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Export of organic carbon from peat soils

Warmer conditions may be to blame for the exodus of peatland carbon to the oceans.

e have observed a 65% increase in
the dissolved organic carbon (DOC)
concentration in freshwater draining
from upland catchments in the United
Kingdom over the past 12 years. Here we
show that rising temperatures may drive this
| process by stimulating the export of DOC
from peatlands. Our results indicate that the
| flux of aged, riverine DOC of terres
| origin, now recognized as o significant
| supplier of DOC to oceans', may increase
substantially as a result of global warming.
DOC concentrations have inm:asﬂi
antly (P<0.05) at 20 of tes in
Acid Waters Monitoring Network,
acording 1o the Seasonal Kendall trend
andlyss (Fig, 12). These sites span a wide
range d-deposition levels, - soils,
topographies, land uses and geographical
| Iocations. Annual increases, averaging 5.4%,
are proportianal ta mean DOC concentra-
tion (R'=0.81, P<0.001). As freshwater
DOC concentrations are linked to storage of
carbon in catchment soil’, this indicates that
increases are driven by regionally consistent
processes within this carbon store, and that
they: are greatest at sites with large stores of
soil carbaon, such as peatlands (Fig. 2).
Alihough an inverse relationship has
been proposed between mineral acidity and
the generation of DOC', we observed simi-
lr proportional increases in DOC at
remote, unacidified sites, as well as at those

recovering from anthropogenic acidifica-
tion. Changes in land use or river dischan
do not account for the observed increases.
However, the Central England Temperature
Record” shows that mean temperatures
were 0,66 °C higher in the 1990 than in the
three preceding decades, and this factor
could have influenced all sites.

The enzyme phenel oxidase has been
proposed to regulate carbon storage in peat-
lands". We therefore studied the thermal
responses of peatland phenol exidase in
relation to the export of DOC. We subjected
peat soil to a thermal gradient of 2-20 °C.
Phenol axidase activity was greater at higher
temperatures, although this enzyme is
known to be highly constrained in these
waterlogged soils. An increase of 10 “C ch
to 4 36% increase in activity (Q,
This was accompanied by an equi v:l:m
increase in DOC release (Q,, = 1.33) and an
even greater increase in release of phenolic
compounds (Q,=172) from the

i ment with phe-
nolic compounds (Fig, 1b) is noteworthy
because of the inhibitory character of these
compounds’. Under warmer conditians,
selective enrichment. should impair the
metabolism of the remaining DOC’, allow-
ing even more DOC to reach the oceans.

‘Pre-aged terrestrial sources of carbon are
important contributors to the oceanic car-
bon budget'. Peat-accumulating wetlands
have reeda wgmﬂmnl terrestrial sto
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~ High DOC got higher! WHY??
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Ancient homes’
hard-up hermit crabs

allusc shells are a vital but some-
mes scarce resource for hermit
rabs,  prote them  from

mechanial damage and desicaation, but
they require continual replacement as the
crab grows. | have discovered that Coenobi-
s, @ large, tropical, semi-terrestrial
rab, will resort 1o using fossl shels
when no other suitable casing is available.

N

Luge, A B B, . & Brisssa, MM,
e, 199,

-

These unlikely mobile homes fall out of |
coastal limestone s it is eroded by the sea
in southwestern Madagascar, placing the

o

occupants alongside Homo sapiens as
qureeful exploiters of prehistoric animal
rema

]
-

directly from living molluscs ™
‘predation is thought to be the mast im

 in determining shell selection by
tropical hermit crabs', but adults of inter-
tidal species living above the high-water

tandardised DOC concentration
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e 215 Water courses now monitored

SLU

, @ Forest
® Wetland

area 0.18 — 47,000 km?

What do they say about trends and drivers?

Same model fitted to each
watercourse

Linear
Discharge Trend
TOC =le%o|. Qal . eA-sin(Zn-dtime+c) |e@adtime
Constant Seasonality
(mean TOC ) (Temperature)
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sLu Influence on the TOC concentration

' ' Linear
Discharge Seasonality/
° monthly temp. Trend (10 yrs) et

| :\\ Discharge Trend
/Nb;; j\% \f\POOW\?\Q Jﬁm TOC :[eag]_ [Qa1] _[eA-sin(Zn-dtime+c)]_[ea4dtime]
»
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Z~ What controls the control of
Flow, Season and Trend?

* Model correlations with map info

didn’t explain much (~0.2r?)

* No correlation with the trend

coefficient

* Flow and Seasonality
understandable

Evaluation data:

» Spatial data (area,
elevation etc)

* Precipitation and
Temperature

@ ; i
@ @ Agriculture . | gnd use, Soil type

@® Forest
& Waitsid and KNN data

@ Mixed » Water residence time
' in upstream lakes

Hytteborn et al., (2015)
Sci. Tot. Env.
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lerrain shapes flows

S Flows have shaped soils
So//s infiyence flows

wand.C-Transport

d:hey.aspectsiofateraualiy




SLU

Seasonality?:

Swedish stream carbon is modern
(much C-fixed during growing season)

atmospheric 14C-CO,

Campeau et al.,
(in review)
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"~ What does the future hold??

« Temperature and Discharge Evaluation data:
predictable + Spatial data (area,
_ o elevation etc)
« Use two climate predictions (Hadley . Precipitation and
and Eacham) with IPCC Scenario of Temperature
. « Land use, Soil type
emiISsIons and kNN data
« Trend? — Assume that DOC increase * Water residence time

in upstream lakes

stopped in 2010

Hytteborn et al., (2015)
Sci. Tot. Env.



7= TOC concentration 2071-2100

(change relative to 2000)

a) b)

Echam, change in
TOC concentration
(mg 1)

O -0.98-0.00

Hadley, change in
TOC concentration

(mg 1)

O -0.80-0.00
© 0.00 - 0.50
' (O 0.50 -1.00
) @ 1.00-5.56

IPCC A1b
Scenario

Hytteborn et al., (2015)
PhD Thesis
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TOC load 2071-2100
(change relative to 2000)

TOC load

(ton year-' km-)

@ -184.3--20.00
@ -20.00--5.00
O -5.00-0.00

- O 0.00-10.00
O 10.00 - 45.00

"@ 45.00-535.8

g9

d)

TOC load

(ton year-' km-2)
@ -207.5--20.00
@ -20.00 - -5.00
O -5.00-0.00

> © 0.00-10.00
O 10.00 - 45.00
- @ 45.00 - 984.4

IPCC A1b
Scenario

Hytteborn et al., (2015)
PhD Thesis



&= What did the future hold? ...since 2010
Recovery from acidification slowing...

1990-2010 2011-2017
— 1
| 0s Increasing TOC
' % of watercourses
106 S
|2 1990-2010: 74%
(¢]
0.4 E

2010-2017: 17%

0.2

0
© Incr. trend

°  Decr./No trend Eklof et al., (2018)
SLU Report to Swedish EPA
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okande
respektive
minskande

trend av
TOC

EKI6f et al., (2018)

SLU Report to Swedish EPA
Generalized Additive Modeling (GAM)
by C. von Bromssen

Procentav vattendrag (%)

B Signifikant Okning av DOC
signifikant trend

Ingen
B Signifikant minskning av DOC
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4= What did the future hold? (since 2010)
predictions 2011-2017 with no linear trend

Calibration Study

Statistical model

‘ performance
(median NSE)
1990-2010: 0.44

2010-2017: 0.34

5 Eklof et al., (2018)
SLU Report to Swedish EPA
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What can the past tell us?
Pre-Industrial TOC often higher

(drainage, acidification...)

Sediment core

The lake sediment record

Meyer-Jacob et al. 2015

"PNASs

Lake-water TOC (mg L")
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#=  “Historical TOC concentration minima during peak
sulfur deposition” Bragée et al. 2015
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Brunifierning av Sveriges vattendrag —
klimat och andra paverkansfaktorer

Climate itself not likely to push median DOC much higher

DOC increases have leveled off across much of Sweden
Increases continue in south and northeast

Acidification recovery part of the story — but not the whole story
Decades of observations answer many questions

Observations of land use change effects will answer more questions!
(continued monitoring and more sediment records)

Use interventions (forest management shifts, wetland restoration)
as learning opportunites!
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