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Abstract

The identification of fossil i nsects
1960606s, when it became apparent that 1nsect
t housands of year s. As i nsects use the
climate, i nsect remains can be wused in
and | andscape reconstructions. Several
beetles can be used in these studies. Oof

group

most widely used because of their enor mous

in al most every environment. Moreover, beet]l
worl d, and many fossil insect assembl ages

Recentl vy, the use of pal eoecol ogy 1in
sparked new interest. Under current cl
drought, wildfires, windstorms and insect
increasing in magnitude. Pal eoecol ogy can
model s which predict future disturbance
create a baseline or anal ogue for t hese
reconstructions of natur al di sturbances
no study has focused on reconstructing

This thesis aims to demonstrate how the
in the reconstruction of former | andscapes
better understand environment al change
changing | andscapes to evaluate current
pressures and climate change.

Fossil i nsect remains were isolated
Czechia and from a peat bog in Tatra Nat.
study sites, a data synthesis was conducted
remains currently known from Europe and
centr al Europe show that coni fer bark beet|
compared to the existing records from Eur ope

beetle records produced during this PhD work

of bark beetle remains recorded from fossi

record from Diera Holl ow forest holl ow
changing mountain | andscape t hrough ti



di sturbances. Changes in beetle diversity c:

conservation practices in this region. A pe
assembl ages of Diera Hollow (Article 111) <co
in the region. These results allow for furth
remains in sediment records. Trichoptera | ar
to reconstruct |l ong-term environmental <condi
of this alpine | ake were not only prevail i ng
gl aci al | ake. Despite the challenges of t hi
Quaternary entomology and | imited knowl edge
mont ane 1insect speci es, the results of t hi
expansion of the field in this region. The

devel oped to use insect remains in environm
ways to paleoecological research in central
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1. | ntroducti on
1.1 Paleoecology and its applicat
1.1.1 The practice of paleoecol ogy

Il nterest in our natural world has been ex
Gessner, 1551-58). The development of the di

our knowledge of botany and zool ogy, resul ti
and ethology. While fossils were previously
concept s, such as extinction and evolution,
natur al hi story. These advances made uUsS Tr eg:
t hrough ti me (Dar wi n, 1859; Lovel ock and

understanding the time scales of changes of
of (bio)stratigraphy and, ul ti mately, dati n
reconstruct aspects of our past (Libby, 1946
organi sms and/ or interactions between organ
ti mescal es, based on organic as wel/l as i n
pal eoecol ogy can be included in multidiscipl
pal eontol ogy, ecol ogy, climatol ogy and ©bi ol
Therefore, paleoecology is often used in Qua

1.1.2 Quaternary sciences

Quaternary sciences focus on the Quatern

years of our Earthds history. During this ti
other (Petit et al ., 1999). An extensive ser
extension of former ice sheets during period
also a significant amount of information has
pl anet during warmer interglacial periods anr
2004) . Not only the geol ogy and climatic asf;g
but also the flora and fauna of di fferent 0
Velichko et al ., 2004; Herzschuh et al ., 201
fauna has persisted and migrated into refugi
Bennett and Provan, 2008) , the i dentificati o
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at a site through time all ows for detail ed

|l andscapes (e.g. Sher et al ., 2005).

1.1.3 Archaeol ogy

Il n archaeol ogy, pal eoecol ogi cal i nterpret
reconstruction of ancient settlements and t|
the origin of domesticated plants, as wel |l
i nsight in the devel opment of civilizati ons:s
geographical regions (Jones et al ., 2011; Vi
establish i mportant I nformation about arche
i nhabitants of a human settl ement . Fossil s

components of a settlement such as a storage
|l eft their waste (Sadori et al., 2006; Grabo
of forest species versus species |living in ¢
of the type of terrain the settlement was I
2018) .

1.2 Quaternary entomol ogy

1.2.1 The history and applications of

Quaternary entomology, the study of 1insec
field of Quaternary science because of its s
The cl assical hypothesis that insect fossils
species, was first rejected by Carl Lindroth

that the majority of beetle (Col eoptera) spe

of thousands of years and only a few beetl e

an extant speci es. Mo s t of the current know
Tertiary or Early Quaternary (e.g. Eli as et
Quaternary entomol ogy, demonstrated that b e
di spersal; fossils from glacial deposits in
Ti betan Pl ateau (Coope, 1973) . Il nstead of ad
al |l i nsect groups wexert enor mous amounts of

11



(Heydemann 196 %l;| edra,e k9 8129)7.1;Mavhy i nsect grou

rapidly to new areas when the climate of the
example of this is the study by Howden and S
turnover in a beetle community when a 10-ye
insect species reflect clear changes i n mici
variety of reconstructions.
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Temperature reconstructions

main insect groups have been used to
; Col eoptera (beetl es) and Chironomid
of i nsect s, included beetles and chil

e constrained in their geographical di

1 Col eoptera

mate reconstructions based on fossil k
6006s. As it is assumed that <climatic |
anged through time, modern anal ogues W
ng the environmental wvariables from th
| age was found, mini mum and maxi mum ali
of the species of Coleoptera is stenoca
el dom found (EI i as, 2010) , expertise
p Methodd contributed to proper estim
|l aci al periods. Il n the 19806s, effort s
i c Range ( MCR) met hod wuses <c¢climatic r
ped between 1982 and 1986 by Russell
son et al ., 1987) . Data was coll ectec
, so that the MCR method is only appl
researchers currently continue to dev
schen, 2004; Australia: Porch, 2007) .
n calcul ated antimamemasamedemeenpatr at & r e |
of tThenggtelae )t amper ature range between
mpl e of overlapping climate envelopes

tly do not share the same geographical

together are shown in Figure 2 (page 14). Ra
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reconstructed wusing beetle temperature
These temperature changes occurred s

n data but MCR reconstructions captur e

ring climatic devel opments between diff
rature reconstructions from fossil beet
nderstanding of climate fluctuations fr
the various sites made available by Qu
rey Lemdahl and All an Ashworth are sti/l
a few recent studies with additional t
es have been published as the areas co
i onal novel I nformati on about our pas:H
onment al data from beetle species in o
red, new and exciting insights into the

e near futur e.

2 Chironomi dae

popul ar proxy in paleolimnol ogical stu
r temperatures, acidity (pH) and qualit
ironomids started relatively recently;
North America and Europe (e.g. Wal ker ,
nomi ds became popular and records were
rth America and Europe (e.g. Sepp? et a
eev et al ., 2004) . Currently, western e

t hat can reconstruct even moderate <cli

Recent studies from Europe include te
nd (e.g. Luoto et al ., 2014) , The Net hi
ovsg et al., 2014).

13



Agonum
octopunciatum
20
g 20
10
0 T
0 A0 50 &0
C

Figure 2. adapted from Elias (2010) showing an exampl

showing the temperature envelope for two North Ameri

(A) the carri onrA.b ea ttluabnedr S(sBap ht Il @e ¢ roocu nodp ubmecettadtepmo nd t o

climate envelopes for these respective species (C an

the modern distributions of these two beetle species

Tmax mean temperature of the Twaarnnjeeshte moemtphe roaft utrhee ryaena
war mest and coldest mont hs).
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1.2.3 Archaeol ogi cal reconstructions

|l nsect groups have been used in archaeol o
or human activities such as pasturing, food
have been conducted on insect remains found
in Egypt but also in Greenland (Bresciani e

1990) and from so-called bog bodies in Europ

The most identified insects from buried hum
and | arvae of flies (Diptera). Besides aidin
hygiene of these individuals could be discus
mostly Col eoptera have been used in archeol o

While by far the most archeol ogi cal St uc
the United Kingdom, studies have been conduc
2001) and Greenland (e. g. Buckl and et al ., 2
to map the history of civilizations such as

explorations and colonization from Scandi nayv

(Panagiotakopulu et al ., 2007; Ledger et al
remains have contributed to our knowl edge at
and in Greenland, and the influence of such
|l cel and, Greenl and and North America (Panagi
North America, archeol ogi cal sites of prehi c
identifications. These studies on insects ga
Amerindian people (e.g. Faul kner, 1991). 1In
i nsect remains are mostly from western Euro
additional sites from southern and sout hea
European studies, the research mostly focuse
and Wol f, 1997) although there are some exceE&e
reconstructed (e.g. Ol sson and Lemdah!l, 2009

are often not only wused to reconstruct t he
surrounding | andscape. This way, the 1 ntereé

settl ement and their surrounding environment

15



1.2.4 Landscape reconstructions

Sever al groups of i nsect s have been use
| andscapes; the most frequently used insect
Chironomidae (nonbiting midges), Formicidae
include taxa which inhabit a range of habit a
as supporting evidence for reconstructions o

Acari are occasionally used in Quaternary
i ntact and can be found in high quantities,
Erickson, 1988) . Oribatid mites have specif
ecol ogi cal ni ches, varying from aquatic to e
on fossil mites has hel ped reconstruct | ocal
and | ake | evel changes (Schelvis and van Gee
changes (Schelvis and Ervynck, 1992) . Soi l r
on arthropod soil communities and although t
pal eoecol ogy seems to have waned, there are
Salisch et al ., 2017).

Trichoptera | arvae remains have been usec
identified to genus or species | evel and h:
substrates on which the aquatic | arvae dwel |
Trichoptera | arvae remains have been used to
Engl and and France (Wi berg-Larsen et al ., 2 (
2007). Howard et al. (2009) tested a flow-ve
wi t h fossil Trichoptera remains and confir
pal eol i mnol ogical tool

Al t hough Chironomi dae ar e mostly known
pal eotemperatures, they can also be wused to
water bodies such as nutrient content, | ake
studied in combination with other biological
2006 ; Lucas et al ., 2015) . Further mor e, rec:
(changes in) the surrounding | andscape (Hein

Anot her group of insects whose head caps

| andscape reconstructions are Formicidae (an

studies as an additional proxy to identify t

16



ant fossil s refl ect an abundance of dead wo

establish changes in position of the tree ||
presence of ant fossils is interpreted as an
many ant species are found in forest clearin
fossils have also clearly shown their wvalue
there were reservations about the interpreta
et al ., 1991) .

Col eoptera (beetl es) are the most popul a
One advantage this group has, for instance o

of many beetle species are relatively wel/l

Quaternary studi es, adding i nformati on abol
| andscape (van Geel et al ., 1989; Zazul a et
found in the strangest places, such as insid
these accident al finds of beetle remains oft
climate has been relatively stable over the

have mostly been used to reconstruct the su

Lemdahl , 2010; Ponel et al ., 2011) . I n Brit
which have disappeared | ocally and are curr
2004) . Many of these species are |iving in

faunabod, as their habitat is confined to ol
di sappearance of these species, Whitehouse (
growth forests in Britain and Ireland in the
Smith (2010) wused a | arge number of fossil b
of the European Holocene o6wildwoodd by compa
| andscape and dung beetles. Fossil beetle re
pl ant species into past |l andscape reconstru
number of sites currently identified with be
met hodol ogy in other regions of the worl d.

17
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3 Reconstructions of past distu
Di sturbances such as windstor ms, fl oods,
enti al part of our natur al | andscapes ant
ay ( Buma, 2015; Wit h, 2019) . However, r
qguency and severity of such disturbance
ucture and the extinction of numer ous pl
terling et al., 2000; Thomas et al ., 2004
increased disturbances, and various stra
nges to our ecosystems under climate chan
, 2018) .

Forest dieback in Europe is primarily <ca
hogen outbreaks (Sei dl et al ., 2017) . Cu
dict future disturbance events (Temper|l

0) . However, historical data to feed into
n AD 1850 (Schelhaas et al ., 2003) . Pal e
ure projections of natur al di sturbances.
torical records, the frequency and sever
onstructed to act as baseline to compar
osmanen et al ., 2020). Paleoecological re
reconstruct natur al di sturbances, by con
turbance dynamics through time. Variatior
tain tree or plant t axa, moi sture | evels
ived from fossil i nsect remains, compl eme
vegetation and disturbance dynamics (see

Whil e proxies such as charcoal records,
ndant to enable the reconstruction of pas
sil records of pest outbreaks in Europe a
cies dfentdheocgemMesrth America and tlhpes Eur o
ograph&sr ope, have increased in size and
rent increase of these primary bark beet]
ing trees, is mainly due to increased anr
e generations per year (from 1 to 2 in hi
rease their geographical ranges (Hicke ¢

18



Ferrenberg, 2012; FIl ei scher et al ., 2016) .

bark beetle outbreaks is expeygt2@021toi i2@3@a(E
al ., 2019). Fossil records of pest outbreaks
magnitude and frequency of these modern-day

attempts have been made in North America to
out breaks but they produced | imited quantit
beetl e remains were identified from | ake sed
However, new opportunities to i mprove our k
arisen in central Europe, where conifer bark
fossil record (see chapter 3.2.2). Analysis

to a better understanding of these forest pe

of change of our | andscapes through ti me.
1.4 Aims of this thesis

Centr al Europe is a region where Quaterna
thesis aims to demonstrate how the applicat
reconstruction of former | andscapes and past
thesis aims to create a better wunderstandin
create a historical analogue of changing | an
ant hhropogenic | and-use pressures and <cl i mat
thesis demonstrate the use of fossil beetl e
information about the devel opment of a mont
potenti al of using bark beetle fossils as i
study (chapter 3.2.1) revealed that fossil
therefore the new, original data from this
addition to fossil bark beetle data from t he

(chapter 3.3.1) is included in this thesis t
remains from | ake sedi ments i n reconstruct.

ti me scal e.

19



2 . Met hods

2.1 Study area and sites

Fossil data was <collected to enable pal
European montane | andscape and natur al di st t
in Czechia and Slovaki a, where natur al di st

tbreaks haven beerndbudrdcandtes . The sites sel

c

0
areas with minimum anthropogenic pressure an
c

enturies is well-known, allowing for the co
Gumava National Park is situated in the

the border between Czechia, Germany and Aust

peaks between 800 T 1400 m.a.s. |, densely cc

i nhabited but was deserted between 1945 i 1¢
decl ared as protected | andscape. From 1991,
a national park while the rest of the region

in the protected area of the Bohemian For est
formed during the deglaciation of the region
of the Holocene and beyond into the Last GI a

Figure 3. Geographical map of central Europe, with t
Czechia (CzZ) and Tatra National Park in SI

20



Tatra National Park in Slovakia is situat
Tatras, the highest part of the Carpathian M
Hungary through Slovakia and Romania to Ser |
High Tatra Mountains cover the Slovak-Polis
Carpathians, reaching altitudes of 2650 m. a.
bet ween countries over the centuries and tr:
destinatibmerntnurtyh.e 'OQ®ent unyt hewh&f® mountain t
areas became more accessible by cable trains

the Slovakian side, in 1954 on the Polish

bi osphere reserve. The area contains few | ak
terrain. Formed when organic materi al accul
preferably waterlogged due to | imited soil p

areas such as the High Tatras these peat bo

which has given them the name forest holl ow
these forest holl ows, namely Diera Holl ow fe
2.2 Sediment sampling, geochemist

|l nsect remains preserve well under anoxi
Data from one | ake in Gumava National Par k

Nati onal Park (2016 and 2017) are featured i

2.2.1 Pragilsk® Lake

A 2.18 m sedi ment profile was collected i
of Prg&8gilsk® | ake, Gumava National Park in
profile consisted of t wo parall el and over
Sampling was done from a floating platform u
I 0.075 m). The sedimentiwater interface was
(PRA15-2GC) (Boyl e, 1995) . Sedi ment age-depi

radi ocarbon dat nng 1.ad) ,Prwigtinl skm® d cakiet i(onal 2
the sedi ment -water interface (Appleby, 1978)

remains, pollen, charcoal and geochemistry.
compiled within the Bayesian routine ABACONC
partitioned both cores into 0.05 m thick sec

21



segment using a Markov Chain Monte Carl o ( M(
The analyses were constrained by a prior mo
di stribution wi% hannde asnh a%0e- yle.a¥) camd its var
di stribution with meln aly.ess awved esicaagd bt @} ed.
ABACONO using the IntcCall3 curve (Reimer et

account fort€smamaseremantseand to allow for
Christen, 2011). The weighted mean model ed
point moving average. Results from Pr8gil ska

Figure 4 .LaKkreggill08K0 m a.s. I . (picture by P.
2.2.2 Diera Holl ow

A master sediment core was retrieved fro:
with a 0.05 x 0.5 m D-section corer (Jowsey
the volumes of material required for quantit
closely spaced sedi ment cores were sampled i
m D-section corer. Two of these cores cover ¢
cores measured between 0.57 and 0.78 m in to

m in | ength) included geochemistry (Energy-

22



poll en analysis, charcoal and radiocarbon da
master core were dated in the Poznan radioca

chronol byyagelshewer e calibrated with the IntC.

a Bayesian age-depth modelling routine O6BAC(
model |l ed all age information, including the
accounted for scatter and all owed statistica
2009) partitioned the core into three sectio
for each segment using a Markov Chain Monte
constrained by a prior model of sedi ment acc
Al | 13 cores, including the master profil
sedi ment basis wusing an Ol ympus Delta Prof e:
Liverpool Geot ek Mul ti - Sensor Core Logger
comparabl e bet ween the master profile and
concentration of the atmospheric fallout pol
repeatable signal, while profiles for conse
strongly repeatable stratigraphic records. T
transfer of the age-depth model bet ween cor
cores. These cores were pooled into 18 sampl

A oae

3 A State border
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B o5 Forst 025 5 75 Iokm °
o — —
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Figure 5. Location (black diamond in B) and i mpressi
al. (2014).
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2.3 Fossil beetl e anal ysi s

Fossil beetl e preparation of the 18 sampl
El'ias (2010) . Samples were wet sieved at 10
paraffin oil and floated iIin water. |l sol ated
et hanttOH)(.C Beetl e remains were picked under
magni fication and were identified to family
dat abases (Kerbtier.de, Cassidae.uni.wroc. pl

(Pl'ymouth City Museum and Oxford Museum of

National Museum in Prague, Regional Museum i
in Brno).

Specific ecological attributes of beetl e
through online databases; BugsCEP (Buckl and
According to their ecological preferences, s
groups to facilitate interpretation (Whiteho
of biotopes); Aquatic (living at | east part:.
i n stagnant bodi es of water) ; Aquatic runn
Mar sh/ wetl and (hygrophilous species |iving i
on vegetation at the banks of water bodies);
a high humidity as common factor); Heat hl an
| andscape); Meadow (living i n open | andsca
Di sturbed/ arable (living on disturbed soil s
Foul/dung (living in dung and rotting veget
dung); Dry decomposer (fungivore in dry envi
found i n moist places); Shaded woodl and (1 i\
Trees (living on trees),; Deci duous trees (Il
coni ferous trees); Deadwood (living in dyin
(colonizing healthy trees). The category Coni
bark beetles (Curculionidae: Scolytinae) w e
information about past disturbances.
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4 Trichoptera | arvae analysis

The cores from Pr8gilsk® Lake were wused
18a) and subsampled in 0.5 ¢cm resolution,
1 cm resolution. Most of the samples fror
avity core were analyzed. A total of 318
r the | ong cores and 5 T 20 mL for the gra
er 100 em mesh size to retain all macro-fo

cked using a stereoscopic microscope at 15

unted in Eupar al to prepare permanent sl i
l'y frontoclypeal apotomes were used for id
ference collection of Trichoptera | arvae |

entification key by Waringer and Graf (20

ddi sfly species based on Wall ace et al . (
008), Schartau et al. (2008), together wit
rive ecological properties of the identifi

5 Other proxies
The Trichoptera data from Pr8gil sk® Lake

om the sedi ment cores, in order to link <cft
emi stry or erosion of the | ake catchment

om the cores from Pr8gilsk® Lake are publii
Beetle data from Diera Holl ow were compar
arcoal record (chapter 3.2.1); anal ysis of
the PEDECO project. Poll en analysis of t
itavsk8- Svobodov8 in continuous 1 cm resc
r the rest of the cor e, amounting wea ea t
epared with standard procedures of KOH-, a
e samples were mounted in glycerin and a

entified under a |l ight microscope using a
standard pollen keys (Punt 1976, 200 3; Beu
1998) , and a reference collection in the |
Charcoal anal ysi s was perfor med on the

croscopic charcoal (> 180 Om) represents |
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(Peters and Higuer a, 2007; Hi guera et al .,
foll owing a method adapted from Mooney and
(0.5 3% Wwasmdi saggregated using 20 ml sodi um
potassium hydroxide (KOH) and |l eft for a few

a 250 Om sieve, then either 1 or 2 ml of so
water and | eft for the minimum time necessar
maxi mum ti me of overnight. The sedi ment was
retain any fragmented particles. A |l ight mioc
any dark non-charcoal materi al, after which
megapi xel digital camera and | ight table. TI
charcoal area and counts were calculated for
2.6 Statistical anal ysi s

A paleoecol ogi cal data set often exi sts

species and the majority of species or taxa

This makes it difficult to discover patterns
be statistically significant. There are sev
ecol ogical data, depending on the required t
was performed on the beetle dat a, while a d
data and the pollen dat a.
2.6.1 Shannondés diversity index

Shannonés diversity index (Shannon and W
individuals and the number of taxa i nto ac:q¢
proportion of an individual species of the
commonly wused in ecology as well as archaeol
2015) . Both beetle diversity and pollen dive

beetl e community dynamics with forest wveget

calcul ated with the for mul a:

S
H = - Zpi Inp;
=1
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Where HO6 is Shannonds diversity index, p is

species found (n) divided by the total numb e

is the sum of the calculations, and s is the

2.6.2 Hierarchical cluster analysi s
To emphasize <changes in the terrestrial

excluded from t hRa food dmtwd nweraemad ysvesr.ted to

for differences in total sum of individuals
square-chord method (Overpeck et al ., 1985)
samples. The degree of dissimilarity was cal

SQD , PrAHAX v jki2v

Where(iSRQD the total di stancelhast when dii ver sa
species k injwiasmmpt ee i di wawerrds idtiyw o0& nd pkdacrvee s Kk
expressed as the number of individuals of sp
in respectively, sampl e i or sampl e |

A hierarchical cluster analysis was the
di ssimilarity (SQD) matrix to identify patt
variance <criterion (Ward, 1963) wasThissed t ¢
technique produces compact, equal -si zed dend
vari Mncki QFu20G®ramdrCA, ( Gabri el , 1971) was p
according to their dissimilarity matrix, to
to the variance throughout the section. Al l

statistical software R (R core team, 2018).

2.6.3 Disturbance Frequency I ndex

The pollen record from Diera Holl ow was |
Il ndex (after Kuneg et al ., 2019) . Each poll
species following Beug (2004) and associated
Here we used disturbance indicator values f
Centr al European flora (Herben et al ., 2016

based on various di sturbance processes i nc
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trampling, herbiciding, burning, wind throws
and used without differentiation. I f the giwv
Sspecies was assigned to it randomly (weighte
This process was repeated 100 times to provi
by the given pollen grain. Then the mean di s

calcul ated as a mean of estimated disturbanc

the sampl e. Di sturbance frequency (DF) is ex
from 12 (once in 100 years) to 0.78 (six tin
by professor P. Kuneg from Charles Universit

2.6.4 Char Analysi s

Char Analysis software was used to detect
order to indicate | ocal fire events (Higuer
macroscopic concentrewerens n{papbl ated tm me
resolution. Next, t he charcoal record was

component (BCHAR) and a peak component wusing

To determine the background component, smoot
year moving-window was empl oyed. The peak ¢
bet ween interpolated charcoal records and BC
using the 99th percentile of a Gaussian mixt
by charcoal peaks from the background noi se
mi ni mum-count peak (p = 0.05) test in CharAr

Kuosmanen.

2.6.5 Linear regressions

We fitted a series of Iinear model s | inki
macroscopic charcoal influx) to the total de
densities of the three most abundant speci e:

pl ant communities and occurrence of potenti e

out breaks, we evaluated i mmedi at e response:!
stratigraphic | ayers and also del ayed respon
years) . Al l model s were carefully checked f
temporal autocorrelation using diagnostic pl
fluxes were log-transformed to fulfil!]l t he a
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2.7 Literature studi es

2. 7.1 Data from dat abases

A literature study was conducted to explo
with fossils of destructive bark beetl e spe
America (chapter 3.2.2). Open access databas
(Buckl and and Buckland, 2006) were used to c
cal yr BP. An additional data |iterature seas
of all sites <14,000 cal yr BP containing b
suppl ementary mater i al i n the |l iterature wke
respective peer-reviewed publications. Moder
t he Gl obal Biodiversity Information Facilit)
of bark beetle species with the fossil recor

2.7.2 Human occupation dat a

To put changes in the beetle community re
i nto hi storical perspective (chapter 3.1.1)
transl ated and examined to determine the ti

regi on. Tlehrer ab oSckep@Glsa d@édkisewi cz and Homza, 20

i nformation about human activity in the Spi
modern ti mes. As this region was disputed s
written in Slovak, Polish and Hungari an. T o ¢

of human activities and population densities

|l ocality of Diera Holl ow.
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3. Resul t s

The PhD dissertation thesis consists of f
econd-aut hor article. Two first-author art
ubli shed and one first-author article is
ubmi ssi on. The first part of the results f
hanges 1 n a montane | andscape over the | a:
| aborates on the wuse of bark beetl e fossi

ut breaks and other (natwural) disturbances (

- O ® O »wW T un

b

b

ossil i1 nsect remains from | ake sedi ments ca
|l onger time scal es.

Article | (Schafstall et al ., 20200b) sho
Sl ov

n

e

A

e

h a
app

akia over the past 1000 year s, based on

in the vegetation which surrounded

(@]

o have been influenced by anthropog
rticle I1 (Schafstall et al., 2020a) gi vV
s with records of primary and secondary
There are a |l imited number of records with
America recorded | arger amounts of conifer b
are Late Gl aci al or Early Holocene of age,
archeological sites of a younger age.
Article 111 (Schafstall et al ., manuscrip
can be reconstructed from fossil beetl e rec

aki a, coul d be corr el Ritteydogteon eas Icahnradec oge

T ”m
—~+ O
< <

opht horuys tpmiot wongd aphuspecies which col or
i ving conifer trees. l denti fication of t

(@)
-

wed for discussion of the use of bark be
itions under which these took place.
rticle IV (Vondr8k et al., 2019) shows t

il ske Lake appears to have been an acid,

(¢
o
=)

Pr a

Thi study provi des for the first ti me a

® v @ > o o

mbl ages from a centr al European mountain
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3.1 Using beetle remains to reco
| andscape over ti me

3.1.1 Changes I n species composition
community over the | ast mill ennium in

for forest conservation and management

Publ i shed as:

N Schafstall, NJ Whitehouse, N Kuosmanen,
Chiverrell, P Fleischer, P Kunes, JL Clear,
of a montane beetle community over the | as
i mplications for forest conservation and m

Pal aeogeography 555, 109834.

Aut horsdo contributions:

The study was planned by NS, JLC and NK. NS
fieldwork where samples for this study were
sedi ment core was executed at the radiocarb
sedi ment cores was performed by RCC, <correle
RCC and JLC. Subsampling, sample preparation
NS, initially wunder guidance of NJW. Beetl e

hel p of many experts on different beetl e f a
beetle taxa by NS, under advice of NJW. A Ba
by PK and applied to the pollen data by NK;

data was performed by NS. Figures of beetl e
poll en data was coll ected by HSS and figures
NK. MS and NS created the statistical analy
responsi ble for preparing the manuscript, wh
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Extended summary

I ntroducti on
Temperate mountain forests are under increa

have progressively modified these ecosystem

resulting in the decline of many plant and a
recently, the frequency of extreme events s
significantly i n regions with temperate mo
(Schel haas et al ., 200 3; Al l en et al ., 2010
centr al Eur ope, where | arge areas of mont an
Nor way FRipcea) eadhlsi enso st common species. Forests
Parks during the | ast century, such as Tatra
1954, currently experience | arge-scale bark
many hectares of Nor way spruce, and occasio
2014) . Al 't hough natwuralists and ecologists
hi storical records to assess if the frequenc
indeed unprecedented (e. g. Froyd and Willis,
address these questions. The High Tatra Moun
changes i n natur al mont ane coni fer forest,
ant hropogenic pressure until recently (FIl ei:
valuable addition to other paleoecological [
be identified to species |l evel and provide d
species |live in specific niche environments,
bi otope, and species found in a fossil/l assen

up to 400 meters around the sample site (S

assembl ages from a |l ocality through ti me, c
reconstructed into detail

Met hodol ogy

Diera Hollow is a forest hollow at the footh
the village of4d.al5 ®B0s. k286 BLo/mnTiwcea v(e cores wer
to allow for sufficient materi al for qualit
pooling of samples was executed based on the
pool ed samples. Beetle remains were extracte
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(described in EIIias, 2010) and beetl e remair

10x magnification. Beetles were identified t
online species dat abases ((Buckl and and Bu:
coll ections. Based on their ecol ogi cal att
ecol ogi cal niches were chosen for each ident
performed on a master core from 2016, result
on standard pollen identification keys (Punt
a reference collection. Zonation of the beet
cluster anal ysis (Ward, 196 3; Overpeck et é
composition in each sample. A principal C 0 My
the dissimilarity between the samples, to ex
to the variance throughout the section. Fur f
poll en assemblages the Shannon diversity ing
for each respective beetle and pollen sampl e

Resul ts

A tot al of 2860 beetle individuals were iden
the D-chord cluster analysis, five beetle zo
CE; 1500 W 1740 CE; 1740 ¥ 1950 CE; 1950 CE

CE) contain mainly aquatic speci eRhyarcc afemruess

fagand primamrPyllygrlkpbestilme lhiigrha phbwusndances.

(1080 7T 1500 CE), aquatic species and forest
and bank species increase significantly. I n
zone (1500 i 1740 CE) , dung species become |
occur without significantly changing the con
1950 CE) contains a |l ow amount of primary ba
which were |iving in the forest hollow or on
taxa which are indicative for shaded woodl art
dung beetles was recorded around 1780 CE. I n
declined rapidly in numbers while primary ba
a peak I n number s bet ween 2000 CE t ¥y 0 goer neesse
chal cogreathsed very high numbers in this zon

which contributed mo s t to the beetle divers

meadowl and and heathl and speci esP. fpoorleisgr appehs
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cussion

r the | ast ~ 1000 years, different beetl e
ch can be related to changes in the | oca
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