
Die Douglasie in Österreich 
– Wer weiß woher sie 

kommt, weiß wohin sie geht 

DI Wolfgang Hintsteiner 
Mariabrunn am 30. Sept. 2013 



„Wer nicht weiß, woher er 
kommt, weiß nicht, wohin er 
geht, weil er nicht weiß, wo 
er steht.“ 

Ehzg. Otto von Habsburg-Lothringen 



Woher kommt sie? 
•  Nordwestamerikanische Baumart 
•  4.500km x 2.200km = 1.000.0000km2 

(Hermann 1999) 
•  ca. 118 mal Österreich 
•  2(3) Varietäten 

– Küstendougl. o. Grüne Dougl. (Pseudotsuga 
menziesii var. menziesii) 

–  Inlandsdougl. o. Blaue Dougl. (Pseudotsuga 
menziesii var. glauca) 

– Mexikanische Douglasie (Wei et al. 2011) 



Verbreitung Douglasie 

Blaue D
ouglasie - Inlandsdouglasie 



Topographie 

•  Westküste: Kaskaden 

•  Inland: Rockies 

•  Nord-Südorientierung 



mittlere Temperatur: mittlerer Niederschlag: 



Klimaregionen: Ökoregionen: 
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Wachstum und 
Überlebensrate (Gamble 
et al. 1996) 

Infektionsrate 
Rhabdocline pseudotsuga 
(Stephan 1980) 

Resistenz Frosttrocknis 
(Larsen 1981) 
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Varietäten -  
Eigenschaften 

Zusammenfassung 
 

Mexiko 

Küste Inland 

Wüchsigkeit höher geringer 

Kälteresistenz geringer höher 

Schütteanfälligkeit 
(Rhabdocline 
pseudotsugae) 

geringer höher 
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Abb. 9: USA-Samenzonen mit ausgewählen Herkunftsgebieten

Schultze und Raschka 2002 

Empfohlene 
Samenzonen  
für Österreich 



Empfehlungen für Mitteleuropa 

Behavior of the 'European' Douglas-fir  Marcela van Loo 
 

1973). Based on the results gained from provenance trials that were around 20 year old at that time, 

main recommendations on most suitable provenances for individual European countries were made. In 

general, provenances of the coastal variety which originated from the Cascades region and provenances 

from vicinities close to the coast-line were found to perform well over all tested regions (Breidenstein et 

al.1990), whereas the interior variety was better under rough conditions of the continental climate in 

Sweden (Martinsson 1990), Finnland (Tigerstedt 1990), or Slovakia (Holub�ík 1974, 1980). Numerous 

countries took advantage of the gained results and invested further into collecting / testing of additional 

provenances leading to more explicit and country-specific guidelines for provenance use (Fig.2). 
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Fig.2. Provenance recommendation areas of Douglas-fir in North America for following Central 
European countries A) the Czech Republic (orange) and Bavaria in Germany (violet) and, B) Slovakia 
(yellow) and eastern Austria (blue) based on Zindelá� & Beran (2004), �avoda (2007), Wei�enbacher 
(2008) and on http://www.stmelf.bayern.de/mam/cms02/asp/dateien/douglasie.pdf 
 

From both varieties it is the interior variety, which is economically uninteresting and is not 

recommended for forestry in the majority of European countries (e.g. Kleinschmidt & Bastien 1992, 

Konnert & Ruetz 2006, Weiszenbacher 2008). This is mainly based on its weaker growth performance 

and susceptibility to R. pseudotsugae. Nevertheless, this variety and its provenances do not only grow in 

provenance research plots and in stands which serve as examples in different forest enterprises, but also 

within seed stands which have been previously selected and registered solely on their phenotypic 

performance (Leinemann 1998, Maurer et al. 2003, Konnert et al. 2008, Fussi et al. 2010). Therefore, in 

Germany the registration of such seed stands is withdrawn after the interior variety is discovered within 

them (Fussi 2010). In Austria, seed stands mixed by both varieties further serve as seed sources (van 

Loo et al. 2012, Hintsteiner et al. in prep., see picture 3A). 

3.3 Genetic structure of Douglas-fir in North America and Europe 

A wide range of markers were applied to study the varieties, the genetic structure and the 

phylogeography of Douglas-fir in America including biochemical markers like monoterpenes (Zavarin 

& Snajberk 1973, Von Rudloff 1973) and molecular markers such as isoenzymes (Klumpp 1999, Yang 
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Tschechien – Orange 
 
Bayern - Violett 

Slowakei – Gelb 
 
Österreich - Blau 
 

Šindelář & Beran (2004), Ťavoda (2007), Weiβenbacher (2008) 
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Inst. f. Waldbau (Boku) 



Molecular dating with BEAST based on the cpDNA
phylogeny indicated that the MRCA for each of the coastal
and Mexican lineages was dated at 4.8 Ma (95% highest
posterior density (HPD) interval, 9.7–1.2 Ma; Fig. 3, node
A) and 3.2 Ma (95% HPD interval, 7.0–0.5 Ma; Fig. 3,
node B), respectively. The most recent common ancestor of
all Douglas-fir was dated back to 9.0 Ma (95% HPD
interval, 17.5–2.8 Ma; Fig. 3, node D), and the split time of
the coastal and Mexican lineages from the Rocky lineage
was estimated at 8.5 Ma (95% HPD interval, 16.5–2.4 Ma;
Fig. 3, node C). The estimated nucleotide substitution rate
for the cpDNA trnfM-trnS intergenic region was 4.6!10!9

per site per year.

Genetic diversity and population structure

TheHT estimated at the chlorotype level over all populations,
was 0.908 and the average HS was 0.646. Sizeable

population differentiation was observed, as indicated by the
values of GST=0.289 and NST=0.452 (Table 4). The
permutation test showed that GST and NST were significantly
different from each other (NST>GST, P<0.01), indicating
significant phylogeographic structure. By comparison, at
the mitotype level over all populations, the total gene
diversity and within-population gene diversity were
relatively low (0.480 and 0.038, respectively) but a high
GST value (0.922) was estimated.When estimating chlorotype
variation based on the six previously defined large
regions, the Rockies-north and Rockies-south regions
showed the highest and lowest ! and Hd, respectively
(Table 4). For the Coastal-north region, the inclusion or
exclusion of population 161 in the calculation caused
quite different results. All regional values of HT, HS, !,
and Hd were slightly lower, and indices of population
differentiation decreased markedly when population 161
was excluded. This was caused by the high frequency of

Fig. 3 Bayesian 50% consensus
tree for chlorotypes of the
cpDNA intergenic spacer
trnfM–trnS in Douglas-fir.
Numbers above branches
indicate Bayesian posterior
probabilities. Bold letters under
branches are node names. The
molecular clock time estimates
are denoted by italic numbers
above branches. The colors of
chlorotype names correspond to
Fig. 1b (asterisk indicates the
95% highest posterior density
(HPD) interval: A 9.7–1.2 Ma, B
7.0–0.5 Ma, C 16.5–2.4 Ma, D
is 17.5–2.8 Ma, E fixed age of
32 Ma based on the fossil
record)

Tree Genetics & Genomes (2011) 7:1025–1040 1033

Phylogeographie der Douglasie 

Wei et al. 2011 



Klimageschichte Erde 

Erste Funde Douglasie 



Refugien laut Gugger & Sugita (2010): 

•  durchgehende Linie: 
molekulare und fossile 
Daten 

•  unterbrochene Linie: nur 
molekulare Daten 

and the later cpDNA estimate of 491 ka could indicate
that substantial gene flow via pollen continued until the
middle Pleistocene. Under this scenario, pollen
exchange could have been continuous over that interval
or could have been in one large homogenizing burst
just before final divergence.
However, additional uncertainties should be consid-

ered for all estimates. First, mtDNA mutations among
varieties seemed to come in clusters that could have
occurred as one event, and therefore, might not have fit
the substitution model employed by IMa. The outgroup,
Pseudotsuga macrocarpa, is positioned two mutational
steps from the coastal variety (M1), but the coastal and
Rocky Mountain varieties are seven mutational steps
apart (Fig. 4). Under a molecular clock assumption, this
implies that the varietal divergence preceded the spe-
cies divergence, which is not supported by cpDNA

(Fig. 4), morphology (Hermann & Lavender 1990) or
the fossil record (Fig. 1; Hermann 1985). Overall, this
could result in an overestimate of the divergence time
among varieties based on mtDNA and both loci. Second
and more generally, our mutation rate estimates may
not be accurate. In calculating the per locus per year
substitution rate used in IMa, we assumed a divergence
time for Pseudotsuga and Larix of 50 Ma and that the
mutation rate estimated among genera is applicable
within species. The latter was assumed despite the fact
that molecular clock model was rejected within and
among species for the cpDNA (Table 2), and its effect
on our conclusions is unknown. Otherwise, we expect
the divergence time to be reasonably accurate based on
the fossil record (LePage & Basinger 1991; Schorn 1994;
Gernandt & Liston 1999) and other molecular data sets
(Wang et al. 2000). However, if the true divergence time
among genera was actually 100 Ma, for example, then
our estimated mutation rates would have been halved
and all our varietal divergence time estimates would
have been doubled.
Pushing back the divergence date from 2.11 to

4.22 Ma for the analysis with both loci combined would
not affect our main conclusion of divergence associated
with the Cascade and Sierra Nevada orogeny and sub-
sequent xerification of the Columbia Plateau and Great
Basin between the present ranges of each variety. More-
over, our mutation rate estimates are consistent with
the most recent fossil-calibrated neutral substitution
rates for cpDNA observed in Pinus (ly = 2.2–4.2 · 10)10;
Willyard et al. 2007). In the Pacific Northwest, Douglas-
fir shares this history with a number of similarly
distributed taxa (Carstens et al. 2005), including tailed
frogs (Ascaphus spp.; Neilson et al. 2001), Van Dyke’s
salamanders (Plethodon spp.; Carstens et al. 2004), the
giant Pacific salamander (Dicamptodon spp.; Steele et al.
2005) and Constance’s bittercress (Cardamine constancei;
Brunsfeld & Sullivan 2005).

Glacial refugia

Glacial refugia for the coastal and Rocky Mountain vari-
eties were distinct (Figs 1b, 4 and 6; Table 6). One
chlorotype and one mitotype dominated the coastal
region, and the few rare haplotypes were wide-ranging
across the region. This low diversity and lack of sub-
structure within the coastal variety is consistent with
nuclear microsatellite and allozyme variation (Li &
Adams 1989; Krutovsky et al. 2009) and suggests we
cannot reject the hypothesis of one coastal refugium
spanning central California to unglaciated western
Washington. One refugium is also consistent with mod-
els that used modern climatic tolerances to predict
Douglas-fir’s distribution during the Last Glacial Maxi-

Fig. 6 Summary of glacial refugia and postglacial migration
routes based on fossil and genetic data. Solid lines indicate
refugia and postglacial migration routes supported by fossil
and molecular data, dashed lines indicate those supported by
fossil data only, and dotted lines indicate those supported by
molecular data only. Double line marks some barriers to seed
dispersal as suggested by mtDNA.

PHYLOGEOGRAPHY OF DOUGLAS-FIR 1889

! 2010 Blackwell Publishing Ltd
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unterbrochene Linie: 
potentielle neue 
Refugien 
 
Wiederbesiedelung 
von 50-220 m/a 
(Gugger & Sugita 
2010) 



•  Refugien 
Küstenkiefer(Pinus 
contorta) mit 
überlappendem 
Verbreitungsgebiet 

P H Y L O G E O G R A P H Y  O F  L O D G E P O L E  P I N E 2471

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd

that the interior BC region likely experienced a different
mode of colonization. The geographical pattern observed
suggests that one wave of migrants consisted largely of
individuals derived from a glacial refugium located south
of the ice front between the Cascades and the Rocky
Mountains ranges in which haplotype XI was presumably
prevalent, and at least two other migration waves from dis-
tinct glacial populations where haplotypes V and XVI
would each have been predominant.

The spatial distribution of haplotypes V and XI indicates
that the Rocky Mountains have apparently played a crucial
role in inducing glacial vicariance in lodgepole pine,
paralleling what has been previously reported for whitebark
pine (Pinus albicaulis) (Richardson et al. 2002). The phylogeo-
graphical effect of the Rockies has been less documented
than the Cascades because of the small number of taxa with
distributions on either side of the range (John 1990). It is

thus anticipated that other PNW species with a wide
longitudinal range such as subalpine fir (Abies lasiocarpa),
for which the fossil record indicates co-occurrence with
lodgepole pine during the last glaciation (Whitlock 1992),
will have experienced a similar glacial vicariance effect.

A third glacial population of ssp. contorta was likely
located west of the northern Cascades and along the coast
in Washington State (Fig. 4), underlining the role of the
Cascades Range as a barrier to seed migration during
glacial times. Descendants of this putative glacial population
harbour a blend of haplotypes IV, V, VI, VII, VIII and IX,
with no predominance of a single haplotype (upgma sub-
cluster 1b, Fig. 2 and baps group 2, Fig. 3). This pattern
contrasts with that observed in the two previously described
ssp. latifolia glacial populations, which would have been
less diverse. The higher haplotype diversity in these ssp.
contorta populations suggests a glacial refugium characterized

Fig. 4 Summary of the major inferred
phylogeographical processes that led to the
current distribution of mtDNA diversity of
the two most widely distributed subspecies
of lodgepole pine: ssp. latifolia and ssp.
contorta. Glacial populations (circles, ssp.
latifolia; squares, ssp. contorta) and postglacial
colonization routes were inferred from fossils,
palynological, and mtDNA data. Solid
arrows represent the putative colonization
routes and dashed lines represent zones of
contact. Dashed circle and question mark
indicate uncertain refugium and migration
route. Roman numbers refer to the prevalent
mtDNA haplotype found in each glacial
population. State/Province abbreviations:
AB, Alberta; AK, Alaska; BC, British Columbia;
CA, California; ID, Idaho; MB, Manitoba;
MT, Montana; NE, Nebraska; ND, North
Dakota; NT, Northwest Territories and
Nunavut; NV, Nevada; OR, Oregon; SD,
South Dakota; SK, Saskatchewan; UT, Utah;
WA, Washington; WY, Wyoming; YT, Yukon
Territory. Island abbreviations: AA, Alexander
Archipelago; QCI, Queen Charlotte Islands;
VI, Vancouver Island.

Godbout et al. 2008 



40.000-50.000 Jahre alte Pollen von Picea und Larix 
in Alaska 

et al., 1996; Brigham-Grette, 2001). Records of the Beringian
palaeoenvironment are preserved in permafrost and lacustrine
deposits in Arctic lowlands and hills and inundated terrestrial
continental shelf deposits of Northeast Siberia, Alaska and North-
west Canada (e.g. Elias et al., 1996, 1997; Brigham-Grette, 2001),
including regions in Central Beringia such as the Seward Peninsula
in NWAlaska.

Palaeoenvironmental proxies from permafrost deposits are
valuable tools with which to reconstruct past climates and
ecosystems for regions where other archives, such as long ice-core
or lake-sediment records, are either rare or absent. Due to cold
climatic conditions throughout the late Quaternary in the vast
unglaciated territory between the Eurasian and the Laurentide ice
sheets, permafrost formed, persisted and preserved fossil remains
of faunal, floral and microbial communities in good to excellent
condition; characteristics of ground ice and sediments are also well
preserved. Therefore, permafrost deposits are increasingly used
as an archive of late-Quaternary environmental and climatic
conditions in the high latitudes of the northern hemisphere (e.g.
Matthews, 1974a; McDowell and Edwards, 2001; Murton, 2001;
Schirrmeister et al., 2002, 2008; Muhs et al., 2003; Hubberten et al.,
2004; Sher et al., 2005; Froese et al., 2008; Kienast et al., 2008;
Kuzmina et al., 2008; Wetterich et al., 2008; Meyer et al., 2010;
Andreev et al., 2011).

Several palaeoenvironmental records from the Seward Peninsula
that cover large parts of the late Quaternary were produced in
previous decades from the Imuruk Lake region (Hopkins, 1959b,
1963; Colinvaux, 1964; McCulloch and Hopkins, 1966) and the Kot-
zebue Sound region (McCulloch and Hopkins, 1966; Matthews,
1974a; Hopkins et al., 1976; Jordan and Mason, 1999). Some studies
focused on specific important palaeoenvironmental indicators, such

as fossil soil properties (Höfle and Ping, 1996; Höfle et al., 2000),
pollen (Colinvaux, 1964), plant macrofossils (Goetcheus et al., 1994;
Goetcheus and Birks, 2001), insects (Elias, 2000, 2001; Kuzmina
et al., 2008), and tephra (Begét et al., 1992, 1996). Many studies in
the northern Seward Peninsula are focussed on a prominent palae-
osol, the Kitluk palaeosol, an ancient land surface buried and
preserved by a ca 1-m thick tephra layer from the Devil Mountain
Maar eruption. The soil is radiocarbon-dated to 21.5 ka cal BP (Begét
et al., 1996) and thus is representative of conditions during the Last
Glacial Maximum (LGM).

In this paper we present a multi-proxy palaeoenvironmental
study covering the mid-Wisconsin to Holocene period based
on sedimentological, geocryological, and palaeontological (pollen,
plantmacrofossils, ostracods, testate amoebae) data fromadifferent
element of the periglacial landscape, an eroding pingo exposed in
the coastal cliffs of the northern Seward Peninsula.

2. Study site

2.1. Pingo

The studied exposure is part of a pingo situated on the northern
coast of the Seward Peninsula and currently breached by coastal
erosion; it lies close to themouth of the Kitluk River at 66! 340 5800 N
and 164! 180 2500 W (Figs. 1 and 2). In summer 2008, the maximal
height of the pingo remnant was about 18 m above sea level (a.s.l.)
and 8.5 m above the surrounding basin. The largest diameter of the
pingo remnant reached about 130 m, and the mean slope was 7.7!

ranging between minimum and maximumvalues of 0.7! and 22.9!,
respectively. The pingo ice core was not exposed.

Fig. 1. Study area in the Cape Espenberg Lowland on the northern Seward Peninsula, NW Alaska. Small black frame in A shows location of larger map in B. Small black frame in B
shows location of the study site shown in Fig. 2. Place names mentioned in the text include: K e Kotzebue, N e Nome, F e Fairbanks; SP e Seward Peninsula, AKNS e Alaska
Northslope; YM e York Mountains, KM e Kigluaik Mountains, BM e Bendeleben Mountains, DM e Darby Mountains; 1 e Whitefish Maar, 2 e Devil Mountain Maar, 3 e North and
South Killeak maars, 4 e Imuruk Lake, 5 e Squirrel Lake, 6 e Burial Lake, 7 e Isabella Basin, 8 e Harding Lake, 9 e Ahaliorak Lake, 10 e St. Paul Island. Modern treeline is marked by
dashed black line in both maps (from Circumpolar Arctic Vegetation Map, Walker et al., 2005).

S. Wetterich et al. / Quaternary Science Reviews 39 (2012) 26e44 27

Wetterich et al. 2012 



Hybridisierung zw. den Varietäten 

Küste Inland 

Programm: Structure 



Kontaktzone in 
British-Columbia 

450km 



Grenze Hybridzone  

Die punktierte Linie schließt laut 
vorhergehenden Publikationen 
den Kontaktbereich der beiden 
Varietäten ein. 



•  Introgression von 
Inlandsdouglasie östlich 
des 
Kaskadenhauptkamms 
(Eckert et al. 2009) 



Inland kreuzt sich bei Küste ein 

Küste Inland 



Kontakt östlich des Kaskadenhauptkamms (Wei et al. 2011)  

Data analysis

Sequence alignments were made with CLUSTAL X
(Thompson et al. 1997) and refined manually. Haplotype
diversity (Hd) and nucleotide diversity (!) were estimated
using DnaSp5.10 (Librado and Rozas 2009). The program
PERMUTE (available at http://www.pierroton.inra.fr/
genetics/labo/software/; Pons and Petit 1996) was applied
to calculate the average gene diversity within populations
(HS), total gene diversity (HT), as well as average gene
diversity among-population differentiation (GST) and the
degree of population subdivision at the nucleotide level
(NST). The occurrence of significant phylogeographical
structure was inferred by testing if GST and NST were
significantly different using PERMUT with 1,000 permuta-
tions. Genetic structure was further examined by hierarchical
analysis of molecular variance (AMOVA) with pairwise
differences and haplotype frequencies using ARLEQUIN
3.11 (Excoffier et al. 2005). Estimates of genetic differenti-
ation among populations and regions were calculated and the
significance was tested using 10,000 permutations. A
cpDNA haplotype network was constructed with NET-
WORK 4.516 (http://www.fluxus-engineering.com) by the
median-joining network algorithm (Bandelt et al. 1999)
using P. macrocarpa as outgroup. The relationships among
the cpDNA haplotypes of Douglas-fir and P. macrocarpa

were further investigated by Bayesian phylogenetic analysis
using P. sinensis as outgroup. The analysis was conducted
with MrBayes 3.1 (Ronquist and Huelsenbeck 2003) using
the K81uf model of nucleotide substitution, which was
determined by the AIC test with Modeltest 3.07 (Posada and
Crandall 1998). One cold and three incrementally heated
Markov Chain Monte Carlo (MCMC) chains were run for
1,000,000 cycles. Trees were sampled every 100 genera-
tions. The 50% majority rule consensus tree was obtained
based on the trees sampled after generation 30,000.

A Bayesian approach was used to estimate the diver-
gence time of each major group (node) in the cpDNA
phylogeny using the program BEAST v1.5.3 (Drummond
and Rambaut 2007). The dataset was analyzed using a
constant size tree prior under the HKY nucleotide
substitution model and gamma-distributed rate heterogeneity.
The oldest Pseudotsuga fossil record so far found in the early
Oligocene lowland Willamette and Rujada paleofloras of
west central Oregon (Lakhanpal 1958) could be dated back
to !32 million years (Ma) ago (Schorn 1994). Therefore, the
age of the most recent common ancestor (MRCA) of
Pseudotsuga was fixed at 32 Ma (node E in Fig. 3). A
random local clock model was used for the estimation.
MCMC chains were run for 10!106 generations, sampling
every 1,000th generation. BEAST output was analyzed using
TRACER 1.5 (http://beast.bio.ed.ac.uk/Tracer).

Fig. 1 Geographical distribu-
tion of mitotypes and chloro-
types in Douglas-fir populations.
The green shade indicates the
current distribution of Douglas-
fir. a Mitotype distribution;
white circles indicate mitotype
D and blue circles indicate
mitotype I. Population names
are showed in the circles in
reference to Table 1. The Roman
numbers indicate the six geo-
graphical subdivisions delineated.
I Coastal-north, II Coastal-south,
III Rockies-north, IV Rockies-
transition, V Rockies-south, VI
Mexico. b Chlorotype
distribution; the distribution of
populations and the geographical
subdivisions correspond to
Fig. 1a
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Ergebnisse Struktur österreichische 
Saatguterntebestände 

•  Inlandsindividuen bei Saatguterntebestand S4 (Metternich 
2(9.2/sm) und S17 (Metternich 5(9.2/sm) 

•  S4 mit R25 und S17 mit R18 

Abb.: Jeder Balken repräsentiert einen Baum aus dem jeweiligen 
Saatguterntebestand 
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•  Österreich:  8 000 ha (Englisch 2008)  

•  Deutschland:  250 000 ha (González-García et al. 
2013) 

•  Slovakia:  1 300 ha (Ťavoda 2007)  
•  Tschechien: 4 400 ha (Šmidriak 2010) 

•  Poland:  1 800 ha (D. Dobrowolska 2013) 

•  Ukraine:  3 997 ha (V. Lavny 2013) 

•  Bulgarien:  7 372 ha (E. Popov 2013) 

•  Schweden:  1 000 ha (Ch. Wallertz 2013) 
 

Verbreitung der Douglasie in: 
 



Douglasie in Österreich – Wohin kann 
sie gehen? 

Abb.: Potentielle Douglasienanbaugebiete in Österreich (Englisch 2008) 

Formayer 2008 



Wuchsleistung Douglasie 

Kristöfel 2008 



„Wer nicht weiß, 
woher er kommt, weiß 
nicht, wohin er geht, 
weil er nicht weiß, wo 
er steht.“ 

Ehzg. Otto von Habsburg-Lothringen 



„Wenn man weiß wo sie 
steht, kann man lenken 
wohin sie geht.“ 

DI Wolfgang Hintsteiner 






