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The simplified
classification used here

The book discusses the
dynamics of temperate
ombrotrophic
peatlands (raised &
blanket bogs)

The Moss of Achnacree

RAISED BOGS

— Originate on level ground
— Centre of bog higher than edges

— OMBROTROPHIC: Water & minerals from
rainfall only

— Perched water table (rises with the peat)
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VALLEY BOGS
—In hollows & valleys
— RHEOTROPHIC (mesotrophic):

Water enters from surrounding
land, bringing in minerals

BLANKET BOGS
— Blankets the landscape

— OMBROTROPHIC: Water &
minerals from rainfall only

— Perched water table
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The Flow Country of Scotland: a landscape of peat




From: The peatland map of Eurp"be
by Tanneberger F et al. 2017, ‘Mires
and Peat’, Volume 19 :

Distribution of peat in Britain & Ireland



1. Why ombrotrophic peat forms (capillary action greater than gravitational drainage)
The smaller the pore size, the higher water can rise [from Appendix A]

2. Water is absorbed by the
paper and rises upwards
(the ‘wick effect’)

3a. If the toilet roll is first
compressed, so that the
pore size is smaller, then the
whole thickness becomes
saturated

Water is held in place and

does not drain out

CATOTELM EQUIVALENT

Saturation of the y TN Water poured onto the
compressed toilet -y g W, surface does not flow
roll is . through the saturated

Water is held in place by capillary O : compressed layers, but
. R squeezing the . . a g over the surface
action & does not drain out paper, causing

water to ooze out




2. The sudden transition from acrotelm to catotelm, and
the importance of compaction ratios [from Part 1]

S The ratio between upward plant
i growth and upward peat growth

. Models of the profiles of point-origin bogs under different compaction ratios H = Height, W = Width

a. Compaction ratio = 1:1 b. Compaction ratio = 2:1
Compaction (No compaction, W=H)
zone .
i Profile at regular time intervals
Upward plant growth Episodic Hi \
without compaction compaction event i~
W=5H

s /s

c. Compaction ratio = 5:1

e
d. Compaction ratio = 10:1

e. Compaction ratio = 20:1

b. Peat-forming turf with a compaction ratio of 10:1
Upward plant growth of 1 cm y! translates to upward peat growth of 1 mm y*!

Acrotelm a constant 25 cm thick
Not all plant material decays

1000 yr



3. The difference between peat formation in ombrotrophic
and rheotrophic conditions [from Part 1]

A peat-forming system (ombrotrophic)

1. When acrotelm is fully
waterlogged, little
compaction because of
buoyancy

2. Water table falls slowly
as the bog dries. Water
flows sideways through
the acrotelm, not
downwards through the
catotelm

3. Driest weather with
water table at its lowest;
catatelm peat always
waterlogged

Rate of upward peat growth
dependent on rate at which comp-
acted material builds up over time

4. Wet weather after dry
weather. Surface layers
temporarily hold water like
a sponge; the still dry lower
layers, weakened by
decampoasition, are capable
of compression

5. Welght of saturated surface
layers causes enough
compaction of lower layers to
resist water flow (capillary
action): water cannot drain out
and a eatotelm forms

OMBROTROPHIC peat can
only form if enough
compression for capillary
action to hold water in
situ permanently

Decayed plant remains accumulate,
but less compacted than under
ombrotrophic conditions

A peat-forming system (rheotrophic)

1. During floods, the
water table can be at the
surface of the vegetation

2, Continual inflow of
water ensures water table
is always high

3. Impedance of water
flow by vegetation ensures
water table is always high,
even in drier pariods

4, Continual waterlogging
means that dead plant
material decays slowly in
anasrobic conditions

5. Continual waterlogging
means that dead plant
material can accumulate
without major compaction

A non peat-forming system
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1. If aver waterlogged,
litthe compaction because
of buoyancy
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2. Water can flow
downwards through the
decayed plant material,
Water table falls guickly
as soil dries out

3. In driest weather,
water level is below
organic layers

[1.7]

4. Wet weather after dry
weather. No sponge
effect because this type
of plant does not hold
water; water drains
down through the shoots

No long-term

build-up of
vy compacted

material

5. Less compaction: no
waterlogging in lower
layers so catotelm
cannot form &
decomposition continues

RHEOTROPHIC peat can
accumulate at any density
because not dependent on
capillary action, but
continual input of
allocthonous water

In NON-PEAT-FORMING
SYSTEMS, there is never
enough compression for
capillary action to prevent
gravitational water
drainage




- 4. Why Sphagnum assists peat formation, but is not essential [from Part 1] -

Sphagnum is mostly absent in Falkland Island peatlands

1. Dry turf of non peat- 2. Rainfall easily percolates 3. No compaction from
forming plants through the turf rainfall and no peat

1. Dry turf containing Sphagnum. As well as 2. After rain, water held by 3. Weight of saturated surface layers
drainage and evaporation, lower layers can sponge-like nature of causes compaction of lower, drier
also lose water through root transpiration Sphagnum layers, allowing catotelm (peat) to form



5. A maximum depth attainable by ombrotrophic peat? [from Part 3]

A possible scenario: cessation of peat growth because maximum depth reached Peat cannot get Fig. 3.18
Capillary action cannot raise water table any higher any thicker

(N 4
— B ., < >~ ——

What happens if accumulation of peat ceases under peat-forming plants?

The diagrams below are an attempt to understand what might occur
Loss of peat-
Plant roots can now Now drier with forming plants
penetrate CDI’T]pHE[Ed faster .|:|.;§|:,E|1:|.I
layers because not
waterlogged (no
catotelm forming)

Compaction

-—) -—)
1. Catotelm reaches 2a. Acrotelm growth and 2h. Over time plant 3. Lower layers decay 4. Plants characteristic of
maximum thickness for  compaction continues as  roots can penetrate faster because now drier conditions now
capillary action to before deeper, especially drier dominate
continue Lower layers of dwarf shrubs, drying Catotelm remains stable Acrotelm now equivalent to
Compaction zone can unwaterlogged out lower Ia*,rer__c. _ because capillary action the humus of a podsol
no longer become compacted decayed through transpiration keeps it waterlogged Peat formation has ceased
permanently plants become thicker, but original catotelm remains
waterlogged with decay continuing

Perched
water table

Should not have over-high expectations for Max. height water can

older peatlands as CARBON SEQUESTRATORS, reach in this sponge

although large CARBON STOREs

Max. height depends
on pore size




6. Why ombrotrophic peatlands are not good at flood mitigation [from Parts 1 & 4]

N N7 N2 N2 INZ N N NT vaver can flow

ACROTELM through the
acrotelm, allowing
it to drain during

! l dry weather
v ¥

Water table

CATOTELM

‘ T e & {' : \ ‘(@’Iﬁ, No water
Water is held in place by capillary € - movementin
action & does not drain out catotelm, resulting
in permanent
Only water held in the acrotelm can waterlogging

flow out; hence only this water can
influence downstream flows

Two ditches, dug over 100
years ago, have only
influenced the vegetation
at the immediate edges,
implying a minimal
drainage effect




7. Why patterned bogs form (acrotelm movement over a stationary catotelm) [from Part 2]

Resistance

Sinusoidal buckling (sine wave)

SMOOTH PEAT BOG ON SLOPE
ACROTELM

CATOTELM

Resistance

GRAVITY-INDUCED MOVEMENT
Movement ¢——

‘ Resistance

ompression nsion
) Comp P Tel —
< » <

‘ Resistance

Pools form where
surface of acrotelm
pushed down below

water table

— T - —— = T

-

Amplitude 2.5x acrotelm thickness

_.-----._—.__..-""""'-—-—--‘

| 4

Amplitude 3x acrotelm thickness

2.5° degree slope |
Wet hollows if amplitude 2.5 acrotelm thickness
permanent pools form in the hollows if amplitude

>2 .5x acrotelm thickness




EXPANSION OF POOLS OVER TIME: Possible scenarios

Assumptions:
— Rate of upward plant growth 10 mm yr?
— Rate of peat growth 1 mm yr™

— Compaction ratio 10:1

1. Expansion through peat growth
— On slope, no peat growth until acrotelm = 25 cm
— Hence peat growth slows going down the slope

New — No peat growth in poaol itself Peat growth over 250 years = 25 cm

water table Pool after 250 years \

Original pool \ _—— Acrotelm after 250 yr

—— New surface of catotelm

‘s Original acrotelm
Original surface of catotelm

Acrotelm 25 cm
Original Amplitude 3x acrotelm
water table wavelength 4.5 m

Slope 2.5°

8. Pools as erosion features: pools expand and deepen over time [from Part 2]

Peat growth continues
on the ridges, and slows
or ceases in the
hollows, causing
deepening over time

2. Expansion through oxidation & erosion Oxidation & erosion of catotelm causes pools to expand

a

Age of the peat at the base of the pool is no longer related
to the age of the pool because the pool is deepening

Once deep enough, wind/wave action and
oxidation from water circulation take
over as the main cause of expansion




9. A new classification of erosion into six basic types [from Part 3]

1. LOS5 OF ACROTELM

ACROTELM

CATOTELM
MINERAL SUBSTRATE I == I == S ==
Stylised cross-section of a circular ralsed bog
Plan view of erosion types below
la. Surface erosion e 0 P . Developing
3 1c. Vertical
peat hags
ACROTEL KEY edge cut-back
CATOTELM
- Exposed peat {catotelm) _
=
Vertical edge X
1b. Gully erosion - . \
OUrse
3. Internal
- — - 1b, Gullies
$ erosion
A odls
if““' 1c. Vertical
1c. Vertical edge cut-back -‘b 1a.Surface edge cut-back
1 v erosion
— —
4, Catastrophic
erosion 2. Earty-stage
- poois (surface
2. UNDERWATER waves)
2. Randomiy-
orlentated pools
-
1b. & 1c. Drained
pool system
=4 - — g 2. Pool Patterned
bog
expansion 2
Peat hags
3. INTERNAL 5
. 1b. Developing
- nla |
! -
—— - I “ 1b. Gully
Dubh loch
4, CATASTROPHIC
- - f




Vertical edge cut-back: in
this case the area of exposed
peat remains constant, with
erosion backwards matched
by recolonisation below

10. Erosion as both natural and anthropogenic; what is
meant by an ‘eroding peatland’? [from Part 3]

NATURAL EROSION: |
Left: Surface erosion on Antarctic
peat

Right: Naturally-drained pool
system

HUMAN-CAUSED EROSION:
Left: An eroding moor-grip
Right: Vehicle damage

Below: Erosion is present, but the area of recolonising
peat is greater than the area of eroding peat.
Should this be called an eroding peatland?




11. Vertical edges can form through downhill movement of the
acrotelm over the catotelm [from Part 3]

Too steep for peat development:
area of instability
EROSION MOST LIKELY HERE

— —

Peat growing in an area of slope where the gradient lessens Peat on the top of a flat- or round-topped hill

Too steep for
f peat growth r

% A/

- 3]

Near vertical

Blanket peat growing above
a steepening of the slope

Peat continues to expand
upwards and laterally

Slope of edge of bog
becomes increasingly
vertical

Area of instability

Edge now vertical
and unstable, subject to
collapse via creep or
waterlogging

Creep of acrotelm under
gravity causes overhang

Overhanging acrotelm
breaks,exposing peat




1. Peat-forming plants
colonise

(here expanding

left to right)

3a. On gentle slopes
pools are likely to form

4a. Over time pools
expand and coalesce

5a. Pools drain,
resulting in peat hags

6a. Old peat erodes
away, second cycle
peat growth
commences

12. Ombrotrophic peatland life cycle; all stages should be seen
as equally important in conservation terms [from inside back cover]

[4.2]

2. Smooth peatland
expands to cover the
whole landscape

3b. Peat continues to
deepen on steeper
slopes, with no pools

4b. The older the peat,
the greater the
probability of erosion
setting in

5b. Erosion of first cycle
peat continues

6b. Second cycle peat
starts to grow in once
eroded areas



13. A maximum carbon storage potential for blanket peatlands? [from Part 4]

In long-established peat landscapes, further increase in peat depth may be
impossible (capillary action no longer works);

And there may come a balance between growth and erosion

Long-term peat cycling: diagrammatic example of peat bog growth and erosion on a hill slope Fig 4.8

Here modelled with the rate of vertical edge cut-back the same as the rate of the lateral growth of the peat

Centre of peat Centre of peat

w initiation

Vo[

— =Y

Too steep for peat

\
a2
\(

7 |
/

Centre of peat
initiation

ini

2l )

=

Vertical edge
cut-back . <00 Averane
/ Units of = Volume of peat
150

Lateral peat Upward peat

growth continues

volume over time
Average for
period 2-7;
170 units

100

I

/

50

Time: 1 2 3 4 5 4 7



cenario Carbon balance Example

Uniform, smooth surface of

14. Proxy measures of carbon

sequestration [from Part 4]

continuous vegetation without .
Positive
pools, hummocks, hollows or

exposed peat

Diverse short vegetation with short Neutral, or A ¢ ) - ' e 5 2 ie Ideally this should be assessed at
numerous lichens and often small possibly Wy S 3 P ot : the landscape scale. because in

’
adjacent localities a given bog can
be growing and eroding

unvegetated areas negative

Diverse short vegetation with

numerous lichens and often small s
A Negative
unvegetated areas — with eroded

locations

Area of exposed catotelm less than
area of vegetated active peat

Area of exposed catotelm exceeds

e X Negative
area of vegetated active peat

Pools present, bu rface area less Assumed
than area of peat-forming vegetation positive

Pools present, but surface area
greater than area of peat-forming
vegetation

ned
negative

Could become
Colonising trees present negative in the
long-term




output

Steady state: input

15. Shallow peat best for long-term carbon storage: Choice of any particular depth is arbitrary

a. Most ecosystems (including forests)

Yy Yy Plants colonising bare ground

|

* * x % % — Dead plant material —_ * * x * x

in the soil

!

] eo———

| s———

Input > output

—

<] et——

C | =size of carbon store

Time

trees should not be planted on it [from Parts 1 & 4]

Best long-term potential for
carbon sequestration

b. Peat-forming ecosystems

e //-%//////

| oo————— \ T | c

Peat is a store of partly
decomposed plant C

material, which builds
up over time




16. Conflicts between peatland conservation and

climate mitigation [from Part 4]

The late stage of a blanket bog, showing erosion
of first cycle peat and start of second cycle peat

From a NATURE CONSERVATION From a CLIMATE CHANGE perspective,
perspective, it should be left to it may be best to reprofile & revegetate
develop naturally, including the the eroding edges, accepting a loss of
acceptance of erosion naturalness

Where erosion is definitively anthropogenic, there is a case
for restoration. Where natural (a common situation in
Scotland), then should we be interfering in natural processes
in an area which is a world centre of blanket peat?



17. A calculator for assessing carbon balance, using an Excel spreadsheet [from Appendix G]

Can be used to
estimate impact of

Rate of peat
Extent of peat (ha) e
growth (mmyr )

or Rate of peat

growth (g dry

wt/m’fyr)

Erosion: area exposed
surface peat (m?)

Erosion: length exposed
vertical peat (m)

eroded areas on carbon
sequestration

X

X

_ Colevlated
alcuioted outomaticoly

K
3
o
3
o
D
-
3

avtomatically

Mated automatically

cwlated avtomatically

= Defauit

0.13 = Default

0.13 = Defauit

Cokewvlated

Dry w

Calculoted outomaticoly

eght peat (t)
ShtE tamatically

Cokwlated avtomatically

Colkcwlated avtomatically

It also includes a
calculator for

= Default

95 = Default

= Default

estimating the carbon

Cokwlated

v

Dry weight organic matter (t)

avtomatically

wated aut

matically Colcwiated ¢

wromaticafly

stored in a commercial

arbor 55 = Defauit 55 = Default

55 = Default

= Default

forest.

1 ) Cokcwated
Amount of carbon gain/floss (tyr ) X ;

wIomatically

Use only one of

Total carbon store (tonnes) Cafcufoted outomaticolly p f
figure be

these

ow iny

Colkcwlated avtomatically

Cokwlated

auvtomatically

This indicates that
12cm of peat can store
as much as a

Net carbon balance (growth minus
Colewvlated
erosion) (t yr') ossumes all eroded X 3

auvtomatically

peat lost to the system

Estimating the carbon balance of
peatlands is not an exact science

You need to know both the rate of peat

accumulation at the landscape scale and
the rate of erosion (if present), neither of
which is certain for most locations

ESTIMATING THE CARBON BUDGETS OF PEATLANDS

commercial forest

ESTIMATING THE CARBON BUDGETS OF

Input the measurements in red.
Default figures: Bulk density 0,13 g cm™;
Organic matter 95%; Carbon 55%

Input value in units as in header row

Rate of erosion (mm depth lost yr)

Depth of peat (m)

Dry bulk density (g cm™)

Organic matter content (%)

Dry weight organic matter (t)

% carbon

Amount of carbon gain/loss (t yr')

Total carbon store (tonnes)

Note that the peat depth figures are for the catotelm only.
The additional carbon in the acrotelm is not included

COMMERCIAL WOODLANDS
Input the measurements in red. Default figures for Sitka
Extent of peat spruce Picea sitchensis: Density dry wood 0.35 g cm™’; Blomass
(ha) Expansion Factor 1.4; Carbon 46%
Yield class (m® green wood ha™ yr) 12
1.00
Density dry timber (g cm~) 0.35
X
Length of rotation (yr) 60
0.12 Biomass Expansion Factor (BEF): the
0.13 wdditional biomass in roots, leaves & 1.4
branches (proportion to multiply)
95
% carbon 46
148
Average carbon standing crop (t ha™) 81
55
Average amount carbon fixed per 1
X year (t ha')
82
[€—— | Total area of woodland (ha) 1
Average total carbon store (tonnes) 81
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Appendix A. Capillary action and peat formation
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Ecologist, British Antarctic Survey Appendix E. Complex peatland landscapes: a case study
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