may be thickened.  These hollow spherical cells hold water like a

vase. Some species of Sphagnum have been shown to hold 16 to 26 times their dry weight in water.

Water will wick up both the stem and pendent branches, filling each hyaline cell and then wicking up the

cell wall of the next hyaline cell and spilling into and filling it (McQueen 1990).  In this way, Sphagnum

wicks and stores water and remains moist even feet above the water table.

Species that grow in wetter habitats have weaker stems and are generally limp, with fascicles spaced

widely along the stem as shown in Figure 4.3.  Species of drier habitats have more rigid stems, with

fascicles closer together along the stem.  Species growing above the water table are often brighter

pigmented (not all green).  The branch arrangement and density is dependent on the water table

throughout the year, and summer conditions may not be an indicator of yearly conditions.  Sphagnum

species as a group are considered “xerophytic hydrophytes” (Andrus 1986), in that they are water-loving

plants with adaptations for dealing with periodic drought conditions.

Sphagnum can acidify an area by exchanging hydrogen ions for base cations (K+, Na+, Ca++, Mg++).

Sphagnum plants use cation exchange to obtain macro and micro nutrients that are often in low

concentrations in permanently inundated habitats.  The low mineral nutrient and acidic environment that

results is not tolerated by many vascular plants, so there is very little competition for resources.

Cation exchange is accomplished in Sphagnum cell walls by uronic acid (Clymo and Hayward 1982).

The primary hydroxyl group on this acid is oxidized to a weak carboxyl group in which the carboxyl

hydrogen is weakly held and therefore available for exchange.  Hydrogen ions are released and base

cations (K+, Na+, Ca++, Mg++) are adsorbed into the carboxyl site of uronic acid (Gorham 1967). Species

found on top of hummocks (S. fuscum, [Bellamy and Riley 1967]; S. magellanicum and S. fimbriatum,

[Andrus 1986]) have a higher uronic acid content than species that grow near the water level (S.

cuspidatum).   In general, the pH in drier habitats is lower (more acidic) than in wetter ones.  The pH may

increase (become less acidic) in a Sphagnum peatland during the winter when precipitation increases

(see Chapter 3, Section 3.3).

An acidic, cold, constantly saturated, and mineral-poor environment impedes decomposition of the older

portions of the Sphagnum plant below the growing apical tip.  Growth and reproduction of bacteria and

fungi that normally mediate decomposition are limited or prevented under these acidic, saturated, cold,

and low-oxygen conditions.  An additional microbial inhibitor, called sphagnol,  is produced by most

Sphagnum species (Clymo and Hayward 1982).  The lack of decomposition results in the accumulation of
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peat.  The rate of accumulation varies considerably with water chemistry, pH, Sphagnum species, and

moisture regime (wet vs. dry).  In western Washington, Sphagnum peat accumulates at an average rate

of approximately 2.5 cm (1 inch) in 40 years (Rigg 1958).  The oldest deposits in western Washington

date to the last glaciation and are therefore about 10,000 years old (see Chapter 2).

Sphagnum has been used over the centuries for its antiseptic and absorptive properties.  It has been

used for dressing wounds, as packing material, for lamp wicks, and as an amendment for increasing the

water-holding capacity and acidity of soil.

4.2 Sphagnum Taxonomy
Sphagnum mosses belong to one of two genera in the family Sphagnaceae, class Sphagnopsida,

Division Bryophyta.  There are approximately 100 species found in North America, with 27 species

reported for western Washington (Crum, 1984).  Thirteen species found (to date) in King County (Cooke

1997).  Taxonomy used will follow McQueen and Andrus (in press).

The genus Sphagnum has been divided into ten Sections based on cortical cell anatomy, hyaline cell

anatomy, number of branches per fascicle, branch color, branch leaf shape, position of green cells, the

presence of fibrils, and habitat preference.  The Sections and their associated North American species

are listed in Table 4.1, with Washington species in bold.

Six of the ten sections of the genus Sphagnum are represented in Washington State. There are six

species in the Section Sphagnum (S. magellanicum, S. centrale, S. henryense, S. palustre, S.papillosum,

and S. alaskense).  These species have many characteristics in common; their cortical cells are

reinforced with fibrils, and they have broad branch leaves that are blunted and concave, and have toothed

backs.  There is only one species in the Section Rigida (S. compactum).  Species in this section have

uniform cortical cells that have a single pore at the upper end, very small stem leaves, and broadly

truncate branch leaves with toothed margins.  There are two species in the Section Subsecunda (S.

subsecundum and S. contortum).  These species have branches with five or fewer fascicles and a small

curved-branch capitulum.  They are orange-yellow with a tinge of green, and have branch leaves

arranged to one side.  The branch leaves have hyaline cells that are arranged in bead-like rows along a

seam down each hyaline cell for the length of the leaf.  The ten species of the Section Acutifolia (S.

fimbriatum, S. girgensohnii, S. warnstorfii, S. russowii, S. fuscum, S. rubellum, S. bartlettianum, S.

capillifolium, S. subnitens and S. rubiginosum) have five or fewer fascicle branches and have triangular or

trapezoidal green (photosynthetic) cells in the branch leaves.  The six species in the Section Cuspidata

(S. lindbergii, S. riparium, S. annulatum, S. mendocinum, S. pacificum, S. angustifolium) are green or

brown, have elongate and tapered branch leaves, and have the green cells exposed on the inner (ventral)

surface of the leaf.  These species are usually found in wet depressions or are aquatic, and have stem
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TABLE 4.1 Sphagnum Sections and representative species  (Species found in Washington State in bold).
Nomenclature mostly after; McQueen and Andrus (in press); Crum 1988 and Crosby and McGill, 1995, 1997.
Nomenclature differences in parentheses.

Section Representative species

Sphagnum
S. magellanicum, S. perichaetiale, S. centrale*, S. portoricense, S. henryense,
S. palustre, S. imbricatum, S. austinii,  S.papillosum, S. alaskense**

Rigida S. compactum, S. strictum
Isocladus S. macrophyllum

Hemitheca, S. pylaesii
Polyclada S. wulfianum

Subsecunda, S. crispum, S. cyclophyllum, S. subsecundum, S. orientale, S. contortum*

Acutifolia

S. fimbriatum, S. girgensohnii, S. molle, S. angermanicum, S. warnstorfii, S.
russowii, S. fuscum, S. rubellum =  (S. capillifolium var. tenellum), S.
quinquefarium, S. capillifolium var. tenerum, S. schofieldii, S. wilfii, S.
bartlettianum, S. capillifolium = (S. nemoreum), S. capillaceum, S.
junghuhnianum var. pseudomolle, S. flavicomans, S. subnitens, S. subfulvum, S.
rubiginosum**

Insulosa S. aongstroemii

Cuspidata

S. lindbergii**, S. riparium*, S. lenense, S. fitzgeraldii, S. tenellum, S.
splendens, S. cuspidatum, S. cuspidatum var. serrulatum, S. torreyanum, S.
majus, S. annulatum var. porosum, S. annulatum*, S. balticum, S. mendocinum,
S. obtusum, S. recurvum S. pacificum,  S. pulchrum,  S. angustifolium

Squarrosa S. squarrosum, S. teres

*Species found in northeastern corner of Washington.
** Species found only on Cape Alava, Olympic National Park

leaves that are modified (resorbed hyaline cells in outer walls), occasionally to the extent that the leaf

becoming split.  The branch leaves are often undulate when dry.  The final Section, Squarrosa, has two

representative species in Washington (S. squarrosum and S. teres).  These species have branch leaves

that are not undulate when dry.  They are instead squarrose (leaves with the upper portion bent back at

right angles to the stem).  Appendix C lists all the Sphagnum specimens from Washington State found in

the University of Washington herbarium. One of these species (S. austinii ) is not identified by McQueen

and Andrus (in press) as occurring in Washington State.  No notation of verification is present on the

herbarium specimens, but Crum (1984) indicates it is known from the Olympic Peninsula.

Many species of Sphagnum found in Washington State are similar in appearance in their macro-

characteristics.  These similarities are accentuated under conditions of growth that are less than ideal.

A study completed in 1997 identified peatland habitats in King County dominated by Sphagnum and

associated species (Cooke 1997).  When specimens of Sphagnum were collected during the fall, pH was

measured and observations recorded on sun/shade regime, the location the specimens in the mat ( e.g.

hummock top, side, or bottom, or depression), and associated species.  A verified species list is given in

Table 4.2.
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TABLE 4.2  Verified Sphagnum species, some Northwest localities*

Wetland Species present
BBC 45/King County, WA  S. mendocinum

 S.  palustre

Devil's Lake Bog/Jefferson County, WA

 S. angustifolium
 S. palustre
 S. capillifollium
 S. fuscum
 S. mendocinium
 S. squarrosum

JC66 Shadow Lake Bog/King County, WA S. capillifolium

LCR 14/King County, WA  S. pacificum

Little Lake/Snohomish County, WA  S. warnstorfii
 S. papillosum

Sleeper Bog/Whidbey Island, WA S. pacificum

* Verified by Dr. Dale Vitt, University of Southern Illinois, June 2000

4.3 Sphagnum Ecology
Sphagnum moss occurs in a variety of habitats, nearly all moist, from the tropics to the arctic.  In North

America, it is found circumboreally from temperate areas of the American Midwest to the subarctic taiga

in Alaska and Canada (McQueen 1990).  Most Sphagnum species sequester mineral nutrients very

efficiently and are therefore able to tolerate constantly inundated, mineral-poor situation.  This is why they

often dominate peatlands, although they can also tolerate circumneutral to alkaline environments (Crum

1988; McQueen 1990).  There are generalist species that can live in many different types of peatlands

under many different climatic regimes, but many species of Sphagnum have distinct requirements for

tolerance to drought (degree of wetness), mineral nutrient availability, and sun or shade tolerance.  Fast-

growing species that are able to utilize mineral nutrients and grow quickly include S. fimbriatum and S.

fallax (which grows outside of Washington), which can grow a foot a year under ideal conditions

(McQueen 1990).

Three different types of Sphagnum-dominated peatlands are found in Washington State:  raised, flat and

blanket bogs or peatlands.  Raised bogs are characterized by a raised central area that is higher than the

wetland margins.  Species typical of these habitats in Washington are S. fuscum, S. capillifolium, S.

magellanicum, and S. rubellum.  Flat peatlands are those where the Sphagnum fills in a depression

without creating a raised surface.  A third type, blanket bogs, form under very humid conditions.  They

follow the local topography, and the Sphagnum creeps over the surface.  These are typical of the Olympic

Peninsula, but are rare elsewhere in the US (Crum, 1998).  Species common in blanket bogs are S.

compactum, S. angustifolium, S. pacificum, S. palustre, S. squarrosum and S. teres.
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Peatlands which are in part groundwater-fed are more common in the western Washington landscape

than strictly rainwater-fed peatlands.  These groundwater-fed peatlands, called fens in some classification

schemes1, can vary from acidic to basic.  The more acidic of these peatlands can have a flora and pH (4

to 5) similar to peatlands that are strictly rainwater fed, but generally tend to be wetter.  Species such as

S. angustifolium, S. papillosum and S. magellanicum are common. Less acidic peatlands (pH 5 to 6.5)

have Sphagnum species that are more mineral-tolerant, including, S. teres, S. squarrosum, S. finbriatum,

S. warnstorfii, and S. subsecundum.   Non-acidic peatlands are not dominated by Sphagnum, but will

often have some Sphagnum species which tolerate high mineral levels and higher pH (6 to 8).

Sphagnum species found in circumneutral peatlands include: S. centrale, S. subsecundum, S. teres, S.

squarrosum, S. fimbriatum, and in eastern Washington, S. contortum.  In addition to these three peatland

forms, some forested wetlands will also have Sphagnum species present. Among these in Washington

are S. mendocinum, S. rubginosum, S. russowii, and S. squarrosum.

Sphagnum-dominated peatlands in King County are “flat bogs,” where the mat is of uniform elevation

across the peatland, or “hummock bogs,” where distinct mounds of Sphagnum are scattered across the

Sphagnum mat (Cooke, 1997).  Some coastal peatlands contain species that are not found in any other

location in the state.  Andrus (Personal Communication, 2000) has found S. lindbergii, S. alaskense, and

S. rubiginosum at Cape Alava in the Olympic Peninsula.  The northeastern corner of the state has three

species that are found nowhere else in the Washington (S. centrale, S. annulatum, and S. contortum).  A

few Sphagnum species do not grow in wetlands but are found in forested woodlands.  These include S.

rubiginosum, S. compactum, and S. girgensohnii.

Sphagnum takes up mineral nutrients (e.g. Ca, Mg, Na, etc.) from water and uses them to lay down new

tissue and grow.  The tissue may hold these minerals even when it dies, so Sphagnum peat systems are

often sinks for minerals as long as the plant tissue remains wet and does not decompose.  Locking up

minerals imposes a drain on throughout the entire peat system, a condition that limits other plant growth.

The update of minerals and the rate of peat formation varies by species of Sphagnum (Moore and

Bellamy, 1974).

Primary production in Sphagnum peatlands is low compared to most other wetland ecosystems because

of the constant inundation and associated mineral-deficient conditions (Mitsch and Gosselink 1998).

Typical Sphagnum production varies between 50 g/m2/year to 500 g/m2/year (data from England, Vitt

1994, Clymo 1970).  Sphagnum peat accumulation occurs as the plant grows at the tip.  A conservative

                                                     
1 Editior's note:  Many investigators have argued that the source of water to peatlands is not a robust
basis to distinguish peatland types and prefer a classification system that looks at multiple characters to
differentiate peatlands along the bog to fen gradient.  See Chapter 1 for a discussion of peatland
classification and the bog to fen gradient.
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linear growth rate that takes into account the fastest and slowest species in Minnesota is in the range of

3.9 to 13.1 cm / year (Grigal 1985).

Decomposition rates in Sphagnum peatlands are low because of constant waterlogging and low pH.  The

top aerobic layers of Sphagnum mats (acrotelm) have higher associated rates of decomposition because

they are aerated.  Low pH and constant waterlogging cause a change in the peat microflora.  This is seen

as a decrease in the total number of bacteria, an absence of nitrogen-fixing and nitrifying bacteria, and a

higher percentage of fungi than bacteria (Latter, Cragg and Heal, 1967; Crum 1988).  (Data presented in

Chapter 3, however, also show a decline in yeast fungi in Sphagnum-dominated peatlands.)  There is

also a difference in decomposition rates between Sphagnum species.  Clymo (1965) found that

Sphagnum papillosum decomposes at approximately half the rate of S. cuspidatum.

4.4 Ecological Preferences of Sphagnum Species
Although there are a few generalist species (species that tolerate a range of environmental conditions),

most Sphagnum species show distinct preferences according to the following environmental attributes:

light regime (open sun, partial shade, full shade), wet-to-dry gradients that are manifested by their

location in the mat (in depressions, on hummocks, or in level areas of equal saturation, along moat

margins), and mineral  gradients (low, medium, high).  Every combination of these environmental

attributes is found in the Sphagnum peatlands of Washington State.  Table 4.3 lists the range of

preferences for light, moisture, mineral s, and pH, based on our preliminary work in King County and from

information in the literature (Crum 1984; Andrus 1986; Crum 1988; Vitt, Marsh, and Bovey 1988; Klinka et

al. 1989; McQueen 1990).  It is obvious that species overlap in their ecological tolerances to these

attributes.  Additional local data and a study of the overlapping environmental tolerance, as was done for

Minnesota peatlands by Vitt and Slack (1994), will be needed before a final preference table can be

generated for Washington species.

TABLE 4.3  Washington state Sphagnum species and their literature-reported ecological preferences*

Species Light Mineral pH1,2 Water Color3

S. alaskense (C.A.) Full sun Poor to
Medium

3.6-6.1 Hummocks Peach

S. angustifolium Full sun,
part shade

Poor to
Medium

3.6-6.1 Dense lawn to small
hummocks, dry

Pale green to yellow-
brown w/red or pink in

the stem
S. annulatum (EW) Full sun Medium 3.8-6.2 Wet to aquatic Brownish
S. barlettianum Full sun,

part shade
Medium 4.0-6.0 Moist sand, as mat Red

S. capillifolium Partial
shade

Poor 3.5-4.5 Low to mid-
hummock, wet

Deep red

S. centrale  (EW) Shade Medium to
High

3.9-7.8 Level carpets, wet Lt. To bright green
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Species Light Mineral pH1,2 Water Color3

S. compactum Full sun Poor to
Medium

3.5-4.5 Wet sand, as
compact cushion

Lt. yellow  to
yellow/green, occ.

pink
S. contortum (EW) Full sun High 5.9-7.8 Level, dry, loose

carpets
Pale  green to
brownish-white

S. fimbriatum Full sun,
part shade

Medium to
High

3.4-7.0 Level to loose
mounds, wet

Pale green gray-
green, pale yellow

S. fuscum Full sun Poor 3.7-5.1 Level or dry compact
hummock top

Brown to reddish
rusty brown

S. girgensohnii Shade Generalist 3.9-6.0 Level loose carpets,
wet

Bright green

S. henryense Full sun,
part shade

Medium 3.8-5.9 Moist cushions to
loose carpets

Green to brownish -
tinged

S. lindbergii (C.A.) Full sun Low  to
Medium

4.0-6.0 Thick carpets, wet Pale green to orange

S. magellanicum Full sun Poor to
Medium

3.5-6.2 level -moist, or
hummock side

Deep red to purple,
sun green w/ pink-

shade

S. mendocinum Full sun Medium to
High

4.5-7.0 Wet depressions,
aquatic

Yellow-green to
brown

S. pacificum Generalist Medium 3.5-6.1 Loose dense
carpets, wet

Pale Green w/ tint of
light brown

S. palustre Generalist Poor  to
Medium

3.4-6.8 Moist to dry Green to yellow/green

S. papillosum Full sun Poor to
Medium

4.0-6.0 Lawn former.  Moist
to Very wet

Green or golden-
brown to lt. orange-

brown
S. riparium Full sun Medium 3.8-6.8 Moist, loose carpets Pale to dark green
S. rubellum Full sun Poor 3.5-5.5 Dense lawn,

depressoins
Red to green w/ red

speckles
S. rubiginosum
(C.A.)

Shade Medium No data Carpet, dry Reddish brown to
green

S. russowii Sun to
shade

Generalist 3.8-6.1 Small hummock to
lose carpets

Green to red

S. squarrosum Sun to
shade

Medium to
High

4.6-7.3 Level, moist to dry,
loose carpets

Pale to bright green

S. subnitens Full sun,
part shade

Poor to
Medium

4.5-7.0 Carpets, moist Red to purplish

S. subsecundum
(sensu stricto)

Full sun Medium to
High

4.8-6.1 Loose carpet, wet Green, yellow,
orange, dk brown

S. teres
Full sun,

part shade
Medium to

High
4.6-7.5 Small cushions, to

loose carpets, wet
Yellow to pale green

S. warnstorfii Sun to
shade

Medium to
High

4.5-7.5 Hummock side or
top; loose carpet,

wet

Dark reddish-purple –
sun, dk. green shade

*Nomenclature after McQueen abnd Andrus (in press). EW = Northeastern Washington Species  CA= Cape Alava,
Olympic area species
1 Data from Cooke, 1997
2 Data from Andrus, 1986, Vitt 1994, Vitt 1995, Crum 1984, Crum 1988
3 Colors vary in the literature by author and region.  These colors are the range that is reported across North America
and not necessarily indicative of western Washington.

Based on the species found and knowledge of their preferences, it is possible to estimate the mineral and

pH status of an individual bog without directly measuring these characteristics.  Conversely, it is possible

to guess the species present in a particular habitat when light, moisture, mineral, and pH conditions are

known (McQueen 1990).  Vitt et al. (1995) found a correlation between species richness and mineral
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availability.  They found that Sphagnum-dominated peatlands will have increased species richness as the

pH increases (becomes less acidic) and the number of microhabitats increases.

Sphagnum species are distributed along environmental gradients of pH, cation (mineral) concentration,

hummock and hollow (microhabitat) topography, wet versus dry, and shade versus sun regime (Glaser

and Wheeler 1980, Andrus 1986).  A species shift will occur when conditions in the peat mat become

more or less acid than a particular moss species can tolerate.

Generalist species
Many species of Sphagnum are found across a range of conditions of light, moisture, and minerals

(Andrus 1986, Crum 1988).  In Washington these include S. angustifolium, S. capillifolium, S. fimbriatum,

S. henryense, S. pacificum, S. palustre, and S. squarrosum, S. subnitens and S. teres (Andrus 1986).

Some species are flexible in their tolerances for some habitat characteristics (mineral  concentration,

moisture, pH, or light) but may be restricted in their tolerance to other habitat characteristics (Vitt and

Slack 1984).

Light regime preferences
Both shade- and sun-tolerant species are found in Washington State. Shade-tolerant species include S.

girgensohnii, S. russowii, S. teres, and S. warnstorfii.  Partial shade (open woodland) species include S.

fuscum, S. magellanicum, S. fimbriatum, S. angustifolium, S. centrale, and S. capillifolium.  Shade

intolerant (full sun) species include S. papillosum, S. centrale, S. contortum, S. fuscum, and S. rubellum

(Klinka et al.  1989, Vitt and Slack 1984, Vitt et al. 1989).

4.5 Growth Habits of Sphagnum Species
 Growth habits (forms) vary in Sphagnum species along topographic and wet-to-dry gradients.

Sphagnum can be found growing as carpets (surrounding the margins of pools or emergent mats) with

emergent bryophyte cover, lawns (growing on mud) with firmer, more exposed vegetation, and hummocks

rising to 1 m above the water level (Vitt et al. 1989).

Species found on more level terrain include carpets (habitats near pond edges and moats around bogs)

and lawns (level areas on mineral soil): at water level-- S. contortum; 10 to 20 cm above water level-- S.

papillosum, S. rubellum, S. angustifolium, S. teres, and S. warnstorfii; S. compactum, S. barlettianum, S.

centrale, S. girgensohnii, S. henryense, S. pacificum, S. squarrosum S. subnitens, S. subsecundum

(sensu stricto), and on the coast, S. lindbergii, S. alaskense, and S.rubiginosum (Andrus 1986, Glaser

1987, Crum 1988, Vitt et al. 1989, and Andrus, personal communication).

The hummock-hollow pattern commonly found in bogs results from the growth of individual species

located at particular elevations above the water level.  Certain species are able to recover from drying out
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better than others.  These species are usually found on the tops of hummocks, apparently farther from

the water source.  Proximity to the water source, however, does not necessarily correspond with actual

water availability.  Hollows (the depressions in a bog mat) can actually be more drought-prone than

hummocks.  Although they are probably the wettest portions of bogs for most of the year, rainfall deficits

during the summer can cause species growing in the hollows to dry out (Andrus 1986).  The structure of

the underlying peat allows species on hummock tops to be wetter during times of drought than species in

the hollows.  This is because the stems of the hummock species often stretch 20 to 30 cm below the

hummock surface, allowing for hydraulic conductivity from the water source below.  In contrast, the

environment in the hollows is more oxygenated and there is more decomposition.  The stems of the

hollow species therefore decay below the surface and do not maintain a connection with the living tissue

of the plant.  When the water level drops below the hollow elevation, the live stems dry out completely

(Wagner and Titus, 1984).

Species found on low hummocks (10-20 cm above water level) in Washington State include S. centrale,

S. fimbriatum, and occasionally S. angustifolium (Cooke 1997, Andrus 1986).  Higher hummocks (50 or

greater cm in height) include S. fuscum, S. capillifolium, S. magellanicum, S. papillosum, S. rubellum, and

some S. angustifolium (Vitt and Slack 1984).  Table 4.4 summarizes information from the literature on the

habitat preferences for Sphagnum species for many parts of the U.S.

Table 4.4 Sphagnum species commonly associated in particular habitats (information after Vitt 1995, Crum
1988, 1990; Slack et al. 1980, Andrus 1986, McQueen 1984,).

Habitat Preference Species

Closed canopy forests S. compactum, S. girgensohnii, S.
rubiginosum

High hummock, dry S. fuscum, S. capillifolium, S. warnstorfii, S.
papillosum, S. austinii

Mid to low hummock, open habitats S. magellanicum , S. warnstorfii, S. russowii
Hollows of hummocky terrain, slightly submerged not
more than 5cm above water

S. pacificum

Mineral-rich fens, full sun S. fuscum, S. warnstorfii, S. contortum, S.
teres, S. centrale, S. riparium, S.
mendocimium, S. subsecuundum,

Lawn S. angustifolium,  S. rubellum, S papillosum,
S. teres

Loose carpets, shaded woodland
S. girgensohnii, S. russowii, S. centrale,
capillifolium, S. rubiginosum
S. squarrosum, S. warnstorfii, S. pacificum

4.6 Responses to Environmental Stresses
Sphagnum moss plants have no roots and therefore depend on the water they are growing in for moisture

and minerals.  This dependence on the immediate environment makes for a plant that is susceptible to
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changes in the immediate area.  Most Sphagnum species have specific requirements for light, mineral

nutrients, pH, and water regime.  Fluctuations in water levels, water chemistry (cation concentrations,

pH), light regime, or physical disturbance can, therefore, have a profound influence on a Sphagnum plant.

Human disturbances such as ditching, draining, flooding, grading, and logging, which are common in

Sphagnum-dominated peatlands, may have big effects on their ecology.

Acid rain has been implicated as causing the loss of Sphagnum species in Great Britain, but this has not

been found to apply in the United States. Austin and Wieder (1987) found that unless the acid rain

lowered pH levels in wetlands to 3 or less, no inhibition of growth was observed in S. fallax, S. henryense,

and S. pulchrum.  No change was observed in Sphagnum growth as a result of elevated levels of OH-,

SO4
=, NO3

-, and NH4
-.  Rochefort  et al. (1990) found  the opposite trend in peatlands in Ontario.  He

found that additions of N resulted in immediate uptake and growth response until too much N uptake

resulted in slowed growth and eventual death.

Some species are very sensitive to changes in pH and cation concentrations.  These species are adapted

to mineral -poor conditions (bogs and poor fens) that experience mineral-rich water inputs (through re-

channeling surface drainage).  They include, S. angustifolium, S. capillaceum, S. compactum, S. palustre,

S. papillosum, S.rubellum, and S. subnitens.  These species will often display rapid dieback when

exposed to mineral -rich waters.  In situations where the mineral  concentrations rise slowly, one can

observe a shift from species adapted to low mineral levels to species (usually fast-growing) that tolerate

mineral-rich environments (Clymo and Hayward 1982, Crum 1988, McQueen 1990).

Physical disturbance, including trampling and grading, has an immediate effect on all Sphagnum mosses.

Some Sphagnum species (e.g. S. fallax found elsewhere in the United States) are able to regenerate

easily from fragments (Crum 1988).  No work has been done on the regenerative characteristics of local

Sphagnum species.  Observations of disturbed Sphagnum-dominated peatlands (Cooke 1997) show that

most Sphagnum in King County do not tolerate physical disturbance and in most cases, disturbed

portions of peatlands no longer contain Sphagnum.

Changes in water elevations produces perhaps the strongest shifts in Sphagnum species.  When

inundated, hummock species may be replaced by loose wet carpet species.  Species that are carpet

formers will be replaced by lawn species if the peatland becomes drier.
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CHAPTER 5: VEGETATION OF SPHAGNUM-DOMINATED PEATLANDS

As discussed in the previous chapters, peatland ecosystems have unique chemical, physical, and
biological properties that have given rise to equally unique plant communities. As indicated in Chapter 1,
extensive literature exists on the classification, description, and ecology of peatland ecosystems in
Europe, the northeastern United States, Canada, and the Rocky Mountains.  In addition to the references
cited in Chapter 1, there is some other relatively recent literature on peatlands (Verhoeven 1992;
Heinselman 1963, 1970; Chadde et al., 1998).  Except for efforts on the classification and ecology of
peatlands in British Columbia by the National Wetlands Working Group (1988), the Burns Bog Ecosystem
Review (Hebda et al. 2000), and the preliminary classification of native, low elevation, freshwater
vegetation in western Washington (Kunze 1994), scant information exists on peatlands within the more
temperate lowland or maritime climates of the Pacific Northwest (Oregon, Washington, and British
Columbia).

5.1 Introduction

There are a number of classification schemes and many different peatland types, but most use vegetation

in addition to hydrology, chemistry and topological characteristics to differentiate among peatlands. The

subject of this report are acidic peatlands that support acidophilic (acid-loving) and xerophytic vegetation,

such as Sphagnum mosses and ericaceous shrubs.  Ecosystems in Washington state appear to

represent a mosaic of vegetation communities at various stages of succession and are herein referred to

collectively as Sphagnum-dominated peatlands.

Although there has been some recognition of the unique ecological and societal values of peatlands in

Washington, a statewide classification scheme has not been formally adopted or widely recognized in the

scientific community.  In 1990, the state legislature passed the Growth Management Act (GMA).  This law

required local governments to adopt regulations to protect environmentally critical or sensitive areas,

including wetlands.  Bogs have been defined and recognized in both local government regulations and in

state forest practice laws that regulate timber harvesting.  These definitions are based largely on the

presence of indicator plant species, such as shrubs of the family Ericaceae (Ledum, Kalmia, Vaccinium),

some trees, and mosses within the Sphagnum genus.  The closest thing to a statewide or regional

classification of bogs is included in the Preliminary Classification of Native, Low Elevation, Freshwater

Wetland Vegetation in Western Washington (Kunze 1994) that was published by the Washington

Department of Natural Resources.  This work provides some relatively detailed descriptions of bog

community types in Washington and is a primary source of the community types described in this chapter.

In addition to this preliminary classification scheme, there is a considerable amount of early work on the

morphology, peat stratigraphy, and plant communities of Sphagnum-dominated peatlands in western

Washington.  Much of the pioneer work was done by G.B. Rigg (1925, 1940, 1950, 1958), Rigg and

Richardson (1934), and Hansen (1941, 1943, 1947).  In addition to these works, a few Masters theses

(Fitzgerald 1966; Fors 1979) describe the vegetation communities in western Washington peatland

ecosystems.  Recent work consists primarily of qualitative studies conducted as part of local government

efforts to identify and inventory these wetland areas as required by the GMA or unpublished gray
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literature produced by environmental consultants for development proposals around these sensitive

areas.  More quantitative work was conducted as part of the Puget Sound Wetlands and Stormwater

Management Research Program (PSWSMRP), a multi-year study examining the effects of development

on freshwater wetlands in King County and Snohomish County (Azous and Horner 1997).  Although the

PSWSMRP study does contain quantitative information on water quality, hydrology, and vegetation, much

of that information applies to wetlands that were not Sphagnum-dominated because that study did not

focus specifically on peatlands.

Information on Sphagnum-dominated peatland plant associations in western Washington is based on the

existing literature and personal observations of the author.  It must be noted that there is considerable

variability in the species composition in these communities and additional work is required to identify the

range of community types and successional processes that have contributed to their formation.  To

maintain consistency with the work of Kunze (1994), the term community type is used to refer to plant

associations.  In this document, the terms community type and association are used interchangeably.

Variants are a sub unit of a community type that is differentiated from other variants of that community

type by different species composition.  Dominant species are those that form at least 20 percent areal

cover within a community.  The terms indicator and dominants are used somewhat interchangeably and

refer to those species that are characteristic of observed plant communities.  As used by Kunze,

indicators are species that are always present in a community type but apparently these are not always

dominant species (Personal communication, L. Kunze, May 2001).  In addition to dominant and indicator

species, there are other species that are sometimes present or associated with a community type.  These

other or associate species provide little areal cover, are not indicator species, and are often found in

many different community types as well as non-peat-forming wetlands.  Associated species appear to

have broader ecological tolerances than the acidophilic species typical of peatlands.

Regional comparisons are made among ecosystems in western Washington, Oregon, and British

Columbia.  In addition, apparent successional patterns, endangered, threatened or rare vascular plants,

and introduced or invasive species are noted.  These observations are based on the published

information from numerous sources, including state and federal natural resource management agencies,

local government, and consulting firms.  Additional research is necessary to confirm regional variations in

plant community associations, especially on rare or sensitive species, to identify the response of these

ecosystems to disturbance, and to develop appropriate management and conservation measures at a

regional level.

Sphagnum-dominated peatlands often occur within larger wetland complexes in western Washington.  A

number of common plant associations often are found in seasonally or permanently flooded areas within

the lagg or marginal moat.  Substrate in these areas varies from muck to peaty muck. It is likely that these

communities are characterized by decomposition rates, water quality, and nutrient availability more typical

of non-Sphagnum-dominated wetland ecosystems.  Common plant associations include those dominated
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Figure 5.1 Puget Trough Province

by aquatic macrophytes, emergent plants, shrubs, trees, or a combination of these growth forms.

Examples are given in Section 5.2.2. In addition to these associations, there are a number of others that

are similar to the minerotrophic wetland community types described by Kunze (1994).  The areal

coverage and abundance of the dominant plants and species richness within these associations can be

quite variable. These are classified as palustrine aquatic bed, palustrine scrub-shrub, and palustrine

forested wetlands according to the U.S. Fish and Wildlife Services’ classification system (Cowardin et al.

1979), which uses an areal coverage of greater than 30% of the uppermost stratum of vegetation to name

the wetland type (e.g., aquatic bed, emergent, scrub-shrub, or forested).  Some of these associations

appear to be similar to those described by others (Kuhry et al. 1993; Vitt and Chee 1990) as rich fens or

poor fens and may represent early seral phases in the successional sequence from rich fen to

ombrogenous bog.

5.2 Puget Trough Peatlands

Sphagnum-dominated peatlands in the Puget Trough physiographic province (Figure 5.1) have

developed primarily in poorly drained topographic depressions created by the advance and retreat of

glaciers.  Specific landscape features that have been recognized as those in which peatlands have

evolved include moraines, kettles, oxbow lakes,

braided channels of low-gradient streams and river

terraces (Kunze 1994; National Wetlands Working

Group 1988; Glazer 1987).  Kunze (1994) classified

low elevation peatland community types based on

growth forms and dominance.  She identifies four

herb-dominated communities, two shrub-dominated

communities (one with five variants), and four

tree-dominated communities.  Ranges of areal cover

values for the dominant or indicator species and the

presence of other species that are often associated

with these communities also are reported by Kunze

(1994).  For simplicity and because the range of

cover for the dominant or indicator species is so

variable, only brief descriptions of these communities

are reported here, and cover values are generally

omitted.  It should be noted that the Puget Trough

physiographic province in this document is

equivalent to the northern Puget Trough Region in

Kunze (1994).
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Little work has been done by bryologists on the Sphagnum species found in western Washington

ecosystems.  It is expected that those species found in hummock and hollow habitats in coastal British

Columbia are likely found in western Washington ecosystems also.  Some work is now in progress to

identify and enumerate those species found in our ecosystems.  The species of Sphagnum that have

been encountered in western Washington and their ecology is described in more detail in Chapter 4.

5.2.1 Herb-dominated Community Types

Herb-dominated community types appear to be early seral stages in peatland succession.  Vitt (Personal

communication, D. Vitt, September 2000) indicates that herb-dominated plant associations never occur in

true, ombrogenic bogs.  Based on limited water quality data, Sphagnum-dominated peatlands with herb-

dominated communities appear to be wetter, typically permanently saturated and seasonally flooded, and

in contact with more nutrient-rich, higher pH or geogenic waters.  The sources of these waters are not

well documented but could include both shallow groundwater and, sometimes, surface water from

intermittent or perennial streams.

In ecosystems that appear to fit the classic hydrosere succession model (Moore and Bellamy 1974),

these communities often occur at the edge of the advancing Sphagnum mat, adjacent to permanently

inundated areas of the lake (also described as open water).  In other ecosystems with pools or a lagg,

these communities are also often found at the interface between the advancing Sphagnum mat and open

water.  Several authors (Fitzgerald 1966; Lebednik and Del Moral 1979; Rigg 1950) have suggested that

these are pioneer communities.  These communities may be similar to those that formed the sedge peat

observed in the peat deposits of many of our ecosystems (see Rigg, 1958 and Rigg and Richardson,

1938 for peat profiles).  These communities often form relatively narrow bands only a few meters wide.

In these communities, Sphagnum species have not been inventoried extensively but are likely to include

species more characteristic of moister and more minerotrophic microsites, such as Sphagnum

squarrosum, Sphagnum angustifolium, and Sphagnum palustre.  Additional work is required to identify

the composition of the Sphagnum mat within these communities (see Chapter 4 for other sources).

Carex cusickii/Sphagnum spp. Community Type

This community is common and forms a narrow band at the edge of the Sphagnum mat and occasionally

forms large floating mats over a pond or lake. The dominant species are Carex cusickii and Sphagnum

species.  Other indicator but not dominant species include Potentilla palustris, Menyanthes trifoliata, and

Agrostis scabra.  Other sedges, herbs, and ericaceous shrubs are often present in this community.  The

scientific and common names of dominant plants and other associates are shown in Table A-1 in

Appendix C, Chapter 5.

Other authors (Fitzgerald 1966; Osvald 1933; Rigg 1925; National Wetlands Working Group 1988) have

described pioneer communities upon which the Sphagnum mat advances over open water.  These

authors have identified various pioneer species, including Menyanthes trifoliata, Potentilla palustris,
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Nuphar polysepalum, and Lysichiton americanus that are typically rooted in mineral sediment and often

end up as small relict communities surrounded by more typical ericaceous shrub communities during later

successional phases.

Lebednik and del Moral (1976) proposed an alternate hypothesis on the relict community theory in which

Lysichiton americanus punctuates the Sphagnum mat within small hollows or pools.  These authors

believed that the Lysichiton americanus and associated forest moss species, such as Aulacomnium

androgynum, Rhytidiadelphus triquetrus, and Polytrichum juniperinum, were invading and possibly

enlarging holes in the mat following disturbance.  Vitt (Personal communication, D. Vitt, September 2000)

has indicated that some of these species appear to have very specific and narrow distributions.  He

indicates that P. juniperinum is found only on mineral soils and A. androgynum grows only on burnt

stumps. Considering these statements, potential mechanisms for creating holes in the mat for these

invaders include wind throw, trampling by humans or other animals, and fire.  Fire has clearly influenced

the formation of these ecosystems and has been noted as a disturbance mechanism most recently by

Hebda et al. (2000) among others.

Carex aquatilis1 /Sphagnum spp. Community Type

This community is similar to the Carex cusickii/Sphagnum association occurring in permanently saturated

and seasonally flooded areas next to inundated areas, often on floating mats.  It too is may occur on more

humified peat or muck soils.  Dominant species in this community include Carex aquatilis, Carex cusickii,

and Potentilla palustris growing in a mat of Sphagnum mosses.  In addition, there is a mixture of

herbaceous species more frequently found in minerotrophic wetlands and ericaceous shrubs typical of

Sphagnum-dominated peatlands.  The author has observed that when ericaceous shrubs are present,

such as Ledum groenlandicum, Kalmia microphylla ssp. occidentalis, and Vaccinium oxycoccos, plants

normally have a short growth form no taller than 30 cm (12 in).  Kunze (1994) reports that this community

is often intermixed with Spiraea douglasii and Carex cusickii community types.

Eriophorum chamissonis/Sphagnum spp. Community Type

According to Kunze (1994), the Eriophorum chamissonis/Sphagnum association is uncommon.  It is

found on very thin, floating mats incapable of supporting the weight of a person.  The author believes it

may be the seral phase predecessor of the two previous communities.  Like the two sedge/Sphagnum

community types, this community is permanently saturated and seasonally flooded and likely influenced

by more minerotrophic water.  Dominant species are Eriophorum chamissonis and Sphagnum species.

The only other associated species include other sedges, most notably Rhynchospora alba and Carex

pauciflora, and Vaccinium oxycoccos.

                                                
1 Note:  Carex aquatilis is given in Hitchcock and Cronquist, 1973, as Carex sitchensis.
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Others (Osvald 1933; Rigg 1925, 1933) have described similar communities.  Osvald (1933) reported

similar associates in the hollows of bogs in British Columbia.  A variant of this community is found in

Olympic Peninsula ecosystems (see Section 5.3).

Rhynchospora alba/Sphagnum spp. Community Type

The last herb-dominated community type described by Kunze (1994), the Rhynchospora alba/Sphagnum

spp. community, is common throughout the region.  It is frequently found in a relatively wide band either

near the edge of the Sphagnum mat or in what appear to be slightly drier microsites upgradient of the

Carex cusickii community type.  It also may occur around depressions or hollows with a Sphagnum peat

substrate.  Like the other herb-dominated community types, it is permanently saturated and possibly

seasonally inundated.  Dominant species usually include Rhynchospora alba, Sphagnum species, and

sometimes Vaccinium oxycoccos.  Drosera rotundifolia, Kalmia microphylla ssp. occidentalis, and Cladina

rangiferina are often present and sometimes dominant.  When present, ericaceous shrubs, particularly

Vaccinium oxycoccos, Ledum groenlandicum, and Kalmia microphylla, reportedly exhibit low growth

forms.

Fors (1979) reported a similar pioneer community association in the Carlisle Bog on the Olympic

Peninsula.  Lebednik and del Moral (1976) and Fitzgerald (1966) described a similar sedge association

dominated by Rhynchospora alba, Vaccinium oxycoccos, Sphagnum subsecundum, and the lichen

Cladina rangiferina.  Like the other herb-dominated community types, minerotrophic conditions appear to

influence the development and possibly the persistence of this community.  Associated species include a

mixture of other sedges and other herbaceous species commonly found in minerotrophic ecosystems as

well as Ledum groenlandicum.  See Tables A-1 and A-2 in Appendix C, Chapter 5.

5.2.2 Other Herbaceous, Scrub-Shrub, and Forested Communities

There are several other herbaceous, scrub-shrub, and forested communities often associated with

Sphagnum-dominated peatlands.  These are often found around the perimeter of larger wetland

complexes that also contain Sphagnum-dominated communities.  These plant associations are more

commonly found in non-peat-forming wetlands and often grow in a muck substrate or in the lagg around

Sphagnum-dominated peatlands.  They are also sometimes found waterward of Sphagnum-dominated

peatland communities in shallowly inundated areas.  Some of the plant associations frequently found in

the lagg of western Washington peatlands include Nuphar polysepalum/Utricularia vulgaris/Potentilla

palustris, Brasenia schreberi, Malus fusca2/Spiraea douglasii/Lonicera involucrata, Spiraea

douglasii/Cornus sericea/Lonicera involucrata, Myrica gale/Carex utriculata, Myrica gale/Carex aquatilis-

Sanguisorba officinalis, Myrica gale/Lysichiton americanus, and Populus balsamifera ssp.

trichocarpa/Alnus rubra/Rubus spectabilis/Carex obnupta.   In addition to these associations, Kunze

(1994) describes other minerotrophic wetland community types growing in a peat substrate and often

                                                
2 Malus fusca is identified as Pyrus fusca in Hitchcock and Cronquist, 1973.
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occurring in the lagg areas of our ecosystems.  In addition to these communities, Osvald (1933) describes

a Menyanthes trifoliata/Sphagnum association.

5.2.3 Shrub-dominated Community Types

Assuming that the climax community in peatland succession is composed of forested types,

shrub-dominated community types appear to vary from early to late seral stages in the Sphagnum-

dominated peatland succession.  Although a consistent trend has not been observed, some shrub

communities appear to be wetter, typically permanently saturated and seasonally flooded, and may be

strongly influenced by or be in contact with more nutrient-rich, higher pH or minerotrophic waters.  The

sources of these waters are not well documented, but could include both shallow groundwater and

surface water from intermittent or perennial streams.  Kunze (1994) recognized two communities: a

Kalmia-Ledum/Sphagnum association with five variants and a Spiraea douglasii/Sphagnum association.

Kalmia microphylla/Ledum groenlandicum/Sphagnum spp. Community Type

This community type and its variants are common throughout the region.  Many of the species that occur

within this association are circumboreal.  In some areas, such as the northeastern United States and

Alaska, there are similar communities that differ in that the dominant species are replaced by other

congeneric species, especially ericads.  The surface topography in this community consists of well-

developed hummocks and hollows, which create a diverse array of drier (tops of hummocks) to wetter

(hollows) microsites.  Kunze (1994) suggests the dominant shrubs are either Kalmia microphylla or

Ledum groenlandicum.  In all of the peatlands investigated by the author in King County, Ledum and

Kalmia were codominant, and Vaccinium oxycoccos also is often a codominant.  In some cases, the

primary differences in this community type appear to be in the density, height, and areal coverage of the

shrubs, and the size of the hummocks and dominant understory associates, including mosses and lichens

(see Figure 5.2).

In addition to Kunze’s (1994) variants (described below), three variants of this association were described

by Lebednik and del Moral (1976) in King's Lake Bog in King County, Washington.  A shorter variant of

this community, which includes Potentilla palustris, extends into the lake and was thought to be a pioneer

community.  Understory associates Sphagnum subsecundum and Drosera rotundifolia were reported.

Another variant of this community, which is located adjacent to the sedge zone and the lake, includes

stunted Tsuga heterophylla.  A third variant of this community was described as a forest-shrub transition

zone between the bog and upland forest and includes, in addition to the ericaceous shrubs, a mixture of

other Sphagnum-dominated peatland and forest species, including Tsuga heterophylla, Pteridium

aquilinum, Gaultheria shallon, Vaccinium ovalifolium, Vaccinium alaskense, Pleurozium schreberi,

Hylocomium splendens, Eurynchium praelongum, and Rhytidiadelphus triquetrus.
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Figure 5.2  Tub Lake, King County, WA.

Foreground:  Kalmia microphylla-Ledum

groenlandicum/Sphagnum spp. forested community.

Typical forest moss species appear to be common

features in drier microhabitats of Sphagnum-

dominated peatlands (tops of hummocks) and

transition zones to upland areas.

Variant 1:  Kalmia microphylla/Sphagnum spp.

This short-growth variant is common and may

cover relatively large areas.  Kunze (1994)

indicates shrubs form a relatively open canopy

and are typically <1 m tall (~3.3 ft).  The author

has observed that shrubs are often <0.5 m (~1.6

ft) and occasionally <0.3 m (~0.9 ft).  This

community frequently occurs as a mosaic with the

Ledum groenlandicum/Sphagnum variant.  It is

one of the wetter variants and is found on variable

substrate from relatively firm and dry peat to

floating mats.  Hummocks in this community

range from poorly to well developed.

Vaccinium oxycoccos, Ledum groenlandicum, and Sphagnum are often codominant with Kalmia

microphylla ssp. occidentalis.  Drosera rotundifolia is common and conspicuous.  Associated species that

occur scattered within this community include many of those often found in non-peat-forming wetlands,

including various sedges, Typha latifolia, Viola palustris, Trientalis europea ssp. artica, and evergreen

trees typical of later seral or climax communities.

Variant 2:  Kalmia microphylla-Ledum groenlandicum/Xerophyllum tenax/Sphagnum spp. This is a

moderately tall (0.6 to 1.3 m) and drier community type found in areas within the southwestern portion of

the region and in western Jefferson County and Clallam County.  The water regime shifts from seasonally

saturated and flooded in winter and spring, to dry during the summer drought.  Based on the author’s

observations, substrate ranges from humified and mucky peat to fibrous, Sphagnum, sedge, and heath

peat.  Exposed mineral soils and signs of fire are sometimes present.  Fire may be an important factor in

the formation and persistence of this variant.  Shrubs form a relatively open canopy.  Coauthor’s of this

document have indicated that this community sometimes has well-formed hummocks up to 1 m (3.3 ft).

According to Rigg (1958), peat deposits are generally shallow and composed primarily of fibrous and

wood peat or muck.  Sphagnum peat deposits can be nonexistent or up to a meter (3.3 ft) in places.  It

seems likely that this is an early seral phase that has not been significantly influenced by Sphagnum.
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Dominant species include Kalmia microphylla ssp. occidentalis, Ledum groenlandicum, and Xerophyllum

tenax. Sphagnum is listed as an indicator species but forms little areal coverage (<5 percent).  Sphagnum

species within this community are likely those that tolerate drier conditions or may be pioneer species.

Alternatively, this may be a late successional phase in a seral sequence progressing towards upland.

Pteridium aquilinum and low-growing Gaultheria shallon are usually present in this community.  Pteridium

aquilinum is sometimes co-dominant but Gaultheria shallon is not.

Relatively few associated species are found in this community.  They include a mixture of herbs, shrubs,

and trees found in Sphagnum-dominated peatlands, non-peat-forming wetlands, and upland forests in the

region, including Cornus unalaschkensis3, Malus fusca, Maianthemum dilatatum, Vaccinium oxycoccos,

Picea sitchensis, Pinus contorta, and Tsuga heterophylla.

Variant 3:  Ledum groenlandicum/Sphagnum spp.

Common throughout the region, the author has observed that this variant exhibits a taller, very dense,

closed-canopy growth form, often between about 1 and 2 m (3.3 and 6.6 ft) but up to 3 m (9.8 ft).  It

occurs as a relatively narrow band between the adjacent, more typical scrub-shrub communities found in

the lagg and the shorter variant of this community type growing toward the center of peatlands, which

occasionally cover relatively large areas.  Hummocks may be well developed and tall to lacking.  Hebda

and Biggs (1981) described a similar dry subtype in coastal British Columbia ecosystems.

Other than Ledum groenlandicum, dominant species include Sphagnum species and sometimes

Gaultheria shallon.  Areal coverage of Gaultheria shallon and Sphagnum within this community is highly

variable, ranging from co-dominant to nearly absent.  Gaultheria shallon  and Sphagnum species are

indicators but not always dominant in this community.  Sphagnum species that occur here are likely those

typical of drier, droughty microsites, but more investigation is needed to verify this hypothesis.

Associated species often found in this community are characteristic of those that occur in non-peat-

forming wetlands and in the lagg, as well as climax peatland or upland forest.  Common associates

include Picea sitchensis, Pinus monticola, Pinus contorta, Malus fusca, Salix spp., Vaccinium parvifolium,

and Pteridium aquilinum.  These associates are usually widely scattered and form very little areal

coverage.  An example of this community type is shown in Figure 5.3.

Variant 4:  Ledum groenlandicum-Gaultheria shallon/Sphagnum spp.

This variant, common throughout Sphagnum-dominated peatlands in the region, often covers large areas

and is the primary community within these ecosystems. It occurs on firm peat where hummocks are

typically well-developed.  There is typically seasonal saturation during the wetter months and seasonally

dry conditions during the summer drought.  Ledum groenlandicum attains a moderate height, generally

less than 1.2 m (~4 ft).  Gaultheria shallon is a co-dominant species forming between 50 and 90% areal

                                                
3 Cornus unalaschkensis is given as Cornus canadensis in Hitchcock and Cronquist, 1973.
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Figure 5.3  Jenkins Creek 27, King County, WA.  Foreground: Ledum

groenlandicum/Sphagnum shrub community.  Shrubs to 1.5 meters.
Background:  Tsuga heterophylla/Sphagnum forested community.  Photo: L.

Kulzer

coverage.  According to Kunze (1994), Kalmia microphylla ssp. occidentalis is an indicator species

forming as much as 10% cover but also is sometimes absent.

Other associates that are

sometimes found in this

variant include various

sedges, other ericaceous

shrubs, Drosera

rotundifolia, and

evergreen trees (See

Tables A-1 and A-2 in

Appendix C, Chapter 5).

This variant is the

primary shrub community

at King's Lake Bog

(Lebednik and del Moral

1976) and also appears

to be common in bogs in

coastal British Columbia

(Hebda and Biggs 1981;

Osvald 1933).

Variant 5:  Ledum groenlandicum/Carex utriculata/Sphagnum spp.

Ledum displays a shorter growth form in this variant and generally occurs in wetter pockets and

transitions zones, according to the author’s observations.  Shrubs are often <1 m (~3.3 ft) growing in a

loose, permanently saturated and seasonally flooded peat and form a relatively closed to more open

canopy.  Hummocks are often small (<0.2 m or 0.6 ft) or absent.  This community is frequently found in

the center of Sphagnum-dominated peatlands and appears to be a mid-seral phase in the hydrosere

sequence to a climax forested bog.

It was observed by this author that Carex utriculata may be a co-dominant with Ledum groenlandicum,

protruding through the mat and forming discrete, dense aggregations or patches that exclude other

species.  Other dominant species are those Sphagnum spp. likely to occur in wetter hollows and lawn

habitats.  More research is required to characterize the peat moss species found in this community.

Kalmia microphylla ssp. occidentalis is a common element.  Trees when found in this community are

typically seedlings <3 cm (~1 in).  Other species that occur here, but are not dominant or indicators,

include other sedges, Drosera rotundifolia, Empetrum nigrum, Vaccinium oxycoccos,and the lichen

Cladina rangiferina.
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Spiraea douglasii/Sphagnum spp. Community Type

A similar community type that generally lacks or contains little Sphagnum is commonly found throughout

the region and often covers large areas.  It frequently occurs as a band of vegetation in the lagg area or

outer zones of well-humified peat or mucky peat substrates that are seasonally flooded and saturated.  It

may also be characteristic of disturbed ecosystems.  This community is different and should not be

confused with the peatland ecosystem described below.  Regional studies (Azous and Horner, 1997)

have shown that Spiraea douglasii is often present in non-peat-forming wetlands that have large annual

water level fluctuations, which often result from development, logging or other hydrologic modifications

within watersheds.

The peatland community described by Kunze (1994) is found primarily in glacial scours or kettles with

small drainage basins in the southwestern portion of the State.  It is not representative of the common,

dense, often closed canopy Spiraea communities composed of plants up to 3 m (9.8 ft) tall that often

occur in the laggs of peatlands.  In most cases, plants are between about 0.6 and 1.2 m (2 and 4 ft) and

form an open canopy.  Kunze (1994) reportedly found it on terraces composed of a mixture of sphagnum,

sedge, and heath peat.  It was hypothesized that the shallow peat deposits on the terraces are seasonally

flooded and influenced by minerotrophic waters.

Spiraea and Sphagnum are the two indicator species in this community type.  Although Nuphar

polysepalum, Juncus balticus, Dulichium arundinaceum, and Sphagnum  are listed as codominant

species, they are not identified as indicator species, which suggests they are sometimes absent or at

least not dominant species.  Cover of Sphagnum species typically varies from about 40 to 100% but is

sometimes as low as 10% (Kunze 1994).  Associated species include a mixture of species common in

non-peatland and peatland wetlands, such as various sedges, Gentiana sceptrum, Kalmia microphylla

ssp. occidentalis, Ledum groenlandicum, and Malus fusca (see Tables A-1 and A-2 in Appendix C,

Chapter 5).

Kunze’s community may be a relatively early seral community, whereas Spiraea-dominated communities

found in laggs may represent relict bog communities that have been disturbed and are evolving into

assemblages more typical of non-peat-forming wetlands.  Kunze’s (1994) observations of shallow mixed

sedge, Sphagnum, and heath peat substrates suggest that communities on terraces may be early seral

phases that are evolving into more typical Sphagnum-dominated peatland communities.  More

observations are needed to characterize the composition and variants of this community and the

associated Sphagnum species that occur in them.  Additional work would also be helpful to determine

whether they are earlier seral phases or representative of disturbance.  Constructing peat profiles across

these ecosystems and using aerial photos to determine whether hydrological impacts have occurred may

help answer questions about their seral nature.
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5.2.4 Forested Community Types

Kunze (1994) describes four forested community types: Pinus contorta/Ledum groenlandicum/Sphagnum

spp.; Pinus monticola/Ledum groenlandicum/Sphagnum spp.; Tsuga heterophylla/Ledum

groenlandicum/Sphagnum spp.; and Tsuga heterophylla/Sphagnum spp.  Canopy cover in these forested

communities ranges from relatively open to closed.  Tree height similarly varies from stunted saplings to

mature trees more than 12 m tall (40 ft).  Additional quantitative data and use of ordination and other

quantitative methods to identify associations is needed to better describe these, and possibly other

associations, in Sphagnum-dominated peatlands in Washington.

Tsuga heterophylla/Ledum groenlandicum/Sphagnum spp. Community Type

This is a common community found throughout the region.  The habitats where it occurs range from

saturated, floating mats to much drier areas.  It was observed by the author that substrates within this

ecosystem are variable, ranging from unconsolidated, loose peat to a mixture of peat types (Sphagnum,

fibrous, heath, and woody).  The stature of the trees appears to vary depending on seral phase.  Earlier

seral phases appear to be characterized by immature, stunted, <3 m-tall (<10 ft), <10 cm (4 in) diameter

at breast height (dbh) trees that are widely spaced.  Later seral phases appear to be characterized by

sexually mature, moderately-sized trees, up to 15 m-tall (50 ft), generally <25 cm (10 in) dbh, that are

spaced more closely together.  In all cases, the forest is characterized by a relatively open canopy.

Understory vegetation is composed of a mixture of ericaceous shrubs similar to the Kalmia microphylla

-Ledum groenlandicum/Sphagnum spp. community type.  Hummocks are typically well developed in the

areas between trees, but may be absent beneath the tree canopies.  This community appears to

represent a relatively late seral phase towards the mature bog forest climax.

Sphagnum cover is variable, ranging from zero beneath larger trees to 100 percent in the shrub-

dominated areas between trees.  Pleurozium schreberi is common and co-dominant on drier microsites,

such as the sides and tops of large hummocks.  Sphagnum species in this community likely range from

those characteristic of wetter microsites in hollows to those representative of drier communities on the

sides and tops of hummocks.

Associated species are variable and depend, in part, on the density of trees and shrubs.  Common

associates include Kalmia microphylla ssp. occidentalis, Vaccinium oxycoccos, Picea sitchensis, Pinus

monticola, Pteridium aquilinum, Lysichiton americanus, a few other herbaceous species, and Cladina

rangiferina (see Tables A-1 and A-2 in Appendic C, Chapter 5).  Figure 5.4 shows an example of the

community type developed around a small lake.
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Figure 5.4  King’s Lake Bog, King County, WA.  Tsuga

heterophylla/Ledum groenlandicum/Sphagnum forested

community.  Photo: L. Kulzer

Tsuga heterophylla/Sphagnum spp.

Community Type

An uncommon community in this region, the

Tsuga heterophylla/Sphagnum community

type may be associated with deep Sphagnum

peat with a water table at least 30 cm (12 in)

below the peat surface.  It is characterized by

dense, sexually mature stands of Tsuga

heterophylla, and may be associated with

ombrogenic or raised bogs.  Tree size is

variable, but the canopy is fairly closed, and

there is little understory vegetation except

below openings in the canopy between trees.

Kunze (Personal communication, L. Kunze,

May 2001) found that trees 30 to 35 cm (12 to

14 in) dbh that were cored were more than

300 years old.  She reports very low areal

cover values for Sphagnum: 1 to 2 percent.

Scattered associate species include Kalmia

microphylla, Maianthemum dilatatum,

Trientalis europa ssp. arctica, Vaccinium

oxycoccos, and Vaccinium parvifolium.

This is likely a later seral phase that follows

the Tsuga heterophylla/Ledum groenlandicum/Sphagnum spp. community.  Rigg (1925) identifies

coniferous forest bogs as a late successional stage community.

Pinus contorta/Ledum groenlandicum/Sphagnum spp. Community Type

This community is found scattered throughout the region.  Generally occurring in relatively dry areas, it is

occasionally seen in locations that are seasonally flooded and have a mixture of Sphagnum, fibrous,

heath, and woody peat substrates.  Kunze (1994) speculated that where trees are tall, peat soils may be

thin, and as a result the trees are in contact with mineral soils.

Pinus contorta is the dominant conifer in this community type.  Stand structure is quite variable ranging

from open canopy composed of widely spaced and highly stunted sexually immature to a more closed

canopy community composed of larger sexually mature and apparently unstunted trees.  Ledum has a

shorter growth form in the more open canopy community but exhibits a taller growth habit beneath

shadier closed canopy communities.  Gaultheria shallon is listed as an indicator and is sometimes a
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dominant species.  Sphagnum spp. sometimes form 50-90% areal cover beneath the trees and shrubs

but can be absent (Kunze 1994).

Associated species are variable.  Associated trees may include Thuja plicata and Tsuga heterophylla.

Additional understory associates include other ericaceous shrubs, including Empetrum nigrum, Vaccinium

oxycoccos, V. parvifolium, and Kalmia microphylla.  Drosera rotundifolia, Cladina rangiferina and species

often associated with non-Sphagnum-dominated wetlands are other common associates.

Dense stands of this community type appear to be similar to the pine woodland described by Hebda and

Biggs (1981), whereas the more stunted and open stands appear to be similar to their heathland type.

Rigg (1925, 1940) described Pinus contorta bogs.  An association of Pinus contorta, Gaultheria shallon,

and Ledum groenlandicum was described by the National Wetlands Working Group (1988).

Pinus monticola/Ledum groenlandicum/Sphagnum spp. Community Type

The association of these species is uncommon in western Washington.  According to Kunze (1994), the

southern portion of the region contains remnants of this community type, which may have been more

extensive historically.  It is perhaps more common on the Olympic Peninsula where Rigg (1940) observed

it in two Sphagnum-dominated peatlands.  Disease, timber harvesting, and habitat modification appear to

be primary reasons for loss of this habitat type.  It is a drier community type that appears to occur on a

mixture of Sphagnum, fibrous, heath, and woody peat, which may be only seasonally saturated at the

surface.  The co-authors of this document have observed large hummocks up to more than a meter (3.28

ft) in this community.

Remnants found in the southern portion of the region have scattered Pinus monticola and a tall but open

shrub component growing in Sphagnum.  Ledum and Sphagnum species are dominant in this community.

Pinus monticola and Spiraea douglasii are other indicator species.

Most of the common associates are those often found in upland forests, including Vaccinium parvifolium,

Pteridium aquilinum, Pseudotsuga menziesii, Gaultheria shallon, and Tsuga heterophylla.  Rigg (1925)

suggested that Pseuodotsuga menziesii is the last species to invade a bog, which indicates that this may

be a late seral phase community type.  Vaccinium oxycoccos and Kalmia microphylla ssp. occidentalis

are scattered within this ecosystem, as are other species often found in bogs and non-Sphagnum-

dominated  wetlands, including Lysichiton americanus, Eriophorum chamissonis, and Carex canescens.

5.2.5 Endangered, Threatened, Sensitive, and Introduced Plants

There are a number of species that are regionally endangered, threatened, or sensitive.  Other plant

species are invaders or have been introduced.  The status of the former is based on designations made

by the Washington Natural Heritage Program (1997).  Given the paucity of available information on

western Washington peatlands, it is likely that there are other taxa that fit into these categories that are
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not identified.  Additional research is required to document and identify the abundance and distribution of

these rare taxa in western Washington peatlands.  Research done in peatlands in the northeastern U.S.

(Glaser 1987) found that several vascular and non-vascular plants are restricted wholly, or largely, to

those ecosystems.  That and other research supports the need for additional research in our ecosystems

to document the distribution of rare or introduced flora here.

Ranks are provided for each taxon based on those identified by the Washington Natural Heritage

Program (1997).  State rank (S) follows the Natural Heritage Program definitions:

1 = Critically imperiled because of extreme rarity or because it is particularly vulnerable to extinction
or extirpation; typically 5 or fewer occurrences;

2 = Imperiled because of rarity or because it is vulnerable to extinction or extirpation; typically 6 to 20
occurrences;

3 = Either very rare and local throughout its range or found locally (even abundantly) in a restricted
range; typically 21 to 100 occurrences;

4 = Apparently secure; typically more than 100 occurrences.

So, for example, a species with a designation of S2 is one that is imperiled because of rarity or is

vulnerable to extinction or extirpation.  It should be noted that a few other taxa designated for review and

watch by the Washington Natural Heritage Program are not identified below because their degree of

rarity, and extent to which they are threatened is uncertain (review species) or they are more abundant

and/or less threatened in Washington than previously assumed (watch species).

Endangered, Threatened, and Sensitive Plants

Although additional studies are necessary to confirm their absence, it is unlikely there are any federally-

or state-endangered or threatened species in these Sphagnum-dominated peatlands.  Howellia aquatilis

and Lobelia dortmanii, two state-threatened taxa, could be present in pools that lack Sphagnum or

Sphagnum peat and the strongly acidic conditions, low nutrient, and low cation concentrations typically

associated with Sphagnum-dominated peatlands.  The congeneric species Lobelia kalmii is reportedly

found in pools in the patterned fens of northern Minnesota (Glaser 1987), which suggests that if our

species has similar tolerances, it may be found in pools within western Washington.  Howellia aquatilis

and L. dortmanii are ranked as S2.  A third species, Platanthera (Habernaria chorisiana Cham.)

chorisiana, also may occur in these ecosystems.  It has a rank of S1.

Several species are on the list of the State sensitive taxa.  Of these, many have been observed in

Sphagnum-dominated wetlands in western Washington. At least 4 members of sedge family are State

sensitive and known to occur in western Washington peatlands, including Carex comosa (S2), C.

pauciflora (S2), C. pluriflora (S1S2), and Eriophorum viridicarinatum (S1). The rank for C. pluriflora is

uncertain, but thought to be within this range, which is represented as S1S2.

In addition to the sedges noted above, there are a number of broad-leaved herbs listed as State sensitive

species.  Among these are Gentiana douglasiana (S1S2), Hypericum majus (S1), Platanthera obtusata
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(S2) (Habenaria obtusata Banks ex. Pursh), P. sparsiflora (Habenaria sparsiflora S. Wats)(S1), Plantago

macrocarpa (S2), Sanguisorba menziesii (S1S2), and Spiranthes porrifolia (S2).  According to Zika

(2000a, 2000b), natural populations of H. majus are rare in Washington because it is at the southern end

of its transcontinental range.  He adds that introduced populations of this species from European sources

are apparently well established, especially on cranberry farms.  Several of these State sensitive species

are restricted primarily to Sphagnum-dominated peatlands, including the orchids Platanthera (Habernaria)

obtusata, P. sparsiflora, and Spiranthes porrifolia (S. romanzoffiana Cham. var. porrifolia (Lindl.) Ames &

Correl) and the cottongrass Eriophorum viridicarinatum.

A number of non-vascular plants, including peat mosses and lichens, may also occur in these

ecosystems.  These are rare plants, based on the same criteria as those used for vascular plants, such

as occurrence pattern, vulnerability threats, degree of protection, and taxonomy.  There is, however,

insufficient information on these criteria to assign a statewide status (e.g., endangered, threatened,

sensitive, review, or watch).  Those species known, or likely, to occur in Sphagnum-dominated peatlands

in western Washington include, Dicranum muehlenbeckii, Drepanocladus crassiocostatus, Polytrichum

strictum, Sphagnum austinii, S. centrale, S. contortum, S. jensenii, and S. riparium.  All are given a rank

of S1.  Nomenclature of these mosses follows Anderson et al. (1990) and Anderson (1990).  Unlike

mosses, lichens have been divided into two priority groups, priority 1 and priority 2.  There are two priority

1 species of lichens that are known to occur in peatlands, Usnea sphacelata (S1) and Cladina portentosa

(S2).  A third species, Usnea longissima (S1) is identified as a priority 2 species.  Nomenclature of lichens

follows Esslinger and Egan (1995).  In addition to these species, other rare lichens and fungi may occur in

these areas.

Introduced Species

At least some of the non-native or introduced species in western Washington peatlands appear to have

been introduced by commercial cranberry growers.  It is uncertain how widespread some of these species

might be outside the immediate area of cranberry bogs, which are found along the coast in southwestern

Washington primarily in Grays Harbor County and Pacific County.  Hebda et al. (2000) reported that 80

species of introduced vascular plants were observed in Burns Bog in British Columbia.  They found that

these were associated with cultivated fields or disturbed areas and few were found within undisturbed

portions of the bog.  These authors indicated that 12 of the introduced species are invasive or potentially

invasive because they often become dominant species and change the structure of the vegetation.  They

also reported that six of these species, European birch, Juncus pelocarpus, Oxycoccos macrocarpus,

Vaccinium corymbosum, and Rubus laciniatus have become well established in British Columbia.  It is

uncertain whether any of these species are found in western Washington.

Other non-native species may have been introduced in western Washington by plant lovers or also

possibly by cranberry growers.  There are a number of carnivorous plants present in at least some of our



Community Profile of Sphagnum-dominated Peatlands in Western Washington

Chapter Five 17

peatlands in Skagit County and Kittitas County (Weinmann and Weinmann 2000, 2001).  These include

the pitcher plants, Sarracenia purpurea, S. leucophylla, S. flava, and Darlingtonia californica and the

Venus flytrap, Dionaea muscipula.  The Sarracenia spp. are native to the southeastern or northeastern

United States or parts of Canada.  Darlingtonia is native to more southerly areas of the western United

States from central Oregon to northern California.  Dionaea is found in the southeastern United States

from the Carolinas to Florida.  Two other species, Juncus canadensis and Eriophorum virginicum were

observed in the same peatland in Skagit County.  These species are native to the northeastern United

States and southeastern Canada.  At least some of these species, including J. canadensis, E. virginicum,

and S. purpurea are spreading within the peatlands in which they were observed (Personal

communication, F. Weinmann, September 2000).

In addition to non-native species that have been accidentally or intentionally introduced, there are a few

other species that are or may be found in western Washington peatlands.  The distribution and

abundance of most of these species are unknown.  According to Fred Weinmann (Personal

communication, 2000), one species, Juncus effusus var. effusus is widespread.  Another species

reported in western Washington peatlands is Juncus bulbosus.  At least one species, Juncus

brevicaudatus has been observed in Sphagnum-dominated peatlands in British Columbia, Canada.  It is

unknown whether this non-native plant has been observed in western Washington.

Although it is uncertain how at least some of these species have become established in western

Washington peatlands, some have been introduced by cranberry growers and others may be

opportunistic invaders and indicators of changing hydrology or water chemistry in peatlands.  Hebda et al.

(2000) reported that introduced species in the Burns Bog ecosystem in British Columbia were often

associated with peat-mined areas and areas where hydrology has been altered.  In any case, additional

research is needed to determine the distribution and abundance of these species and whether they may

be spreading as a result of natural or anthropogenic disturbances to these ecosystems.
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FIGURE 5.5 Olympic Peninsula  and

Southwestern WA physiographic province

5.3 Olympic Peninsula and Southwestern Washington

Similar to that in the Puget Trough region, Kunze

(1994) identified several herb-dominated,

shrub-dominated, and forest-dominated

communities on the Olympic Peninsula and in

Southwestern Washington.  She indicated that

bogs in the lowland areas of the Olympic Peninsula

and southwestern Washington (see Figure 5.5) are

most similar to those in the coastal areas of British

Columbia, which have been described by the

National Wetlands Working Group (1988) and

others (Vitt et al. 1990).

Like many of the Sphagnum-dominated peatlands

in the Puget Trough, some of those on the Olympic

Peninsula and southwestern Washington appear to

have evolved in depressions following the classic

hydrosere model of succession.  These types of

ecosystems have been classified as basin bogs or

basin fens in Canada (National Wetlands Working

Group 1988).  Plant communities in these ecosystems are generally similar to those in the Puget Trough.

Other Sphagnum-dominated peatlands occur on slopes, flat to rolling ground, and along low-gradient

streams.  At least some of these ecosystems on flat or sloping ground may have evolved as a result of

paludification (see discussion on Succession, Section 5.5).  They are known as prairies by the local

populace and occur on relatively shallow peat deposits only a meter or so deep (3 to 4 ft) (Rigg 1958).

Some of these ecosystems, like Carlisle Bog near the town of Carlisle, Washington, are relatively large –

to hundreds of hectares (several hundred acres) or more.  Because of the relatively shallow peat deposits

or veneers in these bogs that overlay mineral soils, they appear to contain, or are influenced by, more

minerotrophic surface and shallow groundwaters.  In some locations, mineral soils and rocks are visible at

the bog surface.  The wetter, cooler climate in this region (see Chapter 2) may create a larger positive

water balance, high groundwater levels near the ground surface, and conditions favorable to

paludification.

Prairie-type peatlands are often seasonally flooded during the wetter months and can become quite dry

during the summer drought.  Some have defined outlets, but never defined inlets (Kunze 1994).  Shallow

depressions or troughs occur in these ecosystems and those on slopes have their long axis perpendicular

to the slope similar to the flarks, or netlike fens, in patterned peatlands (Glaser 1987).  These are wetter
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microsites that are seasonally flooded, permanently saturated, and characterized by herb-dominated

communities composed of sedges, cottongrass, and other herbs.  Drier portions of these prairie peatlands

are dominated by very low-growing ericaceous shrubs, such as Empetrum nigrum as well as the lily

Xerophyllum tenax.  According to Kunze (1994), some of the prairie ecosystems are surrounded by

marginal ditches or laggs.  Shrub-dominated plant communities of Spiraea spp. or Malus fusca occur in

the laggs.  Upgradient of the laggs, plant communities transition to wet forest communities or shrublands,

depending on topography.  These ecosystems may fit the rich fen classification of the National Wetland

Working Group (1988) for similar peatlands in Canada.

Along the outer coast in this region, broad peat terraces occur along well-defined stream channels in

nearly flat drainages.  Plant community types in these landforms consist of a mosaic of Sphagnum-

dominated peatlands and wetland communities that are more characteristic of non-peat-forming wetlands.

These ecosystems appear to fit Damman’s (1986) definition of limnogenous peatlands and may be early

seral phases that eventually proceed to fens and finally ombrogenous bogs.  The hydrologic regime in

these ecosystems is seasonal flooding during the wetter months and saturation throughout the rest of the

year.  These peatlands are influenced by more nutrient-rich or minerotrophic water at least seasonally,

and Kunze (1994) indicates most are characterized by shrub communities dominated by Myrica gale.

5.3.1 Herb-dominated Community Types

Based on Kunze (1994), there are six herb-dominated community types: Carex livida/Sphagnum spp.,

Carex utriculata4/Sphagnum spp., Carex utriculata-C. aquatilis var. sitchensis-Sanguisorba

officinalis/Sphagnum spp., Eriophorum chamissonis/Sphagnum spp., Juncus supiniformis/Sphagnum

spp., and Rhynchospora alba/Sphagnum spp.  Hummocks are generally absent or poorly formed.

Carex livida/Sphagnum spp. Community Type

This community is found primarily in western Jefferson and Clallam counties on a saturated mixture of

Sphagnum, fibrous, and heath peat along seeps and intermittent drainages that may lack well defined

channels.  Woody peat is also often present.  It is most common along stream terraces and on slopes, but

also occurs on flat or rolling topography and in basins.

Sphagnum species are dominant and vascular plant cover is often sparse.  Vaccinium oxycoccos, Carex

livida, Carex interior, and Sanguisorba officinalis are indicator species and often co-dominant.  Growth-

forms of Ledum groenlandicum and Kalmia microphylla ssp. occidentalis are typically shorter (or stunted)

and account for little of the total areal cover, but they are always present.

Other less abundant but common associates include Carex obnupta, Rhynchospora alba, Tofieldia

glutinosa, Gentiana douglasiana, and Platanthera (Habernaria) dilatata.  Other, less common associates

include Agrostis spp., Anemone oregana, various sedges, Drosera rotundifolia, Menyanthes trifoliata,

                                                
4 Note:  Carex utriculata was misnamed as Carex rostrata in Hitchcock and Cronquist, 1973.
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Figure 5.6  Carlisle Lakes peat area, Grays Harbor County, WA.

Foreground: Carex utriculata/Sphagnum herb community.  Center: Ledum

groenlandicum/Sphagnum shrub community.  Background: Pinus

contorta/Ledum groenlandicum/Sphagnum forested community.

Photo: S. Luchessa

rushes, Viola palustris, Panicum occidentale, and Nephrophyllidium crista-galli.  Many of these species

are commonly found in non-peat-forming wetlands.

Kunze (1994) noted that small hummocks dominated by Thuja plicata, Ledum groenlandicum, Kalmia

microphylla, and Gaultheria shallon occur within this community.  However, she did not consider these

hummocks as part of the community type.

Carex utriculata/Sphagnum spp. Community Type

This community type is common mostly on slopes and in basins in western Jefferson and Clallam

counties.  The mixed Sphagnum and fibrous peat soils are either shallowly flooded (to a depth of a few

cm or inches) or permanently saturated.

Dominant species are Sphagnum and Carex utriculata.  This community type often forms a mosaic with

the Carex livida/Sphagnum community type, but is easily distinguished by the abundance and cover of

Carex utriculata.  Figure 5.6 shows an example of this community type.  There are many associates

characterized by a mixture of species commonly found in both peatlands and non-peat-forming wetlands.

Many of the associates common in the Carex livida/ Sphagnum community type also are found here.

In addition, several trees and shrubs are present in this community, including Pinus contorta, Pinus

monticola, Thuja plicata, Linnaea borealis, and Rhamnus purshiana (Table A-2, Appendic C, Chapter 5).

These are typically

absent from the former

Carex livida/Sphagnum

spp. association,

possibly suggesting that

this is a later seral

phase.  According to

Kunze (1994), Thuja

plicata occur scattered,

stunted, and up to about

1 m (3.3 ft) tall.

Examination of existing

peat profiles (Rigg 1958)

for bogs with these

communities or

collection of new peat

cores could answer

questions relative to the

age of this seral phase.
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Carex utriculata-Carex aquatilis-Sanguisorba officinalis/Sphagnum spp. Community Type

This community type is common in ecosystems found in basins and on stream terraces along the coastal

areas of Grays Harbor County and Pacific County.  Its development may be influenced by minerotrophic

waters.  Substrate is a mixture of Sphagnum and sedge peat that is seasonally flooded and permanently

saturated.

The vegetation in this community is tall and dense compared to that of Carex utriculata/Sphagnum.

Sedges and Sphagnum species are the dominant plants.  Carex utriculata and Carex aquatilis are often

co-dominant but sometimes collectively form relatively low areal cover.  According to Kunze (1994), cover

of C.utriculata ranges from 10-75% and C.aquatilis ranges from 10-30%.  Gentiana sceptrum is usually

present and Sanguisorba officinalis is an indicator species.  Both can be co-dominant.  Occasionally,

Carex obnupta is abundant (Personal communication, L. Kunze, May 2001).  Except for Vaccinium

oxycoccos, ericaceous shrubs are conspicuously absent from this community.  Associates are fewer but

similar to those of the two previous communities, except for Myrica gale, which is present in this

community but absent from the previous two communities.

This community is typically interspersed in a mosaic pattern with Myrica gale communities.  It is similar to

the Myrica gale/Carex aquatilis-Sanguisorba officinalis/Spagnum spp.variant of the Myrica

gale/Sanguisorba officinalis/Sphagnum spp. community type but has almost no Myrica gale and lower

overall species richness.

Eriophorum chamissonis/Sphagnum spp. Community Type

This community is rare in the region, occurring in basins on thin, floating Sphagnum mats that do not

support the weight of a human.  The peat substrate is saturated at the surface all year long.  It typically

occurs as a narrow band at the edge of a Sphagnum mat and appears to be a pioneer community type for

Sphagnum-dominated peatlands in this region.

Eriophorum chamissonis and Sphagnum spp. are the dominant plants and indicator species in this

community.  The few associates in this community include Carex pluriflora, Lysichiton americanus,

Vaccinium oxycoccos, and Ledum groenlandicum (see Table A-2 in Appendix C, Chapter 5).  The author

observed this is a wetter community type and Ledum groenlandicum is common, but usually exhibits a

shorter growth-form (<30 cm or 12 in).

This community type is similar to others in this region and in the Puget Trough region.  The

Rhynchospora alba/Sphagnum spp. association in this region is much like it, but occurs in somewhat drier

areas.  The Eriophorum chamissonis/Sphagnum community in the Puget Trough region occurs in a

similar habitat and is an early seral phase, but lacks Rhynchospora alba.  In addition, Carex pluriflora

appears to replace Carex pauciflora here.
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Juncus supiniformis/Sphagnum spp. Community Type

The Juncus supiniformis/Sphagnum spp. community is common in small ponds and seasonally flooded

depressions and on slopes in western Jefferson County and Clallam County.  Mixed sedge and

Sphagnum peat is seasonally flooded, but the surface layer of the peat dries in most cases during the

summer drought.  The underlying peat typically remains saturated all year.

The abundance of Juncus supiniformis and sparseness of other plants are clear indicators of this

community type.  Although Sphagnum peat is an indicator of this community, there is seldom any living

Sphagnum species present (Kunze 1994).  Species often associated with this community include

Rhynchospora alba, Hypericum anagalloides, Carex livida, and Carex utriculata.  The latter two species

typically occur around the margins of this community type.

This community may be an indicator of disturbance.  Kunze (1994) hypothesized that the depressions or

ponds in which this community is frequently found may be elk wallows.  This author has noted that

Sphagnum is susceptible to trampling impacts, which may support this disturbance hypothesis.

Additional investigation is needed to determine if this community forms from a natural successional

process or a response to disturbance.

Rhynchospora alba/Sphagnum spp. Community Type

The Rhynchospora alba/Sphagnum spp. community occurs north of Grays Harbor in basins, flat or rolling

topography, and on slopes.  It is similar to that of the same name found in the Puget Trough region and

typically occurs on floating mats adjacent to open water, in wet depressions, or along seeps.  Substrate is

soft Sphagnum peat that often sinks when stepped on.  It appears to be an early seral phase.

This community is similar to the Carex livida/Sphagnum community type in this region but is distinguished

by the dominance of Rhynchospora alba.  In addition to Rhynchospora alba, Sphagnum species are

typically dominant, though frequently none are living (Kunze 1994).  In rare instances, Sphagnum is not a

dominant and covers only small areas.  Vaccinium oxycoccos is an indicator species and sometimes co-

dominant and Kalmia microphylla is a common associate.  When Kalmia microphylla is present, it typically

displays a shorter growth-form (<0.6 m or < 2 ft).  Other common associates include a mixture of

herbaceous species and shrubs commonly found in both Sphagnum-dominated peatlands and non-peat-

forming wetlands, and a similar assemblage as found in other herb-dominated bog community types in

this region (see Tables A 2, Appendix C, Chapter 5).

This community type is found in wetter portions of peatlands.  The National Wetlands Workings Group

(1988) reported that Rhynchospora alba is common in the wettest portion of sloping bogs in coastal

British Columbia.  Others (Vitt and Slack 1975) associated the distribution of this species with moisture

and lack of shade. Figure 5.7 shows an example of this community type intergraded with the Eriophorum

chamissonis/ Sphagnum  and Carex utriculata /Sphagnum community types.
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Figure 5.7  Carlisle Lakes peat area, Grays Harbor

County, WA.  Foreground: Rhynchospora

alba/Sphagnum community interspersed with

Eriophorum chammissonis/Sphagnum and Carex

utriculata/Sphagnum herb communities.

Photo: S. Luchessa

5.3.2 Shrub-dominated Community Types

Shrub-dominated community types are

typically drier ecotypes than herb-dominated

communities.  Hummocks are often present

and can be quite prominent up to a meter (3.3

ft) or more tall.  Tops and sides of hummocks

are generally drier, more exposed microsites

than the wetter, shadier hollows between

hummocks.  However, Myrica gale-dominated

communities are typically associated with

wetter habitats and lack hummocks.  They

also tend to occur where there is at least

seasonal influence by minerotrophic water

(Personal communication, L. Kunze, May

2001).  Other shrub communities are usually

drier ecotypes.  Some of the wetter community

types may be earlier seral phases and

associated with less extensive peat deposits,

whereas drier communities appear to typically

be associated with deeper deposits.  Kunze

(Personal communication) noted that the

driest habitats occur on the thinnest peat

deposits.  However, more data are needed to

verify whether these relationships always hold

true.

Kalmia microphylla-Ledum groenlandicum/Sphagnum spp. Community Type

This community is common throughout this region.  It occurs in basins, flat or rolling topography, slopes,

and peat terraces along streams.  The substrate is mixed Sphagnum, sedge, and heath peats that range

from saturated to seasonally dry.  Hummocks tend to be well developed.  The community type is

characterized by the presence of Kalmia microphylla ssp. occidentalis and Ledum groenlandicum,

Sphagnum species, and the lack of Myrica gale.  Kunze (1994) identified four variants of this community

type, which appear to be at least partially dependent on moisture gradient.  Some variants are clearly

associated with wetter areas, whereas others are associated with drier conditions.  Sphagnum species

are indicator species but not always dominant.  Those species present likely include various species

associated with the different moisture gradients present in the hummocks and hollows.  More research is

needed to document the composition of bryophyte communities.
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Variant 1:  Kalmia microphylla-Ledum groenlandicum/Carex utriculata/Sphagnum spp.

This variant is common in wetter areas of Sphagnum-dominated peatlands in southwestern Washington

and northern Grays Harbor County.  Substrate within this community is a mixture of Sphagnum, sedge,

and heath peat that is permanently saturated and can be seasonally flooded.

Kalmia microphylla ssp. occidentalis, Ledum groenlandicum, Carex utriculata, and Sphagnum species are

indicator species and co-dominant.  The author noted variable shrub height ranging from about 1 m (3.3

ft) in undisturbed areas to 2 m (6.6 ft) in drained systems.  Height appeared to be in part dependent on

the level of disturbance.

Other species commonly found in this community include Vaccinium oxycoccos, Gentiana sceptrum,

Cornus unalaschkensis, Blechnum spicant, Carex aquatilis, Trientalis europa ssp. arctica, and

Maianthemum dilatatum (see Tables A 2, Appendix C, Chapter 5).

Variant 2:  Kalmia microphylla-Ledum groenlandicum/Xerophyllum tenax/Sphagnum spp.

This community appears to be uncommon and may be restricted to western Jefferson and Clallam

counties.  The same association occurs in the southwestern portion of the Puget Trough region.  This is a

drier variant characterized by seasonal saturation or flooding in the wetter months and drier conditions

during the summer drought.

Species composition of this community is described in the Puget Trough region.  The Kalmia microphylla

-Ledum groenlandicum-Gaultheria shallon/Pteridium aquilinum/Sphagnum spp. variant in this region,

which is also found in Jefferson and Clallam counties, is similar.  Two of the indicator species for that

variant, Blechnum spicant and Calamagrostis nutkaensis, are not found in this community.

Variant 3:  Kalmia microphylla-Ledum groenlandicum-Gaultheria shallon/Pteridium

aquilinum/Sphagnum spp.

A drier variant of the community type, this variant is found mostly on slopes or ridges in prairies in western

Clallam County.  It is found on thin, mixed Sphagnum, sedge, and woody peat overlaying mineral soils

that are seasonally saturated but become relatively dry during the summer.  Kunze (1994) speculated that

it could be associated with past fires.

Although shrub height is typically relatively short, to about 0.3 m (1 ft) and open, plants can be tall and

dense.  Ledum groenlandicum is always a dominant species, and Kalmia microphylla, Gaultheria shallon,

Blechnum spicant, Pteridium aquilinum, and Sphagnum species are indicators and generally co-

dominants.  Calamagrostis nutkaensis is listed as an indicator species, which is sometimes dominant and

sometimes absent.  Common associates include scattered and somewhat stunted Thuja plicata and

Tsuga heterophylla.  Other than many of the species frequently found in Sphagnum-dominated peatlands

and non-Sphagnum dominated wetlands in the region, noteworthy associates include Empetrum nigrum,

Panicum occidentale, Lycopodium clavatum, Gentiana douglasiana, G. sceptrum, and Spiraea douglasii.
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Figure 5.8  Devil’s Lake, Jefferson County, WA.

Foreground: Kalmia microphylla/Ledum
groenlandicum/Vaccinium oxycoccos/Sphagnum shrub

community type.  Note Menyanthes trifoliata in adjacent

shallowly inundated area (arrow).  Photo: L. Kulzer

Stunted Picea sitchensis.  The presence of stunted trees suggests this may be a mid-level seral phase, or

perhaps there are still sufficient nutrients to allow trees to survive.

Variant 4:  Kalmia microphylla-Ledum groenlandicum-Vaccinium oxycoccos/Sphagnum spp.

This wetter variant is found throughout the region.  It contains mixed heath, sedge, and Sphagnum peat

and occurs within basins and portions of ecosystems in flat to rolling terrain.  Woody debris is also often

in the peat.  Soils are seasonally flooded and wet to saturated year-round.  Sphagnum hummocks, which

are well developed may be only seasonally saturated and become drier during the summer.

Kalmia microphylla ssp. occidentalis, Ledum groenlandicum, and Sphagnum species are co-dominants.

These shrubs have a moderately tall growth form, up to about 1.3 m (4.3 ft).  Vaccinium oxycoccos is an

indicator and sometimes a co-dominant beneath the canopy of the taller ericad shrubs.  Carex obnupta is

listed as an indicator and can be co-dominant to absent.

This is a species-rich community.  Other

sedges are common in the Sphagnum

mat.  In addition, there are many other

herbs, shrubs, and trees characteristic of

both Sphagnum-dominated peatlands,

uplands, and more typical, nutrient-rich

wetlands in the region.  Many of these

occur in the previously described

community types.  Others that appear to

be more characteristic of this variant

include Drosera rotundifolia,

Deschampsia cespitosa, Blechnum

spicant, Platanthera (Habernaria)

dilatata, Lycopus uniflorus,

Rhynchospora alba, Carex pluriflora,

Calamagrostis canadensis,

Calamagrostis nutkaensis, Spiranthes

porrifolia, Potentilla palustris, Vaccinium

uliginosum, and Nephrophyllidium crista-

galli.  Widely scattered and stunted

evergreen trees, including Pinus

monticola, Pinus contorta, Thuja plicata,

and Picea sitchensis, also occur in this

variant on the drier tops of hummocks 

(see Figure 5.8).
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A similar variant of this community has been observed in domed and flat bogs of coastal British Columbia

(National Wetlands Working Group 1988; Banner and Pojar 1987).  Many of the species found in coastal

British Columbia also occur in ecosystems within southwestern Washington and on the Olympic

Peninsula.

Ledum groenlandicum-Myrica gale/Sphagnum spp. Community Type

Much like the Kalmia microphylla -Ledum groenlandicum/Sphagnum spp. community, this one is a wetter,

seasonally flooded, and permanently saturated community common on terraces along streams and also

in basins.  Minerotrophic waters may influence the species composition and growth forms found in mixed

sedge, heath, and Sphagnum peat where this community usually occurs.

In addition to Ledum groenlandicum, Myrica gale and Sphagnum are co-dominant in this variant.  Kalmia

microphylla is often a co-dominant shrub, but is sometimes absent.  Associated species that may best

differentiate this community type from others include Gentiana sceptrum, Dulichium arundinaceum,

Rhamnus purshiana, and Tsuga heterophylla. Other associated species include several sedges,

Menyanthes trifoliata, Pteridium aquilinum, Blechnum spicant, Nephrophyllidium crista-galli, and others

common in other shrub- and herb-dominated community types.

A tall shrub type, similar to this community, was described from ombrogenous, slope bogs in coastal

British Columbia (National Wetlands Working Group 1988).  In those ecosystems, Myrica gale is confined

to the edges of meandering streams.  Juniperus communis is a dominant shrub that is not present in

Washington’s Sphagnum-dominated peatlands.  Dwarf Pinus contorta is the dominant tree, and

Chamaecyparis nootkatensis and Thuja plicata are less common.

Myrica gale/Sanguisorba officinalis/Sphagnum spp. Community Type

This community type is frequently found in the wetter and cooler portion of this region on the west side of

the Olympic Peninsula from northern Grays Harbor County to the Strait of Juan de Fuca particularly on

peat terraces along streams.  Mixed Sphagnum, sedge, and heath peat is seasonally flooded with

nutrient-rich water and remains wet all year.  Myrica gale and Sphagnum are the dominant species.

Sanguisorba officinalis is always present and abundant, and sometimes a co-dominant species in the

three variants of this community type.  Two of these variants contain a sedge as a co-dominant species

(Carex utriculata and Carex aquatilis), and the third contains a co-dominant grass, Deschampsia

cespitosa.  These variants also may be differentiated by some of the other associated species.  All three

variants are wetter ecotypes that are seasonally flooded with minerotrophic waters and wet all year.  In

addition, all three share a common substrate type of mixed sedge, heath, and Sphagnum peat.

Hummocks, if present, are no larger than 0.3 m (1 ft).  Figure 5.9 shows an example of this community

type.
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Figure 5.9  North Bay peat area, Grays Harbor

County, WA.  Foreground: Myrica gale/Sanguisorba

officinalis/Sphagnum shrub community.  Background:
Pinus contorta/Thuja plicata/Myrica gale/Sphagnum

forested community type.  Photo: L. Kulzer

Variant 1:  Myrica gale/Carex utriculata-Nephrophyllidium crista-galli-Sanguisorba

officinalis/Sphagnum spp.

This variant is most common on peat terraces

along low-gradient streams and sloughs in

northwestern Grays Harbor County, but also

extends north in Jefferson and Clallam

Counties.

In addition to Myrica gale and Sphagnum,

Sanguisorba officinalis and Carex utriculata

are indicators and usually co-dominant

species.  Occasionally Myrica gale,

Sanguisorba officinalis and Carex utriculata

have areal covers of less than 20% (i.e., not

dominant).  Nephyrophyllidium crista-galli is an

indicator of this variant but not a dominant.

Gentiana douglasiana, Juncus ensifolius, and

Rubus pedatus are associates that may

differentiate this variant from others.

Kunze (1994) described two growth forms of

this community based on the height of Myrica

gale.  A lower growth form, contains Myrica

gale plants up to about 1.3 m (4.3 ft).  In the

other growth form, Myrica gale plants are taller

and more robust, reaching heights of between

about 1.5 and 2 m (4.9 and 6.6 ft).

The National Wetlands Working Group (1988)

described a similar community found at Whyac

Lake on Vancouver Island, British Columbia.

Variant 2:  Myrica gale/Carex aquatilis-Sanguisorba officinalis/Sphagnum spp.

An uncommon community type, this variant occurs on peat terraces along sloughs in northwestern Grays

Harbor County and western Clallam County.

Myrica gale, Sphagnum species, Carex aquatilis, and Sanguisorba officinalis are indicators of this variant

and often co-dominants.  Other common associates include those frequently found in other Sphagnum-

dominated peatland community types, as well as others.  Associates that may be more indicative of this
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variant include Dodecatheon jeffryi, Agrostis aequivalvis, Drosera rotundifolia, Juncus nevadensis, Viola

palustris, and Nuphar polysepalum.

Kunze (1994) described two growth forms of this variant: a shorter variant with smaller, Myrica gale plants

usually less than 0.3 m (1 ft) and a taller one with larger Myrica gale plants generally at least 1.3 m (4.3 ft)

tall.  A more species-rich assemblage of associate species occurs in the short variant.  A Myrica

gale/Carex aquatilis community type, which may be similar to this one, was described by Banner et al.

(1986) from a fen ecosystem in coastal British Columbia.

Variant 3:  Myrica gale/Deschampsia cespitosa-Sanguisorba officinalis/Sphagnum spp.

Like the previous community, this one occurs on seasonally flooded peat terraces adjacent to

low-gradient streams and is common in northwestern Grays Harbor County.

In this variant Myrica gale has a low growth form and is usually an indicator and a dominant species.

Other indicators and sometimes co-dominant species include Sphagnum, Sanguisorba officinalis, and

Deschampsia cespitosa.  Carex livida and Gentiana sceptrum also are indicators but apparently not

dominants.  Associates include Kalmia microphylla ssp. occidentalis, Nephyrophyllidium crista-galli, and

Juncus ensifolius.

This community is apparently not found in the Puget Trough region.  If often occurs interspersed with the

Carex livida/Sphagnum community type in the southwestern Washington and Olympic Peninsula region.

Myrica gale-Spiraea douglasii/Sphagnum spp. Community Type

This community occurs on peat deposits in basins and along sloughs in western Clallam County.  Mixed

Sphagnum, sedge, and heath peat are seasonally flooded with nutrient-rich water and remain wet all

year.

Shrubs in this community are typically tall and dense.  Myrica gale and Sphagnum spp. are indicators and

usually co-dominant.  In addition, Spiraea douglasii and Trientalis europa ssp. arctica are indicators and

sometimes co-dominant species.

There are many associate species in this species-rich community.  Boykinia intermedia, Calamagrostis

canadensis, Ranunculus flammula, and Potentilla anserina ssp. pacifica may differentiate this community

from other shrub types.  A host of other species common in other Sphagnum-dominated peatland

community types and other wetlands in the region also are present (see Tables A-2, Appendix C, Chapter

5).

This community is similar to other Myrica gale-dominated shrub communities, but clearly differentiable.

Shrub height and density are typically greater in this variant.  In addition, the presence and abundance of

Trientalis europa ssp.  arctica and Spiraea douglasii distinguish it from other Myrica gale variants of this

community type.
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5.3.3 Tree-dominated Community Types

Tree-dominated seres are less common and indicative of later seral phases of Sphagnum-dominated

peatlands.  Four community types are described: Pinus contorta/Ledum groenlandicum/Sphagnum spp.,

Pinus contorta-Thuja plicata/Myrica gale/Sphagnum spp., Thuja plicata-Tsuga heterophylla/Gaultheria

shallon/Lysichiton americanus/Sphagnum spp., and Tsuga heterophylla/Ledum

groenlandicum/Sphagnum spp.  Tree and shrub cover in these community types is quite variable.  Later

seral phases are generally characterized by higher areal cover of trees and lower areal cover of shrubs

and associated species.  Although the Tsuga heterophylla-dominated community types are thought to

likely represent the final sere for these ecosystems, there are few examples of mature, climax bog forest

communities in the State (Rigg 1925).  These communities generally have well-formed hummocks.

Pinus contorta/Ledum groenlandicum/Sphagnum spp. Community Type

This community is common throughout the region in seasonally dry basins, such as old dune troughs, in

coastal areas in Grays Harbor County and Pacific County.  Substrate includes a mixture of Sphagnum

and heath peat that may overlay sand or other mineral soils.  Large woody debris is also common.  In

some cases, there is evidence of fire, which appears to have influenced peat deposits and vegetation

succession.

The stand structure of Pinus contorta is variable, ranging from open to more closed.  In communities

characterized by stunted trees and open canopy, there are low-growing shrublands dominated by Kalmia

microphylla and Ledum groenlandicum.  In other ecosystems, Pinus contorta is pole-sized and forms a

more closed canopy beneath which grows a shrub community of predominantly Ledum groenlandicum

and Gaultheria shallon.  Where there is evidence of past fires, there is little or no living Sphagnum spp.

and Pteridium aquilinum is among the dominant species.  Figure 5.10 shows this community type in the

background.

There are a number of associated species characteristic of Sphagnum-dominated peatlands, non-

Sphagnum-dominated wetlands, and upland forests in this community.  Associates more characterisitic of

Sphagnum-dominated peatlands include Anemone oregana var. felix, Eriophorum chamissonis,

Empetrum nigrum, Myrica gale, Xerophyllum tenax, Nephrophyllidium crista-galli, and Cladina rangiferina.

Associates common in non-Sphagnum-dominated wetlands that appear to characterize this community

include Thuja plicata, Lysichiton americanus, and Rhamnus purshiana.  Linnaea borealis and Cornus

unalaschkensis are associated species more characteristic of upland forests.

This community is similar to the Pinus contorta-Thuja plicata/Myrica gale/Sphagnum spp. community type

in this region and the one of the same name in the Puget Trough region.  It appears to differ from the

Puget Trough region association in several respects, including the diversity of herbaceous species, more

minerotrophic conditions, and depth of peat deposits.
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Figure 5.10  Carlisle Lakes peat area, Grays Harbor County,

WA.  Foreground right: Kalmia microphylla/Ledum

groenlandicum/Vaccinium oxycoccos/Sphagnum shrub

community type.  Background: Pinus contorta/Ledum
groenlandicum/Sphagnum forested community type.   Photo: S.

Luchessa

Other investigators (National Wetlands

Working Group 1988; Banner et al.

1987) have described a tall shrub type

in slope bogs of coastal British

Columbia that share many of the same

species.  Some of the species found in

ecosystems in slope bogs of coastal

British Columbia, such as Juniperus

communis, Drosera anglica, Eriophorum

angustifolium, Loisleuria procumbens,

and Vaccinium vitis-idaea, do not

appear to occur in lowland Washington

Sphagnum-dominated peatlands.

Additional work is required to determine

whether there may be specific regionally

endemic flora in Sphagnum-dominated

peatlands in Washington that compare

to those in coastal British Columbia.

Pinus contorta-Thuja plicata/Myrica

gale/Sphagnum spp. Community

Type

Slopes, basins, and stream terraces in

Grays Harbor County, western Clallam

County, and possibly western Jefferson

County often contain this community type.  Water levels vary from just below to slightly above the surface

of the mixed Sphagnum, sedge, heath, and woody peat.

Pinus contorta and Thuja plicata are the dominant trees in the open canopy of this community.  Tsuga

heterophylla is sometimes co-dominant.  Trees are relatively mature, but typically smaller than 8 m (~26

ft).  Myrica gale and Sphagnum are usually co-dominant.  Ledum groenlandicum, Gaultheria shallon, and

Lysichiton americanus are usually present and sometimes co-dominant.

This community is species-rich in other understory associates.  Some that appear to be more specific to

this community include Agrostis aequivalvis, Agrostis exarata, Carex leptalea, Athyrium filix-femina,

Calamagrostic nootkaensis, Dodecatheon jeffryi, Platanthera (Habernaria) dilatata, Oenanthe

sarmentosa, and Senecio triangularis.  Decomposing large woody debris seems to provide a suitable



Community Profile of Sphagnum-dominated Peatlands in Western Washington

Chapter Five 31

substrate and habitat for species more typically associated with upland forests, such as Vaccinium

ovatum, Cornus unalaschkensis, and Rubus ursinus.

This community may be a seral phase between the Myrica gale community types and the Thuja

plicata-Tsuga heterophylla/Gaultheria shallon/Lysichiton americanus/Sphagnum spp. community type

(Kunze 1994).  Similar Pinus contorta-dominated community types have been described from bogs in

coastal British Columbia (Banner et al. 1987).  One of the floristic differences between similar

communities in coastal British Columbia is the presence of Chamaecyparis nootkatensis, which is found

in Washington, but not typically associated with Sphagnum-dominated peatlands.

Thuja plicata-Tsuga heterophylla/Gaultheria shallon/Lysichiton americanus/Sphagnum spp.

Community Type

This tree-dominated community type is common throughout the region in basins and on slopes.  Mixed

Sphagnum, sedge, heath, and woody peat substrates range from seasonally flooded to saturated.

Downed large woody debris is frequently found and provides habitats that contribute to a mosaic of

upland and wetland plant associations.

Dominant trees that form an open canopy include Thuja plicata and Tsuga heterophylla.  Trees may grow

relatively large and often have broken tops.  At least some living Sphagnum is present, and it is often a

co-dominant.  Other indicators and sometimes dominant plants include Gaultheria shallon and Blechnum

spicant.  Other indicator but not dominant species include several plants characteristic of uplands and

non-Sphagnum-dominated wetlands, such as Menziesia ferruginea, Rhamnus purshiana, Vaccinium spp.,

and Lysichiton americanus.

There are many associate species in this community.  Associates that may differentiate this from other

forested peatland community types include Abies amabilis, Pseudotsuga menziesii, Agrostis oregonensis

and Calamagrostis canadensis.  Many associates in this community are found in other Sphagnum-

dominated peatland communities common in this region as well as non-peat-forming wetlands (see Table

A-2, Appendix C, Chapter 5).  Gaultheria shallon, Menziesia ferruginea, and Vaccinium spp. characteristic

of more upland sites, are often growing on decomposing logs and mounds of soil formed by trees that

have blown down (Figure 5.11).

This community is similar to the Pinus contorta-Thuja plicata/Myrica gale/Sphagnum spp. type in this

region.  Myrica gale, a dominant species there, is absent in this apparently drier community.

Similar plant communities have been recorded by other investigators in slope bogs of coastal British

Columbia.  The National Wetlands Working Group (1988) described a unevenly-aged, open canopy forest

type dominated by Thuja plicata, Chamaecyparis nootkatensis, and Pinus contorta.  Tree height was

seldom over 20 m (66 ft) with snags and apparently decadent (“spike-topped”) Chamaecyparis

nootkatensis and Thuja plicata.  These authors similarly found a mixture of acid-adapted as well as more

typical forest species in the well-developed herb and dwarf shrub strata within this community.  The
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Figure 5.11  Small forested fen, Grays Harbor, WA.  Thuja plicata/Tsuga
heterophylla/Gaultheria shallon/Lysichiton americanus/Sphagnum  forested

community type.  Note Carex echinata ssp. phyllomanica in foreground.

Photo: L. Kulzer

bryophyte associations

likewise were reported to

include a mixture of

species representative of

both bog and forest

communities.  More

research is needed to

determine if bryophyte

communities in

Sphagnum-dominated

peatlands in Washington

exhibit similar patterns.

Tsuga heterophylla/

Ledum groenlandicum/

Sphagnum spp.

Community Type

This community type is

similar to one of the same name in the Puget Trough region and occurs in basins and flat to rolling

topography in western Clallam County within this region.  Peat substrates composed of a mixture of

Sphagnum, heath, and woody peat are wet all year, but may not be seasonally flooded.

Tsuga heterophylla and Thuja plicata trees are stunted and form an open canopy.  The well-developed

shrub stratum is dominated by Ledum groenlandicum that is between 0.6 and 1.3 m (2 and 4 ft) tall.

Gaultheria shallon and Sphagnum species are other indicators that are usually abundant and often

dominant species.  Thuja plicata is often common here but it is not identified by Kunze (1994) in

communities within the Puget Trough region.

Several of the herbaceous understory associates are, however, the same as those found in the Puget

Trough community.  Other associate species that appear to be specific to communities of this type in the

southwestern Washington and Olympic Peninsula region, include several species of sedges, Gentiana

sceptrum, Rhamnus purshiana, Linnaea borealis, Drosera rotundifolia, and Malus fusca.  Additional work

is required to determine if these associates are truly limited to ecosystems in southwestern Washington

and the Olympic Peninsula.

5.3.4  Endangered, Threatened, and Sensitive Plants

The criteria for determining the state rank of rare species are presented in the Puget Trough section

describing rare flora.  In addition, a more detailed description of rare flora known, or likely to, occur in
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Sphagnum-dominated peatlands is presented in the Puget Trough section. Several of those species cited

in Puget Trough province on rare flora may be largely restricted in their distribution to the Olympic

Peninsula and Southwestern Washington areas, including Gentiana douglasiana, Plantago macrocarpa,

Carex pluriflora, and Spiranthes porrifolia.

Introduced Species

As previously mentioned, a number of species may have been inadvertently introduced by commercial

cranberry growers.  Several species native to eastern North America have been observed in cranberry

fields in Oregon, including Carex chordorrhiza, Juncus brevicaudatus, Juncus canadensis, Juncus

pelocarpus, Spiraea tomentosa,  and Hypericum boreale (Zika, in press).  Of these, only J. canadensis

and H. boreale are known to occur in this region.  The author has observed J. canadensis in at least one

undisturbed ecosystem on the Olympic Peninsula.  Other species observed by Zika (in press) in Oregon

cranberry fields include Vaccinium macrocarpon and Lysimachia terrestris.  Kunze (Personal

communication, L. Kunze, May 2001) indicated that Lysimachia terrestris is found in at least some

ecosystems in southwestern Washington.  It is uncertain if other species are present in cranberry fields in

western Washington or in undisturbed Sphagnum-dominated peatlands in this region.  Peter Zika (2000)

also recently identified a number of Hypericum species that appear to have been introduced by

commercial cranberry growers who transplanted cranberries (Vaccinium spp.) and other species native to

eastern North America in our region.  Introduced species include Hypericum boreale, H. canadense, H.

ellipticum, H. mutilum, and Triadenum fraseri.  He reports that of these species, H. boreale is the most

widespread.  Others, such as H. ellipticum, may be restricted to cranberry fields.   

Other than some of the introduced species that may be confined to commercial cranberry fields in Grays

Harbor County and Pacific County, it is unclear if there are any differences in the abundance and

distribution of introduced species in the different physiographic regions.  There may have been more

extensive alterations and disturbance to peatlands in this region from logging and cranberry growing

operations.  Based on the depths of peat deposits cited by Rigg (1958), these ecosystems appear to be

much younger and more species rich than those in the Puget Trough.  The water chemistry in Sphagnum-

dominated peatlands in this region also may be less acidic and more fertile, although no water chemistry

data were located for this physiographic region.  If these factors occurred, they might favor and contribute

to the establishment and spread of introduced species in this physiographic region.

5.4 Physiographic Distribution

Several plant species appear to be geographically isolated between the provinces or near the southern

end of their range.  According to Kunze (1994), Myrica gale, Nephrophyllidium crista-galli, Sanguisorba

officinalis, and Carex livida generally do not extend into Oregon or north and east into the Puget Trough

region.  Some of the species, however, are found in coastal areas of British Columbia within the wetter
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climate of the Pacific Oceanic Wetlands Region of Canada (National Wetlands Working Group 1988).  In

addition, other plants that are common in coastal British Columbia ecosystems appear rare in ours, such

as Chamaecyparis nootkatensis, Juniperus communis, Andromeda polifolia, Scirpus caespitosus, Carex

anthoxanthea, and Carex pluriflora (Kunze 1994).  Three of these species, Andromeda polifolia, Carex

anthoxanthea, and Carex pluriflora, appear to be rare or uncommon in Washington and are more

frequently occurring at more northerly latitudes and colder climates in British Columbia and Alaska.  Pojar

and MacKinnon (1994) do not show the distribution of these species extending into Washington.

Interestingly, western Washington Sphagnum-dominated peatlands also appear to be at or just beyond

the northern limit of some other species that are common in the ecosystems observed in Oregon.  Christy

(1979) noted that there has been little investigation of Sphagnum-dominated wetlands in Oregon.  He

also found what appear to be regional differences in some of the dominant species.  Most conspicuously,

the insectivorous plant Darlingtonia californica is common and forms dense communities in the

ecosystems in Oregon, most, if not all of which, have formed on stabilized interdunal swales.  There are

no naturally reproducing populations of Darlingtonia californica in Washington.  Weinmann and

Weinmann (2000) have identified an introduced population in a bog in Skagit County.  Two other species

that are notably absent or relatively uncommon in western Washington peatlands, but common in western

Oregon, are the ericads Ledum glandulosum and Myrica californica.  L. glandulosum is found in some

coastal peatlands in Pacific County and may extend into the Olympic Peninsula.  However, it is near the

northern end of its range in southwestern Washington and appears to be largely replaced by the

congeneric L. groenlandicum in peatlands on the Olympic Peninsula and in the Puget Trough.  It does,

however, occur in eastern Washington peatlands and moist forests just east of the Cascade crest.  Myrica

californica may be part of the early seral phase communities in interdunal swales.  It is common in coastal

dune areas in Grays Harbor and Pacific counties and has been reported in some of the Olympic

Peninsula peatlands but appears to be uncommon.

5.5 Succession

Several mechanisms or theories of plant succession in Sphagnum-dominated peatlands have been

widely reported in the literature.  The most common of these is the classic hydrosere, also know as lake

in-fill, or quaking bog succession model (Figure 5.12).  This model appears to be common in many of our

systems that are associated with poorly drained topographic depressions.  It has been advocated and

supported by Rigg (1958) and others (Transeau 1903, Dachnowski 1925, Moore and Bellamy 1974,

Mitsch and Gosselink 1993).  In this successional model, small lakes become filled from the edges in

towards the middle over a period of thousands of years.  A mat of reeds, sedges, and grasses forms a

pioneer community and floating mat upon which other herbaceous plants develop.  At some point,

Sphagnum colonizes the mat, and as Sphagnum peat accumulates the mat becomes increasingly

isolated from mineral water.  In the absence of disturbance, such as changes in climate and hydrology,
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the hydrosere sequence is from open water (lake) to aquatic bed-dominated plant communities, to sedge

meadow, to Sphagnum lawn or flats, to Sphagnum and evergreen scrub-shrub dominated bogs, and

finally to a climax bog forest.  Mitsch and Gosselink (1993) indicate that this process occurs only in small

lakes that have little wave action and culminates in a classic concentric, raised bog.  According to peat

profiles of our Sphagnum-dominated peatlands developed by Rigg (1958), this successional process is

common, especially for those systems that have evolved in depressions.

Other successional models have been suggested as well.  Another process of peatland formation called

paludification occurs when peat expands beyond the boundaries of a topographic depression or basin

and encroaches into formerly dry lands.  As described by Mitsch and Gosselink (1993), this process (as

with others) may be triggered by climatic events, changes in geomorphology, logging, and beaver dams.

As Sphagnum encroaches into the forest and covers the mineral soils, the lower layers of the

accumulated peat become

compressed over time and impede

drainage or become impermeable.

This causes conditions to become

increasingly wet and acidic, favoring

acidophilic species.  This process

appears to be responsible for the

formation of the so-called prairie

ecosystems on the Olympic

Peninsula and southwestern

Washington.

A third successional process, a

flow-through succession model

(Figure 5.13), was proposed by

Moore and Bellamy (1974) for

basins with surface water inlets and

outlets.  This process is also known

FIGURE 5. 12 Hydrosere

mechanism of succession.

FIGURE 5. 13 Flow-through model of succession.
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as topogenous development (Mitsch and Gosselink 1993). In this model, a peatland develops from the

center of a basin with inflow and outflow and radiates outward.  As the peatland develops (topogenous

development), it alters the flow of surface and groundwater into, and out of, the basin.  In this model,

gyttja (or sedimentary deposits), and marsh vegetation result in the accumulation of organic matter.

Marsh vegetation contributes to the build-up of organic material until the deposits rise above the water

level and surface water flow is diverted around the peat.  Over several thousand years, the marsh evolves

into a poor fen and culminates in an ombrogenous bog.

5.6 Hydrology

Wetland scientists and ecologists generally agree that hydrology is perhaps the most important factor

influencing wetlands.  In geogenous systems, the level and duration of flooding contributes to clearly

distinguishable communities along a moisture and topographic gradient.  According to the U.S. Fish and

Wildlife Service classification system for freshwater wetlands (Cowardin et al.1979), permanently

inundated areas develop communities of aquatic macrophytes.  Plant communities dominated by

emergent plants inhabit seasonally flooded and permanently saturated areas, and scrub-shrub and

forested community types are typically associated with somewhat drier microsites.  Similar patterns along

moisture gradients have been observed in Sphagnum-dominated peatlands, particularly those that have

evolved in basins.

The duration and frequency of inundation and, perhaps more importantly, anaerobic conditions influence

water quality and chemistry, microclimate, nutrient cycling and availability, and plant community

composition.  Increased development within the watersheds of these systems may change the amount,

quantity, and quality of surface water and groundwater input into these systems.  Perhaps more

importantly, they may alter the hydroperiod and duration of anaerobic conditions.  Conversion of forested

upland areas into impervious surfaces results in reduced groundwater recharge, which may reduce

shallow groundwater discharges to peatlands.  In addition, stormwater runoff containing high levels of

nutrients may alter peatland chemistry, making conditions more favorable for plants more typical of

geogenous wetlands.  Such changes may lead to reverse succession towards shrub- and tree-dominated

swamps more typical of nutrient-rich ecosystems.  This may lead to the loss of flora and fauna that are

regionally endemic or typically found in Sphagnum-dominated peatlands.

Changes in hydrology and the periodicity of surface and groundwater inputs to Sphagnum-dominated

peatlands may contribute to increased decomposition and nutrient cycling and greater nutrient availability.

Anaerobic and acidic conditions in acidic peatlands are conducive to very specific communities of

decomposers and relatively low decomposition and nutrient cycling rates.  As long as these processes

remain unchanged, peat accumulates and there is a natural successional process towards a climax bog

forest.
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GLOSSARY 

aapamire-- a patterned peatland characterized by well-developed strings and flarks, the strings
being linear peat ridges separating flarks, which are linear pools or hollows transverse or
perpendicular to the direction of water flow1,2.

alkalinity-- the acid-neutralizing capacity of a water, found by titration of all bases, usually with a
strong acid, expressed as milligrams (mg) calcium carbonate per liter (L).

anion-- an atom or group of atoms that carries a negative charge as a result of having gained
one or more electrons. 

bog-- a peat-accumulating wetland on the acidic end of the acid-base continuum in peatlands,
typically dominated by a ground layer of Sphagnum mosses, a pH of  5 or less and low cation
concentrations3.  

capitulum-- the upper, "head-like" portion of a Sphagnum plant composed of a dense
aggregation of branches. 

carpet-- an area in which the ground vegetation occurs on loosely consolidated peat, extending
only slightly above the water surface4.

carr-- a shrub-covered fen5,6.

cation-- an atom or group of atoms the carries a positive charge as a result of having lost one or
more electrons.  

diploid-- having double the haploid number of chromosomes or double the number present in the
gametes; the sporophytes in Sphagnum species are diploid.

fascicles-- a small bundle or cluster of leaves or branches as in Sphagnum mosses.

fen-- a peat-accumulating wetland on the neutral or basic end of the acid-base continuum in
peatlands, typically dominated by a ground layer of brown mosses or sedges, and a pH of  5.5 or
greater7.

fibril-- a thickening of a clear cell of a Sphagnum moss that projects into the cells and forms
oblique to transverse bars across the cell.

gametophyte-- the gamete-producing part of a plant; in Sphagnum mosses this is the green part
of the plant and is composed of the stem, leaves, branches and capitulum, which are haploid.

geogenous-- used to describe both vegetation communities and peats whose nutrients are
derived from rainwater and well as water that has been in contact with the earth's surface or
groundwater.  Compare to ombrogenous.  Roughly synonymous with minerotrophic.

haploid-- having half the diploid number of chromosomes or one of each pair of chromosomes
that are normally characteristic of a species; the gametophytes of Sphagnum species are haploid.

hardness-- the sum of the cations calcium and magnesium expressed as milligrams (mg)
calcium carbonate per liter (L).  Thus hardness should theoretically never be more than alkalinity
for a given water sample.
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hummock-- a small raised mound formed by the upward growth of sphagnum moss.

hyaline cells-- the glassy, transparent, or translucent cells within Sphagnum mosses.

lagg-- the margin surrounding a Sphagnum-dominated peatland located between the peatland
itself and mineral soils, typically supporting swampy vegetation (sedges and/or shrubs).  Parallel
to the flarks of aapamires.

lawn-- an area in which the ground vegetation extends from well consolidated peat and forms wet
flat areas with little relief8.  

limnogenous-- peatlands that are affected by inundation or permanent influence of water from
rivers or lakes. 

minerotrophic-- used to describe both vegetation communities and peats that derive nutrients
from rainwater and well as mineral water-- water that has been in contact with the earth's surface
or groundwater.  Compare to ombrotrophic.  Roughly synonymous with geogenous.

mire-- a generic term meaning for all natural and semi-natural peat communities with their peat
substrate, commonly used in European literature9.  

moor-- in Britain, used to mean bleak, uncultivated upland, not necessarily peaty, often  heather-
covered.  High-moor is used to distinguish moors poor in lime, meadow-moors those rich in lime.
High moors are characterized by Sphagnum mosses 10.  

moss-- synonymous with a Sphagnum-dominated peatland, typically used in England and
historically english-speaking parts of Scotland11.  

muskeg-- bog forest of Picea mariana (black spruce) rooted in peat having a hummocky
topography covered by mosses, chiefly Sphagnum, as well as a shrub layer dominated by
Ledum12.

ombrogenous-- used to describe both peatlands and vegetation communities that derive
nutrients from rainwater alone.  Compare with geogenous.

ombrotrophic-- used to describe both vegetation communities and peats that derive nutrients
from rainwater alone13.  Compare with minerotrophic.  

pH-- pH is a measure of the hydrogen ion activity of a solution.  It is expressed numerically as the
negative common log of the hydrogen ion (H+) concentration and indicates the extent to which
waters are acidic or basic on a scale from 1 to 14.  Neutrality, the point at which H+and OH- ions
are in balance, is 7.0 at 25 C, and somewhat over seven at lower temperatures.   Each pH unit is
10 times larger or smaller than the previous one. Technically, pH measures the strength of
hydrogen ion activity, but in dilute solutions, this is essentially the same as the concentration of
hydrogen ions14.

palsa-- a peatland having mounds containing a core of permafrost15.

paludification-- expansion of peatland into surrounding uplands.  The initiation process of
peatland expansion whereby mesic sites become increasingly hydric and are encroached upon
by a neighboring peatland16.

raised bog-- a bog shaped like a dome or elevated above the surrounding land and therefore not
accessible to adjacent geogenous waters.

shore bogs-- Sphagnum-dominated peatlands formed along the shores of dystrophic lakes17.
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soligenous-- peatlands whose water issues from slopes18.

soluble reactive phosphorus-- a form of phosphorus that is readily available to algae and
aquatic plants.

sporophyte-- the spore-producing phase of a plant; in Sphagnum mosses this is the structure
arising from the capitulum and composed of a foot, stalk, and capsule, which is diploid.

terrestrialization-- the initiation process of peatland development whereby small open basins of
water become progressively infilled by organic material19.  

topogenous-- peatlands whose water accumulates in topographic depressions20.

                                                          
1 Wright, H., B. Coffin & N. Aaseng,  1992.  The Patterned Peatlands of Minnesota.
2  Crum, H., 1992.  A Focus on Peatlands and Peat Mosses.  U of Michigan Press, Ann Arbor,
Michigan.
3 The definition of a bog is different for different investigators.  This definition appears to be the
most contemporary and follows recent literature, including Vitt (1990), Bridgham et al., (1996),
and Wheeler and Proctor (2000).
Vitt, D.H.,  1990.  Growth and production dynamics of boreal mosses over climatic, chemical, and
topographic gradients.  Botanical J. of the Linnean Society 104:35-59.
Bridgham, S.D., J. Pastor, J.A. Janssens, C. Chapin and T.J. Malterer,  1996.  Multiple limiting
gradients in peatlands:  a call for a new paradigm.  Wetlands 16(1):  45-65.
Wheeler, B.D. and M.C.F. Proctor, 2000.  Ecological gradients, subdivisions, and terminology of
north-west European mires.  J. of Ecology 88:187-203.
4 Vitt, D.H., L.A. Halsey and S.C. Zoltai,  1994.  The bog landforms of continental western canada
in relation to climate and permafrost patterns.  Arctic & Alpine Research 26(1):  1-13.
5 Wright et al., 1992.
6 Crum (1992) has modified the original definition to include fens supporting deciduous trees.
7 This definition reflects contemporary literature, including Vitt (1990), Bridgham et al., (1996),
and Proctor and Wheeler (2000).  In the 1950’s fens were divided alon a poor to rich gradient.
Poor fens would not fit into this definition as they are acidic and Sphagnum-dominated.
8 Vitt et al., 1994.
9  Wheeler and Proctor (2000) indicate the term mire is synonymous with the term peatland.
10 Wheeler and Proctor (2000).
11 Wheeler and Proctor (2000).
12 Crum (1992).  This term is applied to large areas of northern Canada and Alaska south of the
tundra covered by this vegetation type.
13 In the past, this term was used to describe the hydrological trait of being rainwater-fed, but the
term ombrogenous is currently favored to describe this hydrological condition, restricting the term
ombrotrophic to describe the vegetation and/or peat (Wheeler and Proctor 2000; Bridgham 1996).
14 Standard Methods for the Examination of Water and Wastewater, 1992.  Ed: Greenberg,
Arnold, L. Clescerl, and A. Eaton. American Public Health Association, American Water Works
Associaten, Water Environment Federation.  Washington, D.C.
15  Gignac & Vitt, 1990 .
16  Nicholson and Vitt, 1990.
17  Zoltai et al., 1988.  Dystrophic lakes have excessive nutrients and have very high rates of
primary production.
18 Wheeler and Proctor, 2000.
19 modified from Nicholson and Vitt, 1994.
20 Wheeler and Proctor, 2000.
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APPENDIX A

PRELIMINARY MANAGEMENT GUIDELINES
for Sphagnum-dominated peatlands

Sphagnum-dominated peatlands are unique wetland resources.  In King County, they comprise
only about 3% of the total number of wetlands of the county.  In and of themselves, Sphagnum-
dominated peatlands have intrinsic value. These wetlands were initiated shortly after the retreat
of the glaciers and could be viewed as one of the most ancient living ecosystems in the
Northwest.  The plant communities of Sphagnum-dominated peatlands are unique, as are the
invertebrates that are supported by those communities.  In addition to living plant communities,
peatlands are a storehouse of pollen and seeds of ancient plant communities.  Much of what we
know of the paleo-botanical record comes from peatland cores.  

In addition to their intrinsic value, peatlands also perform functions that are of value to people.
Peatlands, perhaps more than any other wetland type, act as a sponge, soaking up rainwater and
allowing it to filter slowly through the upper peat layers, regulating flood pulses.  The water stored
in peatlands in winter is released slowing through the summer drought, increasing summer low
flows in streams lower in the watershed.

Another reason for protecting peatlands is to protect downstream lakes from excess nutrients.  In
Chapter 3 we saw the consequences in the Pine Lake watershed of allowing peatland
decomposition to accelerate.  Peatlands act as carbon and nutrient sinks, storing the organic
production of centuries but arresting decomposition of that material.  Looked at another way,
peatlands act as nutrient time-bombs.  Since the nutrients of past millennia are stored in the peat,
conditions that increase the rate of decomposition allow the release of this ancient store of
nutrients.  Eutrophication of lakes downstream is the inevitable result.  In King County, many of
the lakes currently being managed for nutrient enrichment have peatlands in the watershed that
have been destabilized. This is true of Green Lake (a former peatland), Cottage lake, Lake
Sammamish, and Lake Desire.

Lastly, Sphagnum-dominated peatlands are of great concern in their potential role relative to
global climate change.  Increasing decomposition rates not only releases nutrients.  The oxidation
of peat creates carbon dioxide (CO2), a greenhouse gas. Control of greenhouse gases should be
considered in the overall strategy to reduce CO2 emissions to the atmosphere.

For these intrinsic and practical reasons, then, it is desirable to protect Sphagnum-dominated
peatlands.  To understand how to do this, we must first look at the underlying factors that affect
these systems.

Underlying factors that influence Sphagnum peatland processes and 
guidelines to prevent impacts

In general, guidelines for wetland management seek to prevent significant adverse changes as

human influences in the watershed intensify.  Guidelines are typically based on the best available

scientific information, but best professional judgement is often required to interpret scientific

information.  The information in this Phase 1 Community Profile is not complete, and a

comprehensive set of management guidelines is therefore premature.  In particular, a review of

pathways by which human could impact acid peatlands is planned for Phase 2.  Lacking this



Appendix A : Community Profile of Sphagnum-dominated Peatlands in Western Washington

2

detailed examination, guidelines offered at this point should be regarded as preliminary.

However, human-caused impacts to peatlands are currently occurring in western Washington,

particularly in the Puget Sound lowlands, an area of fast growth.  Therefore, the physical,

chemical and biotic processes already developed in this Phase 1 report will be used as a basis

for the preliminary management guidelines offered here.

Physical factors:  Hydrology is one of the most important physical factors that could be altered by

human activity in the watershed of Sphagnum-dominated peatlands.  Many investigators have

emphasized that stabilization of the local water table was a key factor in initiating the

development of peatlands.  Malmer (1986) observed that bogs experience water level fluctuations

of about 12 cm (4.7 inches), whereas fens have fluctuations of about 20 cm (7.8 inches).  Stable

water tables, along with stable watershed landscapes, are necessary for low seasonal water level

fluctuation.  If water levels fluctuate significantly, oxygenation of organic detritus is accelerated,

making peat accumulation impossible.   A stable water level allows the acrotelm position to

remain relatively stationary, assuring decomposition of organic material is arrested close to the

surface and maintaining  conditions that allow for peat accumulation.  In addition to having stable

water levels, having stagnant conditions has also been noted as a prerequisite for bog formation.

Thus avoiding conditions that increase water level fluctuation due to changing groundwater or

watershed characteristics, or enhancing flows into or within a peatland is important in avoiding

impacts.

A related  hydrological factor that affects Sphagnum-dominated peatlands is the length of the

summer drought and the lowering of the water table.  Malmer also observed that the summer

water table in bogs is no more than 0.8 meters (2.6 feet) below the surface.  If the summer water

table is too far below the surface, the Sphagnum dries out, and woody shrubs and trees grow

rapidly, eventually shading out the Sphagnum.

Guidelines to prevent physical effects: 

1. Create a comprehensive plan for mining and peat extraction activity.  Only harvest systems of
low biological value.  In general, it is recommended that no more than 0.5% of peat resources
be harvested in a 20-year time period.  If permits are granted for filling small peatlands,
encourage extraction and use of the peat before filling.

Guidelines to maintain stable hydrology:

2. If possible, maintain the existing forested cover in the entire watershed of the peatland.  The
most effective way to protect and maintain a stable hydrology is to preserve forest cover.
Evapotranspiration can account for 30% of the annual water budget (ref).  Loss of forest
cover increases the surface runoff on sloping terrain, and on flat terrain, can increase height
of the local water table if soils are not highly infiltrative.  
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3. If logging or land-use conversion in the watershed cannot be avoided, do not increase or
decrease pre-developed weekly flow volume or the annual flow volume reaching the
peatland.  Estimate flow volume with a continuous hydrological model (HSPF or KCRTS).  If
modeling shows that surface runoff will be increased, attempt to infiltrate as much flow as
possible back into the ground.  Route the excess flows to an area downstream from the
Sphagnum areas in the peatland.  In doing so, avoid backwater effect that could flood
Sphagnum areas.  Summer water levels should not decrease more than 12 cm (4.5 inches)
from the base winter water level.  If greater drawdown is modeled, consider engineered
infiltration trenches or gravel-filled reservoirs to augment summer flows.

4. Keep flows dispersed to the extent possible.  Do not concentrate flows unless there are no
alternatives.  If flows are concentrated, do not introduce them into a Sphagnum-dominated
peatland in a piped discharge.  Design a flow dispersal system at the outer edge of a 200-foot
wetland buffer.  Use soil bioengineering techniques to re-enforce potential flow sheet paths
with vegetation so that no erosion takes place.  

5. Roads can have impacts for both hydrological and chemical impacts of Sphagnum-dominated
peatlands. Road beds are compacted, and interfere with the movement of shallow
groundwater.  Dust and the combustion of petrochemicals introduce cations, nutrients and
toxic materials from both wash-off and aerial deposition.  If possible, roads should not be
routed through the watershed of a Sphagnum-dominated peatland.  Particularly if the road is
unpaved, it should be situated as far from the peatland as possible, preferably downwind of
the resource.  Lenses that allow groundwater to pass under the road should be engineered
into the design.  Road runoff should be dispersed and treated through properly sized filter
strips rather than concentrated.  The King County Surface water Design Manual (1998) has a
sizing methodology for filter strips.

6. Although education and appreciation by people is important, the weight of a human can
compress the Sphagnum mat.  Access impacts can be controlled by building either a low-
impact trail through a portion of the Sphagnum mat, or building a viewing platform above the
mat.  Materials used for trail-building should contain no calcium or soil and be resistant to
acidic conditions (cedar is a good choice).  The pathway design should allow light to
penetrate to the mat to the maximum extent possible.  

Chemical factors:  In addition to hydrological factors, chemistry of acid peatlands is unique,

serving, along with plant communities, to define peatland type.  Of primary importance are the pH

and cation concentrations.  Bogs are acidic and at the same time have low cation concentrations,

especially calcium, magnesium and potassium.  In addition, a buffering system of organic acids

supplied by decomposition of Sphagnum, and aluminum which plays a vital role in the

maintenance of acidity are important components of the chemistry of bog waters.    Nutrient

enrichment of bogs and poor fens is also a concern.  Fertilization experiments have shown that

enrichment by nitrogen and phosphorus have complex and interactive effects.  Many

investigators, however, believe that in general nitrogen is the critical limiting nutrient for

Sphagnum growth and health, and that nitrogen over-enrichment causes Sphagnum to die.

Maintaining the chemistry of these key constituents within the very low natural concentrations

found in Sphagnum-dominated peatlands is important.  If cations concentrations become too

high, the exchange sites in the Sphagnum can be exhausted, and the Sphagnum will die. 
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Guidelines to maintain stable chemistry:

7. Treat any runoff that is infiltrated or reached the peatland via surface flow.  Treatment should
be designed to remove over 90% of the total settleable solids and as much of the nutrient
content of the water as possible1.  Alkalinity of the discharge should be less than 10 mg/L,
calcium concentrations should be less than 2 mg/L and pH no greater than 6.0.  Introduction
of organic acids should be maximized by use of constructed wetlands and leaf compost
filtration for treating runoff.  The best method for treating runoff is a multi-facility treatment
train which includes sand filtration as one of the facilities.  The King County Surface Water
Design Manual (1998) has more information about treatment trains for use in the watershed
of Sphagnum-dominated peatlands.

8. Use in the watershed of calcium-containing materials (such as Portland cement, whitewash,
etc.) should be avoided.  Cement structures should not be used, as cement continues to
leach small amounts of calcium throughout it's life. 

9. Fertilization of forests and lawns within the watershed of Sphagnum-dominated peatlands
should be avoided.  In particular, aerial application of urea fertilizer should not occur on
forested lands. 

10. No land disturbing activities in the watershed, including logging, should take place in the rainy
season.  Any dry-season land disturbing should be revegetated before the rainy season to
prevent soil transport to the peatland.

Biological factors:  Biotic factors can also affect Sphagnum-dominated peatlands.  One of the

characteristic of the vegetation community typical of bogs and poor fens is the Ledum, Kalmia,

Vaccinium association.  These shrubs are evergreen, contributing relatively little organic material

to the litter in leaf-fall.  Normally these shrubs are low (less than 90 cm or 3 feet) when growing

on a Sphagnum mat and do not provide significant shading. If the summer water table becomes

too low, growth accelerates and these shrubs as well as stunted trees grow taller, shading the

Sphagnum. Since Sphagnum is shade intolerant, it is displaced by other mosses if tree and shrub

growth becomes too tall.

Guidelines to reduce biotic impacts:

11. Prevent shading of Sphagnum mosses by maintaining conditions that prevent shrub growth.
A high summer water table and the avoidance of nutrient enrichment will help prevent rapid
shrub and tree growth.

12. Discourage invasion of the Sphagnum mat by marsh species such as cattail by keeping water
level fluctuations low and preventing mineral-rich water from entering the peatland.

13. Interpretive signs about the sensitivity of peatlands to soil and outside seed sources should
be used at all access trails.  The sign should advise people to clean their footwear of seeds,
especially seeds of reed canarygrass and other other invasives, before proceeding into the
peatland.

                                           
1 Using well-engineered passive stormwater treatment facilities such as sand filters, normally about 50% of the total
phosphorus and somewhat less nitrate can be removed.



APPENDIX A  CONT'D

DRAFT RESEARCH NEEDS

In this draft, two major areas of peatland research have been identified for the western
Washington area.  They include a synoptic overview of peatlands, as well as water chemistry
investigations.  Other areas are certainly of importance, and will be examined further in the
second Phase of the Community Profile.

1.  Proposal for Inventory and status of peat systems in western Washington

Background and objectives

The last inventory of peat systems in the state of Washington was completed in 1958 (Rigg,
1958).  Rigg's work was thorough with respect to size, location and general characteristics of peat
systems, but did not emphasize human impacts which may have occurred.  In the intervening 40
plus years, the landscape in general and the peat systems specifically, have been greatly altered
by numerous human endeavors.  Principal among these are extraction of forest resources,
residential, commercial and industrial development, road construction and peat mining.  In some
cases human activities have completely eliminated the peat system (e.g. by peat mining or filling).
In other cases hydrologic modification and/or introduction of nutrients has caused significant
change in the fundamental characteristics of peat systems.

In the years since the work of Rigg, the unique biological and ecological features of peat systems
have become highly valued and widely recognized.  Combine this uniqueness with the difficulty
(probably impossibility) of restoring such systems in other than a geologic time frame, and a need
for protection of peat systems becomes apparent.  Some additional protection has occurred in
recent time through various land use laws, sensitive area ordinances, growth management and
wetland regulation.  However, peat systems are still being subjected to both direct loss and
degradation by development activities including mining and filling.

An obvious first step to responsible stewardship of peat resources is to documeent both the
changes which have occurred since previous inventories and the current status of peat
resources.  This research has been initiated for King County by Bell (2000).  This type of research
needs to be expanded to include information on the biological, ecological and hydrological status
of peat systems.  Objectives of the research are to:

� document the type, extent and rate of human impacts to our peat systems
� document the ecological, biological, chemical and hydrological diversity of our peat

systems
� document how peat systems of western Washington compare to peat systems across

North America and how/if they fir wihtin currently used systems classification.

Research approach

Carefully review the results of Rigg (1958) and Kunze(1994).  Based on this review, select about
50 peat systems representing a breadth of geographic, hydrologic, vegetation and landscape
location types.  The sample set should include sites from urban, urbanizing, suburban and rural
areas.  For each peat system, gather the following information using aerial photos and site visits:

� Determine the general condition of the system. i.e. is it intact, logged, filled, drained,
hydrologically altered, etc.



� Determine if the system has a defined inflow and/or outflow and whether it is seasonal or
perennial.

� For each system, identify the basic vegetation cover types (herbaceous, scrub/shrub,
forested, etc.).

� For each cover type, identify the dominant plant species (including Sphagnum species).
� Determine the area of each cover type.
� Measure the basic chemical properties in each cover type, including pH, temperature,

D.O,, conductivity, calcium and nutrients.

Data from the above studies will provide a basis for assessing current status and ongoing impacts
to western Washington peat systems.  It will also provide a basis for placing our peat systems in a
standard classification system, or if necessary, point the need to developan independent
approach to classification.  These two types of information will help to provide a sound basis for
proper stewardship of our peat resources.

Chemical/hydrological processes

Sphagnum and other vegetation features

Ecological processes

Wildlife (e.g. rare species inventories)

 

2.  Proposal for investigating chemical processes 

It is striking, in a region with good water quality data on wetlands, lakes, streams and marine

waters, that little water chemistry information exists for Sphagnum-dominated peatlands.  For the

few data that do exist, sample sizes very small, making it difficult to determine what the normal

range of natural variability might be, and impossible to discern trends. There has been no

consistent criteria in selecting sample locations for the studies that were done, and the

parameters monitored vary considerably from one peatland to another, making meaningful

comparisons difficult.  A consistent high-quality data set of chemical, physical and floristic

parameters is needed to understand the basic functioning of acid peatlands and compare them to

other aquatic systems. 

1. Standarize sampling methodology for Sphagnum-mat pool waters. 
� Pool water sample collection methods should be standardized.  Piezometers do not seem

to have been used in most literature studies, and the extensive bailing required to purge
piezometers could very well draw water from the lower catotelm into the acrotelm, making
data interpretation confusing and misleading. 

� Protocols for field or laboratory filtering of samples should be developed. 

� Establish standard chemical and physical parameters for monitoring Sphagnum-
dominated peatland complexes or waters than may enter Sphagnum-dominated
peatlands. 



2. Determine the typical water chemistry of healthy Sphagnum-dominated peatlands.  
� Mat pool water, mat pool water and moat water should all be investigated, as they are

likely to have different chemistry characteristics.
� Criteria for sample location in relation to any inflow streams or groundwater seepages

should be developed.
� Water level fluctuation should be noted for the same time period water chemistry samples

are collected.
� Sample size should be large enough so that variance in the dataset is small.  If funds are

limited, consider limiting variability by taking samples over a shorter time period.  Data
interpretation should consider seasonal variability.

� Vegetation data, particularly regarding the presence and physical characteristics of
Sphagnum, should be gathered at the same locations and time that water samples are
drawn so that the relationship between water chemistry and vegetation can be
investigated.  Sphagnum species identification should be made and verified by experts.

 
3. Determine how Sphagnum growth is affected by changes in water chemistry and

hydroperiod.  One of the most pressing needs in conserving Sphagnum-dominated peatlands
is knowledge of how the Sphagnum moss of the peatland will respond to changes in
chemistry and hydroperiod due to development in the watershed. Both these attributes are
know to change dramatically with urbanization (US EPA, Nationwide Urban Runoff Program,
Summary report, 1984 and King County Surface Water Design Manual, 1998, Chapter 3,
hydrological analysis). If the response of Sphagnum is not investigated prior to watershed
disturbance, irreversible changes may occur and unique plant communities may be lost. 
� In addition to other studies, determine the buffering capacity of acid waters to absorb

changes in pH due to the addition of  ion-rich waters such as stormwater runoff or
groundwater. . 

� Different species of Sphagnum respond differently to chemical and water level changes
(McQueen, 1990).  Studies should be designed so that a range of Sphagnum species are
examined. . 

  
� Species identification or verification by an expert bryologist is required, since the

taxonomy of Sphagnum is difficult, and substantial variability in morphological traits
occurs. 

4. Determine the depth of the acrotelm and water level fluctuations for healthy Sphagnum-
dominated peatlands and attempt to determine a causal relationship between the depth of the
acrotelm with environmental variables.
� Peat decomposition yields an enriched supply of nutrients to downstream waters, often to

the detriment of downstream lakes.  Determining what stable acrotelm conditions are and
what conditions cause acceleration in normal decomposition rates is both an important
factor in managing peatlands and in managing lakes and marine embayments. 

� Standardize a method to measure chemical parameters at depth in the peat mat.
Standard field D.O. meters may not be designed to measure values near zero, so
specialized equipment may be needed.
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SPHAGNUM-DOMINATED PEATLANDS IN WASHINGTON STATE
(by county)

CLALLAM COUNTY

ID# Wetland name T R Remarks

1 ----- 29N 14W
2 ----- 30N 15W
3 ----- 29N 13,15W
4 ----- 29N 13W
5 ----- 29N 14W Lacustrine
6 ----- 30N 13W
7 ----- 30N 14W Lacustrine
8 ----- 30N 15W
9  Ozette L 30N 15W Lacustrine
10 ----- 31N 9W
11 ----- 31N 15W Lacustrine
12 ----- 31N 15W "prairie"
13 ----- 31N 15W
14 ----- 31N 16W "prairie"
15 Ahlstrom's prairie 31N 16W
16 ----- 31N 16W "prairie"
17 ----- 32N 15W Lacustrine
18 Cranberry Lake 29N 3W Lacustrine
19 Sooes R. 32N 15W
20 Crown Zellerbach 33N 15W

GRAYS HARBOR COUNTY

ID# Wetland name T R

1 ----- 15N 9W
2 North Bay bog 18N 11-12W
3 ----- 19N 11W
4 Carlisle bog 19N 11W
5 Macafee peat area 21N 10W
6 ----- 21N 10W
7 ----- 21N 11W
8 ----- 21N 11W



Summary of identified peat systems in Washington State
(by county)

ISLAND COUNTY

ID# Wetland name T R Remarks

1 L. Hancock 33N 2E
2 ----- 33N 2E
3 ----- 33N 2E
4 Cranberry L 34N 1E
5 Hillbery peat area 29N 3E
6 Roadside peat area 29N 3E

JEFFERSON COUNTY

ID# Wetland name T R Remarks

1 ----- 24N 13W Forest bog
2 ----- 24-25N 11W Forest bog
3 ----- 25N 13W
4a ----- 26N 12W Old growth?
4b X  ----- 26N 12W Logged, peat destroyed
5 ----- 26N 12W
6 ----- 24N 11W
7 ----- 24-25N 11W
8 ----- 24N 11W
9 ----- 24N 11W
10 ----- 24N 11W
11 ----- 27N 11W
12 ----- 27N 12W
13 ----- 27N 1E
14 ----- 27N 1E Lacustrine
15 ----- 27N 2W Saddle lake
16 ----- 28N 1E
17 ----- 28N 1E
18 ----- 28N 1E Lacustrine
19 Forks 27N 12W
20 Braden

Cr.
26N 13W

21 Thorndyke Lake --- --



Summary of identified peat systems in Washington State
(by county)

KING COUNTY

ID# Wetland name T R Remarks

1 CC27 21N 6E Lacustrine
2 LCR15 23N 5E
3 ----- 20N 7E Lacustrine
4 ----- 21N 4E Late successional, trace Sphagnum
5 ----- 24-25N 8E Lacustrine
6 ----- 24N 8E Lacustrine
7 Tate Cr. 5 24N 8E Lacustrine
8 ----- 25N 8E
9 ----- 24-25N 8E
10 ---- 25N 9E River terrace
11 ---- 24N 10E Elevation 1120 ft. msl
13 X  Happy Valley (Evans Cr 22) 25N 6E Floodplain
14 Carlson,  EC21 25N 6E
15 Cottage L, BBC10 26N 5-6E Lacustrine
16 Cottage L #2, BBC19 26N 6E
17 Covington (JC27) 22N 6E
18 Shadow L (JC66) 22N 6E Lacustrine
19 Beaver L (ELS26) 24N 6E
20 Moss L. (Tolt R 6) 26N 7E Lacustrine
21 Lake Twelve (LCR92) 21N 7E
22 Cedar Mt (LCR14) 23N 6E
23 Sunnydale (Tub L) 23N 4E Lacs or kettlehole
24 X  Ronald 26N 4E Mined
25 Paradise L (BBC3) 26N 6E Lacustrine
26 Black Diamond (CC12) 21N 6E
27 Auburn Junction #2 (Hylebos

Cr.5)
21N 4E

28 X Seola
29 Ames L (AL4) 25N 6-7E Lacs or kettlehole
30 LCR33 23N 6E Lacustrine
31 X  L. Joy 26N 7E
32 X  Echo L 26N 4E
33 X  Meridian
34 X  L Leota (BBC9) 26N 5E
35 BBC23 26N 6E
36 BBC32 26N 6E
37 BBC 52 26N 6E
38 CC8 21N 6E Lacustrine
39 ELS 21 24N 6E
40 ELS30 24N 6E Lacustrine
41 ELS34 24N 6E
42 ELS58 24N 6E
43 EC6 25N 6E
44 EC23 25N 6E
45 EC27 25N 6E Kettlehole



46 EC39 25N 6E
47 EC51a & b 25N 6E
48 GC2 25N 7E
49 IC18 23N 6E
50 LCR16 23N 5E
51 LCR28 22-23N 6E Lacustrine
52 LCR83 22N 7E
53 MGR19 21N 6E
54 PC17 24N 6E
55 PC18 24N 6E
56 X  PC24 24N 6E
57 RR2 L. Alice 24N 7E Lacustrine
58 RR3 24N 7E
59 SR48 24N 8E
60 SR50 25N 7E
61 SR71 24N 7-8E Lacustrine
62 Soos Cr 2 23N 5E
63 Tate Cr. 1 24N 8E
64 Tate Cr. 2 24N 8E
65 Tate Cr. 4 24N 8E
66 Tolt R 4 25N 7E
67 E Vashon 3 23N 3E
68 W Vashon 8 22N 2E
69 W. Vashon 10 22N 2E
70 Hylebos Cr. 5 21N 4E
71 Jenkins Cr. 53 22N 6E
72 X  Hylebos Cr 34 21N 4E
73 X Jenkins Cr 17 22N 6E
74 X Lower Cedar R 22 23N 5E
75 X Lower Cedar R 25 23N 5E
76 X Mill Cr 18 21N 4E
77 X Mill Creek 2
78 Evans Creek 7
79 LCR 77
80 SR10

KITSAP COUNTY

ID# Wetland name T R Remarks

1 ----- 25N 1W
2 Tahuya L 24N R1W
3 Lost L. 23N 1W
4 Square L 23N 1E
5 Kitsap L 24N 1E
6 Lofall peat area 27N 1E
7 Seabeck 25N 1W
8 Nels Johnson L 23N 1E



Summary of identified peat systems in Washington State
(by county)

MASON COUNTY

ID# Wetland name T R

1 ----- 21N 3W
2 ----- 20-21N 2W
3 ----- 20N
4 ----- 20N 5w
5 ----- 20N 5W
6 ----- 20N 5W
7 ----- 20N 5W
8 ----- 20N 5W
9 ----- 20N 5W
10 ----- 20N 5W
11 ----- 20N 5W
12 ----- 21N 4W
13 ----- 21N 3W
14 ----- 21N 4W
15 ----- 21N 4W
16 ----- 22N 2W
17 ----- 22N 2W
18 ----- 23N 2W
19 Johns Cr. 20-21N 3-4W
20 Penninsula 22N 3W
21 Hoar 21N 2W
22 L. Spencer 21N 2W
23 Drainage ditch 19N 3W
24 Belfair #2 23N 2W
25 Shoe L 23N 3W
26 Price L 23N 4W
27 Skokomish 21N 4W

PACIFIC COUNTY

ID# Wetland name T R Remarks

1 ----- 11N 11W
2 Grayland 15N 11W
3 Tarlatt slough 10N 11W
4 Penninsula peat area -- -- N of Illwaco

LEWIS COUNTY

Wetland name T R Remarks

1 Skookumchuck flood plain floodplain



Summary of identified peat systems in Washington State
(by county)

PIERCE COUNTY

ID# Wetland name T R Remarks

1 Kreger L #2 16N 3E
2 Silver L #1 16N 3E
3 Cranberry L 16N 3E
4 McKenna Rd #1 17N 3E
5 Milton #2 20N 4E
6 Crescent L #1 22N 2E
7 Bonney L 20N 5E
8 X Meridian & 128 St E 19N 4E Mined
9 X Thomas L 20N 5E Mined
10 ---- 22N 1W
11 Weyerhauser --- ---
12 Beaver Creek -- --
13 Lake Zoffel -- --
14 25-mile Creek --- --- Headwate

r
SAN JUAN COUNTY

ID# Wetland name T R Remarks

1 ----- 36N 2W Lacustrine, Orcas Island
2 San Juan 35N 3W
3 Blakely Island 35N 1W

SKAGIT COUNTY Remarks

ID# Wetland name T R

1 ----- 33N 4W
2 ----- 33N 5E Lacustrine
3 ----- 35N 5E Lacustrine
4 ----- 36N 1E
5 ----- 36N 1E Lacustrine
6 ----- 34N 10E River bench
7 Milltown profile B 33N 4E
8 Hamilton 35N 7E River bench
9 Big Lake 33N 5E Lacustrine
10 Pilchuck Cr. 33N 5E Saddle



Summary of identified peat systems in Washington State
(by county)

Skamania

ID# Wetland name T R Remark
s

1 ----- 2N 7E
2 ----- 2N 7E
3 Cayuse meadow 3700 ft 7N 8E Not lowland

SNOHOMISH COUNTY

ID# Wetland name T R Remark
s

1 ----- 27N 7E Headwater peatland
2 ----- 27N 8E
3 ----- 27N 8E
4 ----- 28N 7E
5 ----- 28N 7-8E
6 ----- 28N 8E
7 ----- 29N 7E
8 ----- 29N 7E
9 L. Martha 30N 5E
10 X  Thomas 27-

28N
5E Mined

11 Crystal L/Little L 27N 5E Headwater lake
12 Paradise L. 26-

27N
6E

13 Granite Falls 30N 7E
14 Riley L. 32N 7E
15 Hooven 27N 5E
16 Scriber L 27N 4E
17 L. Ketchum high

ele?
32N 4E

18 Fuller peat are 27N 5E
19 L Forest Park 27N 4E
20 Chase L 27N 4E Partially mined
21 City of Evertt/Casino Rd -- --
22 Robe bog (#1 ) 30N 8E
23 Robe #2 30N 8E
24 Kirk L. 32N 9E



Summary of identified peat systems in Washington State
(by county)

THURSTON
COUNTY

ID# Wetland name T R Remarks

1 ----- 17N 1E
2 ----- 17N 1W
3 ----- 17N 1W
4 ----- -- --
5 ----- -- --
6 Black R. 16-

17N
2-3W Large regional peatland complex

7 Bigelow L. 18N 2W
8 Belmore 17N 2W
9 Ames-Huntley Rd 19N 2W
10 Maple bowl 17N 2W
11 Snyder cove 18-

19N
2W

12 Bush prairie 17N 2W
13 Woodward Cr. 18N 1W

WHATCOM COUNTY

ID# Wetland name T R Remarks

1 Pangborn L. 40N 3-4E Drained, ag use
2 Boundary/Meridian 41N 2E Drained, ag use
3 Mosquito L 38N 5E Lacustrine
4 L. Louise 37N 4E Lacustrine
5 Jorgenson L. 38N 5E Lacustrine



# bogs
Clallam 20
Grays Harbor 8
Island 3
Jefferson 20
King 75
Kitsap 8
Lewis 1
Mason 27
Pacific 4
Pierce 12
San Juan 5
Skagit 11
Skamania 3
Snohomish 24
Thurston 13
Whatcom 7

Total 241
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Chapter 5 Table A-2.  Vascular and non-vascular plants found in Sphagnum-dominated peatlands in Olympic Peninsula
   and southwestern Washington1.

Community Types2

A – Carex livida/Sphagnum spp.

B – Carex utriculata/Sphagnum spp.

C – Carex utriculata – Carex aquatilis/Sphagnum spp.

D – Eriophorum chamissonis/Sphagnum spp.

E – Juncus supiniformis/Sphagnum spp.

F – Rhynchospora alba/Sphagnum spp.

G – Kalmia microphylla -Ledum groenlandicum/Carex utriculata/Sphagnum spp.

H – Kalmia microphylla -Ledum groenlandicum/Xerophyllum tenax/Sphagnum spp.

I – Kalmia microphylla - Ledum groenlandicum - Gaultheria shallon/Pteridium aquilinum/Sphagnum spp.

J – Kalmia microphylla - Ledum groenlandicum –Vaccinium oxycoccos/Sphagnum spp.

K – Ledum groenlandicum – Myrica gale/Sphagnum spp.

L – Myrica gale/Carex utriculata – Nephrophyllidium crista-galli – Sanguisorba officinalis/Sphagnum spp.

M – Myrica gale/Carex aquatilis – Sanguisorba officinalis/Sphagnum spp.

N – Myrica gale/Deschampsia cespitosa – Sanguisorba officinalis/Sphagnum spp.



O - Myrica gale – Spiraea douglasii/Sanguisorba officinalis/Sphagnum spp.

P – Pinus contorta/Ledum groenlandicum/Sphagnum spp.

Q – Pinus contorta – Thuja plicata/Myrica gale/Sphagnum spp.

R – Thuja  plicata - Tsuga heterophylla/Gaultheria shallon/Lysichiton americanus/Sphagnum spp.

S - Tsuga heterophylla/ Ledum groenlandicum/Sphagnum spp.

Life Form Scientific Name3 Common Name A B C D E F G H I J K L M N O P Q R S

Lichens Cladina rangiferina reindeer lichen x x x x x

Usnea longissima Methuselah’s beard

Mosses4 Aulacomnium
androgynum

lover’s moss

A. palustre ribbed bog moss

Dicranum scoparium broom moss

Drepanocladus aduncus

Eurynchium praelongum5

Hylocomium splendens stair-step moss

Pleurozium schreberi big redstem

Polytrichum commune common haircap moss

P. juniperinum juniper moss

P. strictum



Life Form Scientific Name3 Common Name A B C D E F G H I J K L M N O P Q R S

Rhytidiadelphus
triquetrus

goose-necked moss

Sphagnum angustifolium poor-fen sphagnum

S. capillifolium

S. fuscum

S.  magellanicum

S. palustre

S. squarrosum shaggy sphagnum

S. teres

Clubmoss Lycopodium clavatum running clubmoss x

Grasses Agrostis aequivalvis Alaska bentgrass x x x x

A. exarata spike bentgrass x

A. oregonensis Oregon bentgrass x x

A. scabra rough bentgrass x x x x x

Calamagrostis
canadensis

bluejoint reedgrass x x x

C. nutkaensis nootka reedgrass x X x x

Danthonia spicata common wild oatgrass x

Deschampsia cespitosa tufted hairgrass x x x x x x X x x x

Panicum occidentale western witchgrass x x

Trisetum canescens tall trisetum x x

Bulrushes Scirpus acutus hardstem bulrush



Life Form Scientific Name3 Common Name A B C D E F G H I J K L M N O P Q R S

S. cespitosus tufted clubrush

Rushes Juncus acuminatus tapered rush x x

J. balticus Baltic rush x

J. ensifolius dagger-leaf rush x x x x x x

J. nevadensis var.
nevadensis

Sierra rush x x

J. supiniformis spreading rush x X x

Sedges Carex aquatilis (C.
sitchensis)

water sedge X x x x x X x

C. canescens grey sedge x x

C. cusickii Cusick’s sedge x

C. vesicaria var. major inflated sedge

C. interior inland sedge X x x x x x x x x x x x x

C. lasiocarpa slender sedge x

C. leptalea bristle-stalked sedge x

C. livida pale sedge X x x x x x x x X x x

C. obnupta slough sedge x x x X x x x

C. pauciflora few-flowered sedge

C. pluriflora several-flowered sedge x x x

C. utriculata (C. rostrata,
misapplied)

beaked sedge x X X x x X x x X x x x x x x

Dulichium arundinaceum dulichium x



Life Form Scientific Name3 Common Name A B C D E F G H I J K L M N O P Q R S

Eriophorum chamissonis Chamisso’s cotton-
grass

x x X x x x

Rhynchospora alba white beakrush x x x X x x x x x x

Herbs Angelica genuflexa kneeling angelica

Anemone oregana var.
felix

Oregon anemone x x x x x

Athyrium filix-femina lady fern x

Blechnum spicant deer fern x x x X x x x x x X x

Boykinia occidentalis (B.
elata)

slender boykinia x x x x x x

B. intermedia (B. major) greater boykinia x x

Camassia spp. camas x x

Cicuta douglasii Douglas’ water-
hemlock

Cornus unalaschkensis
(C. canadensis)

bunchberry x x x x x x x x x

Dodecatheon jeffreyi Jeffrey’s shooting star x x x

Drosera rotundifolia roundleaf sundew x x x x x x x x x x x x

Equisetum fluviatile water horsetail

Galium trifidum small bedstraw x

Gentiana douglasiana Douglas’ gentian x x x x x

G. sceptrum king gentian x x x x x x x x x x X x x x x x

Hypericum anagalloides bog St. John’s-wort x x x x x x x x x

Lycopus uniflorus northern bugleweed x x x



Life Form Scientific Name3 Common Name A B C D E F G H I J K L M N O P Q R S

Lysichiton americanus
(Lysichitum americanum)

skunk cabbage x x x x x x x x X X

Maianthemum dilatatum false lily-of-the-valley x x x x x x x x x

Mentha arvensis field mint

Menyanthes trifoliata buckbean x x

Nephrophyllidium crista-
galli

deer cabbage x x x x x X x x

Nuphar polysepalum spatterdock x x x

Oenanthe sarmentosa water parsley x x
Plantanthera  dilatata
(Habenaria dilatata)

bog-candle x x x

Plantago macrocarpa Alaska plaintain x

Polystichum munitum swordfern x

Potentilla anserina ssp.
pacifica (P. pacifica)

silverweed x

P. palustris marsh cinquefoil x x x

Prunella vulgaris self-heal x

Pteridium aquilinum bracken fern x X X x x X x

Ranunculus flammula lesser spearwort x

Rubus pedatus creeping raspberry or
fiveleaved bramble

x x x x x

Sanguisorba officinalis great burnet X x X X x x X X X x x x

Senecio triangularis arrowleaf groundsel x

Spiranthes romanzoffiana ladies-tresses x x x

Tofieldia glutinosa tofieldia x x x x x



Life Form Scientific Name3 Common Name A B C D E F G H I J K L M N O P Q R S

Trientalis europea ssp.
arctica (T. arctica)

northern starflower x x x x x x x x x X x x x x

Typha latifolia common cattail

Veratrum sp. false  hellebore x x

Veronica scutellata marsh speedwell x

Viola palustris marsh violet x x x x x

Xerophyllum tenax beargrass X x x

Shrubs

Empetrum nigrum crowberry x x x x

Gaultheria shallon salal X X x x X X X X

Juniperus communis common juniper

Kalmia microphylla bog laurel X x x X X X X X x x x x X x x x

Ledum groenlandicum bog Labrador-tea X x x x X X X X X x x x X X x X

Linnaea borealis twinflower x x x x x x x x x

Malus fusca (Pyrus
fusca)

western crabapple x x x x x x x x

Menziesia ferruginea fool’s huckleberry X x

Myrica californica California wax-myrtle x

Myrica gale sweet gale X X X X X x X

Rhamnus purshiana cascara x x x x x X x

Rubus spectabilis salmonberry x

Rubus ursinus Pacific blackberry x x

Salix spp. willow



Life Form Scientific Name3 Common Name A B C D E F G H I J K L M N O P Q R S

Spiraea douglasii hardhack x x x X x x x

Vaccinium oxycoccos bog cranberry X x x x X x x x X x x x x x x

V. ovalifolium oval-leaved blueberry x

V. ovatum evergreen huckleberry x x x x x

V. parvifolium red huckleberry x x x

V. uliginosum bog blueberry x

Trees Abies amabilis silver fir x

Picea sitchensis Sitka spruce x x x x x x x x x

Pinus contorta shore pine x x x x X X

Pinus monticola western white pine x x x x

Pseudotsuga menziesii Douglas fir x

Thuja plicata western red cedar x x x x x x x X X X

Tsuga heterophylla western hemlock x x x x x X X X

TABLE  NOTES:  

X    Identifies dominant or indicator species.
x     Identifies associated species that generally form very little areal cover and are not dominant or indicators of the community type.

FOOTNOTES:  

1.  Puget Trough province (Franklin and Dyrness 1988) includes the northern Puget Trough and Southern Puget Trough and Lower Columbia River regions defined
by Kunze (1994).  It coincides with the lowland areas around Puget Sound and west of the Cascade Mountains that were covered and formed by several glacial
epochs, the last of which was the Vashon Stade of the Fraser glaciation. 



2. Community types are as identified by Kunze 1994.

3.  For vascular plants, nomenclature follows Hitchcock and Cronquist (1973) in most cases.  Where nomenclature differes, the Hitchcock & Cronquist synonym
is given in parenthesis.  

4.  Distribution of mosses is not identified by Kunze (1994) and has not been studied.  Though mosses, especially Sphagnum species are sometimes dominant or
indicators, only presence is indicated because only limited sampling has been conducted.  More comprehensive and systematic surveys are required to identify
dominant and associate species.

5.  Eurynchium praelongum is identified as Kindbergia praelonga in W.B. Schofield, 1992, Common Mosses of British Columbia, Royal British Columbia
Museum.  

Table references for Chapter 5 appendices

Franklin, J.F. and C.T. Dyrness.  1973.  Natural Vegetation of Oregon and Washington.  USDA Forest Service General Technical Report PNW-8.
US Department of Agriculture, Portland, Oregon.

Hitchcock, C.L. and A. Cronquist, 1973.  Flora of the Pacific Northwest.  University of Washington press.  Seattle, WA and London.  

Kunze, L.M., 1994.  Preliminary classification of native low elevation freshwater wetlands vegetation in western Washington.  WA State
Department of Natural Resources, Natural Heritage Program.

Schofield, W.B., 1992.  Some Common Mosses of British Columbia. Royal British Columbia Museum.  Victoria, Canada.
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SOME REFERENCES RELATED TO BOGS AND FENS 

Compiled by 
Louise Kulzer, Water Quality Specialist, King County

 and
Scott Luchessa, Senior Wetland Ecologist, Pentec Environemental, Inc.

Aerts, R., H. DE Caluwe, and H. Konings.  1992.  Seasonal allocation of biomass and nitrogen in four Carex species
from mesotrophic and eutrophic fens as affected by nitrogen supply.  Journal of Ecology 80: 653-664.

Aerts, R., B. Wallen, and N. Malmer.  1992.  Growth-limiting nutrients in Sphagnum-dominated bogs subject to low
and high atmospheric nitrogen supply.  Journal of Ecology 80: 131-140.

Andrus, R. E.  1986.  Some aspects of Sphagnum ecology.  Can. J. Bot. 64: 416-426.

Austin, K.A. and R.K. Wieder.  1987.  Effects of elevated H+, SO4-, NO3-, and NH4+ in simulated acid
precipitation on the growth and chlorophyll content of 3 North American Sphagnum species.  The Bryologist
90(3): 221-229. (Sphagnum ecology)

Bache, B. W.  1984.  Soil-water interactions.  Phil. Trans. R. Soc. Lond. B 305: 393-407.

Banner, A., J. Pojar, and G.E. Rouse.  1983.  Postglacial paleoecology and succesional relationships of a bog
woodland near Prince Rupert, British Columbia.  Can. J. Forest Research 13: 938-947  (Succession)

Bartsch, I.  1994.  Effects of fertilization on growth and nutrient use by Chamaedaphne calyculata in a raised bog. 
Can. J. Bot. 72(3): 323-329.  (Human impacts and conservation)

Batomalque, A. E., M. Kikuma, and H. Seki.  1992.  Population dynamics of attached bacteria in a mesotrophic
swampy bog of Japan.  Water, Air & Soil Pollution 63: 371-378.

Boatman, D. J., P. D. Hulme, and R. W. Tomlinson.  1975.  Monthly determinations of the concentrations of sodium,
potassium, magnesium and calcium in the rain and in pools on the Silver Flowe  National Nature Reserve. 
Journal of Ecology 63: 903-912.

Boelter, D.H. and E.S. Verry.  1977.  Peatland and Water in the Northern Lake States.  U.S.DA, Forest Service Gen.
Tech. Rept.  NC-31, 22p.  North Central Forest Exp. Stn., St. Paul, Minnesota. (Hydrology)

Boeye, Dirk and R. F. Verheyen.  1994.  The relation between vegetation and soil chemistry gradients in a ground
water discharge fen.  Journal of  Vegetation Science 5: 553-560.

Brakke, D. F., A. Henriksen, and S. A. Norton.  1987.  The relative importance of acidity sources for humic lakes in
Norway.  Nature 329(1): 432-434.

Bragazza, L., R. Alber, and R. Gerdo.  1998.  Seasonal chemistry of pore water in hummocks and hollows in a poor
mire in the southern Alps (Italy).  Wetlands 18(3): 320-328.  (Physical and chemical properties, successional
trends, Sphagnum ecology)

Bridgham, S.D., J. Pastor, J.A. Janssens, C. Chapin and T.J. Malterer.  1996.  Multiple limiting gradients in peatlands:  a
call for a new paradigm.  Wetlands 16(1):  45-65.
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Bridgham, S.D., K. Updegraff, and J. Pastor.  1998.  Carbon, nitrogen, and phosphorus mineralization in northern
wetlands.  Ecology 79(5): 1545-1561.  

Caufield, C., 1991. A reporter at large:  Thorne Moors.  The New Yorker. Feb 4, 1991, pp. 58-77.

Chadde, S.W., J.S. Shelly, R.J. Bursik, R.K. Moseley, A.G. Evenden, M. Mantas, F. Rabe, and B. Heidel.  1998. 
Peatlands on National Forests of the Northern Rocky Mountains: Ecology and Conservation.  General Technical
Report RMRS-GTR-11.  Rocky Mountain Research Station, Forest Service, U.S. Department of Agriculture,
Ogden, UT.

Clymo, R. S.  1963.  Ion exchange in Sphagnum and its relation to bog ecology.  Annals of Botany 27(106): 310-
324.

Clymo, R.S. and P.M. Hayward.  1982.  The Ecology of Sphagnum.  Chapter 8, In: Bryophyte Ecology.  A.J.E.
Smith (ed).  Chapman and Hill, New York, NY.

Cooke, S. S.  Queens bog data. Unpublished data.  Cooke Scientific Services, Seattle, WA.

Cooke, S. S., and A. Azous.  1992.  Chase Lake site 1990, 1991 botanical monitoring program.  Puget Sound Wetands
and Stormwater Management Research Program.  (Unbound report)

Cooper, D.J., L.H. Macdonald, S.K. Wenger, and S.W. Woods.  1998.  Hydrologic restoration of a fen in Rocky
Mountain National Park, Colorado, USA.  Wetlands 18(3): 335-345.  (Hydrology, human impacts and
conservation)

Cotner, J. B., and R. T. Heath.  1990.  Iron redox effects on photosensitive phosphorus release from dissolved humic
materials.  Limnol. Oceanogr. 35(5): 1175-1181.

Craft, C. B., and C. J. Richardson.  1993.  Peat accretion and N, P, and organic C accumulation in nutrient-enriched
and unenriched Everglades Peatlands.  Ecological Applications 3(3): 446-458.

Crum, H.  1992.  A Focus on Peatlands and Peat Mosses.  U of Michigan Press, Ann Arbor, Michigan. (UW Call
No.: Nat Sci QK 938 P42 C78) (Classification, succession, Sphagnum key)

Dachnowski, Alfred.  1912?.  The successions of vegetation in Ohio lakes and peat deposits.  Plant World 15: 25-39.

Damman, A.W.H.  1978.  Distribution and Movement of Elements in Ombrotrophic Peat Bogs.  Oikos 30(3): 480-
495.

Damman, A. W. H.  1986.  Hydrology, development, and biogeochemistry of ombrogenous peat bogs with special
reference to nutrient relocation in a western Newfoundland bog.  Can. J. Bot. 64: 384-394.

Dansereau, P. and F. Segadas-Vianna.  1952.  Ecological Study of the Peat Bogs of Eastern North America.  I. 
Structure and Evolution of Vegetation.  Can. J. Bot. 30: 490-520.

Easthouse, K. B., J. Mulder, N. Christophersen, and H. M. Seip.  1992.  Dissolved organic carbon fractions in soil
and stream water during variable hydrological conditions at Birkenes, Southern Norway.  Water Resources
Research 28(6): 1585-1596.

Engstrom, D.R.  1984.  Lake development in the boreal peatlands of southeasterrn Labrador, Canada.  Arcitc and
Alpine Res. 16: 447-452  (Reverse lake-infill succession)
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Erman, D.C. and N.A. Erman.  1975.  Macroinvertebrate composition and productivity in some Sierra Nevada
minerotrophic peatlands.  Ecology 56(3): 591-603.  (Fauna)

Finer, L. and F.H. Braekke.  1991.  Understorey vegetation on three ombrotrophic pine bogs and the effects of NPK
and PK fertilization.  Scandinavian J. Forest Res. 6:113-128.

Fitzgerald, B.J.  1966.  The microenvironment in a Pacific Northwest bog and its implications for establishement of
conifer seedlings.  Master of Science thesis, University of Washington. (King’s Lake bog)

Frederick, C.M.  1974.  A natural history study of the vascular flora of Cedar Bog, Champaign County, Ohio.  Ohio
J. of Science 74: 65-116.  (Succession)

Fors, S.R.  1979.  A vegetational analysis and partial biotic survey of the Carlisle Bog.  Master of Science Thesis,
University of Puget Sound.

Foster, D.R., H.E. Wright Jr., M. Thelaus, and G.A. King.  1988.  Bog development and landform dynamics in
central Sweden and south-eastern Labrador, Canada.  J. of Ecology 76: 409-437.  (Succession)

Futyma, R.P.  1985.  Paleobotanical studies at Indiana Dunes National Lakeshore.  U.S. National Park Service
Report.  Portern, Indiana.  (Anthropogenic effects on succession)

Gerdol, R.  1990.  Seasonal variations in the element concentrations in mire water and in Sphagnum mosses on an
ombrotrophic bog in the southern Alps.  Lindbergia 16: 44-50.

--Gerdol, R. and L. Bragazza.  1994.  The distribution of sphagnum species. 

Gignac, L.D. and D.H. Vitt.  1994.  Responses of northern peatlands to climate change:  Effects on bryophytes.  J. of
the Hattori Botanical Laboratory 75: 119-132.

Gignac, L.D., D.H. Vitt, S.C. Zoltai, and S.E. Bayley.  1991.  Bryophyte response surfaces along clmatic, chemical,
and physical gradients in peatlands of western Canada.  Nova Hedwigia 53: 27-71.

Glaser, P.H.  1987.  The Ecology of Patterned Boreal Peatlands of Northern Minnesota:  A Community Profile. 
Biological Report 85(7.14).  National Wetlands Research Center, U.S. Fish and Wildlife Service, Washington,
D.C.

Glaser, P.H., J.A. Janssens, and D.I. Siegel.  1990.  The response of vegetation to chemical and hydrological
gradients in the Lost River peatland, Northern Minnesota.  J. of Ecology 78:1021-1048. (Water chemistry,
hydrology, successional patterns)

Glaser, P. H.  1992.  Raised bogs in eastern North America - regional controls for species richness and floristic
assemblages.  Journal of Ecology  80: 535-554.

Gore, A.J.P. (ed).  1983.  Ecosystems of the World, Part 4A.  Mire: swamp, bog, fen, and moor.  Elsevier,
Amersterdam, The Netherlands.

Gorham, Eville.  1955.  The ionic composition of some bog and fen waters in the English Lake District.  Journal of
Ecology 42: 142-152.

Gorham, Eville.  1956.  On the chemical composition of some waters from the Moor House Nature Reserve.  Journal
of Ecology 44: 375-381.

Gorham, E.  1957.  The Development of Peat Lands.  Quarterly Review of Biology 32: 145-166.
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Gorham, E.  Northern peatlands: role in the carbon cycle and probable responses to climatic warming.  Ecological
Applications 1(2): 182-195.

Gorham, E., and J. A. Janssens.  1992.  Concepts of fen and bog re-examined in relation to bryophyte cover and the
acidity of surface waters.  Acta Societatis Botanicorum Poloniae 61: 7-20.

Gorham, E., and D. L. Tilton.  1978.  The mineral content of Sphagnum fuscum as affected by human settlement. 
Can. J. Bot. 56: 2755-2759.

Gorham, E., S.E. Bayley and D.W. Schindler.  1984.  Ecological effects of acid deposition upon peatlands:  a
neglected field in acid-rain research.  Can. Fish. Aquati. Sci. 41: 1256-1268.

Halsey, L.A., D.H. Vitt, and L.D. Gignac.  2000.  Sphagnum-dominated peatlands in North America since the last
glacial maximum: their occurrence and extent.  The Bryologist 103(2): 334-352  (Bog formation, distribution)

Halsey, L., D. Vitt, and S. Zoltai.  1997.  Climatic and physiographic controls on wetland type and distribution in
Manitoba, Canada.  Wetlands 17(2):243-262. (Bog formation)

Hansen, H.P.  1941.  Paleoecology of a bog in the spruce-hemlock climax of the Olympic Peninsula.  Am. Midland
Naturalist 25: 290-297.

Hansen, H.P.  1943.  A pollen study of two bogs on Orcas Island of the San Juan Islands, Washington.  Torrey Bot.
Club Bull 70: 236-243.

Haraguchi, Akira.  1991.  Effects of water-table oscillation on Redox property of peat in a floating mat.  Journal of
Ecology 79: 1113-1121.

Hayati, A. A., and M. C. F. Proctor.  1991.  Limiting nutrients in acid-mire vegetation:  peat and plant analyses and
experiments on plant responses to added nutrients.  Journal of Ecology 79: 75-95.
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Hebda, R.J.  1983.  Late-glacial and postglacial vegetation history at Bear Cove Bog, northeast Vancouver Island,
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Hebda, R.J. and W.E. Biggs.  1981.  The vegetation of Burns Bog, Fraser Delta, southwestern British Columbia. 
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Heilman, P.E.  1968.  Relationship of availability of phosphorus and cations to forest succession and bog formation
in interior Alaska.  Ecology 49(2): 331-336.  (Successional trends)

Heinselman, M.L.  1963.  Forest Sites, bog processess, and peatland types in the Glacial Lake Agassiz Region,
Minnesota.  Ecol. Monographs 33: 327-374.

Heinselman, M.L.  1970.  Landscape Evolution, Peatland Types, and the Environment in the Lake Agassiz Peatlands
Natural Area, Minnesota.  Ecol. Monographs 40: 235-261.

Hemond, H. F.  1980.  Biogeochemistry of Thoreau's bog, Concord Massachusetts.  Ecological Monographs 50(4):
507-526.
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Heusser, C.J.  1964.  Palynology of four bog sections from the western Olympic Peninsula, Washington.  Ecology 45(1):
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Hobbie, J.E., 1984.  The ecology of tundra ponds of the arctic coastal plain:  a community profile.  U.S. Department of
the Interior, Fish and Wildlife Service, Washington D.C. 20240.

Horner, R., and D. Christensen.  1992.  Mooney Swamp Wetland. Hydrologic and water quality monitoring report. 
(February-December 1991).  Center For Urban Water Resources Management, University of Washington, Seattle,
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of species in the Caribou Mountains, northern Alberta.  Can. J. Bot.  52: 2283-2317.  (Sphagnum ecology)
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the Am. J. Bot. 80(6): 1-2.
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Johnson, D. W.  1981.  The natural acidity of some unpolluted waters in southeastern Alaska and potential impacts
of acid rain.  Water, Air, and Soil Pollution 16: 243-252.

Karlin, E.F. and R.E. Andrus.  1986.  Sphagnum vegetation of the low shrub bogs of northern New Jersey and
adjacent New York.  Bulletin of the Torrey Botanical Club 113(3):281-287.

Karlin, E.F. and L.C. Bliss.  1984.  Variation in substrate chemistry along microtopographical and water chemistry
gradients in peatlands.  Can. J. Bot.  62: 142-153.  (Chemistry)

Klinger, Lee F.  1996.  The myth of the classic hydrosere model of bog succession.  Arctic & Alpine Research 28(1):  1-
9.

Klinger, L.F.  1996.  The coupling of soils and vegetation in peatland succession.  Arctic and Alpine research 28(3):
 380-387.

Kratz, T.K. and C.B. DeWitt.  1986.  Internal factors controlling peatland-lake ecosystem development.  Ecology
67(1): 100-107.  (Succession)



Some Peatland References 6 11/15/00

Kubiw, H., M. Hickman, and D.H. Vitt.  1989.  The developmental history of peatlands at Muskiki and Marguerite
Lakes, Alberta.  Can. J. Bot. 67: 3534-3544.  (Succession)

Kuhry, P., L.A. Halsey, S.E. Bayley, and D.H. Vitt.  1992.  Peatland development in relation to Holocene climatic
change in Manitoba and Saskatchewan (Canada).  Can. J. of Earth Sciences 29: 1070-1090 (Bog formation)

Kuhry, P., B.J. Nicholson, L.D. Gignac, D.H. Vitt, and S.E. Bayley.  1992.  Development of Sphagnum-dominated
peatlands in boreal continental Canada.  Can. J. Bot. 71: 10-22 (Bog formation)

Kunze, L.M.  1994.  Preliminary Classification of Native, Low Elevation, Freshwater Wetland Vegetation in
Western Washington.  Natural Heritage Program, Washington State Department of Natural Resources, Olympia,
WA. (Classification)

Larsen, James A.  1982.  Ecology of Northern Lowland Bogs and Conifer Forests.  Academic Press.

Lebednik, G.K. and R. Del Moral.  1976.  Vegetation Surrounding Kings Lake Bog, Washington.  Madrono 23: 386-
400.

Luken, J.O.  1985.  Zonation of Sphagnum mosses: Interactions among shoot growth, growth form, and water
balance.  The Bryologist 88(4): 374-379.  (Sphagnum ecology)

Luken, J.O. and W.D.Billings.  1986.  Hummock-dwelling ants and the cycling of microtopography in an Alaskan
peatland.  The Canadian Field-Naturalist 100: 69-73.

Malmer, Nils.  1986.  Vegetational gradients in relation to environmental conditions in northwestern European mires.
 Can. J. Bot. 64: 375-383.

Malmer, Nils, D. Horton and D. Vitt, 1992.  Element concentrations in mosses and surface waters of western
Canadian mires relative to precipitation chemistry and hydrology.  Ecography 15: 114-128.

Mayle, F. E. and L. C. Cwynar.  1995.  Impact of the Younger Dryas Cooling Event upon lowland vegetation of
maritime Canada.  Ecol. Monographs 65(2): 129-154.

Meyer, Jeff, L. Vogel and T. Duebendorfer.  Wetland vegetation and water quality conditions in wetland ELS21 on
the Trossaachs, Brighton’s Landing and Belvedere Park properties.  Appendix L to the Environmental Impact
Statement for the Trossaachs, Brighton’s Landing and Belvedere Park properties, issued by King County, 1995.
 Prepared by David Evans & Associates, Inc.  Bellevue, WA  98005-3553. 

Miller, N.G. and R.P. Futyma.  1987.  Palaeohydrological implications of Holocene peatland development in
northern Michigan.  Quaternary Research 27: 297-311.  (Succession)

Mitsch, W. J., and J. G. Gosselink. 1993. Wetlands, Chapter 12 (Northern peatlands and bogs.)  Van Nostrand
Reinhold, New York.

Miyamoto, S., and H. Seki.  1992.  Environmental factors controlling the population growth rate of the bacterial
community in Matsumi-Ike bog.  Water, Air, and Soil Pollution 63: 379-396.

Molen, P. .C. Van Der & T.A. Wumstra.  1994.  The thermal regime of  hummock-hollow complexes on Clara bog,
Co. Offaly.  Biology & Environment  94B(3): 209-221.

Moore, P. D., and D. J. Bellamy.  1974. The geochemical template, Chapter 3. In:  Peatlands, Elek Science, London,
U.K.



Some Peatland References 7 11/15/00

Moore, P.D. and D.J. Bellamy.  1974.  Conservation, Chapter 10. In:  Peatlands.  Elek Science, London, U.K. 
(Human impacts and conservation)

Munson R. K., and S. A. Gherini.  1993.  Influence of organic acids on the pH and acid-neutralizing capacity of
Adirondack Lakes.  Water Resources Research 29(4): 891-899.

National Wetlands Working Group.  1988.  Ecological Land Classification Series, No. 24.  Wetlands of Canada. 
Canada Committee on Ecological Land Classification.  Sustainable Development Branch, Canadian Wildlife
Service, Conservations and Protection, Environment Canada.

Nichols, H.  1969.  Chronology of peat growth in Canada.  Palaeogeography, Palaeoclimatology, Palaeoecoology 6:
61-65.  (Succession)

Nicholson, B.  1989.  Peat chemistry of a continental mire complex in western Canada.  Can. J. Bot. 67: 763-775. 
(Chemistry)

Nicholson, B.J. and D.H. Vitt.  1990.  The paleoecology of a peatland complex in continental western Canada.  Can.
J. Bot.  68: 121-138. (Succession)

Oliver, B. G., E. M. Thurman, and R. L. Malcolm.  1983.  The contribution of humic substances to the acidity of
colored natural waters.  Geochimica et Cosmochimica Acta 47: 2031-2035.

Osvald, Hugo.  1933.  Vegetation of the Pacific coast bogs of North America.  Acta Phytogeographica Suecica 5: 1-
32.

Osvald, Hugo.  1970.  Vegetation and stratigraphy of Peatlands in North America.  Uppsala. (U of W Forestry QK
938 M3 O69 Also Nat Sci.)

O’Toole, M.A. and D.M. Synott.  1971.  The bryophyte succession on blanket peat following calcium carbonate,
nitrogen, phosphorus, and potassium fertilizers.  J. Ecology 59: 121-126.  (Succession, ecology, development
impacts)

Panno, S.V., V.A. Nuzzo, K. Cartwright, B.R. Hensel, and I.G. Krapac.  1999.  Impact of urban development on the
chemical composition of ground water in a fen-wetland complex.  Wetlands 19(1): 236-245. (Development
impacts and conservation)

Payette, Serge.  1988.  Late Holocene development of subarctic ombrotrophic peatlands: allogenic and autogenic
succession.  Ecology 69(2): 516-531.

Podniesinski, G.S. and D.J. Leopold.  1998.  Plant community development and peat stratigraphy in forested fens in
response to ground-water flow systems.  Wetlands 18(3): 409-430.  (Successional trends, hydrology)

Pollman, C. D., T. M. Lee, W. J. Andrews, L. A. Sacks, S. A. GheriniI, and R. K. Munson.  1991.  Preliminary
analysis of the hydrologic and geochemical controls on acid-neutralizing capacity in two acidic seepage lakes in
Florida.  Water Resources Research 27(9): 2321-2335.

Price, J.S.  1991.  Evaporation from a blanket bog in a foggy coastal environment.  Boundary-layer Meteorology 57:
391-406.  (Climate, water balance)

Proctor, M. C. F.  1992.  Regional and local variation in the chemical composition of ombrogenous mire waters in
Britain and Ireland.  Journal of Ecology 80: 719-736.



Some Peatland References 8 11/15/00

Racine, C.H. and J.C. Walters.  1994.  Groundwater-discharge fens in the Tanana Lowlands, Interior Alaska, U.S.A.
 Arctic and Alpine Research 26(4): 418-426.  (Hydrology, water chemistry)

Reader, R.J. and J.M. Stewart.  1972.  The relationship between net primary productivity and accumulation for a
peatland in southeastern Manitoba.  Ecology 53(6): 1024-1037.

Rigg, G.B., 1919.  Early stages in bog succession. Pub Puget Sound Biol Station Vol 2(46): 195 – 210. 
(Succession)

Rigg, G.B.  1922.  A bog forest.  Ecology 3: 207-213.

Rigg, G.B.  1922.  Birch succession in Spagnum bogs.  J. of Forestry 20: xx-xx.

Rigg, G.B.  1925.  Some Sphagnum bogs of the north Pacific coast of North America.  Ecology 6: 260-278.

Rigg, G.B.  1940.  The Development of Sphagnum Bogs in North America.  Botanical Review 6: 666-693.

Rigg, G.B.  1950.  The Development of Sphagnum bogs in North America.  II. Botanical Review 16: 109-131.

Rigg, G.B.  1958.  Peat Resources of Washington.  Division of Mines and Geology, Bulletin No. 44, State of
Washington.

Rigg, G.B. and C.T. Richardson.  1934.  The development of sphagnum bogs in the San Juan Islands.  Am. J. Bot.
21:610-622.

Rigg, G.B. and C.T. Richardson.  1938.  Profiles of some Sphagnum bogs of the Pacific coast of North America. 
Ecology 19: 408-434.

Rigg, G.B. and P.D. Strausbaugh.  1949.  Some Stages in the Development of Sphagnum Bogs in West Virginia. 
Castanea 14(4): 129-148.

Rhodes, J.W. 1933.  An ecological comparison of two Wisconsin peat bogs. Bulletin of the Public Museum of the
City of Milwaukee, Vol 7 (3): 305-362.  (UW Forestry library 507 M64b v7).

Rieley, J. and S. Page.  1990.  Chapter 7: Ombrotrophic mires.  In:  Ecology of Plant Communities: A
phytosociological account of the British vegetation.  Longman Scientific & Technical & John Wiley & Sons,
Inc., New York.

Rodwell, J. S., C. D. Piglott, D. A. Ratcliffe, A. J. C. Malloch, H. J. B. Birks, M. C. F. Proctor, D. W. Shimwell, J.
P. Huntley, E. Radford, M. J. Wigginton, and P. Wilkins.  1991.  British Plant Communities.  Vol. 2.  Mires and
Heaths.  Cambridge University Press, Cambridge, New York, Port Chester, Melbourne, Sydney. (UW Call No.
Science Library QK 306 B857)

Romanov, V.V.  1960s?  Structure of a peat deposit and its active layer.  In:  Hydrophysics of Bogs.  Translated from
Russian by the Israel Program for Scientific Translations for  U.S. Department of Agriculture and the National
Science Foundation.  (U of W Forestry library GB.R 613)

Rosenqvest, I., P. Jorgensen, and H. Rueslatten.  1980.  The importance of natural H+ production for acidity in soil
and water.  Proc., Int. Conf. Ecol. Impact Acid Precip. pp. 240-241.

Rydin, H.  1993.  Mechanisms of interactions among Sphagnum species along water level gradients.  Advances in
Bryology 5: 153-185.  (Ecology, hydrology)



Some Peatland References 9 11/15/00

Rydin, H.  1995.  Effects of density and water level on recruitment, mortality and shoot size in Sphagnum
populations.  J of Bryology 18: 439-453.

Sastad, S.M. and K.I. Flatberg.  1994.  Leaf size and shape in Sphagnum recurvum complex:  Taxonomic
significance and habitat variation.  J of Bryology 18: 261-275.

Schafran, G. C., and C. T. Driscoll.  1993.  Flow path-composition relationships for groundwater entering an acidic
lake.  Water Resources Research 29(1): 145-154.

Schouwenaars, J.M.  1993.  Hydrological differences between bogs and bog-relicts and consequences for bog
restoration.  Hydrobiologia 265: 217-244.  (Restoration, development impacts, moisture gradients)

Slack, N.G., D. H. Vitt, and D. G. Horton.  1980.  Vegetation gradients of minerotrophically rich fens in western
Alberta.  Can. J. Bot. 58: 330-350.

Schwintzer, Christa R. and G. Williams.  1974.  Vegetation changes in a small Michigan bog from 1917 to 1972. 
The American Midland Naturalist 92(2): 447-459.  (Succession)

Sjors, H.  1952.  On the relation between vegetation and electrolytes in North Sweden mire waters.  Oikos 2: 241-
258.

Snowden, R. E. D., and B. D. Wheeler.  1993.  Iron toxicity to fen plant species.  Journal of Ecology 81: 35-46.

Takagi, K.T., T. Tsuboya, H. Takahashi, and T. Inoue, 1999.  The effect of the invasion of vascular plants on heat
and water balance in the Sarobetsu mire, northern Japan.  Wetlands 19: 246-254.

Tallis, J.H.  1994.  Pool-and hummock patterning in a southern Pennine blanket mire II.  The formation and erosion
of the pool system.  Journal of Ecology 82: 789-803.

Thurman, E. M.  1985.  Organic geochemistry of natural waters. Martinus Nijhoff/Dr W. Junk Publishers, Dordrecht
/ Boston / Lancaster. pp. 58-65 and pp. 358-361.

Thormann, M.N., A.R. Szumigalski, and S.E. Bayley.  1999.  Aboveground peat and carbon accumulation potentials
along a bog-fen-marsh wetland gradient in southern boreal Alberta, Canada.  Wetlands 19(2): 305-317
(Successional trends, human impacts and conservation)

Thormann, M.N., R.S. Currah, and S.E. Bayley.  1999.  The mycorrhizal status of the dominant vegetation along a
peatland gradient in southern boreal Alberta, Canada.  Wetlands 19(2): 438-450.

van Breemen, Nico, 1995.  How sphagnum bogs down other plants.  TREE 10(7): 270-275.

van der Valk, A.G.  1981.  Succession in wetlands: a Gleasonian approach.  Ecology 62: 688-696  (Succession)

Verhoeven, J.T.A., S. van Beck, M. Dekker, and W. Storm.  1983.  Nutrient dynamics in small mesotrophic fens
surrounded by cultivated land.  I.  Productivity and nutrient uptake by the vegetation in relation to the flow of
eutrophicated ground water.  Oecologia 60: 25-33.

Verhoeven, J. T. A., E. Maltby, and M. B. Schmitz.  1990.  Nitrogen and phosphorus mineralization in fens and
bogs.  Journal of Ecology 78: 713-726.

Verhoeven, J.T.A. (ed).  1992.  Fens and bogs in the Netherlands: vegetation, history, nutrient dynamics, and
conservation.  Kluwer Academic, Dordrecht, the Netherlands.



Some Peatland References 10 11/15/00

Vitt, D.H.  1990.  Growth and production dynamics of boreal mosses over climatic, chemical, and topographic
gradients.  Botanical J. of the Linnean Society 104: 35-59.  (Sphagnum ecology)

Vitt, D.H.  1994.  An overview of factors that influence the development of Canadian peatlands.  Memoirs of the
Entomological Soc. of Canada 169: 7-20.  (Classification, bog formation, succession)

Vitt, D. H. and N.G. Slack.  1975.  An analysis of  the vegetation of Sphagnum-dominated kettle-hole bogs in
relation to environmental gradients.  Can. J. Bot. 53: 332-359.

Vitt, D.H. and S. Bayley.  1984.  The vegetation and water chemistry of four oligotrophic basin mires in
northwestern Ontario.  Can. J. Bot. 62: 1485-1500.  (Water chemistry, human impacts and conservation)

Vitt, D. H., D. G. Horton, N. G. Slack, and N. Malmer.  1990.  Sphagnum-dominated peatlands of the hyperoceanic
British Columbia coast:  patterns in surface water chemistry and vegetation.  Can. J. For. Res. 20: 696-711.

Vitt, D.H. and W.  Chee.  1990.  The relationships of vegetation to surface water chemistry and peat chemistry in
fens of Alberta, Canada.  Vegetatio 89: 87-106.

Vitt, D.H., L.A. Halsey, I.E. Bauer, and C. Cambell.  2000.  Spatial and temporal trends in carbon storage of
peatlands of continental western Canada through the Holocene.  Can. J. Earth Sci. 37: 683-693.  (Greenhouse
effect, carbon storage)

Vitt, D.H., L.A. Halsey and S.C. Zoltai.  1994.  The bog landforms of continental western canada in relation to
climate and permafrost patterns.  Arctic & Alpine Research 26(1): 1-13.  

Vitt, D.H., Y. Li, and R.J. Belland.  1995.  Patterns of bryophyte diversity in peatlands of continental western
canada.  The Bryologist 98(2): 218-227.

Vitt, D.H. and P. Kuhry.  1992.  Changes in moss-dominated wetland ecosystems.  pp. 178-210 In:  Bates, J.W. and
A.M. Farmer (eds).  Bryophytes and Lichens in a Changing Evironment.  Clarendon Press, Oxford.  (Trophic
status)

Walker, D.  1970.  Direction and rate in some British post-glacial hydroseres.  pp. 117-139 In:  D. Walker and R. G.
West (eds).  Studies in the vegetational history of the British Isles.  Cambridge Univ. Press, Cambridge,
England.  (Succcession)

Waughman, G.J. and D.J. Bellamy.  1980.  Nitrogen fixation and the nitrogen balance in peatland ecosystems. 
Ecology 61(5): 1185-1198.  (Human impacts and conservation)

Weider, R.K., M. Novak, W. Schell, T.Rhodes.  1994.  Rates of peat accumulation over the past 200 years in five
Sphagnum-dominated peatlands in the United States.  Journal of Paleolimnology 12(1): 35-47.

Wheeler, B.D. and M.C.F. Proctor. 2000.  Ecological gradients, subdivisions, and terminology of north-west
European mires.  J. of Ecology 88: 187-203.  (Classification, bog formation,  ecological gradients)

Whinam, J. and R. Buxton.  1997.  Sphagnum peatlands of Australasia:  an assessment of harvesting sustainability. 
Biological Conservation 2: 21-29.

Wilcox, D.A. and H.A. Simonin.  1987.  A chronosequence of aquatic macrophyte communities in dune ponds. 
Aquatic Botany 28: 227-242.  (Antrhopogenic effects on succession)



Some Peatland References 11 11/15/00

Wind-Mulder, H.L. L. Rochefort, and D.H. Vitt.  1996.  Water and peat chemistry comparisons of natural and post-
harvested peatlands across Canada and their relevance to peatland restoration.  Ecological Engineering 7: 196-
181.  (Succesion, restoration, nutrient enrichment, mining impacts)

Winkler, M.G.  1988.  Effective of climate on development of two Sphagnum bogs in south-central Wisconsin. 
Ecology 69(4): 1032-1043.

Wright, H.E. Jr, B.A.Coffin and N.E. Aaseng (eds).  1993?.  The Patterned Peatlands of Minnesota.  University of
Minnesota Press.  Minneapolis, London.

Zoltai, S.C.  1987.  Peatlands and marshes in the wetland regions of Canada.  Memoirs of the Entomological Society
of Canada 140: 5-13.

Zoltai, S.C. and J.D. Johnson.  1985.  Development of a treed bog island in a minerotrophic fen.  Can. J. Bot  63:
1076-1085.  

Zoltai, S.C., S. Taylor, J.K. Jeglum, G.G. Mills and J.D. Johnson, 1988.  Wetlands of boreal Canada  IN:  Wetlands
of Canada, National Wetlands Working Group, Canada Committee on Ecological Land Classification, 
Ecological Land Classification Series No. 24.



 

 

 

 

 

This page left blank intentionally for printing 



 

 

 

 

Appendix E 
 

DRAFT Key to the Sphagnum Species Found in Washington State 

  



 

 

 

 

This page left blank intentionally for printing 



Page 1 of 4

Appendix E

DRAFT Key to the Sphagnum Species Found in Washington State

1a. Cortical cells (cells inside the leaf surface) of stems and branches reinforced by delicate fibrils
(long annular-helical ridges); the branch leaves are broad, broadly pointed, and hood-shaped,
rough on the back surface of the tip, with small-teethed margins and the inner edge of the leaf
folded back and fused to the leaf. Section Sphagnum lead A.

1b. Cortical cells not reinforced by spiral fibrils; branch leaves generally narrower and usually tapered
to a slender, flat-topped tip; the margins rolled inward at the edges, not hooded or rough at the tip,
rarely with toothed margins, or with folded leaf edge fused.  

2a. Cortical cells of the branch leaves are uniform, each with a single pore at the upper end; stem
leaves very small; branch leaves are broadly straight as if cut off, with small-teethed margins
and the outer edge of the leaf folded back and fused to the leaf. 

                   Section Rigida lead B.
2b.Cortical cells of 2 kinds, some without pores, others enlarged, with many pores at the tip and

shaped like a long, flat vessel; stem leaves usually larger; branch leaves usually tapered to a
narrow flat tip (rarely rounded, or broadly flattened), nearly always with smooth edges, except
at the tip; rarely with outer edge of the leaf folded back and fused to the leaf, hyaline cells
(large dead barrel-shaped cells) distinctly broader than the green (live- photosynthetic) cells,
often with fibrils, with pores usually not more than 8 on the outer surface  Plants mostly not
aquatic;.

3a. Stems simple, forked, or with 1-3 branches per fascicle (branch clumps), or with branches
growing as irregular branched clumps; hyaline cells with narrow fibrils; the outer leaf
surface with few to numerous pores.                Section Subsecunda lead C.

3b. Stems with 5 or fewer branches per fascicle; the capitulum (plant top with young compact
branches) usually not large or dense; stem leaves not small; branch leaves  not folded
back when dry.

4a. Plants often tinged with orange-yellow; branches of the capitulum usually curved;
branch leaves usually ± growing on one side of the branch stem; hyaline cells of the
branch leaves usually many and crowded in bead-like rows along the leaf seam on 1
or both surfaces.                                      Section Subsecunda lead C.

4b. Plants green, yellowish, brownish, or reddish; capitulum branches not, or rarely
curved; branch leaves erect or variously spreading, not or rarely all growing on one
side of branch; hyaline cells with few pores, not crowded in rows.

5a. Plants commonly red or red-tinged; green cells of branch leaves triangular to
trapezoidal; found mostly, or only, on the inner branch surface. 

                           Section Acutifolia lead D.
5b. Plants not reddish; green cells located mostly on the outer surface; branch leaves

more elongate and tapered.

6a. Plants of wet depressions, sometimes aquatic; stem leaves folded back and
fused to the inner surface of the hyaline cells, in a few species, fused on both
surfaces across the tip or down the middle (resulting in a tear); branch leaves
often undulate at the margins when dry; hyaline cells smooth.
Section Cuspidata lead E.

6b. Plants of wet habitats but not aquatic; hyaline cells of stem leaves mostly
folded back and fused on the outer surface, except at the tip where both
surfaces are folded back and fused (resulting in perforation and slight
fringing); branch leaves not undulate when dry but squarrose (tips that spread
at right angles from the leaf); hyaline cells of the branch leaves commonly
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very fine, long straight spreading hairs on the inner surface of the walls lying
adjacent to the green cells.      Section Squarrosa lead F.

A. Section Sphagnum
 1a. Plants found only at Cape Alava in Washington State.            S. alaskense
 1b. Plants found in many locations not restricted to Cape Alava.

 
 2a. Plants normally red or red-tinged; green cells of branch leaves located in the center of the

leaf; cells of the stem cortex with 1 pore (occ. 2-4 pores) at the outer surface.
                 S. magellanicum
 2b. Plants green, yellowish, orange-tinged or brown, not reddish; green cells exposed on 1 or

both surfaces.
 
 3a. Green cells of branch leaves narrowly elliptic to rectangular in shape, exposed equally

on both surfaces or slightly more broadly on the outer surface; growing on wide
mounds in woodlands; shiny, light green; cortical cells with 1-4 pores; hyaline cells not
divided.              S. centrale

 3b. Green cells triangular to trapezoidal, exposed only, or at least more broadly, on the
inner surface; cortical cells with numerous pores at the surface.
 
 4a. Hyaline cells of stem leaves not divided; green cells of branch leaves unequally-

triangular in cross-section. 
 
 5a. Hyaline cells of branch leaves with broad, rounded or elliptic pores on the

outer surface; pores 4-14 at the tip and 16-26 at the base; green cells of
branch leaves broadly triangular; the adjacent walls of the hyaline cells with
very fine, irregular striae (stripes), best seen in longitudinal sections at the
base of the leaf.         S.  henryense

 5b. Hyaline cells of branch leaves with few (middle) to more (base), narrowly
elliptic pores on the outer surface; green cells of branch leaves narrowly
triangular in cross-section, the adjacent walls of the hyaline cells smooth.

              S. palustre
 4b. Hyaline cells of stem leaves often 1-divided; green cells equally triangular or

trapezoidal; the innermost walls of the inner layer of cortical cells of the stem not
striate (stripped); the adjacent walls of the hyaline cells densely and finely hairy.

         S. papillosum
B. Section Rigida

 1a. Hyaline cells of the branch leaves with few to numerous pseudopores in addition to the usual
rounded pores on the outer surface; green cells are elliptic in section; inner side walls of
hyaline cells are smooth.                     S. compactum

C. Section Subsecundum
 1a. Stem cortex in 1 layer; stem leaves much shorter than branch leaves, with pores and

sometimes fibrils in the upper 1/4.     S. subsecundum
 1b. Stem cortex in 2-3 layers (best seen unstained); capitulum small; pendent branches hide the

stem; stem leaves small, triangular to oblong.           S. contortum
 

D. Section Acutifolia
 1a. Plants found only at Cape Alava in Washington State.         S. rubiginosum
 1b. Plants found in many locations not restricted to Cape Alava.

 
 2a. Stem leaves distinctly fringed, with a conspicuous, triangular, perforated area where it is

fused at the middle of the base. 
 
 3a. Stem leaves fan-shaped, lacerate-fringed nearly all around.              S. fimbriatum
 3b. Stem leaves not fan-shaped, fringed only across the tip        S. girgensohnii

 2b. Stem leaves not fringed, though sometimes slightly irregularly notched at the tip, without a
conspicuous mid-base area of fusion; branches of the capitulum rounded; branch leaves
distinctly concave and ± narrowly oblong to oval, toothed at the tip.
 



Appendix E 3

 4a. Stem leaves oblong-strap-shaped and broadly rounded at the tip; ± flat.
 
 5a.Hyaline cells in the upper part of the branch leaves with tiny, rounded or elliptical,

strongly ringed pores (barely visible at 100X).                 S. warnstorfii
 5b. Hyaline cells with large, elliptic, moderately ringed pores.

 
 6a. Cells of the stem cortex commonly with many pores; stem leaves ± irregularly

notched in the middle of the tip; hyaline cells at the tip of the stem leaves with
equal-length sides, not divided.                       S. russowii

 6b. Cells of the stem cortex not or rarely with pores; stem leaves not irregularly
notched at the tip; hyaline cells of the stem leaves elongate, commonly
divided at the leaf tip.
 
 7a.Plants brown, branches of the capitulum straight and crowded with leaves,

erect, strongly concave and seeming narrow;  stem leaves oblong strap-
shaped and longer than broad.                    S. fuscum

 7b. Plants reddish; branches of the capitulum typically upcurved, with leaves
usually not particularly crowded, growing mostly to one side of stem,
broadly concave; stem leaves broadly strap-shaped but not elongated. 

   S. rubellum (S. capillifolium var. tenellum)
 4b. Stem leaves oblong to oblong-triangular, longer than broad, broadly pointed and

concave above, broadly pointed to concave-pointed; spreading branches at the base.
 
 8a.Stem leaves with long linear fibrils throughout, with many elliptic, ringed pores on

the outer surface of the hyaline cells. S. capillifolium var. tenerum
 8b. Stem leaves variously fibrillous, or with no fibrils, without pores.

 
 9a. Plants red or pink (or in shade forms green but with red tinges in the stem,

wood cylinder, stem leaves, or male pendent flowers), not shiny.
 
 10a. Stem leaves long and narrow, oblong or oblong-triangular, with hyaline

cells with fibrils throughout, rarely with a scattered few membrane gaps
on the outer surface; branch leaves often 5-ranked (in 5’s), especially
when moist; with slender tips that spread when dry.

      S. bartlettianum
 10b.Stem leaves not conspicuously elongate, oblong-oval, with hyaline cells

with fibrils in the upper half, commonly with a few scattered membrane
gaps on the outer surface; branch leves not noticeably ranked, not
particularly spreading at the tips when dry.

 S. capillifolium = (S. nemoreum
 9b.Plants yellow-brown, tinged with flecks of pinkish- to purplish-brown, wood

cylinder of stem red-brown; branch leaves curve back when dry; plant shiny
when dry; stem cortex with no pores, hyaline cells mostly without fibrils.

 S. subnitens 
E. Section Cuspidata

 1a. Stem leaves with a fused, triangular perforated area that extends to the middle of the leaf.
 
 2a. Stem leaves distinctly torn-fringed across the broad tip, the perforated area occupying

most of the leaf.  Plants found only at Cape Alava in Washington State.  S. lindbergii
 2b. Stem leaves conspicuously fringed at the apex, sometimes torn down the middle, the

perforated area not very extensive; plants green or yellow-green, capitulum very large.
 S. riparium

 1b. Stem leaves sometimes slightly fringed at the tip, but not fused or perforated below the tip;
hyaline cells of branch leaves with pores more numerous and more conspicuous on 1 or both
surfaces; stem and branch leaves distinctly different.
 
 3a. Plants submerged (though sometimes not in late summer); hyaline cells of stem leaves

with fibrils; found only in northeastern Washington.          S. annulatum
 3b. Plants not submerged; hyaline cells of stem leaves without fibrils.
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 4a. Hyaline cells of branch leaves with numerous pores on both surfaces, those on the
outer surface noticeably arranged in symmetrical rows.            S. mendocinum

 4b. Hyaline cells of branch leaves fewer, not in symmetrical rows, with conspicuous
pores; plants green to yellow-brown; young pendent branches, as seen between the
rays of the capitulum, paired; branch leaves in spiral rows when wet, not when dry;
green cells of branch leaves unequally triangular in cross-section, the tip usually
reaching the inner surface.
 
 5a. Plant variable in size and apeparance but oftern robust with 5-radiate capitula;

stem leaves 0.7 to 1.1 mm long, pointed to concave with a whisker-like tip, tip not
toothed-margined; branch leaves undulate with spreading tips when dry.
S. pacificum = ( S. recurvum var. Brevifolium = S. fallax var. pacificum

 5b. Plant small, with small capitula; stem leaves 0.5 to 0.8 mm long, with a slightly
irregularly ragged broadly, blunted rounded tip; branch leaves overlapping and
not, or only slightly undulate when dry.

      S. angustifolium = ( S. recurvum var. tenue)
F. Section Squarrosa

1a. Branch leaves abruptly tapered to a squarrose point from a broadly elliptic base; hyaline cells
on the inner surface with ringed elliptic pores, on the outer surface with similar unringed
pores.        S. squarrosum

1b. Branch leaves gradually tapered, erect or ± spreading at the tips when dry; hyaline cells on the
inner surface with distinct though unrinnged elliptic pores, on the outer surface with large,
irregularly rounded, thin-margined pores or gaps, often nearly as wide as the cells.

      S. teres
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