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» The current environmental change is global and reaches even the most remote

ecosystems.
» Dominant environmental changes include matter deposition and climate.

» A remote old-growth tropical montane ecosystem is assumed to be in stable

equilibrium and well buffered against environmental changes.

» Frequently, water and element fluxes are the earliest indicators of environmental

change.
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DFG Research Units 402 & 816
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Typical soil on the slopes of the lower part of the study area.
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Fleischbein et al. (2005): Hydrol. Proc. 19, 1355-1371
Fleischbein et al. (2006): Hydrol. Proc. 20, 2491-2507.

Mean annual water fluxes 1999-2010. Direct evaporation from the forest
floor was neglected. Error bars indicate standard deviations.
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Boy et al. (2008): Eur. J. Soil Sci. 59, 1209-1227.
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Summary study site:
Soils:

» Shallow, acid soils with thick organic layers.

» Landslides are frequent and mainly remove the organic layers.

Hydrological conditions:
» High interception loss.

» Flow depth in soil is variable; considerable near-surface flow.

22
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Boy and Wilcke (2008): Glob. Biogeochem. Cycle 22, GB1027.

Sampling date

Course of Ca concentrations in incident rainfall 1998-2003.
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Desert dust
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Boy and Wilcke (2008): Glob. Biogeochem. Cycle 22, GB1027.

it

Trajectories from the Sahara to south Ecuador. (NOAA hysplit backwards, 3000, 4000, and 6000 m . NN)
- cooperation with Rutger Rollenbeck. 29



&

Tropical montane forest under environmental change .- ° ‘~ \‘(IT
|fgg Py =\

M atte r d e pOS |t| O n Karlsruhe Institute of Technology

FERFET Ver. GA1
N g Comprehensive Large Array—data Stewardship System Py oyt i
=)
3 TIME : 11—-DEC—-1888 01:00 TO 11-DEC—1998 01:00 DATE SET: CLASS_Descriptor
O AEROSOL 100KM GLOBAL
o~
N 40°N
R
o
Ny
(@]
g
)
<
S 20N
@
(o))
2
Q L
. [an]
g =
(S) =
= =
© 3 o
%)
S
S
o
o
X
K
§ 20°5
-
C
®
3
m 1007 0y 20°% 20°E E0°E
LONGITUDE

)

16

.| Ca

1,2

08
0,6
0,4

02 30




&

Tropical montane forest under environmental change .- ° ‘~ \‘(IT
|fgg Py =\

M atte r d e pOS |t| O n Karlsruhe Institute of Technology

FERFET Ver. GA1
~ g Comnprehensive Large Array—data Stewardship System Py oyt i
N
S TIME : 18—JUN—-1988 C1:0C TO 1B8—JUN—1988 01:00 DATA, SET: CLASS_Descriptor
Eg AEROSOL 100KM GLOBAL
N o
2
o
b
O
g
©
5 20N
Q
©
5
Q =
. )
5 E
d 3 o
=
o
S
o
o
x
S 20°%
=
©
c
®
>
8 1007 e 20 20°E E0°E
LONGITUDE

1’8 ‘

16

.| Ca

1,2

08
0,6
0,4
0,2




&

Tropical montane forest under environmental change .- ° ‘~ \‘(IT
|fgg Py =\

M atte r d e pOS |t| O n Karlsruhe Institute of Technology

FERFET Ver. GA1
~ g Comnprehensive Large Array—data Stewardship System Py oyt i
N
S TIME : 08—0CT—1999 01:00 TO 08—-0CT—1999 01:00 DATA, SET: CLASS_Descriptor
Eg AEROSOL 100KM GLOBAL
ﬁ' 40°N 0.45
® 0.8
B W
b
O ne
g 07s
© 0.7
<
8 20*N nea
S 0.8
2
Q = o
S = o
KS) = 0.45
O 3 o 0.4
g 035
S o>
N 025
< 02
2 20°5 nis
= 0.1
o 006
® o
>
8 1007 Q" 20°% 20°E E0°E
LONGITUDE

18

16

.| Ca

1,2

08
0,6
0,4
0,2




&

Tropical montane forest under environmental change .- ° ‘~ \‘(IT
|fgg Py =\

M atte r d e pOS |t| O n Karlsruhe Institute of Technology

FERFET Ver. GA1

~ g Comnprehensive Large Array—data Stewardship System dn 21 o0 A
N
S TIME : 17—-MA&R—2000 C1:0C TO 17-MAR—ZCC0 01:00 DATA, SET: CLASS_Descriptor
Eg AEROSOL 100KM GLOBAL
N o
2

o

b
O

g

©
5 20N

Q

©

5
Q =

. )
5 E
d 3 o
=
o
S
o

o
x
S 20°%
=
©

c

®

>
8 1007 e 20 20°E E0°E

LONGITUDE

1,6
. Ca

12

0,8
0,6
04
0,2




&

Tropical montane forest under environmental change .- ° ‘~ \‘(IT
|fgg Py =\

M atte r d e pOS |t| O n Karlsruhe Institute of Technology

FERFET Ver. GA1
~ g Comnprehensive Large Array—data Stewardship System dn 21 o0 1BAANG
N
S TIME - 22-AUG-2002 00:00 TO 22-AUG—2CC2 0C:00 DATA, SET: CLASS_Descriptor
Eg AEROSOL 100KM GLOBAL
N o
2
o
b
O
g
©
5 20N
Q
©
5
Q =

. )

5 E

d 3 o

=

o

S

o

o

x

S 20°%

=

©

c

®

>

8 1007 e 20 20°E E0°E

LONGITUDE

18
16
.| Ca

1,2

08
0,6
0,4
0,2




35

| 68-A2 W
| 6642
| 68-uer
BB-AON
86-dag
gginr

{ 86-Ae

S S ' v
o o w T o«

» w0 ~ o
hEEH,Ma_m Apnis je .M.:S_a_ooa abessed Asojoale)y Buunp uoneydioaid ww o Yiim sAep

ﬂ
L
o
5 $9140303(e) PIEMYIE] JO XOPUI 0} , IV-SIWOL
p— bt Q e o [ 16uleo
k4 \ © o © [
) \ = - = £0-e N
\ .. -
. OO 2 | go-er
g Y CO-AON
py = R 9
- u—— lND.Qmm
mvu *& | e
c 8 ¢ | Z0-Ae W
© - | zoseW
L g | zo-uep
o ] 10-AON
| M -
© 3 | 10-dag
wid o
c Lo
O - | 10-Ae
m ..nUu | 10N
- — o
o ® S | 1ouep
= O 0D-AON
 Q
> o D0-dag
nnv © podne
= -Ae
- O 00-Ae W
O = | 00~
|m ®© | po-uer
- M | B6-AON
...M | | pe-dag
@ 3 | 6601
e
(o)
f
Q
c
(1]
wd
c
m
©
1o
Q.
(o)
e
-

"/20199 ‘T 8joAD "weyososbolg "qojs (8002) &2l pue Aog




Tropical montane forest under environmental change . fgg ﬂ(IT

M atte r d e pOSItIO n Karlsruhe Institute of Technology

Strong Nifia o
Strong Nifia
8.5 1 (Sahara dust) (Sahara dust)
Strong Nifio
(forest fires)

T Seasonal forest fires in the Amazon basin
(acid deposition).
7.0 -
6.5 -
L 6.0 - ‘ i
55 - l“w'” ‘ L Hh! ]
I , |
J ]
5.0 WF T "h m ul |
45 - \

_ Ca

e H 4
1500 0
40 \l/ /\—/\_ .
T T T T T

35I T T
O O \ L.l . oh o PP PP gl ® R P »\0 »\o AN A
M@M@M%W%w&wwwwwﬁwgbbb%@b@@@@

Course of the pH in rainfall and Ca deposition and course of pH in organic layer leachate
(insert) between 1999 and 2008.
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Course of the NH,*-N (left) and NO, deposition (right) with incident precipitation 1998-2010.
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Temperature anomalies

Autocorrelation-corrected Mann-Kendall test on annual means
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Course of temperature (T) and precipitation (P) anomalies in the area Loja/Zamora (12-
month moving averages)

Data from Rutger Rollenbeck and Jorg Bendix, University of Marburg
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The major on-going environmental changes are

» Increasing N deposition and

» increasingly dry microclimate.

43






Tropical montane forest under environmental change T ‘(I I
Biogeochemical responses | gg hmmhe.m.meonechno.ogy

490 WET
A

400

350

INT 1 DRY INT 2

\
>
.

N

(o)

o
I

N

o

o
I

N

(&)

o
I

Schwarz et al. (2011): Biogeochemistry 102, 195-208.
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Schwarz et al. (2011): Biogeochemistry 102, 195-208.
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Nitrate-N fluxes in four differently wet seasons.
46



Tropical montane forest under environmental change i fgg S(IT

Biogeochemical responses Karisruhie Institite of Tachnology

Schwarz et al. (2011): Biogeochemistry 102, 195-208.
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Mean temporal course of total N (TN) concentrations and
dissolved organic N (DON) contributions 1999-2010 in a.
rainfall (RF), b. throughfall (TF), c. stemflow (SF), d. litter
leachate (LL), e. mineral soil solution at 0.15 m depth
(SS15), f. mineral soil solution at 0.30 m depth (SS30), and
g. stream water (SW).
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Relationship between H* fluxes with throughfall (left) and bulk NH,-N deposition
(right) and H* production in the organic layer 1999-2008.
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Course of the TOC/DON ratios in dissolved organic matter 1999-2008.
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The forest responds to N deposition and increasing dryness with

an inorganic turn of the nitrogen cycle,
a more open nitrogen cycle with nitrate losses from the organic layer,

soil acidfication with base metal losses, and

YV V V V

accelerated turnover of reactive organic matter pools such as the dissolved fraction

Thus even remote tropical montane forests are starting to be
pushed out of stable equilibrium!
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