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Study Area

Elevation: - 600m to 1.453m a.sl. (Grof3er Rachel)

Relief: - + steep slopes, SE-, S-, SW-orientation

Geology: - Part of the Moldanubicum, a very old low mountain range
- Cristalline rocks (gneis, granite)

Soils: - Relatively poor and acid, stony

- 19% wet mineral or organic soils

Climate: - rough and humide




Vegetation

97% Woodlands

montane beech-forests with spruce + fir (52%)
subalpine spruce forests (19%)

silver fir forests with spruce (8%)

bog woodlands with spruce or pine (6%)
artifical spruce forests (15%)




Bavarian Forest National Park

Foundation: 7t October 1970

Dimension: 13.300 hectares

1974 Added to UN list of National Parks (IUCN)
1986: European Diploma Category A

Extension: 1st August 1997

Actual size: 24.250 hectares

Primary aim:

Protection of natural or near-natural ecosystems
within there inherent dynamics




Management Zones
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[[] Strict nature protection zone (55%)
[] Development zone 2a (5,5%)

[] Development zone 2b (7%)

[[] Development zone 2c (9%)

[] Management zone (22%)

] Recreation zone (2%)

Extension of strict nature protection
zone (1-11-2011)




Windthrow ...

... Triggers of radical changes in the woodlands of the Bavarian
Forest National Park

W

f

» Thunderstorm on 15t August 1983

» Heavy storms in autumn of 1984

— 173 ha windthrow area totally,
spread over 43 regions

— 14,3 ha in the mountain spruce
forests

— 88 ha in the strict protected zone
(~30.000 fm timber)




The Powerlessness of Men...

...against the forces of nature:

Heavy storms with disastrous damages in forests accompanied forestry since
the beginning;

about 90 important storms in the Inner Bavarian Forest since 1850.

for example:

The ,Large Storm“in 1868/70
About 2000 ha of the area of the
original Bavarian Forest National
Park had been damaged and
cleared (630.000 fm timber)

04.07.1929:

About 900 ha had been damaged
(360.000 fm timber)




First Practical Test ...

...for the management of the National Park
...and a quite new concept: The protection of dynamic processes

Bavarian State Minister Dr. Eisenmann:

These events give us the opportunity to get ,a primeval forest
for our children and grandchildren®

=> NO clearing of windthrow areas

= no fighting the bark beetle
...in the strict natur protection zone



Bark Beetle Outbreak
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Monitoring

Concept:

Documentation of the development of disturbed forests in the main forest
communities in comparison to the adjacent intact forests.

Questions:

>

>

How does vegetation change after large-scale disturbances (species
combination in different layers)?

Which role plays the divers mosaic of microsites for forest development and
forest stand structure in the future?

Methods:

>

>
>
>

Transects, subdivided into plots, 10 x 10m each

Phytosociological investigations

detailed observation of forest structure and microsite diversity

Repitition: every 5 years in the very dynamic initial stage, than every 10 years

Jehl, H. (2001): Waldentwicklung im Bergwald



Forest Stand Structure Measured

Living trees:
(height > 0,2m)

Standing deadwood:
(dbh > 7cm)

Lying deadwood:
(diam. > 7cm)

Stumps, rootplates,
big rocks

-Species

-Position

-Height and dbh

-Damages (browsing, fraying, pealing)
-Microsite

-Special aspects of growing

-Species
-Position

-Height and dbh
-Decaying status

-Species

-Position

-Length, diameter on both sides
-Decaying status

-Position
-Dimension
-Decaying status (stumps)

Jehl, H. (2001): Waldentwicklung im Bergwald



Study Area

Forest district

,Gfeichtethoh”
(1150 — 1190 m a.sl.) in the NE part
of the National Park...

...and the position of the transect




Results: Forest Stand Structure
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Jehl, H. (2001): Waldentwicklung im Bergwald
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Jehl, H. (2001): Waldentwicklung im Bergwald



Microsites

Distribution of Microsites

Intact old forest stand Deadwood stand Untouched windthrow

1+2 Stumps + surroundings

3+4 Lying deadwood + surroundings
Collars around standing deadwood
Opened soils
Areas without special microsites

Jehl, H. (2001): Waldentwicklung im Bergwald



Natural Regeneration
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A Intact old forest stand
B Deadwood stand
C Untouched windthrow
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Jehl, H. (2001): Waldentwicklung im Bergwald




Natural Regeneration - Microsites

Spruce
100

80

60 -

40

20

o
|

Mountain Ash
100

Percentage

[}
o

60

40

20

oL |

A B C

® Rottenwood ™ Rootplates © Others




Influence of Ungulates

Mountain ash
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Growth of young trees

A (Intact old forest)

B (Deadwood stand)

C (Untouched windthrow)
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Windthrow Area , Gfeic




Conclusions

Large-scale disturbances seem to be an essential pa  rt of natural forest dynamics in spruce
dominated forests.

Windthrow and bark beetle outbreaks change the envi ronmental conditions fundamentally,
increasing variability of light regimes.

Such disturbances create a divers mosaic of microsi tes, which play an important role for the
recruitment and growing success of young trees.

Seedlings and saplings are already established ino  Id forests, if there are enough suitable
microsites, such as rotten wood. Most of them survi ved the disturbence events.

The recruitment of young trees has a characteristic pattern, dependant to the distribution of
microsites.

Pioneer trees and herbs play a minor role. They est  ablish mainly on opened soils (uprooted
trees). Their proportion rapidly decreased in time.

Salvage logging in such areas reduces the diversity of microsites and the number of natural
regeneration.




hlavni ponau ¢eni

Velkoplosné disturbance jsou z Fejmé zakladni sou €asti dynamiky p Firodniho smrkového lesa.

Polom a k Grovcové kalamity zasadnim zp Gsobem m éni podminky prost Fedi, zvySuje se prom énlivost
svételnych podminek.

Tyto disturbance vytva Fi rozmanitou mozaiku mikrostanovis t’, které hraji d alezitou roli pro uchyceni a
usp éch r astu mladych stromk .

Semenacky a malé stromky jsou v starych lesich jizp  Fitomny, pokud je tam dostatek vhodnych
mikrostanovis t’ jako nap F. tlejiciho d Feva. VétSina z nich disturbance p fFezije.

Uchyceni mladych stromk G mé charakteristickou prostorovou strukturu, zavisl ou na rozlozeni
mikrostanovis t.

Pionyrské d reviny a rostliny nehraji hlavni roli. Uchyti se hla  vné na otev fenych p tdach (vyvraty). Jejich
podil postupem ¢€asu rychle klesa.

Asanace t ézbou v takovychto plochach snizuji rozmanitost mikr ostanovis t’ a poéet prirozeného
zmlazeni.




PRAHA, 07.12.2011

Natural Disturbances in a National Park
The bark beetle outbreak
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The Bark Beetle Ips typographus
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Expected development
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Methodology

Heurich et al (2010) European Journal of Forest Science



Dead wood stands inthe RLG:
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Development of dead wood stands in the RLG:

BOD ®cleansd Areas

m dead Wookd stands
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Lausch et al (2011) Forest Ecology and Management




Dead wood stands inthe FRG:




Distance of infested patches in consecutive years

Infestation [%]

L L alyd T L L (L5 i iy Ad o

Distance [m]

Kautz et al (2011) Forest Ecology and Management



Spatially explicit agent-based simulation model (SA MBIA)

Why programming a simulation model?

¢ Understand the complex interplay between beetles, host trees,
antagonists and management

® the model offers the possibility to perform experiments ,
without destroying anything...

Structure of SAMBIA

® Grid based

® Bottom-up-approach:
local processe — regionale patterns

Fahse and Heurich (2011) Ecological Modelling



Implementation of biological processes

® population dynamics
(reproduction, mortality)

® dispersal

Fahse and Heurich (2011) Ecological Modelling



Infestation patterns in consecutive years

Lausch et al Ecological Indicators (submitted)



User interface of SAMBIA

ww" | s i [ |
BT
"""_"""“""""-1_.;% Fadh Fsknoars Than T
|1 |1 |.1.T
3 s T =3
e | P .r._T:;;.;.:a th_
I o i <,

h*—f—nm.-am,r-ull-'[_"r.qﬁ.: '|"_'
Lt TS g
PR e N
bt bl Fikinms Ll
B S O T T LR
" hm:qu.- -
TP ,‘|'-—

Ellullhinis b vl
= R

|:|-|.'l-'- i !_l ITrp.l-.- Tlfrﬁ'l“-- l'.EIJ_.- |“--.
s 4—&5‘--1”-—!"

mj.ﬂj:ﬂ—‘ﬂ‘ﬂlﬂrm.wr E=mE i ik,
i, *‘f = TR i ey L ity e e ?7?

=
-

:_ - Y \
-’_Lﬂi'rli 'mpuwwwwr“ i | : nif

How

, ’ S e ey kil
| - in " per
=N % ‘w )

mam"ﬂw | st

i1 ~—_.-_=a-::'

S [ R | pa Tt
i




Risks of outbreaks as a function of the initial num bers

forest with weakened
trees (4%)

healthy spuce forest

Fahse and Heurich (2011) Ecological Modelling



Efficiency of management zone

(o) Pjiag = 80%

time =
(b) Priaa = 70%

<« fringe z2on6——»

Lorenz F. and M. Heurich (2003): Research for the Environment




Threshold for management efficiency

threshold behaviour ~

Lorenz F. and M. Heurich (2003): Research for the Environment



Conclusions

« Natural development is now allowed on 12580 ha (52 %) of the park area
« Bark beetle affected 6000 ha of the Rachel-Lusen-Ar ea

« Bark beetle shows a cyclic dynamic, influenced by ¢ limatic
charakteristics (wind, temperature)

« Bark beetle outbreak can be explained by naturaldy  namics
« Bark beetle management can keep the disturbance wit  hin park borders
e Sanitary logging has to focus on the vicincy of pre vious infestation

« For efficient bark beetle management you have tore  duce beetle
numbers by 75 %




Conclusions

« Natural development is now allowed on 12580 ha (52 % ) of the park area
e PFirozeny vyvoj je nyni umozn én na 12580 ha (52%) uzemi parku

 Bark beetle affected 6000 ha of the Rachel-Lusen-Area
« kurovec zasahl 6000 ha v okoli vrchol U Roklan a Luzny

« Bark beetle shows a cyclic dynamic influenced by climatic charakteristics
(wind, temperature)

« kurovec vykazuje cyklickou dynamiku ovlivn ~ énou klimatickymi
charakteristikami (vitr, teplota)

« Bark beetle outbreak can be explained by natural dynamics
e kurovcova kalamita m uze byt vysv étlena p Firodni dynamikou
ekosystému

* Bark beetle management can keep the disturbance within park borders
e« Management k Grovce m Gze udrzet disturbanci uvnit ¥ hranic NP

« For efficient bark beetle management you have to reduce beetle numbers by
75 %
» pro efektivni zasah proti k Grovci musite snizit jeho po €etnost o 75%
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response in space and time

Regenerations
Thorsten Zeppenfeld

PRAHA, 07.12.2011




Background

Scales of Regeneration

(Micro-) Site Landscape
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Aims

Regeneration response on
landscape scale

Species composition and density

Is there natural regeneration and
which species are involved?

Density in space and time:

Is there a general spatio-temporal
effect on regeneration?

53



Methods: Data

Regenerations'
Response

Space Time

Aerial
HOW Photogrammetry
WHEN 1991,1996,1998,2000, Since 1988, annual
2002,2005,2011
Upper montane 572 Plots
WHAT Trees 10 — 500 cm Deadwood area
' Fa ‘rm & Aqe since
DATA Density of sting & Age since
trees Northing Infestation
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Results

Species Composition & Density
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Results

Effects of Space and Time




Results: Effect of Space & Time

Data:

Model:

Random
effects




Results: Time

600

300 400 500

Regeneration response [n/ha]

200

100

0 2 10 19 20

Years since infestation
GAMM: Error distribution: Poisson | Link function: exponential | Laplace approximation | Random effect: plot site

Regeneration Density = smoothed temporal Effect + random Site Effect e




Results: Space

Spatial Response of Regeneration

5426000 5428000

5424000

5422000

| | = |
4605000 4610000 4615000

GAMM: Error distribution: Poisson | Link function: exponential | Laplace approximation | Random effect: plot site

Regeneration Density = smoothed Spatial Effect + random Site Effect &3




Results: random effects

Random effects of each sampling site contain:
- coincidence (e.g. seed occurence)

- site specific factors: e.qg. deadwood structures

Space&Time
3.0e+07 -

2 5e+07 -
2 0e+07 - Model
null
1. 5e+07 - parameter
null+random
1.0e+07 - parameter+random
- . . . .
0.0e+00 - - -

Deviance




Conclusions

Is there natural regeneration and which species are involved?

L ¢ Yes, there is regeneration!

[ _ﬂSpruce IS dominating and there is little species turnover

Is there a general spatio-temporal effect on regeneration?
'\.f “Space: - SE-NW Orientation

=: Time: - increases initally and reaches a plateau

Underlying Effects of Space & Time on regeneration are
massively superimposed by random effects




Conclusions

Je zde prirozené zmlazeni a jaké je jeho druhové slozeni?

Ve

g Ano, je zde prirozené zmlazeni!

[ j Smrk dominuje a je zde mala zména druhove skladby
Existuji obecné zakonitosti obnovy v prostoru a ¢ase?

'\.f " prosotorove: JV - SZ orientace

T casove. zpocatku roste postupné se ustali

casova a prostorova struktura obnovy je zasadné
ovliviiovana okrajovymi efekty.
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How severe does bark beetle outbreak affect
ecosystem services ??

Nativnalpark
Burkhard Beudert m Bayecischer Wald




Contents

Methods and Sites
Changes following bark beetle attack and forest dieback

* in hydrological processes and balances

- water cycling on plot scale
- snow cover dynamics

- catchment balances

- discharge separation

- discharge statistics

e in biochemical processes and element fluxes
- nitrogen pools in spruce ecosystems
- excess mineralization in soils
- base cation issues
- nitrate on catchment scale
- element budgets (plot, catchment)

Conclusions




Sites and Methods

" Markungsgraben

Monitoring on Air Pollution
Effects on Groundwater Quality
Bavarian Environment Agency, NPA

(1989, 1.1 km?)

I by g = o fimi b 1 LI

Forellenbach

UN/ECE ICP Integrated Monitoring on
Air Pollution and Climate Change
Effects on Ecosystems

Federal Environment Agency, NPA
(1990, 0.7 km?)

Grofl3e Ohe

Monitoring on Changes
in Water Cycling during Transition

* from managed to natural Forest

Grofle Ohe - Taferiruck _
research cooperation, NPA
f | 3 1 A @ Fakimety (1978, 19.1 km?)




Hydrological processes and balances

precipitation 1503 Water cycle (mm/a) of a low elevation
1 spruce plot (810 m a.s.|, @ 1992-1995)

443
evaporation
383

transpiration

throughfall After the dieback:
L ??
throughfall evapotranspiration 1

l

,Stand precipitation®

- =

seepage

1 seepage >> 689




Hydrological processes and balances

Water cycle (mm/a) of high elevation

precipitation
spruce plots (> 1200 m a.s.l)

1 evaporation
cloudwater (Cy=  throughlall {TF)

- precipitation (P)
+ evaporilion (E)

local TF-P E C
1991-1996: 810 m a.s.l. -443 443
1999-2001: 800 m a.s.l. -292 292
throughfall 2006-2009: 785 m a.s.|. -529 529
1 |
1992: 1300 m a.s.l. -180 120
1989: 1215 m a.s.l. -142 300 158

1988: 1203 m a.s.l + 87 387




Hydrological processes and balances

Snow cover dynamics (aboveground water store)

800
® beech 1977 - 1996 Until 1996 average maxima of water
m spruce 1977 - 1996 . /A stores in snow cover had been higher
= 000 1 A beech 1097 - 2010 under beech than under spruce at
£ A dead spruce 1997 - 2010 / comparable altitude.
g 400
3 Since 1997 mature spruce stands on
& 200 measuring sites are dead.
/ Mean maxima of snow water equivalents
are now equal to those under beech.
O I I T
600 800 1000 1200 1400

atitude (masl)

The changes in vegetation cover influence snow cover dynamics (build-up, melting)
and probably alter runoff dynamics in spring.




Hydrological processes and balances

Trend analysis of annual statistics of daily discha

Grof3e Ohe Forellenbach Markungsgraben
exceeedance (1992-2010) (1992-2010) (19929-2808)
low flow 95% 0.04
90% 0.04
year 50%
10% 0.16
high flow 5% 0.21
low flow 95% 0.05
90% 0.04
winter 50%
10% 0.26 0.39
high flow 5% 0.28 0.23 0.47
low flow 95% 0.02 0.05
90% 0.02 0.05
summer 50% 0.04 0.04 0.06
10%
high flow 5%

rge (mm/day)

High flow discharges (10% - 5%
exceedance) has been increasing
in all streams (p < 0.05), but only in
winter.

There's no increase in flood peak

Mean flow discharges (50%) has
been increasing in all streams
(p < 0.01), but only in summer.

Low flow discharges (95% - 90%
exceedance) has been increasing
during summer in Grof3e Ohe and
most distinctive in Markungsgraben
(p <0.001).

During initial regeneration phase evapotranspiration on dead spruce stands is reduced compared to
vital stands, enabling higher rates of groundwater recharge and thus higher low flow during summer.

Changes in high flow during winter only are probably related to changes in snow cover dynamics.



Hydrological processes and balances

Vegetation cover changes and catchment water balanc  es

100% . : : :
Killled spruce stands increased in the high

elevation Markungsgraben catchment from
< 10% (1995) to > 60% (1997) and
to > 80% (1998).

Markungsgraben
80%

60% -

40%

evapotranspiration decreased
and
catchment runoff increased

20% -

dead spruce (% area)
runoff (% preciptation)

I dead spruce
—@— runoff
0%

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

100%

In the superordinate Grol3e Ohe catchment 80% Grofse Ohe
dieback of spruce stands and hydrological
effects proceeded more slowly. 60% -
40%
The onset of runoff reaction (> 25% area) was equal
to the other catchments, but size and duration were ~ 29%
small and damped, illustrating scale effects. 0% -

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010




Hydrological processes and balances

runoff generation

Grol3e Ohe
100% 100% _ :
o N Annual discharge has been increased due to
S 80% 8% @ changes in vegetation cover,
S > but contributions of different runoff generation
Q  60% 60% g : _
S 2 processes remained the same:
© < _
o 40% = surface and hypodermic flow 20%,
© © . g
5 20% - oo 8 groundwater flow 80% with catchment specific
slow groundwater S contributions of the slow and fast component.
0% T T T T T T T T T T T T T T OOA)
1992 1994 1996 1998 2000 2002 2004 2006
Markungsgraben Forellenbach
100% 100% 1L00% 100%
() )
> 80% 80% o O 80% 80% o
© o © (@)
& s 5 5
2 60% 60% o D 60% 60% o
© ® © [0
o 40% 0% S o 40% 0% S
T S S S
< D e (1%
N 20% 20% . ? 20% 20% O.
S ©
00/0 I I I I I I I I I I I I I I I 1 O% 0% I T T T T T T T T T T T T T T | OOA)
1992 1994 1996 1998 2000 2002 2004 2006 1992 1994 1996 1998 2000 2002 2004 2006




Biochemical processes and element fluxes

needles

twigs

timber &
bark

roots

nitrogen pools and annual fluxes on spruce plot (kg /ha)

stand biomass

254

239

408

1303

soil

10524

y 15 input

uptake
42

litterfall
stem growth 6

36
O 200
storage _ o
mineralization
-> nitric acid
Y
output 5




Biochemical processes and element fluxes

Excess mineralization

200
¢ organic layer leachate
——seepage water 40 cm
——seepage water 100 cm
150

100 ————

nitrate [mg/l]

50

0,

11.90 1093 1096 10.99 10.02 10.05 10.08 10.11

Already two months after bark beetle
induced dieback in harvest 1996 nitrate
concentrations began to increase in the
organic layer percolate.

Highest concentrations occurred in
mineral soil water in 40 cm (~ 200 mg/l)
and 100 cm depth (125 mg/l).

The acid produced during nitrification was partly buffered by the release of aluminum ions in the soil.

Consumption of acidity has been occurring in the aquifer by mineral weathering, releasing base cations
Concentrations of aluminum ions in groundwater has not been increased.




Biochemical processes and element fluxes

Base cation issues

The six-year-period of excess mineralization
also saw an increase in losses of nutritional
base cations via seepage.

The losses accounted for 2% (K*), 3%
(Ca?*) and 11% (Mg?*) of plant available
ecosystem pools.

% pool plant available

harvest timber&bark
harvest timber

leaching (1997-2002)
Mg

Ca

The dieback induced losses of base cations were much less than the export via biomass harvest.

This holds true for the harvest of timber only, which is considered to be sustainable use.




Biochemical processes and element fluxes

Following the nitrate signal through the catchments

® —— Markungsgraben ——Forellenbach —— GroRRe Ohe Nitrate in fast flowing groundwater reached only
25 10% of maximum soil water concentrations,
= /\/\ slow flowing groundwater only 5%.
£ 20
% / \ Seepage water from vital forest stands (mixing
Z 15 effect), the spatiotemporal distribution of killed
g / \ stands and the short duration of excess nitrification
g 10 \/A\/ A A result in very diluted concentrations
g m in groundwater and finally
S V in streamwater.
0 \ \ |

1978 1982 1986 1990 1994 1998 2002 2006 2010

Markungsgraben exhibited comparatively high nitrate concentrations for some years.
Forellenbach and Grol3e Ohe reached maximum concentrations from 7 to 10 mg/l (~1980s)

Excess nitrification is finished on catchment scale (Markungsgraben, Forellenbach).




Biochemical processes and element fluxes

Nitrogen budgets

spruce plot

1992 1994 1996 1998 2000 2002 2004 2006 2008
25

-25
©
<
g -75
zZ

-125 -

-175 :
EE  soil pool
= Iinput

295 — output

Net nitrate losses reached > 200 kg N/ha/a and

~ 500 kg N/ha during 5 years following dieback.

The system seems to balance since 2002 and
quite recently to get back its sink funktion.

N (kg/ha)

-25

Forellenbach catchment

1992 1994 1996 1998 2000 2002 2004 2006 2008
25

15

= |nput
= output

E=  soil pool \/\/ \/J

By 1999 the catchment has turned from net sink
to net source of nitrogen.

The stream output rates are quite stable, since
groundwater is the prominent source of nitrate.



Conclusions

Bark beetle outbreak and follow-up processes affect ecosystem services

» Leaf and surface area index decrease substantially, reducing roughness of
vegetation cover and thus interception of airborne substances and water

« Evapotranspiration in summer half year is therefore reduced,
Increasing the amount of seepage water and the recharge of groundwater

* Low flow characteristics change to higher discharges in summer esp.,
demonstrating that the quantity of groundwater remains constant at least

 High flow characteristics change to higher discharges in winter only,
but flood crest didn‘t increase

 Quality of useable water is altered (enriched in nitrate and base cations),
but fulfills all requirements for human nutrition (German laws, WHO)

These effects are due to natural disturbances only, lasting for 10 — 30 years

(until young and dense tree stands will be established on catchment scale)

Why should we aggravate these outcomes by management intervention
In a National Park ???




hlavni ponau c¢eni

Kdrovcova kalamita a nasledné procesy ovliviuji "ekosystémové sluzby"

sindex olisténi a plochy pokryvu vyrazné klesa, "hrubost" rostlinného pokryvu
se snizuje a tim i intercepce vody a latek pfenasenych vzduchem.

*Dusledkem toho je evapotranspirace v letni poloviné roku snizena, roste
mnozstvi vsakujici se vody, hladina podzemni vody se rychleji obnovuje

scharakter nizkych stavi vody se méni, zvlasté v lété, ve prospéch vyssSich
prutoku, coz ukazuje, ze mnozstvi podzemni vody zustava pfinejmensim stale
stejné

scharakter vysokych stavu vody se méni ve prospéch vyssSich pratoku pouze v
zimé, ale kulminacni vySka hladiny za povodni se nezvysuje

kvalita pitné vody se méni ( obohaceni o kationy dusiku a Ca, Mg, K), ale nadale
splnuje naroky na lidskou vyzivu (némecké zakony, WHO)

Tyto zmény jsou pouze dusledkem pfirodnich disturbanci a trvaji 10 - 30 let

( dokud se mladé a husté porosty dfevin neuchyti ploSné na urovni povodi )

Jsou tyto vysledky tak znepokojujici, ze je nutné hospodarsky zasahnout

v Narodnim iarku 27?7
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The influence of disturbance on biodiversity

Is this an ecological desert?




Aims

To test the ...

Influence of disturbance on the diversity of habita ts
Influence of disturbance on the diversity of specie S
and

iImplications from winners and losers




Methods

® Standardized sampling across
forest stands with different
degree of disturbance (24
taxonomical groups)

® Measurement of canopy
openness by disturbance with
lidar

® Species richness, diversity and
community analysis Rialogische Vislfdt

i Parpoalpark Bavertscher Wald




Results: Diversity of habitats

Natural disturbance
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Results: Diversity of moths
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Arichanna melanaria




Results: Diversity of moths




Results: Diversity of saproxylic beetles
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Results: Diversity of saproxylic beetles

The effect of canopy opening

Spruce specialists prefer open stands after disturbance, in
the same way as the regeneration of spruce saplings

Judolia sexmaculata Chrysobothris chrysostigma

Miuiller et al (2010) Biological Conservation




Results: Diversity of lichens

Management

Moning et al (2010) Forest Ecology and Managment

Bradtka et al (2011) Waldtkologie Online




Results: Total diversity

250 7 based on 1516 Syrphidae
analyzed species
(occurence > 2 plots)

Symphyta
Neuroptera
Lepidoptera
Heteroptera
Auchenorrhyncha
Aculeata
Eumycophyta
Spermatophyta
Opiliones
Mammalia
Isopoda
Formicidae
Diplopoda
Collembola
Coleoptera
Chilopoda
Aves
Arachnaea
Lichenes
Mollusca
Bryophyta

200 -

=

al

o
]

=

-

o
]

BEO0RRCONNENNNONERDNRD

Indicator species

50 A

Closed Medium Open
Canopy openess

Lehnert et al in prep.




Results: The bark beetle as a keystone species

Miiller et al (2008) Biodiversity and Conservation




Results: Management
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Results: Community assembling - a lesson from nature

Niche position canopy opening

14 taxonomical groups of animals — from molluscs to birds

60
@ p=0.013
0 O
o
@
40 - M
o
© o
@)
20 T T
10 100
Body size [mm]
60
p = 0.002 @
e %
@)
40 - 2C o
@)
o
@)
20 — T T T
1 2 3 4
Mobility

Cross-validatory fit

-10

Deterministic versus stochastical processes

residuen SES C-Score

Predictability by environment

20
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1,0 4
0,5 1
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-1,0 1

-1,5
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Mean niche position (Canopy cover)

20
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Conclusions from Biodiversity research

Bark beetle and windblow have enriched the diversity of habitats in the Nationalpark

Karovec a polomy zvysily rozmanitost stanovi§  t' v Narodnim parku

Thereby species diversity increased

tim se zvysSila druhova rozmanitost

Particular those species were favored which are closely related to spruce (historical old process)

Zvlast é byly zvyhodn ény druhy, které jsou vice vazany na smrk ( coz je his  otricky proces)

Bark beetles are important keystone species for diversity in boreal spruce dominated forests

Kudrovci jsou d ualezitymi kli €éovymi druhy pro rozmanitost v borealnich smrkem domi novanych lesich
Salvage logging alters natural communities and reduces habitats as snags

Asanace napadeného d Feva meéni pFirozena spole €enstvi a sniZuje vznik stanoviS t’ jako jsou tlejici kmeny
Community assembling in the open forests was driven by the regional species pool rather than by competition

Sestava spole €enstev v otev fenych porostech je ur €ovana mistnimi druhy spiSe nez kompetici
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The BIOKLIM Project

Bindversity and Climate Froject in the
National Park Bavarian Foras)

Bassler et al (2009) Forest Ecology, Landscape Research and Nature Conservation
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Results
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Results

>100 individuals

Ostoma ferruginea _
J 1. Enrichment of spruce wood and

>300 individuals openness of the canopy due to the
bark beetle supports red listed
species and conifer specialists
Restoration of population densities
Amount of dead wood should exceed

60m?3 ha! (at present ~ 15m3 hat)

w N

Ampedus auripes

Miuller et al (2010) Biological Conservation



Results
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Results

A. atrinella Volume of dead wood

Estimator

Independent effect

Abundance (Poisson) 1.28™
Probability (Binomial) 1.80%

Amtrroiclr cAanci /,—— |—

prosence
! IJEE.I:I o Anaunt
f1NEAI1CH p < .00

i1-1-1-m'3h.1'1 > 144 mha’!

III." 1134 - 224) ]H-.

Ml 2 = 20d) Mode 3 [n =005
.1

Dccupled Plaks 1%}

ol Il |

Stage of decomposition

Estimator Independent effect

92.6 %
90.7 %

0.60" 7.4%
1.31%** 9.3%

Bassler & Miiller (2010) Fungal Biology



Results
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1. No short term effects for red listed fungi
2. Preserving old growth forests

3. Large scale reserves guarantee variation
in structure (cause of tree mortality etc.)

Bassler et al (2011) Biodiversity and Conservation
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‘ Results

Modelfit

Capercaillie data from 2000-
2005

Aerial fotos from 2003

Validation

Capercaillie data from 2006-
2010

Aerial fotos from 2008

Teuscher M. et al. 2011 Ornithologischer Anzeiger in press




Results

Meadows -
Forest edge -
Dead wood A

Peat bog -

Medium mixed forest A
Medium conifers -
clear cut -

young conifers -

Old conifers A

Old mixed forest -
Old broadleaf -

Habitats

[T UH I

T T T T 1

O 50 100 150 200 250 300

counts

Teuscher M. et al. 2011 Ornithologischer Anzeiger in Druck




Conclusions

To assess the effects of passive management we need reliable data across various taxonomic groups.

Pro zhodnoceni efekt 0 pasivniho managementu pot Febujeme pr urezové z rtiznych taxonomickych
skupin spolehliva data

Positive effects on the number of rare species are a result of the enrichment of dead wood and openess of the
canopy due to windthrow and bark beetle

Pozitivni vyvoj po ¢€etnosti vzacnych druh G je dasledkem nar Gstu mnozstvi mrtvého d Feva a otev feni
korunového zapoje vd uasledku polom a a karovce.

Bark beetle activity allows the returning of rare species and an restoration of population densities of rare
species

Aktivita k Grovce umoz Auje navrat vzacnych druh G a obnovu jejich popula €nich hustot.

For some species groups we can not observe a short term effect which supports the need preserving old-
growth forests as donnor sites within protected landscapes

U nékterych skupin druh G zatim nem GZeme pozorovat kratkodoby vliv, coZ podporuje pot febu ochranu
pralesovitych porost U jako ,darcovskych” stanovi§ t v chran énych krajinach.
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The bark beetle outbreak
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The Bark Beetle Ips typographus
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Expected development




=i | Hllllnlrllnll Illlmlrllhr"-!h-l':l T lwilis s | |
e | Rl Tl Tt &I'-—IH'I-I--L NS e WA

T E = |1 TIRIRIT I O

e RS S

= ""'-""I"l""rl'.'
| =

F" rlll'- ey ;
'!"."l'!'-f'."‘-"!-!“"-

oy LY

-Fm-'-rl' e

ﬂ*‘*‘-‘ﬂ*.

LRI

.ﬁi‘fn‘.h.‘-‘h‘.r'
| Ty R
| [ ‘*.

A =

o sl

L A
e PSS
| [}

:__'I’- LTS ',__'I:n':

[}
TEEHHIEHE

5 LINIVERSTTAT
B M NCHER




=i Hllllnlrllnll Illllnlrllhr"-l!h- w10 lwilin

Pl D
Al Edets T T +.ar.-m‘ oo bd e, B
E ! E k i 1L

== e R

=, ﬁﬁmi;ﬂ' =, -'_.-'. .-1'";:. ':'ﬁ:: i::iﬂ-

o

“_ --r.-_-llr!.l-‘-'rr.l
| =

F'-rlll'-lrr! ;

St b peet T

f o " CHE LT
—f -H;-I..Jl.l-u

'_ -Fm-'-rl' e

ﬂ*‘*"“rﬂ“.

LRI

.ﬁ'.'nlh.‘ﬂu'

e

W

o e s

_?;I-‘II:.:IF il - al

:_'I’- _."I'H!:!Ill‘":m - _.
(I T
| % -

i -

TEEHHISCHE
1 LItIVERST AT
B M NCHER



o Mimtipaiadiiaii Illlmlrllhr"-l!h- W i

K S FF 1“' -a-I_MH. “-..ﬁ iﬁ "1"—!!- *Ij..

e o=t n e T = ﬁﬁmhﬂl "-J'
m&

o limhd ol et T
-f temw i =—lue
—-f Sy

o uu-u-lu L

—? -.I.i;lll-ﬂhu.. ul

Pl

S
R

-!"H;- (L TCTE

o
N -

= I-lr.' I-llr!l-‘-hrl
s

itites
=gl Ll
et

'-i‘_'. L HE L

—f II'.;IJHIl.I-

JI -Fm-'-rl' -

.w***

LR

N '..;.ib':.aafa.-.;

n E-r;h- .
At
o bl
Rl

:.-'Ir.:_."lﬂ!:il " p._"l'ﬂ'[

TEEHHISCHE
1 LItIVERST AT
B M NCHER




=i | |-|-||n||u|u|| TR 1 s ko N ™ s | |

(Rl The Tt dekdcH Bl VWow - Theel WA

_____=____IE E = REL
il e SRR

o U1 iehiil bl i T

'-i wmm ey
o o i
B ||H- e e e

LA b

—f .|=|-HII-J.-E|I
S
e X
-!"_H-—- by
i

el

= :hﬁ_rlllllql- mmy

""-I'".?'*‘."'HE
gl e

By -—15 H.-uJH'n-

JI ﬁ-n-rl---.
o ﬂw--w-
T
A WL
: ﬁr.""' "
W
o e et
o el
'-_‘.It‘.r-.:'"'l":"-l-"TrF
TEEHHIAHE

5 LINIVERSTTAT
B M NCHER




o AR L b el St W T el e
y DX T T B T T TR T [ Vi T =

LM. 7. o
[ ot < 0 -4 K
TR e [ ek e i ] e

ST T e T

-f Rlrmwan—il
R A T

b 112
o i e e e

: I
T T
i

¥ e .

A

F e by
o

1' W nl_{l_lll-l
i =1
_--nr_-_u-l-'n_-r

— ..“.:'.‘li...
Edilas
.""rF'._r."l_q'--l'!
festpd peeea b
f_-l-br-l L
S SRR
-
¥ T v
At e
o ek i
b
|y
AW
T Cm N
o~ mbulih}

iy F— 11 T
1' [ o R

'_If e n T

= T o - Il . L nIVERSTIAT
L5 b SRS P HER




53 |-|-||r.||u|u||: TR 1 s ko N ™

#0 Th= 1 st ﬁht'l'l Hia lont

Filrlsoe

] i -
-f' Rlrmwan—il

W w wEaEEr

e I!I_:-Hu.-:- #

LA L
-|fr [RETE T B

'l.f M=

A

e | e by

- T eL
-|fr o el bE
j =1

e may e e
-
Spfrrmrs ey

l-l-|-h Bl 0w e

_-f -l-l'l._-d.'r_\.-
o e bl
-|fr = I.ll..-.-h.

".!' wwres wpl=T(L

by | ]

Hire. hh

I ERT AT,

P HER






Methodology

Heurich et al (2010) European Journal of Forest Science



Dead wood stands inthe RLG:
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Development of dead wood stands in the RLG:

BOD ®cleansd Areas

m dead Wookd stands
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Lausch et al (2011) Forest Ecology and Management




Dead wood stands inthe FRG:




Distance of infested patches in consecutive years

Infestation [%]

L L alyd T L L (L5 i iy Ad o

Distance [m]

Kautz et al (2011) Forest Ecology and Management



Spatially explicit agent-based simulation model (SA MBIA)

Why programming a simulation model?

¢ Understand the complex interplay between beetles, host trees,
antagonists and management

® the model offers the possibility to perform experiments ,
without destroying anything...

Structure of SAMBIA

® Grid based

® Bottom-up-approach:
local processe — regionale patterns

Fahse and Heurich (2011) Ecological Modelling



Implementation of biological processes

® population dynamics
(reproduction, mortality)

® dispersal

Fahse and Heurich (2011) Ecological Modelling



Infestation patterns in consecutive years

Lausch et al Ecological Indicators (submitted)



User interface of SAMBIA
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Risks of outbreaks as a function of the initial num bers

forest with weakened
trees (4%)

healthy spuce forest

Fahse and Heurich (2011) Ecological Modelling



Efficiency of management zone

(o) Pjiag = 80%

time =
(b) Priaa = 70%

<« fringe z2on6——»

Lorenz F. and M. Heurich (2003): Research for the Environment




Threshold for management efficiency

threshold behaviour ~

Lorenz F. and M. Heurich (2003): Research for the Environment



Conclusions

« Natural development is now allowed on 12580 ha (52 %) of the park area
« Bark beetle affected 6000 ha of the Rachel-Lusen-Ar ea

« Bark beetle shows a cyclic dynamic, influenced by ¢ limatic
charakteristics (wind, temperature)

« Bark beetle outbreak can be explained by naturaldy  namics
« Bark beetle management can keep the disturbance wit  hin park borders
e Sanitary logging has to focus on the vicincy of pre vious infestation

« For efficient bark beetle management you have tore  duce beetle
numbers by 75 %




