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INTRODUCTION 

M
OORLANDS, bogs, and fens are 

familiar features of the landscape 
in temperate and subpolar parts of 
the world, and the problems of their 

. origin and development are of 
great. scientific as .well as practical inter~t. Re~
larnation of such land, and use of the peat Itself, IS 
a matter of importance throughout north~rn 

Europe, and for this reason, if no other, it is hig~ly 
desirable to know something ' of the processes lll

volved in peat accumulation, and of the factors 
controlling it. . . 

Since the study of peat lands entails dealing with 
a mass of complex relations between organisms and 
their environments, our understanding of them is 
necessarily fragmentary and far from complete. 
Nevertheless, if a brief outlfue is presented of one 
type of vegetation and soil sequence which occurs 
in many parts of northern Britain, the scene · may 
be set for a consideration of the way in which varia-
ions in the major environmental factors-climate, 
eology, relief, and organisms-can modify this 
ype of succession over long pe~iods of time, ~ 
lifferent parts of the world. Fust, however, It 

would be well to point out that our knowledge of 
bog development is not wholly a result of modern 
science but is based upon careful observation and , . 

accurate interpretation by a number of amateur 
naturalists and agriculturists, who laid the ground
work for our present theories long before the study 
of nature became largely the preserve of the pro
fessional scien tis t. 

EARLY INVESTIGATIONS 

Peat lands have been studied for a long time, and 
a great deal has been known about them since the 
early years of the nineteenth century (Gorham, 
1953a). As long ago as 1652, Gerard ~oate classi
fied several types of Irish bogs, and in 1685 William 
King described their development, clearly appre-
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hending the changes in plant communiti~/which 
accompanied peat accumulation. Linnae~~; in his 
travel journals of the mid-eighteenth :'century, 
provided notes on the flora .of bogs, and t5n the ori
gin of the hummocks which characterize their 
surfaces. 

During the first years of the nineteenth century, 
the study of peat lands increased enormously in 
response to new demll.Uds for agricultural expan
sion. De Luc in Germany and Aiton in Scotland 
described the way in which lakes became filled 
with peat and changed into fens or bogs, and ac
companied their discussions by lists of plants typi
cal of the successive stages. Aiton .also classified 
the main types of Scottish peat lands, and gave 
lists of their common plants. The importance of 
topography to bog formation and development was 
appreciated, as was the influence of chemical fac~ 
tors. Regarding the latter, the Scottish clergyD;lan 
Rennie ascribed peat formation to retardation of 
decompositio~ by waterlogging, owing to (1) ab
sence of oxygen, (2) low temperature, (3) lack of 
fluctuation ill moisture and temperature, . and (4) 
the presence, in various plants, of an antiseptic 
principle giving rise to peat. This antiseptic principle 
was considered to be possibly connected with or
ganic or mineral acids, methan¢ or sulphuretted hy

. drogen, bitumens, iron sulfate, or perhaps merely 
mechanical structure of the peaty materials, and 
their lack of inorganic minerals. 

A notable accomplis~ent of the other chief 
Scottish investigator, William Aiton, was his 
recognition of the cyclical alternation of dry hum
mocks and wet hollows in the growth of raised 
bogs, responsible for the mosaic distribution over 
the bog surface. of different plants cp.aracteristic 
of the wet and dry phases. This author also wrote 
of erosion as ·the natural culmination of bog de
velopment, a view favored by many modern work- . 
ers both here and on the European continent. 
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The concept of plants as indicators of environ
mental conditions was put forward during this 
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period, and Rennie expressed the opinion that by 
determining the plants in the various strata of a 
peat deposit one might ascertain the conditions in 
the bog at the time the peat was laid dowlf. It was 
also suggested that peat formed during' dry seasons 
could be distinguished from that laid down in wet 
periods, since the growth ' of many bog species 
which yielded different kinds of peat was dependent 
upon weather conditions. 

One attractive hypothesis of these early days has 
had to be discarded. Early Dutch naturalists had 
claimed that . a peat bog was a living, growing or
ganism, and that the surface vegetation merely 
grew upon its dead outer skin. Although recognized 
as outmoded by most later investigators, this view 
was strongly championed as late as' 1794 by Doctor 
Anderson of Aberdeenshire. It was equally strongly 
opposed by Rennie, who would "dismiss this new 
spe~ies of vegetable from the list of plants, till its 
habits and qualities are distinctly ascertained. I 
would only suggest, that of all devouring monsters 
it must be the most dreadful, according to the 
Doctor's account; for, as I shall show, ploughed 
fields, lar.ge trees, loaded boats, men and women, 
and the largest animals, houses, nay, streets : and 
whole cities, have been swallowed up in its all
devouring jaws." 

A COMMON TYPE OF BOG DEVELOPMENT 

Extensive peat deposition occurs chiefly in 
waterlogged habitats. While dry acid humus may 
occasionally pile up to a heigqt of as much as a 
foot or so over certain kinds of well-drained forest 
soil under conifers (Romell and Heiberg, 1931), 
only wet fens and bogs can amass great thicknesses 
of peat, quite commonly to a d(!pt..1. of fifteen feet, 
and of more than thirty feet in exceptional circum
stances. In waterlogged soils the circulation of air 
may become greatly restricted, and the store of 
oxygen severely depleted, often to vanishing point 
(Malmstrom, 1923; Pearsall, 1938; Carter, no 
date). As a result, dead plant residues which are 
continually being produced by the vegetation de
compose less rapidly than usual, and peat begins' 
to accumulate. The rate of decay of celluloses and 
hemicelluloses may be especially slow in the case 
of the bog moss Sphagnum, which grows most 
abundantly in acid sites where nutrients such as 
phosphorus and lime are scarce (Waksman, 1936, 
1942), and where cellulose-decomposing organisms 
are scarce (Waksman and Stevens, 1929). Thus a 
deficiency of nutrients in the soil commonly favors 
peat formation. 

If the climate is extremely wet (in the British 
Isles and southern Scandinavia for instance, wher
ever rainfall exceeds about one hundred centi
meters per year), peats may develop even on gentle 
slopes, and on plateau soils not originally sub
merged (Granlund, 1932; Pearsall, 1950; Barry, 
1954). In certain circumstances, acid peat may 
form on such upland soils even when they are rela
tively rich in lime (Webb, 1947). For if the atmos
phere is sufficiently humid, and precipitation ex- ~ 
ceeds evaporation at all seasons, some species of the 
bog moss Sphagnum may grow where the ground is 
not ~turated. And if rainfall is high, even fairly 
rich soils may be leached of nutrients at the sur
face, thus creating favorable conditions for the 
establishment of the bog mosses, and unsuitable 
conditions for the rapid breakdown of their dead 
residues. On poorer flat lands' there is also the pos
sibility that leaching can lead to formation of an 
impermeable iron pan in the subsoil, and hence to 
waterlogging and bog invasion (Pearsall, 1950). 
However, bog advance up sloping ground is prob
ably most commonly due to damming up of the 
water table by peat accumulation, as described by 
MalmstroI.ll (1923, 1931) for north Swedish bogs, 
and by Millington (1954) for bogs in Australia . 

Northern Britain, with its very high annual rain
fall, is a most suitable area in which to study bog 
developxp.ent. Frequently, if one views a peat cut
ting at the side of a big bog, there is to be seen at 
the very base-just above the underlying clay-
a layer of peat formed by the common reed Phrag
mites communis, which usually grows along lake 
shores. Then may occur a horizon of rather highly 
decomposed sedge peat, and one of brushwood re
mains, with a very characteristic coarse, twiggy 
texture. On top are found thick deposits of the bog. _ 
moss Sphagnum, in varying degrees of decay, with 
interposed horizons of heather and cotton grass 
remains, and sometimes zones with numerous 
buried pine stumps. In some instances thick de
posits of lake muds, with a soft gelatinous texture 
due to highly decayed organic matter, occur above 
the basal clay, and bear witness to the original 
presence of a lake basin. 

The vertical succession just described is paral
leled by the horizontal zonation to be observed at 
the shores of many lakes today. Reeds (Phrag
mites), cattails (Schoenoplectus) , and reed-mace 
(Typha) fringe the shore and advance into shallow 
water. Behind this reed swamp may be seen a 
band 'of sedge meadow with different species of 
Carex (depending upon soil conditions), or in more 
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silted localities a grass meadow with plants such 
as the reed grasses (Phalaris arundinacea and 
Calamagrostis canescens). These fen meadows in 
turn are encroached on by alder and willow 
bushes; these ·grow up to forrri a closed-canopy fen 
woodland termed "carr," which may persist for a 
long time. Eventually, however, under a wet 
climate, ~pecies of the bog, moss (Sphagnum), to
gether with purple moor grass (Molinia caerulea) 
and sweet gale (Myrica gale), invade the carr, and 
the trees gradually die off. Then if atmospheric . 
humidity is sufficient, the bog moss grows above 
the level of the ground water table, and begins to 
form what is known as a "raised bog" because of 
the convexity it exhibits when seen in side view. 
Such bogs, whose surfaces are completely removed 
from the influence of water from the mineral soil, 
are called "ombrogenous." 

While this normal British picture of bog succes
sion is paralleled in many other regions, geological 
factors may almost entirely suppress the ear.1ier 
phases in certain habitats. For example, on the 
flat and heavily glaciated granites of northeastern 
North America; the hardness of the rock and its 
poverty in easily soluble plant nutrients may some
times permit Sphagnum bogs to be established di
rectly in the smaller and shallower of the wet rock 
hollows, so that there is very little zonation appar-

. ent in their peat deposits, except perhaps for a 
predominance of the more aquatic Sphagnum spe
cies in the early stages (Nichols, 1918). However, . 
where the basins are large enough to allow a mod
erate degree of silting, a more normal reed~swamp

sedge-meadow-bog succession is commonly ob
served. 

It may be desirable at this stage to point out the 
complexity of peat-land terminology (d. Waks
man, 1942). The Uppsala school of Swedish ecolo
gists regard "bog" as applying solely to ombrogen
ous raised or blanket-bog habitats; all others are 
various types of "fen" (Du Rietz, 1949; Sjors, 
1950a). In England, however, Pearsall (1938, 1950; 
Gorham and Pearsall, 1956a) has designated· the . 
stage transitional to ombrogenous bog as "lacus
trine bog," in which some mineral soil-water influ
ence is still felt. And in drier parts of Britain where 
ombrogenous bog is unable to develop, complexes 
of reed swamp, sedge fen, carr, and Molinia
Myrica-Sphagnum communities are often termed 
"valley bogs" (Tansley, 1939; Newbould and 
Gorham, 1956), This usage has also been adopted 
by Kulczynski (1949) for Polish peat lands. 

Raised bogs are enabled to build up because of 

the marked capacity of Sphagnum to · hold water, 
and hence to retard percolation. This moss serves 
as a very efficient sponge, and many bog peats 
contain ten to twenty times their own weight of 
water. The percolation of rain water through the 
peat is also much retarded by highly decayed ho
rizons commonly found deep down in most bogs. 
The water balance of the bog is thus buffered to a 
marked degree against periods of either heavy 
rain or drought, and bog surfaces may rise and 
fall appreciably during such periods . (Kulczynski, 
1949). The convexity of the raised bog is probably 
due at least partially to the inhibition of lateral 
extension by nutrient-rich waters from the sur
rounding mineral soils, these being unsuitable for 
the growth of most raised-bog Sphagna (Godwin, 
1946), and favoring the rapid breakdown of dead 
vegetable remains. The more extreme fluctuations 
of water in the marginal areas may also be of much 
importance (Kulczynski, 1949). 

Some of the species of SPhagnum which invade 
willow carr and characterize incipient rai~ed bog 
developm·ent, may be replaced in the mature 
stages by others of the same genus. For example, 
Sphagnum recurvum, S. teres, a,nd S. subsecundum 
may give way to S. cuspidatum; S . . rubellum, S. 
magellanicum, and S.fuscum. One species, however, 
SPhagnum papillosum, is common throughout. 

Chief among the higher plants accompanying 
the bog moss on ombrogenous West European bogs . 
are heather (CaUuna vulgaris), cross~leaved heath 
(Erica tetralix) , cotton. grasses (Eriophorum spe
cies), deer grass (Trichophorum caespitosum), 
white beak sedge (Rhynchospora alba), sundews 
(Drosera species), bog asphodel (Narthecium ossi
fragum), cranberry (Oxycoccus species), cloudberry 
(Rubus chamaemorus), and bog rosemary (Andro
meda polifolia). There is in addition a host of bryo
phytes and microscopic algae. 
The course of raised bog formation has been pic

tured as a lenticular "regeneration complex" of 
hummock and hollow alternation, the cyclical mode 
of development being generally ascribed to the dif
ferent ecological requirements of the various spe
cies of Sphagnum (von Post and Sernander, 1910; 
Osvald, 1923; Tansley, 1939). S. cuspidatum, for 
example, favors water-filled depressions on the bog, 
and grows so successfully as to obliterate them, 
thus providing conditions suitable for other spe
cies, such as S. papillosum, S. magellanicum, and 
S. tenellum. When these have built up a low cushion 
of peat, still other species invade, S. rubellum, S. 
fuscum, and perhaps S. imbricatum. These build 
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the hummock still higher, until finally the top 
dries out eI).ough to permit lichens and liverworts 
to overgrow it, and upward growth ceases to ex
ceed the rate of decay. In some cases erosion may 
also set in at this stage. Once the hummock stops 
growing, it is liable to be overtaken by th~ develop
ment of similar hummocks in the surrounding 
pools, which eventually overtop it and make.it hito 
a new pool. This becomes water-filled, ap.d is colo
nized by Sphagnum cuspidatum, whereupon the 
cycle starts anew. Tolpa (1947) has claimed 'that 
lenticular regeneration is characteristic of Atlantic 
climates without a marked summer water-deficit, 
continental climates producing floristically uni
form peat strata. 

Other species of bog plants also show preferences 
for either hummocks or hollows. In Britain, heather 
(Calluna vulgaris), the cotton grass Eriophorum 
vaginatum, and the lichens (Cladonia species) are 
among the plants typical of the former, while the 
white beak sedge (Rhynehospora alba), another 
cotton grass (Eriophorum angustifolium), and the 
alga Zygogonium ericetorum (which forms a pur
plish skin on many dried-out pools), are plants more 
commonly abundant in hollows. 

Where the bog surface is not entirely flat, the 
hummocks and hollows tend to be elongated at 
right angles to the slope, with the hummocks form
ing a network in the meshes of which the hollows 
are interspersed. Such formations are common 
not only in bogs and fens lying upon slop
ing ground, but also in the concentrically 
domed, raised bogs of flat land (Sjors, 1948). In 
the case of some British bogs on gentle slopes, it 
has been suggested that pressure ridges are set up 
at certain points in the peat mass, owing to its 
fluidity and tendency to flow downslope (Pearsall, 
1956). Tears in that part of the surface peat under 
tension are also invoked to explain some types of 
bog pool, and desiccation effects may intensify 
the above developments. On flat ground, however, 
where the classic, concentric raised bogs are found, 
interpretations based on pressure ridges, or wrin
kling due to desiccation, would seem to be at vari
ance with the theory of lenticular ,regeneration. 

An extraordinary type of hummock-hollow de
velopment, which will have to be comprehended 
in any inclusive theory of their origin, is that 
exemplified by Hammarmossen in north Sweden, 
a concentrically domed bog on a sandy and very 
flat riverine plain, described in some detail by 
Granlund (1932) and also by Sjors (1948), who has 
published an excellent aerial photograph, This bog, 

like many others, exhibits a very marked pattern 
of hummocks interspersed with large hollows, 
elongated at right angles to the slope; but instead 
of the hollows being the usual shallow surface 
pools, they extend right down to the thin basal 
layer of impervious peaty mud more than three 
meters beneath the present bog surface. Yet 
another form of bog development, common in the 
British Isles, requires elucidation too. It is the type 
of rather flat or slightly convex blanket bog with 
little or no hummock-and-hollow pattern, but with ' 
occasional large Sphagnum, Rhacomitrium, or 
Leucobryum hummocks scattered apparently at 
random over the bog plane. Even in more normal 
bogs, the hypothesis of lenticular regeneration 
fails' to account for the regular elongate pattern of 
hummocks and hollows following the contour. It 
is understandable that pobls are unlikely to be 
extended in any direction other than at right angles 
to the slope-self-drainage would result-but it is 
not clear why there should be any elongation at 

, all, instead of a series of small circular pools, for 
example. Perhaps erosive forces do tend to bring 
about extension in all directions, with only those ' 
pools in which it ,takes place at right angles to the 
slope being able to persist. The whole matter of 
hummock-hollow regeneration appears greatly in 
n~ed of further study, preferably with the coopera
tion of students trained in the physical sciences. 

The horizontal zonation mention€!d earlier is 
related to the vertical layering in bogs through the 
fact that the zones are seldom stationary over 
long periods. As silting of a lake basin proceeds it 
becomes shallower, and the addition of vegetable 
debris from within and without the lake accelerates 
the filling in, hence the depths of standing water 
continually decrease. Because of this the reeds of 
the shore move outward into deeper water, by 
means of their creeping rootstocks. They are re
placed by the sedges, which are better suited to 
the newly shallowed bottom than are the reeds. 
Once silting and peat deposition have raised the 
level of the bottom to that of the standing water, 
alder and willow bushes can invade the sedge fen, 
and a carr woodland may develop over the older 
sedge and reed remains. The carr in tum gives way 
in wet climates to lacustrine bog with Sphagnum
Molinia-Myrica communities (Pearsall, 1938), and 
these may finally be replaced by raised bog species 
forming deep peat well above the level of the old 
lake. In this way, partly through the physical 
phenomenon of silting, and partly because of the 
intrinsic biological factor of peat accumulation, a 
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horizontal series of plant communities may give 
rise to a vertical sequence of peat types with very , 
differen t characteristics. 

Of course one seldom, if ever, sees the whole 
vertical sequence to raised bog laid out around a 
lake basin. However, at Estllwaite Water in the 
English Lake District, Professor W. H. Pearsall 
has described the entire succession up to the inva
sion of willow carr by Sphagnum, and the forma
tion of a SPhagnum-Molinia-Myricc. community 
along its edge (see Tansley, 1939). Examples of 
raised bogs showing typical vertical profiles, 
though now unfortunately much altered at the 
surface through draining and burning, are also to 
be found in the Lake District, for example at Rus
land and along the Leven estuary: However, the 
best of British ombrogenous bogs, in their natural 
state, are now to be found in Ireland and Scotland. 
Professor Pearsall has recently investigated a par
ticularly interesting series in Sutherland (P~arsall, 
1956), which appears to show many features 
reminiscent of Scandinavian bogs. 

The productive capacity of bogs and fens in their 
natural state is largely unknown, although 'their 
agricultural potential has frequently been investi
gated. A preliminary attempt to gain some in
formation upon this point has indicated that over 
a wide range of vegetation types characteristic of 
wet habitats in Britain~ the autumn standing crops 
are usually between about 4,000 and 14,000 kilo
grams per hectare (Pearsall and Gorham, 1956). 
These figures in general resemble those for similar 
vegetation types on dry land, and compare with 
an average annual leaf fall of about 3500 kilograms 
per hectare in British woodland communities 
(Ovington, 1956). Within the above range, the 
higher standing crops tend to occur on the less 
acid soils receiving a greater mineral supplyj but 
such soils do not, however, invariably produce 
large · standing crops. For the r.eed Phragmites 
communis there is some tentative evidence to sug
gest that shoot size and percentage of flowering 
shoots are to some extent dependent upon the 
degree of silting of the habitat (Gorham and 
Pearsall, 1956b). 

A last point to be made in this account of bog 
succession is the astonishing ability of some plants 
to persist in unfavorable habitats, and so to ex
hibit what may be described as "biological inertia." 
That is, once having colonized an area, they may 
continue to exist there long after the conditions 
suitable for their establishment have disappeared. 
For instance, in many areas being transformed 

from sedge fen into Sphagnum bog, the sedges re
main for a long time pushing through the moss 
cushions-surviving by virtue of having their 
roots in the richer peat, or sometimes the moving 
ground water, beneath (Du Rietz, 1949). Similarly, 
around the edges of many small pine bogs filling 
granite hollows in parts of Fennoscandia, the reed 

, Phragmites persists in a dwarfed and sterile state 
under conditions of acidity and nutrient impover
ishment far too severe for its establishment. It is 
presumably a relic of the time, centuries ago, when 
the bogs were shallow ponds and lakes, and the 
marginal soils much riCher and -less acid (Auer, 
1923; Gorham, 1950). 

CHEMICAL AS~ECI'S 

The 'type of bog development outlined above in
volves considerable chemical change, not only in 
the composition of the waters reaching the peat 
surfaces, but also in the peats formed at various 
stages, and in the plants from which the peats 
originate. These changes are most clearly marked 
at the point when the bog becomes ombrogenous, 
i.e., when the surface ceases to be influenced by 
water which has percolated through mineral soil, 
and obtains its entire supply of moisture by at
mospheric precipitation. While bog successions are 
much too slow to be observed directly, one can 
often make reasonable assumptions about their 
chemical consequences, by observing the differ
ences between bogs which have developed at some
what different rates, so that they are at present in 
different stages of growth. Undoubtedly such a 
method should be applied with caution, but at' 
least some qualitative differences may be fairlY. 
well established. 

The initial composition of rain water, and its 
composition after percolation through mineral soil 
materials, differ profoundly. In northern Britain, 
the dissolved ions of rain are predominantly either 
sodium chloride, derived from sea spray and 
brought in by westerly winds, or sulfuric acid 
originating from industrial atmospheric pollution, 
and coming chiefly from the south and east (Gor
ham, 1955a). The surface waters of bogs fed solely 
by rain often closely resemble it in composition 
(Gorham, 1956b). On the other hand, in percolating 
through rock!! and soil minerals, rain picks up ' a 
good deal of calcium and. magnesium bicarbonate, 
along with some other ' salts (Gorham, 1956aj 
Mackereth, Lund, and Macan, Proc. Linn. Soc., 
1957 in press). C~lcium bicarbonate accounts for 
the major proportion of the ions dissolved in min-
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eral soil waters (d. Witting, 1947, 1948j Gorham, 

1955b, 1956a), and owing to this, their acidity is 

seldom very high. In northern Britain, it appears 

that as long 'as some mineral soil water reaches the 

peat, its acidity does n9t become very great, and 

peat pH generally remains above 4.5 (Gorham, 

1953b). In contrast, ombrogenous bogs exhibit 

quite high acidities, with pH values generally below 

ombrogenous bog waters in Br in is almost en

tirely due to free sulfuric aci . While colloidal 

organic acids ("humic acids") a also abundant

as shown by the high levels of dsorbed and ex

changeable hydrogen ions in th peat (Gorham, 

1953b, .c)-they are probably only slightly dissoci

ated in the presence of strong mineral acid. 

Where the water supply has percolated through 
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FIG. 1. CONTACT EXCHANGE OF ADSORBED IONS BETWEEN ROOTS AND SOILS 

(After Keller and Frederickson, 1952). Explanation in text. 

4.2, and with occasional rather dry peat samples 

below 3.0. In extremely dry weather, bog waters 

may show exceptionally high levels of both acidity 

and metal cations, owing to oxidation of hydrogen 

sulfide produced from organic sulfur compounds in 

the peat. This hydrogen sulfide oxidizes to sulfuric 

acid, and some of the hydrogen ions of the acid 

exchange for metal cations adsorbed on the peat 

colloids, which then appear free in solution (Gor

ham, 1956b). 

It seems likely that the high acidity of most 

mineral soils, the colloidal adsorptive complexes 

of the peat are largely saturated by swarms of 

metallic cations at their sUrfaces-chiefiy calcium, 

magnesium, potassium, and sodium (see Fig. 1)

while in ombrogenous peats, hydrogen may ac

count for most of the adsorbed cations (Gorham, 

1953bj Maimer and Sjors, 1955) . Among the metal

lic cations, Swedish workers have recently demon

strated a shift from calcium to magnesium as the 

major adsorbed component, in passing from poor 

fens flushed by mineni.l soil water to highly acid 
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bogs wholly dependent upon rain for their surface 

water (MaImer and Sjors, 1955; see also Mattson, 

Sandberg, and Terning, 1944). The magnesium 

and sodium in both the peats and waters of the 

latter sites probably derive mainly from sea spray 

(d. Gorham, 1955a, 1956b). The way in which sea 

spray gets into the atmosphere, and eventually 

supplies chlorides of sodium and magnesium to 

rain and bog waters, is probably as follows. High. 

winds develop high waves on the sea surface, and 

above a certain height these tend to break and . 

form foam patches, made up of myriads of small 

bubbles. Similar foam patches may be formed by 

waves breaking on beaches (Boyce, 1951). When 

theSe bubbles rise to the surface and burst, they 

throw up tiny jets, which break off minute drop

lets-often sufficiently small to be carried up into 

the air and evaporated. The tiny particles thus 

for:med act as nuclei for the condensation of rain

drops, and are brought to the grourid with the 

rain (Woodcock et al.; 1953) .. They are also prob

ably caught by vegetation (Sugawara, Oana, and 

Koyama, 1949; Eriksson, 1955). 

The amount of adsorbed metallic cations in peat 

may be of the order of one hundred or more times 

that which · is free in solution in the peat water 

(Gorham, 1956a; MaImer and Sjors, 1955), and 

adsorbed calcium, magnesium, potassium, and so

dium probably make up a large part of the total 

sum of these ioI).s in the peat (MaImer and Sjors, 

1955; Gore and Men, 1956; d. also Mitchell, 1954). 

This is likely to be of the utmost significance in 

plant nutrition. Roots may draw directly upon 

the cation swarms concentrated around the colloi

dal soil particles, without the mediation of the 

extremely dilute soil solution, through a mechanism 

known as "contact exchange" Genny, 1951). By 

this process (illustrated in Fig. 1) the root surfaces, 

saturated by hydrogen ions and in close juxtaposi

tion with soil particles, give up these ions in return 

for potassium, calcium, and other nutrient cations 

adsorbed on the particle surfaces. In this connec

tion, plant;s in ombrogenous bogs must have espe

cially difficult nutritional problems, in so far as 

the concentration of nutrients in the water is ex

tremely low, and the peat colloids are already 

highly saturated by hydrogen ions, which are the 

plants' means of exchange. Puustjarvi (1955) has 

recently shown a distinct correlation between the 

percentage base saturation of a number of bog 

mosses and the quality of the peat upon which 

they grow. It may also be noted that not only the 

absolute levels, but also the relative proportions 

of nutrients, are capable of affecting plant uptake 

and growth; and this is true of both adsorbed and 

. freely dissolved ions (Olsen, 1950; Vlamis, 1949; 

Heslep, 1951). 
Other elements are also distributed differently 

in ombrogenous sites and those fed by some pro

portion of mineral soil water (d. Kivinen, 1938; 

Waksman, 1942). Of these, phosphorus is perhaps 

the most important. This element, very scarce in 

rain, is probably extremely deficient in ombrogen

ous raised and blanket bogs, and perhaps too in 

many fens. Phosphorus fertilization has a marked 

effect upon plant growth in such habitats (Malm

strom, 1952; Tamm, 1951, 1954). The percentage 

of nitrogen in the organic mll-tter of ombrogenous 

peats .is likewise low, reflecting the peculiarly low 

nitrogen content characteristic of the bog moss 

Sphagnum (with its abundance of dead cell walls), 

whether growing under the influence of mineral 

soil water or not (Gorham, 1953b). Available nitro

gen is probably also deficient in wholly · rain-fed 

bogs (Tamm, 1951), and certainly the concentra

tions of nitrates are vanishingly small (Pearsall, 

1938; Gorham, 1956b). The low nitrogen percent

ages may w~ll be at least partly responsible for the 

slow rate of decay of Sphagnum peats. However, 

mineral fertilization may affect nitrogen turnover 

in peat quite appreciably (Tamm, 1951, 1954). 

Iron and manganese frequently tend to accumu

late in peaty fen soils flushed by mineral soil water, 

and in their plants, since the depletion of oxygen 

in many waterlogged soils allows a high degree of 

solution of these elements from the soil (Pearsall 

and Mortimer, 1939; Puustjarvi, 1952; Rankama 

and Sahama, 1950; Mayer and Gorham, 1951; 

MaImer and . Sjors, 1955; Gorham and Gorham, 

1955; Carter, no date). Silica is also often much 

more abundant in peats fed by mineral soil water, 

and dissolved silica may become quite high in 

alkaline sites. On the other hand, dissolved silica 

is very low in ombrogenous bog waters (Gorham, 

1956b), . and this may perhaps be responsible for 

their poverty in species of diatom algae, which 

usually possess thick silicious shells or frustules. 

The silica content of cyperaceous plants tends to 

increase with site pH (MaImer and Sjors, 1955). 

Of the trace elements ill peat, some evidence from 

Sweden suggests that boron may be deficient for 

some plants in ombrogenous areas (Romell, in 

Malmstrom, 1952). 
From the rather scanty data at present available 

(Mattson and Karlsson, 1944; Mattson, Sandberg, 

and Terning, 1944; Gorham, 1953b; MaImer and 

•... 
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Sjors, 1955), it appears that the chemical composi
tion of plants growing on ombrogenous peats also 
differs in important respects from .that of plants 
drawing upon water which has percolated through 
mineral soil. As might be expected, the latter tend 
to be richer in total mineral material, calcium, 
silica, and nitrogen. However, Malmer and Sjors 
(1955) have reported little difference in the per
centage phosphorus of individual species compared 
on the two kinds of site. Perhaps an increase in 
growth, rather than a rise in nutrient percentage 
within the plant, might be expected in response to 
an increase of what is most likely the chief chemical 
factor limiting plant growth in ombrogenous hab
itats. In this connection, there is some tentative 
evidence to .support the general opinion that sites 
with a more plentiful nutrient supply can produce 
standing crops distinctly greater than those on sites 
fed largely by atmospheric precipitation (N ewbould 
and Gorham, 1956; Pearsall and Gorham, 1956; 
Gorham and Pearsall, 1956b; d. also Tamm, 1954). 
It is certainly clear that individuals of many spe
cies characteristic of raised and blanket bogs 
grow there, and compete successfully, at starvation 
level (Tamm, 1954; Malmer and Sjors, 1955; New
bould and Gorham, 1956). If protected from exces
sive competition in richer sites, or if fertilized with 
the deficient nutrients, they frequently grow much 
more luxuriantly than in their normal habitats, 
where their success is probably due to a capacity 
"for withstanding conditions of extreme nutrient 
scarcity. . 

It must be borne in mind that the factors limit
ing plant growth and production on peat may not 
be the same as those governing the floristic balance 
in fens and bogs. It might well be, as Malmer and 

~ Sjors (1955) have pointed out, that acidity or ionic 
balance is more important in differentiating bog 
and fen communities than available phosphorus, 
which may be the major chemical factor controlling 
production. 

ENVIRONMENTAL MODIFICATIONS OF THE COURSE 

OF PEAT ACC~ULATION 

While the foregoing picture of bog development, 
and of the chemical changes consequent upon the 
cessation of mineral soil-water supply, applies in 
general to many areas in northern Britain and else
where, the way in which peat accumulates varies 
almost infinitely in response to different combina
tions of environmental factors. Perhaps the sim
plest method of demonstrating the effects of en
vironmental variations is to select a series of special 

cases where the influence of one major factor is of 
paramount importance, and hence easily perceived. 
However, it will also be necessary in ·many in
stances to point out the effects of factor interaction. 
Since climate sets the broad limits within which 
peat formation takes place, it may be considered 
first. 

The Climatic Factor 

The chief requisite for bog development is of 
course abundant moisture. In hot, dry lands peat 
cannot pile up, and even in the moist tropics or sub
tropics it does not do so except in alpine regions, 
or in situations of extremely bad drainage such as 
obtain, for example, in many parts of Uganda, and, 
in the New World, in Florida. However, in cool, 
wet climates, such as that of western Ireland, peat 
may blanket even the hills and mountains, and 
cover strongly calcareous soils (Osvald, 1949; 
Webb, 1947). Thus extremely high atmospheric 
precipitation, coupled with cool, even tempera
tures, may allow peat accumulation in sites where, 
under less wet conditions,·· the topographic and 
geological factors wo~ld militate strongly against 
it . 

Perhaps the clearest examples of climatic con
trol of bog development have belm provided by 
the Swedish scientist Granlund (1932), who has 
shown that raised bogs are absent from those parts 
of southern Sweden with less than about forty-five 
centimeters of rain per year, while above about 
sixty centimeters they account for over half the 
total area of peat land. Above one hundred centi
meters of rain, the relative importance of convexly 
domed, raised bogs tends to decline, owing to a 
mark.ed increase in the area of ombrogenous blan
ket bogs, which because of the extreme humidity 
are able to extend over gently sloping ground. 

In a special investigation within the provinces 
Sm~land and Svealand, Granlund was able to 
demonstrate a distinct correlation-for bogs of a 
similar size-between bog convexity and annual 
rainfall. For example, bogs of five hundred ~ 
diameter can grow to a maximum of 0.5 meters 
in height above the surrounding ground, with fifty 
centimeters of rain. With sixty centimeters, they 
can grow up to 1.7 meters, with eighty centimeters 
to 2.6 meters, and with ~ne hundred centimeters 
of rain the bogs may become raised to the extent 
of 3.4 meters. For bogs of two hundred meters 
diameter, the corresponding heights are about 0.4, 
1.1, 1.7, and 2.i" meters. Thus u·nder eighty centi
meters of rain, a bog two hundred meters in diam-
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eter may grow as high as one of five hundred meters 
diameter receiving only sixty centimeters of rain. 

It also appears from Granlund's studies that in 
the drier climate of eastern Sweden the raised bogs 
are often covered by pinewood, whereas in the ex
treme southwest, where rai~all is highest, very 
few pine bogs are found. With reference to a wider 
area, it may be pointed out that wooded raised 

. bogs ~re the rule in Poland (Kulczynski, 1949), 
with a distinctly continental climate, but are ab
sent (except in artificially drained sites) in the 
present wet oceanic climate of the British Isles. 
They were, howe~er, common in earlier phases of 
dry climate. 

A feature of interest here is that bog growth ap
pears to have been affected greatly by climatic 
fluctuations in the past. Under dry conditions, 
heathy species, cotton grass, and pine trees tend 
to be prevalent on ombrogenous bog surfaces in 
Britain, and the Sphagnum' remains decay more 
readily; whereas in a very wet climate they are 
preserved almost unchanged, and the other species 
are far less abundant on the bogs. Thus the peat 
laid down at any time reflects to some extent the 
climatic conditions of the period, and the presence 
in most European bogs of horizons of highly de
composed Sphagnum peat rich in ' heath roots and 
twigs, cotton grass tussock. bases, and sometimes 
pine stumps, suggests marked climatic shifts during 

. the post-glacial era. 
According to Granlund, a Sphagnum bog could 

be expected to grow rapidly to its rainfall-condi
tioned maximum height, whereupon its surface 
would become better drained, and overspread with 
species tYpical of drier conditions; in 'addition 
a more highly decayed peat would be formed. An 
increase in rainfall would then accelerate Sphagnum 
growth again, until the new maximum height was 
attained. Presumably if rainfall then decreased by 
a great deal, the convexity of the bog would be too 
great for it to remain waterlogged at the surface, 
in which case the uppermost peat might be expected 
to dry out, decay, and perhaps eventually erode 
away. However, Granlund's data are interpreted 
to indicate a generally rising precipitation during 
the past five thousand years or so, without any 
marked rev(,!rsion to a dry climate. A possible 
alternative interpretation has been suggested by 
Sjors (in litt.). If during dry periods a highly de
cayed peat is formed it will be relatively imperme
able (d. Malmstrom, 1923), so that an increase in 
climatic humidity to the previous level might well 
bring about sufficient waterlogging above the newly 

formed impervious layer to initiate further bog 
growth above the previous maximum height. In 
this way there is less need ' to assume a progressive 
rise in climatic hurilldity during successive wet 
periods. Certain objections to the simplicity of 
Granlund's hypothesis have also been raised by 
Godwin (1946), who prefers to view the activity 
of a raised bog as controlled by cyclic climatic 
changes irrespective of its height or convexity. 
Such an interpretation has many meritS, and does 
not exclude the possibility 'that climatic shifts will 
have their greatest effed upon bogs which have 
attained the greatest height. An interesting point 
about the main "recurrence surface" (as the bound
ary between highly decayed and well-presez:ved 
Sphagnum peat-which marks the climatic shifts
is called), is that it often seems to have arisen from 
a catastrophic flooding of the existing rather dry 
bog surfaces, as witnessed by the abundance of the 
more aquatic bog plants at the immediate junc
tion (Clapham and Godwin, 1949). In this connec
tion, Conway (1948) has suggested the possibility 

. that short-term climatic cycles may have a marked 
effect upon the balance between hummocks and 
hollows on the bog surface, and also that gradual 
long-term shifts may sometimes initiate rather 
sudden "threshold" responses by the · vegetation, 
with rapid changes once the boundary of climatic 
tolerance betw~en two communities has been 
crossed. The aforementioned phenomenon of 
"biological inertia" may perhaps be involved. 

An interesting suggestlon concerning the effects 
of climatic fluctuation has been made by Molder 
and Salmi (1955), in their discussion of the peats of 
the Vaasa district in Finland. There the 50-meter 
contour divides poorly humified coastal peats from 
mostly well-decayed upland peats. This contour 
marks the late-Littorina Period sea level, and dur
ing this era conditions seem (from pollen analyses) 
to. have been wet and warm. Thus mimy bogs be
gan to form at that time on the freshly exposed 
land surface, but peats tended to decompose 
readily. After the Littorina Period the climate be
came cooler, and bogs ~hich originated after that 
time (chiefly on land below 50 meters) accumulated 
relatively well-preserved peats. The above situa
tion illustrates most strikingly the interaction of 
moisture, temperature, and relief as factors condi
tioning peat accumulation. 

The general role of temperature in dete~mining 
the course of bog development can be seen from 
the prevalence of..peat lands at high latitudes. The 
kind of bog formed is also governed partly by 
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temperature (Sjors, 1950b), for as one progresses 
northward in Sweden the lessening of evaporation 
acts to some extent in the same way as an increase 
in precipitation, and favors the development of 
various types of blanket. peat on sloping ground. 
However, Sjors (in litt.) ' suggests that, given two 
identical landscapes of equal climatic humidity, 
some areas which would remain as flushed mineral 
soils in western Europe would be covered by slop
inK fens in the north, while cer~in of the flat 
mineral soils developed as podzols in the north 
would correspond in situation to some of the blan
ket bog formations in the west. In the valleys of 
the north, "ribbed mires" are often formed in 
whi.ch h~mock banks of bog vegetation, raised 
by frost action at right angles to the line of water 
flow, separate wet fen areas. 

In the extreme north of Scandinavia, under a 
severely cold winter climate with strong winds and 
little snow, and with the sub'soil permanently 
frozen, a peculiar form of peat deposit called "pals 
bog" occurs (Lundqvist, 1943). The "palses" are 
huge peat hillocks pressed upward from the sur
rounding fen, and frozen inside. They become very 
dry at times in summer, and carry a bog ve&etation 
rich in lichens. 

Kellogg and Nygard (1951) have pointed out 
that in Alaska the permanently frozen subsoil 
leads to waterlogging and peat formation even on 
fairly steep slopes. However, in eastern North 
America Potzger and Courtemanche (1955) found 
only very shallow peats of no more than 60 centi
meters depth within the permafrost zone. The 
depths of peat encountered by these workers in 
going from the St. Lawrence River valley to Payne 
Bay in northern Ungava decreased steadily north
ward. In the St. Lawrence valley peat deposits 
may exceed thicknesses of 10 meters, at Mont 
Tremblant (460 N) bogs may reach about 8 meters 
depth, beyond Clova (480 N) about 5 meters, at 
Rupert River (510 N) about 3 meters, and at 550 

N (in the forest-tundra transition belt) about 2 
meters) . In the tundra proper no typical Sphagnum 
bogs were observed, and peat depth seldom ex
ceeded 60 centimeters, as noted above. 

Another climatic factor of some importance is 
the supply of nutrients from the atmosphere, via 
sea spray, rain, dust, industrial pollution, etc. 
Since ombrogenous bogs derive almost all their 
nutrient salts · in this way, a difference in the 
amount supplied in various areas may be of great 
significance. While relatively few data are avail
able at present, in Sweden there appears to be a 

marked southwesterly increase in the amounts of 
sodium, chloride, potassium, ammonia, and nitrate 
supplied to the soil by· rainfall (Emmanuelsson, 
Eriksson, and Egner, 1954; Eriksson, 1955), with 
which may be associated certain floristic differ
ences (Du Rietz, 1949). For example, sweet gale 
(Myrica gale), the cotton grass Eriopho-rum angusti
folium, the bog moss Sphagnum papiUosum, the 
blue-green alga Chroococcus turgidus, and the 
diatom Frustulia rlwmboides, all present in fens 
receiving mineral soil-water in southern Sweden, 
are absent from raised bogs in the east but are 

. sometimes or often present in the west. They are 
also all present on ombrogenous bogs in Britain, 
with a host of other plants commonly absent from 
ombrogenous sites in Sweden, including the bog 
mosses Sphagnum recurvum, S. pulchrum, and S. 
subsecundum, the bog asphodel N arthecium ossi
fragum, the purple moor grass M olinia caerulea, 
the algae Tetmemorus grandis, T. laevis, Netrium 
digitus, and many others. Moreover, in western 
Ireland the ombrogenous blanket bogs are gener
ally dominated by the black bog rush Schoenus 
nigricans and the purple moor grass Molinia, in
stead of Sphagnum; and they possess many other 
species regarded elsewhere as mote typical. of fens 
supplied with mmeral soil water. Indeed, on the 
continent Schoenus is' regarded as a species of 
calcareous habitats. An explanation has been of
fered in terms of increased sea spray (Tansley, 
1939; Osvald, 1949; d. Gorham, 1953c), but seems 
unlikely to be valid in view of recent investigations 
(Gorham, 1956b; Pearsall, 1956) . These have 
shown that ill northern England and Scotland no 
such important floristic differences are apparent 
in bogs situated very near the sea shore, and re
ceiving exceptional quantities of sea spray (as 
shown by the very high levels of sodium and mag
nesium chloride in their waters). 

Previous studies (Pearsall and Lind, 1941; Gor
ham, 1953c) have been taken to indicate a much 
lower acidity in the peats of these western Irish 
Schoenus bogs than in normal Sphagnum-domi
nated ombrogenous bogs. However, recent investi
gations (Gorham and Sjors, unpub.) of undoubt
edly ombrogenous bogs in Ireland, with and 
without Schoenus, and in Great Britain, have 
failed to show any significant differences in the 
'chemical composition of water samples from bog 
pools where Schoenus is presen t and where it is 
absent. Moreq.ver, the western Irish bogs in general 
show little chemical difference from normal inland 
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" 
f 

• 

DEVEWPMENT OF PEAT LANDS 155 

British and Irish bogs except as regards sea spray 
effects. 

Another point emerging from chemical analyses 
of rainfall may be of interest (Gorham, 1955a). It 
is likely that industrial contamination of the at
mosphere has led to a marked increase of sulfuric 
acid and ammonia in rainfall, and also perhaps of 
potassium and calcium. While the biological conse
quences are not easy to establish, they may well 
. have been appreciable, and some of the deleterious 
changes' in mooriand floras ascribed to drainage, 
burning, and grazing have perhaps been assisted 
by increasing acidity (or other changes) in the rain. 
In contrast, the added nitrogen and mineral supply 
may have been beneficial. In this connection, 
Swedish soil scientists (Mattson and Koutler
Andersson, 1954) have suggested the possibility of 
a phase of rapid bog growth in recent centuries, 
dependent upon the increased atmospheric supply 
of minerals from wind erosion of cul~vated soils, 
and of nitrogen from fossil fuels. It may be pointed 
out that atmospheric 'ammonia may be absorbed 
by acid humus directly from the gaseous state, 
without the necessity for washing out by rain, and 
ammonia is an important component of atmos
pheric pollution. 

A last climatic factor to be mentioned is wind. 
Both the direction and strength of the wind influ
ence atmospheric precipitation of various elements 
in large measure (Gorham, in prep.). Wind is also 
an active agent of peat erosion. The Swedish ecolo
gist Osvald, who has had much experience of 
British peat lands ' also, states (Osvald, 1949) that 
many cases of blanket bog retrogression are due 
primarily to wind erosion. After high winds have 
scooped hollows out of the peat, water erosion can 
connect these into a system of channels, whose 
orientation depends upon ·the prevailing direction 
of the eroding winds, and upon the slope. Osvald 
also believes that freezing temperatures are neces
sary for serious wind erosion in Britain, although 
on the European continent the longer periods of 
summer drought may provide similarly suitable 
conditions. 

A minor effect of wind, upon the orientation of 
hummocks and the distribution of plants on them, 
has also been noted by Osvald in Britain. Under 
severe wind stress, normal growth often takes place 
only to leeward, being largely inhibited on the 
eroded and over-steepened windward side. In less 
extreme cases, the plants to windward and leeward 
may be quite different. For instance, in the Wick
low Mountains of Ireland, the mosses Rhacomit-

rium lanuginosum and Leucobl'yum glaucum-com
monly dominant on high hummocks-in general 
seem to favor the windward and leeward faces re- . 
spectively. A most extreme case of this phenome
non has recently been recorded by Roivainen 
(1954, pp. 149-150) from Tierra del Fuego, where 
he describes a whole bog ribbed by banks of Sphag
num magellanicum at right angles to .the prevailing 
wind. 

A rather similar development is reported from 
Australian bogs by Millington (1954). There hum
mocks apparently form in the shelter of shrubs, 
such as Epacris brevifolia and Callistemon sieberi. 
Under the former, as tile hummock grows in height, 
wind tends to erode it on the westerly face, so that 
the hummock gradua.Uy shifts to leeward, where 
Sphagnum growth remains active. However, there 
is evidence that once the hummocks have been 
moved away from the shade of the shrub, they suf
fer from exposure, and may stop growing or even 
decay, unless new shrubs pecome established. In 
the denser shade of CaUistemon, the moss grows 
best toward the edge of ·the· canopy, so that the 
bush comes to stand in a "saucer" of Sphagnum. 
Under continuous shrub cover, on the other hand, 
hummocks completely fail to develop, and the bog 
surface is smooth and even. 

The Topographic Factor 

The main ecological function of land form lies 
in determining local moisture conditions, as against 
the general pattern controlled by climate; but the 
nature of the relief also has an important influence 
upon the flow of nutrients leached f.rom the soil 
by rain. W. H. Pearsall (1950) has dealt at length 
with the topographic factor in relation to British 
moorlands and bogs, and his description of the 
influence of slope upon vegetational distribution 
in the northwestern Scottish Highlands serves as 
an excellent illustration of its · importance under 
very wet climates. 

The major plant communities of the area are 
birchwood and bog, with the woodlands commonly 
restricted to the well-dramed and richer soils of 
unstable or recently stabilized slopes, and the bog 
lands of deep peat occupying the gentler slopes and 
flat ground of both the plateaus and the .valley 
bottoms. Of the various kinds of bog vegetation, 
deer grass (Trichophorum) communities with pur
ple moor grass (Molinia), bog moss (Sphagnum), ' 
and heather (CaUuna) usually cover the deeper 
peats on the flatt~r parts of the pleateaus. Heather 
moor may dominate the better-drained upland 
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situations, often at the steepened transition zone 
between the deer-grass bog and the birchwoods, 
although Molinia- Myrica communities are preva
lent wherever a peaty flush from the bog above 
makes the soil sufficiently damp. Below the birch 
w<?ods, as the slope becomes gentler again and 
percolating waters seep out at the soil surface, 
M olinia-M yrica areas are generally found-some
times with remains of alder and birch from an 
earlier damp woodland phase. Alder still persists 
in SOme of the more silted zones along streams in 
the valley bottoms, but on the flat and poorly 
drained ground farther away from the streams, 
deer grass and bog moss may combine with the 
purple moor grass to form deep peats resembling 
those of the uplands in their ombrogenous charac
ter. 

In the wettest parts of Britain, deep blanket 
peats cover quite steep slopes, up to one and one
half meters of peat being sometimes recorded on 
slopes of twenty degrees, or about one in three. 
In such situations, as the bog gtows it must either 
develop its own internal drainage system, or even
tually become so big that the accumulation of 
water during heavy rains may exceed the holding 
capacity of the peat, and lead to a flow of the whole 

--9 mass downslope (Friih, 1897; Granlund, 1932; 
Osvald, 1949). Slight changes of slope may also 
be of decisive importance for the stability of blan
ket peat deposits. Where such a bog, during its 
development, overgrows the steeper margins of a 
plateau or hanging valley, exceptional rainy periods 
may likewise cause the bog to flow at that point, 
and huge blocks of peat to slide down from above. 

A somewhat similar overgrowth phenomenon 
has been observed on a much smaller scale in some 
Australian swamps (Millington, 1954). These have 
grown gradually upslope in the granite gullies of 
the Snowy Range, owing to restriction of seepage 
and backing up of the water table by peat accumu
lation around the original spring. With the advent 
ot heavy rains, a head of seepage may build up 
in excess of the peat's ability to contain it, and 
water-inflated "blisters"--six to nine meters in 
diameter and up to sixty centimeters high-form . 
toward the lower end of the swamp; and eventually 
burst. 

------7 It has been suggested by Conway (1954) that 
climate and topography have combined on a more 
general scale in Great Britain, to bring about a 
great deal of peat erosio!1 in the Pennine uplands 
during fairly recent times, widely assisted by hu
man agencies. At altitudes over 370 meters, the 

. wet climate initiated at the Boreal Atlantic Transi
tion (about 6,000 B.C.) gradually reSulted in ex
tensive peat formation in favorable topographical 
situations. However, the excessive wetness of the 
last two millennia appears to have brought about 
extremely rapid accumulation of loose, tu;ldecayed 
Sphagnum peat in the uplands, where rainfall is 
heaviest. This eventually led to mechanical in
stability and widespread peat erosion above about 
450 meters. The influence of man (forest clearance, 
grazing, and· burning) appears to have accentuated 
erosive activity during the last thousand years, 
and to have prevented the normal healing process ' 
of Sphagnum regeneration which tends to counter
balance erosion. 

In the more continental climate of Poland, ero
sive forces are naturally less catastrophic, but 
Tolpa (1947) has described a case where, in an 
upland bog of a rather more atlantic type than 
usual, erosion has led to the formation of large 
"peat lakes" on top.of an extensive convex deposit 
of Sphagnum peat. 

Concerning the distribution Qf Swedish peat 
types in relation to relief, Sjors(1948) has noted 
that in northern Sweden ombrogenous bogs tend 
to occur on the more permeable ghJ.cial sands and 
gravels of the valleys, while the less porous till of 
the hills and plateaus favors fens influenced by 
mineral soil water. 

In the distinctly continental climate of Poland, 
topography assumes a very important role in de
termining the course of bog formation, and Kulc
zynski '(1949), in his fascinating treatise on the 
peat deposits of the Polesie Basin, discusses at 
great length the complex ways in which relief con
ditions peat accumulation. An ~mportant point 
about bog development in Poles ie, which must be 
firmly grasped, is that vegetation generally char
acteristic of truly convex raised bogs elsewhere is 
found upon peat surfaces which are not apparently 
raised above ground water level, but which are 
nonetheless called raised bogs-according to their 
floristic affinities and type of peat. Only in a f~w 
instances, where the peat deposits are over a 
kilometer in diameter, does a slight surface con
vexity become discernible, and it is only in these 
bogs that true "hummock and hollow" regenera
tion complexes have been recorded. 

Kulczynski's main thesis is that the principal 
division, into "raised" and valley bogs (these latter 
are all fens in the terminology of Du Rietz, 1949), 
is dependent upon water flow. Sites receiving a 
terrestrial inflow of enriched mineral soil-water do 
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. not develop into "raised bogs," but remain as 
valley bogs, dominated by reed swamp, sedge fen, 
or carr woodland communities. While in suffi
ciently oceanic climates the bog moss may invade 
such areas, and form true raised bogs on top of 
them, this is not possible in the drier Polish climate, 
with its well-marked water-balance deficit in sum
mer (evaporation exceeding precipitation). Thus 
in . Polesie ~e development of vegetation-desig
nated "raised bogs" is restricted to watersheds, 
where the moisture supply is entirely atmospheric, 

. and .therefore deficient in nutrients. An example of 
the delicacy of vegetational adjustment to the 
hydrological regime is given in Fig. 2 "(drawn after 
Kulczynski), where a rise in ground water table of 
one and one-half meters, in a sandy dune ridge 
spanning three kilometers, is enough to differenti
ate the wet-hollow communities on the ridge into 
"raised bog" or transitional "raised bog," in con
trast to the typical valley bogs found on the lower 
ground to either side. Under continental climatic 
conditions the surfaces of all bogs conform to the 
ground water table. However, in the Polesie "raised 
bogs" this ground water table, which may be con
vex as shown in Fig. 2, merely represents the 
hydrostatic equilibrium between grav:ity and soil 
capillarity, and is regenerated solely by rain falling 
directly upon the watershed. Only where the perco
lating surplus moisture, enriched in nutrients, · 
seeps out from the subsoil into the valleys, are the 
reed swamps, sedge fens, and alder-willow carrs of 
valley bogs able to develop. 

If on such a ridge as that in Fig. 2, the slope is 
very gentle and the water table sufficiently high, 
"raised bog" coverage will assume much greater 
proportions, so t;hat a blanket peat-evening up 
minor irregularities in the landscape, and some
what resembling those of oceanic climates-will 
be formed. However, in this instance it will be 
more directly limited by the level of the ground 
water table than is the case with its more westerly 
homologues. 

It should be pointed out that there are occasions 
on which valley bogs become transformed into 
"raised bogs." Rather paradoxically, this occurs 
as a result of the removal of river-water drainage 
into the valley bog, usually owing to river capture. 
By this means, terrestrial inflow of mineral soil
water may be diverted, and the site removed from 
the stream network onto a terrace or water-shed 
where it receives only rainwater. The diminution 
of nutrient supply consequent upon the change in 
water regimen leads to development of pinewood 

and Sphagnum hummocks, and metamorphosis 
into a typical "raised bog." 

Such phenomena may also be observed to cause 
development of truly raised bogs under wetter con
ditions. A good example is described by Kulczynski 
from the Carpathian district of southern Poland, 
in a damp mountain climate (annual rainfall about 
eighty centimeters). Thi,s bog has, except at the 
edge, a treeless dome of Sphagnum peat ten meters 
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FIG. 2. DIFFERENTIATION OF POLISH BOG TYPES 
ill RELATION TO TOPOGRAPHY AND HYDROLOGY 

(After Kulczynski, 1949). Vertical = 700 X hori-
zontal scale. Explanation in text. 
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FIG. 3. TRANSFORMATION OF FEN INTO RAISED BOG 
THROUGH RIvER CAPTURE 

(After Kulczynski, 1949, schematized) . Explanation 
in text. . 

thick, overlying fen peat and lake muds. At the 
boundary between the fen and the Sphagnum peats 
is a horizon of forest peat. The bog lies, as shown in . 
Fig. 3 (after Kulczynski), in a shallow depression 
of a gently eastward-sloping terrace, on the water
shed between two large rivers (N and S). It is 
drained on its north side, by a small stream (1) 
leading east through a wide depression, into the . 
southern river. The hill (K) to westward is drained 
by two small streams (2 and 3) coming down in 
narrow gorges onto the bog terrace, where they 
diverge sharply north and south to feed the large 
rivers Nand S. 
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It appears highly probable that in the past 
streams 2 and 3 flowed through the bog site, which 
at that time was occupied by fen, into stream 1. 
(The old fen surface slopes to the east, and not 
toward the present drainage line along the north 
side of the bog). Then, as tri~utaries from the large 
rivers to north and south cut back into the bog 
terrace, they captured streams 2 and 3, thus re
moving from the fen its terrestrial inflow of mineral 
soil-water, and providing conditions suitable for a 
forest invasion, and subsequently the development 
of raised bog Sphagna. 

In Britain the cutting back of streams may also 
have marked efI~cts. According to Pearsall (1950), 
it may frequently be the cause of extensive peat 
erosion from the upla.p.d blanket bogs of the moun
tain plateaus, along with bog flows, and the over
development of internal drainage channels be
neath the peat-which may lead to collapse of 
the peat above and gully-formation throughout 
the bog. 

Stream silting may also have important conse- . 
quences for bog development. Pearsall (1918) has 
ascribed the differentiation of fen meadows later
ally from the principal inflow into Esthwaite Water 
to this factor, with reedgrass communities on the 
heavily silted stream embankment, and sedge as
sociations on the more peaty soils forming farther 
away. 

The effects of silting upon bog development are 
extre~ely well illustrated by Darlington's (1943) 
extensive investigation of Cranberry Glades, in 
West Virginia, U.S.A. In this rather southerly 
location, Sphagnum bogs are found chiefly in the 
mountains, and at Cranberry Glades they are 
further favored by the presence on Cranberry 
Mountain ot" numerous cold springs, which feed 
the streams running through the peaty flats. How
ever, the pattern of peat accumulation (which ex
ceeds three meters in places) is largely dictated by 
local relief, controlled in turn by the nature of ·the 
underlying rocks. 

The peaty area occurs ·near the source of the 
Cranberry River, in a wide valley believed to have 
developed through the damming back of drainage 
by hard conglomerate rocks downstream, which 
led to sideward stream-cutting and base-levelling 
in the softer shales beneath the present Glades. 
During late glacial times, when the swollen streams 
were heavily laden with soil eroded from the bare 
mountain sides, interposition of the level valley 
floor in the stream courses caused much of the 
suspended material to sediment there, with the 

coarser gravelly fractions building up embank
ments or levees along· the stream sides, and the 
finer clays settling in the ponded hollows forming 
behind the levees, especially in the angles of stream 
junctions. In the post-glacial period, plant growth 
initiated peat accumulation in these poo~ly drained 
depressions (which make up the present open 
"glades"), while levee-building slowed down and 
gradually ceased-due ·to lessening water supply, 
increasing vegetation cover on the mountains, and 

. also to capture of large areas in the Cranberry 
River drainage basin by the Greenbrier River 
system, cutting back into the softer rocks of the 
Cranberry headwaters. 

Vegetation distribution followed the drainage 
pattern, with a bog forest of spruce (Picea rubens) 
o~ the moderately acid solls (PH 4.5) along the 
margins of the valley, Alnus incana-Sambucus 
canadensis' shrub communities on the circumneu
tral silts (pH 6.1) of the stream courses, Alnus 
incana-Viburnum cassinoides-S phagnum palustre 
communities on the shallow acid peats (pH 4.4) 
adjoining, and more typical fen and bog associa
tions on the deeper peats of the old ponded de
pressions. Among these, Carex rostrata-Sphagnum 
capiUaceum communities occupy the moderately 
acid deposits (PH 4.4) most subject to flooding by 
mineral soil. water from the streams, ~ith Sphag
num capiUaceum, S. palustre, Vaccinium oxycoccus, 
and Rhynchospora alba associating on slightly 
deeper and considerably more acid peats (PH 4.0). 
The drier and slightly elevated central peats of 
the glades,' which are wholly ombrogenous and 
very acid (PH 3.8), are covered by Polytrichum 
(strictum, ohioense, and commune) ·and Cladonia 
(rangiferina and tenuis) communities. Eriophorum 
virginicum grows over the whole of the open glades, 
and provides a common autumnal aspect for 
several communities. 

Regarding the future of the area, bog forest is 
now encroaching on all sides, and this sign of in
creasing drainage is supported by the fact that the 
Cranberry River has lately cut a new and almost 
straight course .through the glades to replace its 
old meandering channel. Such rejuvenation is 
probably consequept upon the river's having 
finally cut through the hard Princeton conglomer
ate downstream, into softer Hinton strata. Further 
and more rapid stream-cutting may be expected 
to lead eventually to increased peat erosion, and 
ultimately to colonization of the glades by the 
normal hardwood forest of the region. 

Yet another Axnerican instance of levee-forma-
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tion leading to peat accumulation, in this case 
very recently, has been given by Potzger (1934). 
In the Indiana site he described, a large stream has 
succeeded in ponding off a small inflow behind its 
silt embankment, with consequent death of forest 
trees and development of Sphagnum .on as much 
as six feet of peat in the deepest part of the basin. 

In Polesie, it has been shown that topography 
can, through its influence upon nutrient supply 
(i.e. enrichment by ·terrestrial inflow), determine 
whether or not "raised bog" development will 
take place. It may also, through purely hydro
dynamic effects, be decisive for the ·course and 
extent of peat accumulation by valley bog com
munities of reed swamp, sedge fen, and carr wood
land. Evidently, unless the water table gradually 
rises, peat deposition by anyone of .·these commu
nities will not go on for long, as the concomitant 
shallowing of the basin will initiate vegetational 
succession. However, in certain situations the for
mation of peat may itself retard water flow, and 
thus bring about a sufficient rise in the water table 
to allow local vegetational stability. In this way 
thick layers of homogeneous reed, sedge, or carr 
peat sometimes do build up. The topographic con
ditions requisite for the deposition of deep valley 
bog peats must now be examined, following the 
line of Kulczynski's arguments. 

It is clear that peat bogs are not found in every 
river valley, but only in those where the water 
volume is small in relation to the size of the valley, 
and insufficient to induce erosion during flood 
periods. Since reduction in drainage area is com
monly the cause of reduced flow, and is itself most 
frequently brought about by river capture, ex
tensive peat bog development of both the "raised" 
and valley bog types should be looked for, accord
ing to Kulcyznski; in the vicinity of watersheds, 
where river capture is most frequent. In this con
nection, Polesie-the largest marshy district in 
Europe-lies on the main European watershed, 
between the Baltic and the Black Sea. It has also 
experienced vast hydrogeological changes in post
glacial times, owing to capture of large parts of the 
original drainage basin (of the proto-Pina River) 
by the rivers Bug and Niemen, and in southern 
Polesie to extensive shortening of the river sys
tems, which now run mainly south to north in
stead of southwest to northeast. 

Where the general land form is thus favorable to 
bog development, subsidiary factors such as the 
shape and size of the local drainage basins may, by 

. influencing water inflow and retention, determine 

the course such development will take. In all but 
v.ery small drainage basins, wherever the relief 
promotes water retention, the vegetable debris 
will remain water-soaked for long periods, and well 
preserved. They will therefore be light in weight 
and, floating to the surface at high water, will re
tard water flow even more. In Polesie, slow flow 
appears to produce sedge fens with well-developed 
moss layers. On the other hand, where water re
tention is not so great, the vegetable remains will 
be exposed more often to the air, and hence be 
more decayed, heavier, and more liable to sink. 
The influx of large amounts of relatively heavy 
mineral· soil materials and slime from outside the 
bog will add to the sinking tendency. Such heavy 
slimy peat off~rs little resistance to a rather strong 
water flow, which through its erosive power is 
liable to become distinctly channelled. In such sites 
reed swamp, devoid of associated moss species, is 
commonly the dominant plant community. 

In valley bogs with very small drainage areas, 
the precipitation deficit during summer in Polesie 
is of course an important factor, inhibiting to some 
degree the formation of mossy sedge meadow even 
in places with marked powers of water retention. 

The dynamics of land form alter bog develop
ment in other ways than by river capture. For ex- ' 
ample, tectonic upheaval may well explain strati
graphical anomalies due to erosion in the great 
Degero Stormyr bog complex in northern Sweden 
(Malmstrom, 1923; Kulcy:znski, · 1949). And 
changes in the relative levels of land and sea have 
had a profound 4illuence upon vegetation succes
sion and peat accumulation in the fens. of East 
Anglia (Godwin and Clifford, 1938) and of the Nor-
folk Broads district (Lambert, 1953) . <:--

The gradual emergence of the Feimoscandian 
land mass from the sea during postglacial times 
has also had a strong influence upon the pattern 
of bog distribution. A recent account of peat lands 
in the Vaasa district of west central Finland pro
vides evidence on this point (Molder and Salmi, 
1955). In this region, where peat formation takes 
place not only in water-filled basins, but also on 
normal forest land, the uplands exhibit a much 
greater peat coverage than the more recently ex
posed coastal areas, largely because of their greater 
age. In this connection, along the co.ast many bogs 
are entirely covered by one type of vegetation, 
while in the uplands they have spread and merged 
extensively so that bog complexes with a number 
of plant communities are more often encountered. 

Peat deposl'ts are most abundant on the water-
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sheds where the big rivers rise, and a greater pro
portion of open Sphagnum bogs is found there 
than elsewhere. However, in the neighborhood of 
the two main river systems the increased efficiency 
of drainage has restricted peat accumulation, al
though the rivers flow through very boggy districts. 
It may be noted that the land uplift has in many 
cases affected the drainage .pattern strongly, so 
that lakes have transferred their outflows from 
north to south or southeast. This has resulted in 
many southern shores becoming boggy, while 
peat is frequently absent from the northern edges. 

As might be expected, bog types show a close 
relation to altitude in this district. The more eu
trophic reed, sedge, and grass bogs occur chiefly 
on the coast, where the area of peat land is in
significant. These are rather wet bogs in general, 
especially the reedy ones which are as a rule only 
a meter or so ~bove sea level. The grass and sedge 
bogs, which succeed the reedy types in the 1-5 
meter zone, are drier and more mossy. Pine bogs 
account for much of the bog area more than 5 
meters above sea level, where drainage is better. 
Pine bogs yvith Ledum palustre ar~ common in the 
5-10 meter zone, but other types are most frequent 
between 10 and 18 meters. Above 18 meters raised 
bogs appear, and Sphagnum becomes more im
portant. 

It is of course true that the above differences are 
partly developmental, for the upland bogs exhibit 
in their profiles reed, sedge, and grass typical of 
earlier stages in the plant succession. However, the 
uplift does exert some influence upon drainage, and 
it is probably true to say that unless it were taking 
place the older bogs might .b.ave undergone a dif
ferent and wetter type of development. 

The importance of relief in relation to nutrient 
flow may be noted in connection with the chemical 
differences between ombrogenous and other types 
of bogs. As a further example of its' influence, some 
recent data from Cranesmoor-a valley bog in 
southern England-may be of interest (Newbould 
and Gorham, 1956). On this area of deep peat, two 
diffuse inflows bearing chiefly Schoenus nigricans
M oliniacaerula-M yrica gale communities enclose 
a slightly raised area, still receiving some inflow 
off the mineral soil but dominated by Sphagnum 
papillosum and Rhynchospora alba. The adsorptive 
capacity of the peat in the vicinity of the inflows 
is generally slightly more than half saturated by 
metallic cations, while in the less flushed central 
Sphagnum patch hydrogen ions predominate by a 
small margin. Similarly, the lines of inflow are 

characterized by waters rather less a.cid and some
what richer in mineral salts than those of the 
SPhagnum area. However, it may be doubted 
whether these differences (water. pH 5.1 as against 
4.8, a twenty per cent difference in specific con
ductivity of the water, and 58 as against 45 per 
cent metal cation saturation of the peat) are of the 
first importance to the vegetation. What may be 
of greater significance is the fact that nutrient sup
ply per unit time must be much greater in the more 
flushed lines of inflow. In this connection; the total 
dry weight of green plant material per unit area 
has been found to be about two .and one-half times 
as high in the Schoenus-Molinia-Myrica communi
ties as in the Sphagnum-Rhynchospora enclosure. 
In addition, the former vegetation has about twice 
the percentage of mineral ash, and one and one
quarter times the percentage of calcium in the 
Sphagnum-dominated vegetation, so that the total 
uptake per unit area is far higher in the sites re
ceiving more inflow. These facts tend to support the 
view that there is a much greater absolute nutrient 
supply along the lines of inflow than the differences 
in acidity and base status would suggest. The con
stant water movement also ensures that diffusion 
pockets will not develop around plant roots and 
thereby retard the rate of ion uptake (Olsen, 1950). 
It may further be remarked that individual tillers 
of several species are heavier in the more flushed 
areas than in the central Sphagnum island. 

. To conclude this discussion of the topographical 
factor, a somewhat paradoxical relation between 
peat formation and relief-observed at Carrowkeel 
in Ireland by Webb (1947)-may be mentioned. 
In this district, the highly humid climate permits 
peat accumulation in some places even on a rather 
dry limestone substratum, and in the transition 
between grassland and moorland, peat is found to 
accumulate chiefly 'on knolls or other better-drained 
situations. This phenomenon may be explained by 
assuming that the climate is sufficiently wet to 
allo>y peat formation ~ven on the best drained 
soils, and that its develo!lIlient is restricted to them, 
owing to the absence there of calcareous flush 
waters inimical to the growth of moorland species 
and favorable to peat decay. 

The Geological Factor 

Geology conditions bog development both 
physically, through its effects upon the .permea
bility and erodability of the soil, and hence upon 
water relations, and chemically, by its effects upon 
.nutrient supply . . , 

I 
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With regard to the physical factor, the Cran
berry Glades bogs discussed earlier (Darlington, 
1943) provide a striking illustration of {ts influence. 
Rigg and Strausbaugh (1949) haye also pointed 
out that in these cool, moist mountain situations 
in West Virginia the hard Pocono sandstones favor 
Sphagnum bog formation; in two ways. First, de
.pressions in such rocks are slow to drain, owing to 
the difficulty of stream cutting; and second, the 
sandstones may dam up drainage of streams flow
ing through softer rocks above (e.g. Greenbrier 
limestone), and thus create waterlogged flats suita~ 
ble for Sphagnum growth. (A third possibility is 
that the slow-weathering sandstones may be very 
poor sources of nutrients, and thus favor peat 
accumulation in this way too). 

A few additional examples of physical control
ling factors may now be quoted briefly. Pearsall 
(1950) has suggested that in northern . Britain the 
frequent formation of iron pans in the more sandy 
and porous substrata may lead to waterlogging, 
and finally to peat accumulation. By way of 'con
trast, in the Snowy Range of Australia it appears 

. (Millington, 1954) that granite soils are more 
favorable to the building up of thick peats than 
basaltic types, chiefly because of the greater per
meability and depth of the former, which favors the 
accumulation of large subsoil water reserves. 

The development of bogs in karst limestone sink
holes, where puzzling alternations of peat types 
may occur, provides a further illustration of the 
action of the geological factor, partly physical and 
partly chemical. Kulczynski (1949) reasonably 
ascribes such phenomena to subsurface slumping of 
the limestone brought about by. the formation of 
un!1erground solution channels. In this way a peat 
surface which had builf up to slightly above water 
level, and had thus become more acid and less 
well supplied with bases, as well as changed 
floristically, might be reflooded with alkaline water 
from the solution hollow, and revert to its original 
chemical and floristic state. 

The purely chemical aspects of the geological 
factor are also of much importance in differentiat
ing peats and their plant communities. For in
stance, the floristic richness of fens in limestone 
country has long been recognized, and has been 
discussed in detail for Swedish habitats by Du 
Rietz (1949) and Witting (1947, 1948, 1949). The 
latter author has carried out extensive cation anal- . 
yses of fen waters in numerous sites, clearly show
ing correlations between plant distribution and 
their base status and acidity, whiCh in many cases 

'depend upon local geology (d. also Gorham 
1955b). 

In the East Anglian fens the local importance 
of geology, through its influence on the a~alinity 
of the surface drainage waters,. has been most 
evident in the investigations of Godwin and Clif
ford (1938). In the Woodwalton basin, with lime
poor drift and no large rivers, raised bogs developed 
exteJ;lsively in postglacial times; whereas in the 
other parts of East Anglia, fed 'by large rivers off 
the chalk, such communities occurred only mar
ginally, or during dry climatic phases when the 
peat surfaces were less likely t.O be flooded by lime
rich waters. 

The interrelation of topographic, climatic, and 
geologic factors has also been outlined for the 
Somerset levels in Britam (Clapham and Godwin, 
1949). There, during two periods of suddenly in
creased rainfall, the raised bogs of the poorly 
drained coastal clay plain were widely flooded by 
calcareous drainage from the surrounding lime
stone uplands, and became colonized by the saw
sedge Cladium mariscus. Only a few bogs in ex
ceptionally elevated or otherwise protected situa
tions escaped this influx of calcareous water, and 
even they reflected the change in humidity by be
coming covered with more aquatic-though still 
acidic-plant communities. A possible alternative 
explanation of the later flooded horizons is that ' 
they developed in response to drainage changes 
bro~ght about by marine transgression (Godwin, 
1949). 

Regarding the correlation between peat type and 
underlying rock, Tamm (1950) has pointed out 
that in Sweden the local geology may modify the 
general climatic control of peat quality, as judged 
by its suitability for forest growth after drainage. 
Where limestone or clay s.chists are found, peats 
may be amenable to forestry operations even where 
the humidity is rather high. However, on quartz
ites, sandstones, and porphyry, forestry may be 
impracticable even although the climate is rela
tively dry. In Finland, Molder and Salmi (1955) . 
record that Carex-dominated peats are chiefly 
concentrated upon basic bedrocks or those with 
minerals rich in mica. Biotite gneisses favor woody 
peat types as well. It is also reported that the usual 
oligotrophic pine bogs may be replaced by eutro
phic types in certain limestone areas. 

A British example of the dependenc~ of peat 
type upon underlying rocks has recently been 
furnished by Moore (1954). It is claimed that the 
boundary between Trichophorum caespitosum and 
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Eriophorum vaginatum bogs in the Wicklow Moun
tains of Ireland depends not so much upon alti
tude-which was formerly thought to be the case
as upon the transition from granitic substrata 
(with Trichophorum) to shales and schists (with 
Eriophorum) , the vegetation following almost 
exactly the line of contact between the rock strata. 
According to Sjors (in litt.) , no similar relationship 
would be expected in Sweden, however. 

A new field of peat chemistry which is only now 
begipning to be studied is that concerned with 
the so-ca.lled trace elements, such as zinc, copper, 
lead, cobalt, nickel, chromium, arsenic, molyb
denum, boron, etc., whose distribution is probably 
related in large measure to local geology. Prelimi
nary studies have shown great variability in the 
contents of numerous trace elements in peats from 
different Scottish bogs, and their distribution 
within the peat profile also varies markedly (Mit
chell, 1954). These elements seem to be present 
mostly in forms of low solubility, and their biologi
cal· significance is practically unknown. Salmi 
(1950, 1955) has demonstrated that in Finland 
certain trace elements may be concentrated in 
peats lying near ore or sulfide-bearing rocks·. 

As a-last illustration of the role of chemical fac
tors, the case of the "dead" swamps of southeast 
Ugandlj. may be described (Chenery, 1952, 1954). 
In certain parts of the Kigezi district, where Pre
cambrian schists and phyllites are found, and where 
salt licks of sodium sulfate occur in the hills, peats 
covered by dense papyrus swamps may cease, 
~pon drainage, to support any higher plant life at 
all. The explanation given is that sodium sulfate is 
formed in the hills by oxidation of pyrites and 
reaction with sodium-rich minerals, and washes 
into the edges of the swamps. There sulfur precipi
tates through bacterial reduction as ferrous sulfide. 
However, upon drainage and oxidation large 
amounts of sulfuric acid and ferric hydroxide are 
formed, the pH drops below 3, and toxic amounts 
of heavy metals are dissolved from the mineral 
fractions of the peaty soils. Reflooding appears to 
bring about amelioration of the soil conditions 
and restoration of the papyrus cover. 

Similar chemical conditions may be found in 
certain lacustrine deposits in Scandinavia, some of 
them rather organic, which have become partially 
drained through coastal uplift (Wiklander et al., 
1949, 1950). Later and more extensive drainage 
by human agencies has produced very high acidi
ties, in the same manner as in Uganda. 

The Biotic Factor 

In considering the biotic control of peat develop
ment, the well-known effects of human cultural 
operations (see for example the recent International 
Peat Symposium held under the auspices of the 
Bord na Mona, Dublin, 1954) spring first to mind, 
but need not be examined in detail here. The im
portance of atmospheric Eollution has already been 
mentioned, and Lambert's (1953) studies on the 
origin of the Norfolk Broads provide an extreme 
example of the influence of peat-digging in the 
past. Among animals other than man, the beaver 
is probably one of the most influential. In many 
parts of North America the normal drainage pat
terns set by topography have been drastically 
altered by damming, and the distribution of peat
forming plant communities has been correspond
ingly modified. A noteworthy example of inverte
brate animal influence has recently been provided 
by Hedberg (1954) from tropical East Africa, 
where tussocky Carex runssorensis bogs with in
terstitial Sphagnum carpets are found in certain 
alpine situations. In this part of the world, it ap
pears that there are species of earthworms which 
eat Sphagnum, thus transforming it into a muddy 
or crumbly · substance very unlike the normal 
Sphagnum peat of the north temperate zone. 

There is another and equally important aspect 
of the biotic factor which deserves recognition, 
namely, the influence of widely different floristic 
and vegetation types. For instance, bog develop
ment in the Snowy Range of Australia (Milling
ton, 1954), in Uganda (Lind, 1954), and in Tierra 
del Fuego (Roivainen, 1954) is very different from 
that of the north temperate zone, in so far as the 
major peat-forming species are often very differ
ent. There appears to be only one species of the 
bog moss Sphagnum in the above-mentioned Aus
tralian bogs, and as far as one can gather, the 
number of species in East Africa and Tierra del 
Fuego is rather small compared to the wide variety 
in the bogs of Europe and North America. Even as 
between northwestern Europe and northeastern 
America, marked floristic differences are observed, 
although the major genera of higher plants, and 
even the species of Sphagna, are often common to 
both (d. Nichols, 1918; Tansley, 1939). And dif-

. ferences within the European continent, and even 
inside the British Isles, have been remarked on 
earlier in the discussion of ombrogenous bog vege
tation. 

Nevertheless, in spite of such wide floristic di-

.' 
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vergence, it is indeed remarkable how similar the 
problems of bog development are in all these areas. 
;I:n the opinion of the present author, a bog ecolo
gist would probably find it much easier to adjust 
his preconceptions to work in another of these 
regions than would his colleagues concerned with 
forests or grasslands and their soils. 

Although it has been little examined, a minor 
question of some interest arises with regard to sub
specific entities within the floras of peat lands. As 
an example, the case of Eriophorum vaginatum 
might provide a useful subject for such an investi
gation. This plant commonly occurs on bog hum
mocks in Britain, and particularly on drained bogs. 
Moreover, its shoot bases are also very abundant 
in a distinct layer at the base of the Sphagnum 
peat ~ certain bog profiles (Rankin, in Tansley, 
1911; and personal observation). The natural in
ference might well be that such a layer represents 
a phase of surface desiccation, probably climatic 
in origin. However, in eastern Sweden this. species 
may be more characteristic of hollows, and reach 
its maximum abundance and vigor in the wet 
marginal fen (lagg) adjoining most raised bogs, and 
thus be typical of the stage immediately preceding 
raised bog development (Du Rietz, 1950; Gorham, 
1950). The question might then be posed as to 
whether the Eriophorum horizon deep in the .Lake 
District bog profiles may represent a normal tran
sition phase of development, as in eastern Sweden, 
or rather a phase of drier surface conditions similar 
to those of present drained bogs, as heretofore sup
posed. If the former, is the present race of Eriopho
rum o~ the drained peats the same as that of 
earlier times, and the same as that of the present 
Swedish marginal fens, or are different races in
volved, with different tolerances and requirements? 
It may of course be that in Britain the greater air 
humidity allows this plant to grow in drier habi
t;<tt; 'Ll~_ in Sweden, but the problem remains of 
what conditions were like during the earlier 
EriopJwrum phase. 

Analogous problems arise in the case of Schoenus 
nigricans, which appears to be a distinct calciphile 
on the European continent, while growing in both 
calcareous and acid sites in the west of Ireland and 
in southern England. A possible interpretation is 
that the mild and equable climate of the latter 
regions is optimal for Schoenus, and allows a wide 
range of soil tolerance, while under a more con
tinental climate soil preferences may determine the 
distribution of the species. In Britain, there also 

appear to be size differences in the plants of acid 
and alkaline habitats, but whether these are genetic 
or are environmentally induced is at present un
known. Similarly, Molinia ca.erulea. grows very dif
ferently on ombrogenous bogs and on peats flushed 
by minera~ soil water. In the former case it is 
scattered and depauperate, in the latter tall and 
caespitose, forming dense hummocks (Tansley, 
1939). Again, the possibility of biotype differences 
has not been examined. 

CONCLUDING REMARKS 

From the foregoing pages it will be apparent 
that variations in a number of factors may produce 
the same response in vegetation and soil, and also 
that variation in one factor may frequently com
pensate for parallel variation in another. For in
stance, lower rainfall, warmer temperatures, more 
varied relief, more basic rocks, and greater human 
settlement all tend to inhibit or retard peat forma
tion. On the other hand, higher rainfall may coun
terbalance higher temperatures (and vice versa), 
while marked relief or lime-rich rocks may tend to 
restrict peat accumulation in wet climates. It is 
owing to such interactions and interrelations that 
the problems of bog ecology, especially those con
cerned with the historical aspects of bog develop
ment during postglacial times, are so complex and 
difficult. But the student may perhaps console 
himself with the reflection that such complexity, 
by compelling a large measure of field study, is also 
largely responsible for the interest and fascination 
of the subject. . 

SUMMARY 

An attempt is made to present (I) a reasonably 
straightforward account of bog development and 
peat accumulation as it commonly occurs in north
ern Britain, (2) a discussion of some chemical 
aspects of bog ecology, and (3) a general view of 
some . ways in which the major ecological factors 
may influence the course of bog development in 
various parts of the world. 

Under the heading of climate, the effects of rain
fall, climatic fluctuation, temperature, atmospheric 
nutrient supply, and wind are discussed. The func
tion of topography is made apparent in its influence 
upon water flow and nutrient supply. 'The impor
tance of both physical and chemical aspects of the 
geological factor are pointed out. Under the biotic 
factor, human cultural operations, faunistic and 
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floristic differences between widely separated re

gions, and the possibility of sub specific differences 

in certain species typical of peat lands are briefly 

mentioned. Finally, the importance of interrela

tions a:nd interactions of the factors affecting bog 

development is reemphasized. 
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