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This paper presents the paleoenvironmental reconstruction of a mire sequence near the village Blatusa, with a focus on changes in vegeta-
tion composition, hydrological regime and fire history of the Banovina/Kordun area during the last two millennia. For this purpose, pollen,
non-pollen and charcoal analysis were done. By the application of CONISS statistical analysis three different pollen assemblage (sub)zones
could have been distinguished: a dominance of alder-beech/oaks from the 2nd to the middle of the 7th century, followed by a prevalence of
grasses-beech/oaks till the end of the 13th century. Finally, an assemblage of grasses-hornbeam/oaks populated the area from the 14th to the
beginning of the 20th century. The high abundance of peat mosses (Sphagnum) from the 17th to the end of the 14th century must indicate
increased precipitation and higher frequencies of rainfall during the Medieval Climate Anomaly. Transition from an ombrotrophic to minero-
trophic phase of mire evolution during the Little Ice Age is caused by changing in moisture level, with somewhat wetter period prevailing till the
middle of the 17th century followed by drier conditions till the beginning of the 20th century. Although cereal pollen grains first appear from the
layers dated to the late 14th century and the proportion of secondary anthropogenic indicators were low during the entire Middle Ages, a large
number of charcoal particles suggests stronger anthropogenic activity than indicated by observed changes in vegetation composition. Still,
a sharp rise of non-arboreal pollen during the Migration period most likely reflect a general natural succession process on mire surface than
persuable proof of Avaric-Slavic impact on vegetation. Direct anthropogenic pressure indicated by weeds and cereal pollen can be tracked
from the Late Middle Ages onwards.

Keywords: the Balkans, palynology, peatland, Medieval Climate Anomaly, Little Ice Age, Antiquity, Middle Ages, Early Modern Period

U ovome radu predstavljena je paleookolisna rekonstrukcija creta u blizini sela Blatuse, s naglaskom na promjene u strukturi i sastavu vege-
tacije, hidroloskoga rezima i povijesti poZara na podrucju Banovine/Korduna tijekom posljednja dva tisucljeca. U svrhu paleookolisne inter-
pretacije, napravljena je analiza akumuliranoga peluda, nepeludnih palinomorfa i pougljenjenih cestica. Upotrebom CONISS statistickoga
modela mogu se razluciti tri razlicite (pod)zone akumulacije: vegetacija ,joha-bukva/hrastovi” dominanira razdobljem od 2. stolje¢a do
sredine 7. stoljec¢a, nakon &ega slijedi dominacija vegetacije ,trave-bukva/hrastovi” do kraja 13. stoljeca, te naposlijetku vegetacije ,trave-grab/
hrastovi”u razdoblju od 14. do pocetka 20. stoljeca. Obilje spora maha tresetara (Sphagnum) u razdoblju od 11. do kraja 14. stoljeca vjerojatno
je utjecano povecanom kolicinom oborina i ucestalijim padalinama tijekom srednjovjekovne klimatske anomalije. Prijelaz iz ombrotrofije u
minerotrofiju same cretne povrsine, tijekom maloga ledenog doba, uzrokovan je promjenom zasicenosti supstrata vodom, s nesto vlaznijim
razdobljem do sredine 17. stoljeca i djelomicno susnijim do pocetka 20. stoljeca. lako se pelud Zitarica ne pojavljuje do kraja 14. stoljeca i udjeli
sekundarnih antropogenih indikatora su niski tijekom cijeloga razdoblja srednjeg vijeka, veliki broj pougljenjenih Cestica ukazuje na jacu
antropogenu aktivnost no sto se to moze iscitati iz promjenama u bilinome pokrovu. Ipak, snaZan porast udjela peluda nedrvenastih vrsta
tijekom Seobe naroda vise je rezultat procesa sukcesije na povrsini samoga creta nego nepobitan dokaz avarsko-slavenskoga utjecaja na
sastav i strukturu vegetacije. Izravni antropogeni pritisak, koji se ocituje ucestalom pojavom peluda korovnih vrsta i Zitarica, moZe se pratiti
tek od razdoblja kasnoga srednjeg vijeka nadalje.

Kljucne rijeci: Balkan, palinologija, cret, srednjovjekovna klimatska anomalija, malo ledeno doba, antika, srednji vijek, novi vijek

1. INTRODUCTION

Environmental history is the interdisciplinary study of
the relations of culture, technology and nature through ti-
me (Damodaran 2015: 747-755) highlighting relationships
between human societies and their natural environment
(McNeill 2010: 347). Environmental history traditionally
focuses on three major aspects: 1) ecological - features and
functions of an ecosystem that includes biotic and abiotic
constituents; 2) productional - interrelationships of so-
cioeconomic activity and the environment; 3) ideological
- features and changes in people’s understanding of the
natural environment (Ekohistorija 2019). As a new field of
study mostly concerned with environmental problems, it

1. UVOD

Povijest okolisa moze se definirati kao interdisciplinarno
proucavanje odnosa kulture, tehnologije i prirode kroz vri-
jeme (Damodaran 2015: 747-755), isti¢uci u prvi plan odnos
izmedu ljudskoga drustva i prirode u kojoj ljudi obitavaju i
o kojoj ovise (McNeill 2010: 347). Povijest okolisa tradicio-
nalno ispituje svoj predmet na tri razine: 1) ekoloskoj - zna-
Cajke i funkcije nekoga ekosustava koji ukljucuje bioticke i
abioticke sastavnice; 2) proizvodnoj - meduodnosi drustve-
no-ekonomske aktivnosti i prirodne sredine; 3) ideoloskoj
- znacajke i promjene u razumijevanju prirodne sredine
od strane Covjeka (Ekohistorija 2019). Kao novo podrugje
proucavanja, temeljeno uglavnom na zabrinutosti drustva
stanjem okolisa, ono se pocelo ubrzano razvijati tijekom

emerged during the second half of the 20*" century (Delort,
Walter 2002; Simmons 2010; Hughest 2011) and soon beca-
me a global political agenda (Barry 2010). In Croatia, great
progress has been made in this field since the beginning
of the 215t century (Roksandi¢ 2002; First-Bjelis et al. 2011),
mainly from the side of scientists or scholars belonging to
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druge polovice 20. stolje¢a (Delort, Walter 2002; Simmons
2010; Hughest 2011) te je uskoro postalo globalnim poli-
tickim programom (Barry 2010). U Hrvatskoj se znacajni
napredak u promisljanju promjena prirodne sredine moze
uociti pocetkom 21. stolje¢a (Roksandi¢ 2002; Fiirst-Bjelis et
al. 2011), uz znacajan doprinos znanstvenika koji pripadaju
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social or humanistic fields (First-Bjelis et al. 2011). Collecting
and analysing data from the literature, geographical maps
as well as other records gained wider and wider attention
and appreciation also promoting interdisciplinary research
with natural scientists from the fields of Biology and Geos-
ciences, including archaeology (Sostari¢ et. al. 2015; 2017;
Karavanic¢ et al. 2016; Essert et al. 2018; Dubolni¢ Glavan,
Sostari¢ 2020; Reed et al. 2019; etc.). Palynology, a basic
method used in our study for paleoenvironmental recon-
struction, is an interdisciplinary field (eg. Mercuri 2015) and
a subdiscipline of botanical ecology (Dawson, Mayes 2015).
Originally, palynology was defined as the study of pollen
grains and spores from higher plants and cryptograms and
as such is widely adopted in palaeo-environmental recon-
structions as well as modern biological research (Boyd,
Hall 1998). As was stated by Edwards et al. (2015), palyno-
logy has for long been a major contributor to archaeology
too; mostly in helping to reconstruct dietary, medical use
of plants, deciphering the season of death and funerary
rituals (Kvavadze, Kakhiani 2010; Piombino-Masacali et
al. 2013; Iriarte-Chiapusso et al. 2015; Reinhard et al. 2018;
Slepchenko et al. 2019; Weber et al. 2020). Its potential in
other scientific fields, eg. plant taxonomy (Ulrich et al. 2012)
conservation biology (Bessega et al. 2017; Marrero et al.
2019), forensic (Mildenhall 2006; Wiltshire 2009) or human
health (Puljak et al. 2016; Mclnnes et al. 2017; Damialis et al.
2019; Vuci¢ et al. 2019) is also recognised. Results of pollen
analysis can be used for different purposes. In our resear-
ch pollen and spores were used, together with non-pollen
palynomorphs and charcoal particles, for describing envi-
ronmental conditions in the past (eg. Lamentowicz et al.
2015; Expsito, Burjachs 2016; Tunno, Mensing 2017; Blaus
et al. 2019; Dendievel et al. 2019; Marcisz et al. 2019; Wo-
jewddka, Hrusevar 2020). To understand whether or not
past environmental changes are climate or human-indu-
ced or both, the analysis of several lines of information; i.e.
a multi-proxy reconstruction provides the best approach
(eg. Andric et al. 2009; Chodorowski et al. 2013; Dietre et al.
2014; Karpinska-Kofaczek et al. 2018; Kotaczek et al. 2018).
The aim of our work is to highlight the potential causes of
human and/or climate-induced environmental changes for
the area between the Kupa and Una rivers, recognised un-
der toponims Kordun and Banovina (Fig. 1) using palynolo-
gical data. As paleoenvironmental data is generally lacking
for the area, especially for the period of Late Antiquity, and
the Middle Ages, our goal was to establish a framework for
understanding vegetation dynamics, paleohydrology and
changes in the trophic status of a mires for the period of the
last two millennia. This is a much-needed step because the
last palynological research for continental biogeographical
region of Croatia was conducted more than fifty years ago.
Although Gigov and Nikoli¢ (1960: 4-10) made a significant
contribution with their palynological work, in their research
analysis of non-pollen palynomorphs and charcoal comple-
tely lack and pollen analysis was focused only on arboreal
pollen, so comparison with local (mire and wetland) taxa is

drustvenome ili humanistickome podrucju (Fiirst-Bjelis et
al. 2011). Prikupljanje i analiza podataka iz literature, zemljo-
pisnih karata i drugih oblika zapisa zadobiva sve Siru paznju
i uvazavanje, uz promicanje interdisciplinarnih istraZivanja
izmedu prirodoslovaca iz podru¢ja biologije i geoznanosti
s humanistima iz podru¢ja arheologije (Sostari¢ et. al. 2015;
2017; Karavani¢ et al. 2016; Essert et al. 2018; Dubolni¢ Gla-
van, Sostari¢ 2020; Reed et al. 2019). Palinologija, osnovna
metoda za razumijevanje i interpretaciju paleookolisa, ko-
riStena uostalom i u ovome nasem istrazivanju, transdisci-
plinarna je znanost (npr. Mercuri 2015) kao i poddisciplina
botanicke ekologije (Dawson, Mayes 2015). Originalno, pa-
linologija se interpretira kao znanost o palinomorfima, tj.
peludu visih biljaka i sporama kriptogama te se kao takva
koristi u paleookoloskih rekonstrukcijama, ali i suvremenim
bioloskim istrazivanjima (Boyd, Hall 1998). Kao $to su utvr-
dili Edwards et al. (2015), palinologija ve¢ odavna dopunju-
je i pridonosi arheologiji, uglavnom u pitanjima prehrane,
medicinske upotrebe biljaka, razumijevanju sezone smrti i
pogrebnih rituala (Kvavadze, Kakhiani 2010; Piombino-Ma-
sacali et al. 2013; Iriarte-Chiapusso et al. 2015; Reinhard et al.
2018; Slepchenko et al. 2019; Weber et al. 2020), iako je po-
tencijal iste u drugim znanstvenim podru¢jima, npr. biljnoj
taksonomiji (Ulrichet al. 2012), konzervacijskoj biologiji (Be-
ssega et al. 2017; Marrero et al. 2019), forenzici (Mildenhall
2006; Wiltshire 2009) ili pitanju ljudskoga zdravlja (Puljak et
al. 2016; Mclnnes et al. 2017; Damialis et al. 2019; Vuci¢ et al.
2019) takoder prepoznat. Dakle, rezultati peludnih analiza
mogu se koristiti u razli¢ite svrhe, medutim u nasem istra-
Zivanju pelud i spore su koristeni, zajedno s nepeludnim
palinomorfima te pougljenjenim ¢&esticama, za opis paleo-
okolisnih promjena (npr. Lamentowicz et al. 2015; Expsito,
Burjachs 2016; Tunno, Mensing 2017; Blaus et al. 2019; Den-
dievel et al. 2019; Marcisz et al. 2019; Wojewddka, Hrusevar
2020). Upotreba razli¢itih indikatora je opcenito najbolji
pristup (npr. Andri¢ et al. 2009; Chodorowski et al. 2013; Di-
etre et al. 2014; Karpinska-Kotaczek et al. 2018; Kotaczek et
al. 2018) razumijevanju ¢imbenika koji dovode do promjena
u prirodnoj sredini (posredovanih klimom ili ljudskim utje-
cajem). Svrha nasega rada je istaknuti potencijalni utjecaj
antropogenoga pritiska i/ili klimatskih promjena u okolisu
na podrudju izmedu Kupe i Une, geografski znanim kao
Kordun i Banovina (sl. 1), upotrebom palinoloskih podataka.
Kako paleoekoloski podaci opéenito nedostaju za to pod-
ru¢je, posebno u razdobljima kasne antike i vecega dijela
srednjega vijeka, nadamo se kako ¢e predstavljeni rezultati
dati okvir za razumijevanje dinamike vegetacijskih promje-
na kao i hidrologije i trofije samoga podrucja istrazivanja
tijekom posljednjih dva tisuélje¢a. Ovo je prijeko potreban
korak bududi da su posljednja palinoloska istraZivanja za
kontinentalnu biogeografsku regiju Hrvatske provedena
prije vise od pedeset godina. Premda su Gigov i Nikoli¢
(1960: 4-10) dali znacajan doprinos paleookolisnim inter-
pretacijama, u njihovim istrazivanjima nedostaju analize
nepeludnih palinomorfa i pougljenjenih Cestica, a peludna
analiza je usredotocena na pelud drvenastih vrsta, pa us-
poredba s lokalnim svojtama (cretne i mocvarne vrste) ne-
dostaje. Takoder, oni u svojoj publikaciji ne datiraju starost
jezgre upotrebom C metode $to postaje standardna kro-
noloska metoda tek desetlje¢e nakon njihova istrazivanja.
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SI. 1 Karta Posebnog botanickog rezervata ,Don mocvar” ili cret u Blatusi, na geografskom podrucju Kordun/Banovina, sredisnja Hrvatska

(izradio: D. Hrusevar)

missing. Also, their core is not dated by using “C which only
became standard analysis in decade after their publication.
All this highlighted the necessity for new survey in sens of
modern multidisciplinary approach, which we tried to con-
duct in this article.

1.1. STUDY AREA

1.1.1. Location

A Special Botanical Reserve “Don mocvar” or Blatusa
mire (X=45019'4"N, Y=15054'24" E; at 130 m a.s.l.) (Fig. 1) is
located near the village of Blatusa in Central Croatia, close
to the borderline with Bosnia and Herzegovina. Administra-
tively, the study site belongs to Sisak-Moslavina County,
lying between the Kupa and Una rivers, in Kordun and Ba-
novina geographical regions.

1.1.2. Climate

According to Képpen's climatic classification, the broa-
der area of Blatusa belongs to the climate type Cfb — a mo-
derately hot humid climate with warm summers: the mean
air temperature of the hottest month is lower than 22°C (Se-
gota, Filip¢i¢ 2003). The average annual precipitation amo-
unt in the period from 1965 to 1990 is ~1079 mm and the
mean annual air temperature for Topusko is 10.3°C. The col-
dest month is January with a mean monthly temperature of
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Sve to naglasava potrebu za novom paleookoliShom inter-
pretacijom upotrebom suvremenoga multidisciplinarnog
pristupa koju smo pokusali provesti u nasem istrazivanju.

1.1. PODRUCJE ISTRAZIVANJA

1.1.1. Lokacija

Posebni botanicki rezervat ,Don mocvar” ili cret Blatu-
sa (X=45019'4"N, Y=15054'24" E; na 130 m n.v.) (sl.1), kako
se obi¢no naziva zbog blizine sela Blatuse, smjesten je na
podru¢ju sredisnje Hrvatske, u blizini pograni¢noga pod-
ruc¢ja s Bosnom i Hercegovinom. Administrativno, podrucje
istrazivanja pripada Sisacko-moslavackoj zupaniji, a nalazi
se izmedu rijeka Kupe i Une, tj. na granici dviju zemljopisnih
regija: Korduna i Banovine.

1.1.2. Klima
Blatuse pripada klimatskome tipu Cfb — umjereno vrucoj
vlaznoj klimi s toplim ljetima: prosje¢na temperatura zraka
najtoplijega mjeseca je niza od 22°C (Segota, Filip¢i¢ 2003).
Prosjecni godisnja koli¢ina padalina u razdoblju od 1965. do
1990. iznosi ~1079 mm, a prosjecna godiSnja temperatura
zraka utvrdena za Topusko iznosi 10,3°C. Najhladniji mje-
sec je sijecanj, s prosje¢nom mjese¢nom temperaturom od
-0,4°C (Mesi¢ 2000). Tijekom zimske sezone biljezi se u pro-
sjeku 5 do 10 dana sa snjeznim pojasom iznad 30 cm (Posa-
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-0.4°C (Mesi¢ 2000). During winter season, an average of 5
to 10 days with snow belt above 30 cm is recorded (Posavec-
Vukeli¢ et al. 2010). The hottest month is July with a mean
monthly temperature of 20°C (Mesi¢ 2000).

1.1.3. Geomorfology and Vegetation Cover of the

Broader Area

Steep slopes of small hills sourround the mire area. The-
se are Sabica Brdo (199 m a.s.l.), Ostri Vrh (188 m a.s.l.) and
Cubanovac (171 m a.s.l.) on the west and south sides, with
slopes of Topli¢ka kosa (Modri¢-Surina 2011) in the east. The
stream Cemernica flows through the northeastern part of
the protected area (Posavec-Vukeli¢ et al. 2010). The steep
hills are mostly covered by oaks (eg. Quercus petraea and
Q. cerris) and hornbeam (Carpinus betulus) assigned to the
Erythronio-Carpinion and Carpinion betuli woodland
assemblage (Alegro, Segota 2009). Conversely, a Quercion
robori-petraeae and Aremonio-Fagion (NN 88/14) assem-
blage developed on the neighboring mountains just a few
kilometers away from the study site: Petrova gora (highest
paeak Priseka at 616 m a.s.l.) is only 4 km away from stu-
dy site and Zrinska gora (highest peak Mali Petrovac at 512
m a.s.l.) is about 10 km from “Don mocvar”. Consequently,
other arboreal taxa like birch (Betula pendula), lime (Tilia
spp.), chestnut (Castanea sativa), beech (Fagus sylvatica) and
fir (Abies alba) may have a strong influence on the regional
pollen spectrum besides oaks and hornbeam.

Nowadays Banovina and Kordun are sparsely popula-
ted. Within a radius of approximately 5 km two settlements
with a population of 1000 or slightly above are found: the
villages of Topusko and Vrginmost. The only town within a
radius of approximately 15 km is Glina with almost 5000 in-
habitats. However, during medieval period or earlier, inha-
bitants of some other important areas like Perna (Bali 2014:
21-22, 87), might have impacted the vegetation cover as
well.

1.1.4. Mire Type and Local Vegetation

Blatusa is the largest mire in Croatia covering an area
of 20 ha enjoying protection (Posavec-Vukeli¢ et al. 2010).
However, typical wetland and peatland vegetation covers
only 11 ha. The average altitude of mire surface is 147 ma.s.l.
Based on its hydrology, geochemistry and the level of nu-
trients, Blatusa mire today corresponds to a minerogenous
oligotrophic peatland with relatively high concentrations
of dissolved magnesium, manganese, sodium and iron in
the soil, but a low level of nutrients. It has been developed
on acid sandy cobblestone with inclusion of clay, and can
be considered as soligenous minerotrophic peatland, with
partly developed Sphagnum’s hummock (Modri¢-Surina
2011). Moreover, this transition mire has the characteristics
of a raised bog (Horvat 1962: 102), although Sphagnum ca-
pillifolium (including S. rubellum) and S. paluste are nowa-
days much more abundant than S. magellanicum. Also,
Polytrichum strictum is replaced by Polytrichum longisetum
on the study site (Alegro, Segota 2008).

vec-Vukeli¢ et al. 2010). Najtopliji mjesec je srpanj s prosjec-
nom mjesec¢nom temperaturom zraka od 20°C (Mesi¢ 2000).

1.1.3. Geomorfologija i vegetacijski pokrov Sirega

podrudja

Strmi obronci niskih brezuljaka okruzuju podrucje creta.
Na zapadnoj i juznoj strani pruzaju se Sabi¢a brdo (199 m
n.v.), Ostri vrh (188 m n.v.), Cubanovac (171 m n.v.), a s isto¢-
ne strane prema cretu se spustaju obronci Toplicke kose
(Modri¢-Surina 2011). Potok Cemernica tece sjeveroistoénim
dijelom zasticenoga podru¢ja (Posavec-Vukeli¢ et al. 2010).
Okolna uzvisenja su uglavnom prekrivena hrastovima (npr.
Quercus petraea i Q. cerris) i obi¢nim grabom (Carpinus betu-
lus) koji pripadaju Sumskim savezima: Erythronio-Carpinion
i Carpinion betuli (Alegro, Segota 2009). Srednjoeuropske
Sume hrasta kitnjaka te obi¢ne breze (sveza Quercion ro-
bori-petraeae) i ilirske bukove i bukovo-jelove Sume (sveza
Aremonio-Fagion) (NN 88/14) ¢ine pak prevladavajucu ve-
getaciju na obliznjim gorama: Petrova gora (najvisi vrh Pri-
seka, 616 m n.v.) udaljena je svega 4 km od lokacije istraziva-
nja, a Zrinska gora (najvisi vrh Mali Petrovac na 512 m a.s.l.)
je oko 10 km udaljena od Posebnoga botanickog rezerva-
ta ,DPon mocvar”. Posljedi¢no, i druge vrste drveca poput
breze (Betula pendula), lipe (Tilia spp.), pitomoga kestena
(Castanea sativa), bukve (Fagus sylvatica) i jele (Abies alba)
znacajno utjecu na regionalni peludni spektar, uz ve¢ spo-
menute hrastove i grab.

Danas su Banovina i Kordun rijetko naseljeni. U polumje-
ru od oko 5 km od mjesta uzorkovanja jezgre sedimenta,
samo naselja Topusko i Vrginmost dosezu populaciju od
1000 ili nesto vise stanovnika, a jedini grad u polumjeru od
otprilike 15 km je Glina, s manje od 5000 stanovnika. Medu-
tim, tijekom srednjega vijeka ili ranije, stanovnistvo nekih
drugih, danas gotovo zaboravljenih mjesta, poput Perne
(Bali 2014: 21-22, 87), takoder je moglo znacajno utjecati na
biljni pokrov.

1.1.4. Tip creta i lokalna vegetacija

Blatusa je najvedi cret u Hrvatskoj, sa zasti¢enim podruc-
jem veli¢ine 20 ha (Posavec-Vukeli¢ et al. 2010). Medutim,
tipi¢na cretna vegetacija pokriva povrsinu od svega 11 ha.
Prosje¢na nadmorska visina creta je 147 m n.v. Na temelju
hidrologije, geokemije i trofije, cret u Blatusi pripada sku-
pini minerogenih cretova s relativno visokim koncentraci-
jama otopljenoga magnezija, mangana, natrija i Zeljeza u
tlu, ali siromasnih hranjivih tvari (oligotrofija). Tresetiste je
razvijeno na kiselim pjescima i $ljuncima s proslojcima gli-
ne te se moze smatrati soligenim minerotrofnim cretom, s
gdjegdje razvijenim sfagnumskim humcima (Modri¢-Surina
2011). Stovise, ovaj prijelazni cret ima obiljeZja uzdignutoga
creta (Horvat 1962: 102), premda su Sphagnum capillifoli-
um (ukljucujudi S. rubellum)iS. paluste u danasnje vrijeme
prisutniji na stanistu od, za uzdigniti cret tipi¢nije vrste, S.
magellanicum. Takoder, za uzdignute cretove tipi¢na maho-
vina Polytrichum strictum na podrucju Blatuse zamijenjena
je svojtom Polytrichum longisetum (Alegro, Segota 2008).

Tipi¢na cretna vegetacija na Blatusi ukljucuje: zajednicu
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The typical vegetation covering the mire surface inclu-
des different associations: Rhynchosporetum albae, Drose-
ro-Caricetum stellulatae, Caricetum lasiocarpae and stands
with Eriophorum angustifolium. Eight different Sphagnum
mosses (if S. capillifolium and S. rubellum are treated like
the same taxon) are noticed on the mire surface, with the
most abundant Sphagnum palustre (Alegro, Segota 2009).
Contrary, in some parts of the mire typical wetland vegeta-
tion prevailes, eg. Magnocaricion, Typhaetum latifoliae and
stands with Phragmites australis. Woodlands representing
the Alnion glutinose assemblage are best developed along
the marginal areas (Alegro, Segota 2009 and our own ob-
servation).

1.2. ARCHAEOLOGICAL AND HISTORICAL CONTEXTS
Romans invaded the areas of Kordun and Banovina
(Central Croatia) during the 2" century BC. However Roman
dominance in the area that would include Blatusa mire was
the result of Octavian’s military campaign in the 1%t centu-
ry BC who, by occupying Segestica (Siscia or present-day
Sisak), subdued the inhabitans of Segestica (Skiljan 2007:
6). Octavian’s troops mostl likely approached Segestica via
Slunj, Veljun, Kolari¢, Vojni¢ and Gvozd (Vrginmost). An al-
ternative route along the valley of Mreznica and Kupa is also
possible. With the exception of Siscia, Roman monuments
are especially numerous in the Topusko area (Skiljan 2007:
6), found adjacent to the study site.

Siscia is last mentioned in records dated to the first half
of the 6™ century AD (Skiljan 2007: 7) enjoying prosperity
under Ostrogothic rule (Gra¢anin 2011: 247). Another peri-
od of general growth was Frankish supremacy during the
8™ century (Gracanin 2011: 247) after succeeding waves of
occupation by the Langobards, Avars and Slavs. Although
Siscia is almost 40 km away from the studly site it probably
reflects the situation on the Kordun and Banovina region
as well. Generally, findings from the Early Middle Ages are
rare with the exception of the town of Kirin, where graves
are traced between the 9 to the 11t centuries AD (Skiljan
2007: 7). It seems that Croatian domination can be traced
from the 10" century (Gracanin 2011: 253). The great histo-
rical battle between the last Croatian king Petar Svaci¢ and
the Hungarian king Koloman Arpadovi¢ at the end of the
11" century could also have taken place not far from Bla-
tusa, although Petrova gora, as a traditional battlefield, is
nowadays mostly replaced with sites such as Zrinska gora
(Skiljan 2007: 7; Goldstein 2008: 112) or Velika and Mala Ka-
pela (Skiljan 2007: 7) which are quite far away.

During the High Middle Ages, people in the municipa-
lities of Gvozd and Topusko lived in Bovi¢ settlement (con-
sacration of the Catholic Church in 1334), Perna (status of a
free royal town from 1225) and Topusko (Cistercian abbey).
The Pauline monastery in Veliki Petrovac was founded in
1303. Based on the privileges granted to the inhabitants of
Perna, we know that they were allowed to plant vineyards
on the hills of Gradi$¢e and Zalac (Skiljan 2007: 91). Moreo-
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bijele Siljkice (asocijacija Rhynchosporetum albae), zajedni-
cu zvjezdastoga $asa i rosike (asocijacija Drosero-Caricetum
stellulatae), zajednicu konc¢astoga $asa (Caricetum lasiocar-
pae) te sastojine uskolisne suhoperke (Eriophorum angusti-
folium). Osam razli¢itih vrsta maha tresetara (ako Sphagnum
capillifolium i S. rubellum tretiramo kao identi¢nu svojtu)
nastanjuju povrsinu creta s najobilnije zastupljenom svoj-
tom S. palustre (Alegro, Segota 2009). U nekim dijelovima
posebnoga botanickog rezervata prevladava tipi¢na mo-
¢varna vegetacija, npr. visoki Sasevi (sveza Magnocaricion),
zajednica Sirokolisnoga rogoza (asocijacija Typhetum latifo-
liae) i sastojine obic¢ne trske (Phragmites australis). Mocvarne
sume crne johe (sveza Alnion glutinose) najbolje je razvije-
na na rubovima creta (Alegro, Segota 2009 i nase vlastito
opazanje).

1.2. ARHEOLOSKI | POVIJESNI KONTEKSTI

Rimljani su ve¢ krajem 2. st. pr. Kr. prisutni na podruc¢-
jima Korduna i Banovine, medutim rimska dominacija na
podrug¢ju koje ukljucuje i cret u Blatusi posljedica je Oktavi-
janovoga vojnog pohoda u 1. st. pr. Kr. Naime, zauzimajudi
Segestiku (Sisciju ili danasniji Sisak), Oktavijan pokorava sta-
novnike Segestike (Skiljan 2007: 6). Vjerojatan smijer kreta-
nja Oktavijanovih vojnih trupa prema Segestici bio je preko
Slunja, Veljuna, Kolaric¢a, Vojni¢a i Gvozda (Vrginmost), iako
je moguc i alternativni smjer uz doline Mreznice i Kupe.
Osim Siska, posebno brojni rimski spomenici na podru¢ju
Topuskog (Skiljan 2007: 6) takoder ukazuju na prisutnost i
znacaj rimske kulture na istrazivanome podrudju.

Siscija se posljednji put spominje u prvoj polovici 6.
stoljec¢a (Skiljan 2007: 7) kada je grad, pod ostrogotskom
upravom, ponovno postao prosperitetan (Gracanin 2011:
247). Medutim, ubrzo slijedi okupacija od strane Langobar-
da, Avara i Slavena, da bi novi zamah Zivljenja uslijedio ti-
jekom 8. stoljeca pod franatkom upravom (Gracanin 2011:
247). Povijest Siska, grada udaljenoga oko 40 km od mjesta
istrazivanja, zasigurno u odredenoj mjeri oslikava stanje po-
liticko-gospodarskih prilika na podrucju Korduna i Banovi-
ne. Opcenito govoredi, nalazi iz ranoga srednjeg vijeka su
rijetki, s izuzetkom Kiringrada u kojem se grobni ukopi mo-
gu pratiti od 9. do 11.stoljeca (Skiljan 2007: 7). Dominacija
hrvatskoga Zivlja moze se pak pratiti od 10.stoljeca (Graca-
nin 2011: 253). Velika povijesna bitka izmedu posljednjega
hrvatskog kralja Petra Svacic¢a i madarskoga kralja Koloma-
na Arpadovica krajem 11. stolje¢a mogla se odviti i u blizini
Blatuse, premda je sve vise razmisljanja da bi Petrovu goru,
kao tradicionalnu lokaciju bitke, valjalo zamijeniti Zrinskom
gorom (Skiljan 2007: 7; Goldstein 2008: 112) ili puno udalje-
nijom Velikom i Malom Kapelom (Skiljan 2007: 7).

Za vrijeme razvijenoga srednjeg vijeka na podrudju da-
nasnjih opcina Gvozd i Topusko nalazimo sljedeca naselja:
Bovi¢ (katoli¢ka crkva posvecena je 1334.), Perna (status slo-
bodnoga kraljevskog grada iz 1225.) i Topusko (cistercitska
opatija). Pavlinski samostan u Velikom Petrovcu osnovan je
1303. Na osnovi povlastica koje su dane stanovnicima Per-
ne, znamo da im je dozvoljeno saditi vinograde na breZulj-
cima Gradiice i Zalac (Skiljan 2007: 91). Stovise, moguéem
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ver, anthropogenic pressure on nature was probably main-
tained by Cistercian monks who usually payed attention to
logging or draining, thus preparing the land for economic
exploitation (Bali 2014: 54).

During the Late Medieval and the New Age, the Otto-
man threat over the entire territory of present-day Kordun,
Banovina and Pokupsko prevaled. In 1548 the Ottomans in-
vaded Perna and the Stenic¢njak estate, but on that occasion
the town was not burned. However, ten years later the Otto-
mans, led by Malko¢-beg, burned down Perna, Zlat, Krstinja,
Kladusa, Vrnograc, Bojna and the surrounding settlements.
In 1562, the Ottomans marched on Pern with four hundred
soldiers, but were defeated by Herbert Auersperg’s army.
However, three years later they destroyed the walls of the
Cistercian Abbey in Topusko. In 1689, the Croatian Bansko
army invaded Pounje and defeated the Ottomans on Zrin-
sko Polje, thus freeing the area between Kupa and Una.
The suppression of the Ottomans from the Banovina and
Kordun areas resulted in the settlement of the Christian po-
pulation, most often of Orthodox denomination. Thus, the
process of revival of Topuski begins in 1687 and Vrginmost
in 1688. However, Perna again suffers in the wars with the
Ottomans in 1717 and 1788, and due to frequent conflicts
with the Ottomans, a fleeing population left Topusko (Ski-
ljan 2007: 91-91).

Agriculture and forestry, and to a lesser extent mining,
represented a major part of the economic activities of the
broader area of Blatusa during the Modern Period. This was
a period of intensive deforestation, which Ban Esterhazy tri-
ed to prevent in the first half of the 18% century (Holjevac,
Moacanin 2007: 72). Planting of fruit trees was introduced,
especially plum (Pavlicevi¢ 1988: 66), cultivation of cereals,
tuber and lentil was intensified, and in the 19* century this
part of Croatia became leader in its utilization of soil. Many
of the smaller towns of Kordun and Banovina experienced
a demographic peak in the middle or early part of the 19®"
century, such as Perna with the largest population (1317
inhabitants) numbering in 1857, after which the process of
leaving rural areas and depopulation begun, and continued
during the whole 20™" century (Perna 2019).

2. MATERIALS AND METHODS

2.1. CORE EXTRACTION

Percussion coring in the year of 2015 yielded a more
than 2 m-long sediment sequence (mostly peat material)
from the mire site. For this purpose, an Eijkelkamp core sam-
pler was used, modified in the way to be sharp as a knife by
grinding the iron revetment. However, only the first meter
of peat sediment was palynological interpreted in this ar-
ticle, due to significant difference in dating confidence of
the layers between the top (first meter) and bottom (se-
cond meter) of this core. Sediments were transferred to PVC
half-tubes, wrapped in transparent plastic foil and stored in
fridge at 4°C for further analysis. The sequence was subsam-
pled at 5 cm intervals for further studies.

antropogenom pritisku na okoli$ vjerojatno su pridonijeli
cistercitski redovnici koji opéenito veliku paznju posvecu-
ju kr¢enju Suma, isusivanju mocvara i natapanju zemljista,
pripremajuci tako prostor za ekonomsku eksploataciju (Bali
2014: 54).

Tijekom kasnoga srednjeg i novoga vijeka osmanlijska
prijetnja nadvila se nad cijelim teritorijem danasnjeg Kordu-
na, Banovine i Pokupskog. Godine 1548. napali su Pernu i
imanje Stenicnjak, ali tom prilikom grad nije spaljen. Medu-
tim, deset godina kasnije Osmanlije, predvodene Malko¢-
begom, spalili su Pernu, Zlat, Krstinju, Kladusu, Vrnograc,
Bojnu i okolna naselja. Godine 1562. Osmanlije su marsirale
na Pernu s Cetiri stotine vojnika, ali ih je nadjacala vojska
Herberta Auersperga. Svejedno, tri godine kasnije Osman-
lije su unistili zidove cistercitske opatije u Topuskom. Hrvat-
ska banska vojska je 1689. napala Pounje i porazila Osman-
lije na Zrinskom Polju, ¢ime je podrucje izmedu Kupe i Une
oslobodeno osmanlijskoga utjecaja. Potiskivanje Osmanlija
s podrucja Banovine i Korduna rezultiralo je naseljavanjem
krs¢anskoga stanovnistva, naj¢es¢e pravoslavne denomi-
nacije. Proces oporavka Topuskog zapocinje 1687, a Vr-
ginmosta 1688. Medutim, Perna opet stradava u sukobima s
Osmanlijama 1717.i 1788., a zbog neprestane vojne opasno-
sti bjeZi i stanovnistvo susjednoga Topuskog (Skiljan 2007:
91-91).

Poljoprivreda i Sumarstvo, a u manjoj mjeri rudarstvo,
predstavljaju vazan dio gospodarskih aktivnosti na Sirem
podru¢ju istrazivanoga podrucja tijekom novoga vijeka.
Pretjeranu sjecu Suma pokusava sprijeciti ban Esterhazy ti-
jekom prve polovice 18. stoljeca (Holjevac, Moacanin 2007:
72). Uskoro se uvodi sadnja vocaka, narocito $ljiva (Pavlice-
vi¢ 1988: 66) te se intenzivirana uzgoj zitarica, gomoljastih
kultura i lece, da bi u 19. stolje¢u ovaj dio Hrvatske postao
predvodnik u iskoristavanju zemlje. Mnogi manji grado-
vi Korduna i Banovine dozivjeli su demografski vrhunac
pocetkom ili sredinom 19. stoljeca, uostalom Perna biljezZi
najvecu populaciju (1317 stanovnika) 1857. godine, nakon
Cega zapocinje proces napustanja ruralnih podrug¢ja i depo-
pulacije koji se nastavlja tijekom citavoga 20. stolje¢a (Perna
2019).

2. MATERUJALI I METODE

2.1. BUSENJE JEZGRE

Postupak busenja sedimenta proveden je tijekom 2015.
godine. Pomocu busilice Eijkelkamp, modificirane na na-
¢in da metalna oplata uzorkivaca brusenjem postane ostra
poput noza, izvadena je neporemecena jezgra sedimenta
duljine preko 2 m (ve¢inom tresetni materjal). Medutim, sa-
mo je vrini metar treseta palinoloski analiziran i interpreti-
ran u ¢lanku zbog velike razlike u kronoloskoj pouzdanosti
datiranja sedimenta gornjega (prvi metar) i donjega (drugi
metar) dijela jezgre. Sediment je u laboratorij prenesen u
PVC cijevima, omotan prozirnom plasticnom folijom te je
pohranjen u zamrziva¢ na temperaturu od 4°C. Poduzorci
sedimenta uzorkovani su uintervalima od 5 cm u svrhu pro-
vedbe daljnjih analiza.
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2.2.LITHOLOGICAL DESCRIPTION

All descriptions and analysis were made at 5 cm inter-
vals. Composition and physical characteristics of sediments
were described largely by using Troels-Smith classification,
probably the most logical and comprehensive sediment
classification system that provides information on physical
characteristics of the sediment, the humification level and
composition of the sediment (Birks, Birks 1980). The primary
disadvantages of the Troels-Smith classification lie in its use
of Latin terms (Schnurrenberger et al. 2003). So here we
used a scheme modified by Kershaw (1997). Physical featu-
res includes: degree of darkness (varies from 0 in the lightest
to 4 in the darkest sediments), degree of stratification (vari-
es from 0 where the deposit is completely homogeneous
to 4 which consists of clear thin layers or bands), degree of
elasticity (varies from 0 in plastic sediments with great abi-
lity to regain its shape after being squeezed to 4 in disinte-
grated peat) and degree of dryness (varies from 0 which is
characterised by clear water to 4 which characterised the
air dry material). For sediment colour Munsell colours chart
(Munsell Color 1994) were used. The degree of humification
has not been determined. Composition includes six funda-
mental components and more subcomponents, whose sum
of proportion must be equal to four (Birks, Birks 1980). Peat
or turfa, the only component represented in the analyzed
core section, can originate from mosses, arboreal plants or
herbs (Kershaw 1997).

2.3. POLLEN, NON-POLLEN PALYNOMORPHS AND

CHARCOAL - EXTRACTION AND DETERMINATION

In order to extract pollen, spores and charcoal from sedi-
ments, 1T cm? of samples were sieved (250 um and 7 um) and
treated with 10% KOH and 20% HCI. After adding safranin
palynological samples were stored in silica oil. Acetolysis
was avioded (Faegri et al. 2000) to enhance preservation
of non-pollen palynomorphs (NPPs) during the palynolo-
gical extraction procedure. To enable calculation of pollen,
NPPs and charcoal concentrations, an exotic marker, i.e.
Lycopodium tablet with a known concentration of spores
(Stockmarr 1971), was added to samples before treatment.
Identification of pollen and spores followed standard keys
(Moore et al. 1991; Beug 2015) and reference slide collec-
tions from the Department of Biology, Faculty of Science,
University of Zagreb. NPP identifications were based on
published papers: van Geel, 1972; 1978; van Geel, van der
Hammen 1978; van Geel et al. 1980; 1983; 1989; 2003; Pals
et al. 1980; Haas 1996; Kuhry 1997; Carrién, Navarro 2002;
Aptroot, van Geel 2006; Barthelmes et al. 2006; Medeanic
2006; Prager et al. 2006; 2012; Cugny et al. 2010; Montoya
et al. 2010; 2012; Kaczmarek et al. 2011; Dietre et al. 2012;
Kotaczek et al. 2013; Lopez-Vila et al. 2014; Hawksworth et
al. 2016; Jankovska et al. 2016. NPP types were assigned to
an existing code according to Miola (2012). Minimum pollen
counts of 300 arboreal (AP) and non-arboreal (NAP) land
pollen grains per sample were made and NPPs were simul-
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2.2. LITOLOSKI OPIS

Svi opisi i analize sedimenta jezgre napravljeni su u 5
centimetarskim intervalima. Sastav i fizicka obiljeZja sedi-
menata opisani su u velikoj mjeri koristenjem Troels-Smit-
hove klasifikacije, vjerojatno najlogicnije i najsveobuhvat-
nije klasifikacije koja pruza informacije o fizi¢ckim karakteri-
stikama, razini humifikacije i sastavu sedimenta (Birks, Birks
1980). Primarni nedostaci Troels-Smith klasifikacije odnose
se na koristenje latinskih izraza (Schnurrenberger et al.
2003), pa smo koristili prema Kershawu (1997) modificirani
pristup. Fizicke znacajke ukljucuju: stupanj tamnoce (varira
od 0 u najsvjetlijim do 4 u najtamnijim sedimentima), stu-
panj stratifikacije (varira od 0, kada je sediment potpuno
homogen, do 4, kada se sediment sastoji od jasno uocljivih
tankih slojeva ili traka), stupanj elasti¢nost (varira od 0 u se-
dimentima velike plasti¢nosti koji imaju sposobnost povrati
svoj oblik nakon sto je sediment stisnut, do 4 u dezintegri-
ranom tresetu) i stupanj suhoce (varira od 0, npr. bistra vo-
da, do 4, vrijednosti karakteristi¢ne za na zraku posve suhi
materijal). Za boju sedimenta koristen je Munsellov grafikon
boja (Munsell Color 1994). Stupanj humifikacije nije utvrdi-
van. Sastav sedimenta pak uklju¢uje Sest temeljnih kompo-
nenti i viSe podkomponenti ¢iji zbroj proporcija mora biti
jednak zbroju u vrijednosti Cetiri (Birks, Birks 1980). Treset ili
turfa, kao jedini tip sedimenta u analiziranome 95 centime-
tara dugackome odsjecku jezgre, porijeklom moze biti od
mahovina, drvenastih ili pak zeljastih biljaka (Kershaw 1997).

2.3. PELUD, NEPELUDNI PALINOMORFI | POUGLJE-

NJENE CESTICE - IZOLACIJA | ODREDIVANJE

U svrhu izolacije peluda, spora i pougljenjenih cestica,
sediment volumena 1 cm? prosijavan je kroz sita (pore pro-
mjera 250 um i 7 um) te potom tretiran kalijevim hidroksi-
dom (10% KOH) i klorovodi¢nom kiselinom (20% HCI). Na-
kon dodavanja safranina u svrhu bojanja stijenke palinorfa,
palinolodki uzorci su pohranjeni u silikatno ulje. U palino-
loskom postupku izrade predmetnica s palinomorfima na-
mjerno smo izbjegli acetolizu (Faegri et al. 2000), a u svrhu
ocuvanja $to vecega broja nepeludnih tipova (NPPs). Kako
bismo izrac¢unali koncentracije peluda i nepeludnih pali-
nomorfa u poduzorcima sedimenta, koriSteni su egzoti¢ni
markeri - Lycopodium tablete poznate koncentracije spora
(Stockmarr 1971). Identifikacija peluda i spora provedena
je pomocu standardnih palinoloskih klju¢eva (Moore et al.
1991; Beug 2015) i referentne palinoloske zbirke Biolosko-
ga odsjeka Prirodoslovno-matematickog fakulteta Sveucili-
$ta u Zagrebu. Odredivanje nepeludnih palinomorfa (NPP)
temeljili smo na sljede¢im objavljenim publikacijama: van
Geel, 1972; 1978; van Geel, van der Hammen 1978; van Geel
et al. 1980; 1983; 1989; 2003; Pals et al. 1980; Haas 1996; Ku-
hry 1997; Carrién, Navarro 2002; Aptroot, van Geel 2006; Bar-
thelmes et al. 2006; Medeanic 2006; Prager et al. 2006; 2012;
Cugny et al. 2010; Montoya et al. 2010; 2012; Kaczmarek et
al. 2011; Dietre et al. 2012; Kotaczek et al. 2013; Lépez-Vila et
al. 2014; Hawksworth et al. 2016; Jankovska et al. 2016. NPP
tipovi oznaceni su postojec¢im kodovima uskladenima pre-
ma Miola (2012). Interpretacija peludnoga dijagrama temelji
se na minimalnom peludnom zbroju (total sum =TS) od 300
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taneously identified and counted. Local pollen and NPPs
values are expressed as a percentage in relation with total
pollen sum (TS = AP + NAP), excluding local mire and we-
tland plants, like sedge (Cyperaceae) or Typha latifolia and
Myriophyllum spicatum, ferns (Polypodiales, Pteridium) and
mosses (Antocerotidae and Sphagnum).

For fire history reconstruction we used sediment ba-
sed archives via quantification of charcoal on pollen slides.
Microcharcoal particles (10 — 100 um) were used as regional/
extralocal and macrocharcoal particles (> 100 pm) as local
fire indicators (Whitlock, Larsen 2001). For expression of
charcoal data, we used percentages (ratio charcoals vs. to-
tal pollen sum) and abundance (an area of charcoal per unit
volume of sediment, in our case mm? cm?). As first method
is not frequently used in modern literature (Mooney, Tinner
2011) we also take into account charcoal concentration
abundance (Tinner et al. 1998) for interpreting fire history.

2.4, STATISTICAL ANALYSIS

For plotting diagrams (pollen and NPPs percentages
and charcoal ratio and concentrations), PolPal software
(Walanus, Nalepka 1999; Nalepka, Walanus 2003), version
2016 was used. To identify and determine the appropriate
boundaries of the pollen/non-pollen assemblage zones
CONISS statistical method, which is integral part of PolPal
software, was used. This method calculates sums of squares
for each cluster and recalculatations are done with merging
clusters (Legendre, Birks 2012: 167-200). The matrix is requ-
ired for two adjacent stratigraphic clusters whose joining
gives the least increase in total dispersion. Agglomeration
is continued until the entire data set is combined into one
cluster. The measure of inequality most commonly used in
the CONISS program is the squared Euclidean distance (Le-
gendre, Birks 2012: 167-200) calculated from the non-tran-
sformed or transformed standardized, square root or nor-
malized data (Prentice 1980), but other distances are also
allowed. Also, due to fact that pollen sum varies between
subsamples, we used the rarefaction analysis. This statistical
tool, also integrated in PolPal software, enables comparison
of pollen richness independently of the pollen sum (Birks,
Line 1992) by standardizing pollen counts to a single sum
(Birks et al. 2016).

2.5.CHRONOLOGY

Two organic samples (charcoal and seeds) were isola-
ted from different depth levels. Radiocarbon ages repor-
ted in this paper were measured through accelerator mass
spectrometry (AMS) C in the Radiocarbon Laboratory of
the Silesian University of Technology in Gliwice, Poland.
Bayesian modelling was performed using gamma distri-
butions as prior information on accumulation rates (AR).
The plotted age-depth model is based on the weighted
mean ages modelled using Bacon software (Blaauw, Chri-
sten 2011). Bacon models the accumulation rates of many
equally spaced depth sections based on an autoregressive

drvenastih (arboreal pollen — AP) i nedrvenastih (non-arbo-
real pollen — NAP) peludnih zrnaca po svakome poduzorku.
Nepeludni palinomorfi su prebrojavani i odredivani isto-
vremeno s peludnim zrncima. Udjeli lokalnih palinoloskih
vrsta i nepeludnih palinomorfa izraZeni su kao postotak u
odnosu na ukupan zbroj peluda (TS = AP + NAP), pri ¢emu
su iz toga zbroja (TS) isklju¢ene tipi¢ne cretne ili mocvarne
vrsta, poput saseva (Cyperaceae), rogoza (Typha latifolia tip),
krocnja (Myriophyllum spicatum), paprati (Polypodiales, Pte-
ridium) i mahovina (Antocerotidae i Sphagnum).

Za rekonstrukciju povijesti poZzara, koristene su u sedi-
mentu akumulirane pougljenjene ¢estice koje se na pred-
metnicama prebrojavaju usporedno s palinomorfima. Po-
ugljenjene mikrocestice (veli¢ina 10 — 100 um) koristene
su kao indikatori regionalnih/ekstralokalnih pozara, a pou-
glienjene makrocestice (> 100 um) kao indikatori lokalnih
pozara (Whitlock, Larsen 2001). Za iskazivanje podataka o
pougljenjenim ¢esticama koristili smo postotke (omjer po-
ugljenjenih cestica prema ukupnom zbroju peluda) kao i
brojnost/koncentraciju istih (povriina ugliena po jedinici
volumena sedimenta, u nasem slucaju mm? cm3). Kako se
prva metoda danas rijetko koristi (Mooney, Tinner 2011),
kod tumacenja povijesti pozara u obzir smo uzeli i potonju
metodu, tj. koncentraciju pougljenjenih cestica (Tinner et
al. 1998).

2.4. STATISTICKA ANALIZA

Za iscrtavanje palinoloskoga dijagrama (pelud, NPP i
pougljenjene ¢estice), koristen je specijalizirani palinoloski
program PolPal (Walanus, Nalepka 1999; Nalepka, Walanus
2003), verzija 2016. U svrhu definiranja zona akumulacije
peluda i nepeludnih palinomorfa, koristena je CONISS sta-
tisticka metoda koja je sastavni dio PolPal programa. Kod
ove metode disperzija ili suma kvadrata izraCunava se za
svaki klaster i ponovo preracunava kako se klasteri spaja-
ju (Legendre, Birks 2012: 167-200). Matrica se trazi za dva
susjedna stratigrafska klastera cije spajanje daje najmanje
povecanje ukupne disperzije. Aglomeracija se nastavlja sve
dok se cijeli skup podataka ne kombinira u jedan klaster.
Mjera nejednakosti koja se naj¢esce koristi u programu CO-
NISS je kvadratna euklidska udaljenost (Legendre and Birks
2012), izracunata iz netransformiranog ili transformisanog
(standardiziranog, kvadratnog korijena ili normaliziranog)
podatka (Prentice 1980), ali i druge udaljenosti su dozvolje-
ne. Takoder, zbog Cinjenice da se zbroj peluda razlikuje u
svakome pojedinacnom poduzoraku, za izrazavanje pelud-
noga bogatstva koristili smo rarefakciju. Ovaj statisticki alat,
takoder integriran u PolPal softver, omogucava usporedbu
peludnoga bogatstva neovisno o kolic¢ini prebrojnih pelud-
nih zrnaca (Birks, Line 1992), standardizirajuci ,razrjediva-
njem” broj peluda na istovjetni zbroj (Birks et al. 2016).

2.5.DATACIJA

U svrhu datiranja starosti jezgre, dva organska uzorka
(ugljen i sjemenke) izolirana su iz razli¢itih dubinskih odsje-
Cakajezgre.Radiokarbonska starost prikazana u ovome radu
mjerena je pomocu akceleratorske masene spektrometrije
(AMS) ugljikovih izotopa ™C u Radiokarbonskom laborato-
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process with gamma innovations. Inverse AR (sedimentati-
on times expressed as year/cm) were estimated from 42 to
48 mIn Markov Chain Monte Carlo (MCMC) iterations, and
these rates form the age-depth model. AR was first con-
straint by prior information: acc. shape = 1.5 and acc. mean
= 50 for the beta distribution, a memory mean = 0.7 and
memory strength = 4 for beta distribution describing the
autocorrelation of inverse AR. All input data were provided
as "C yr BP and the model used the northern hemisphe-
re IntCal13 calibration curve (Reimer et al., 2014) and post-
bomb atmospheric NH1 curve (Hua et al. 2013) to convert
conventional radiocarbon ages to calendar ages expressed
as cal. AD. Age modelling was run to achieve a 1-cm final re-
solution. Calibrated ages are reported as age ranges at the
2-sigma confidence level (95.4%).

3. RESULTS

3.1. SEDIMENT DESCRIPTION AND CHRONOLOGY

The complete core sediment analysed in this article con-
sists of woody peat which originated from the roots of trees
and shrubs. However, different share of peat components
is noticed (Tab. 1). The bottom part of the core (95 - 40 cm)
is mainly characterised by the equal proportion of peat for-
med by mosses or herbs, with relative domination of woody
fragments. Contrary, woody peat absolutely dominated
through most of upper part of the core (40 - 10 cm) and
herbal peat is mainly absent. The uppermost 10 cm of the
core is composed of live Sphagnum taxa. Munsell colours
show three different zones: black associated with catotelm
characterised depth sequence from 95 to 40 cm, very dark
brown is associated with acrotelm and dusky red is result of
live peat mosses (Sphagnum) in the most upper part of the
analyzed core (Tab. 1). For radiocarbon AMS dating charcoal
from depth level of 58cm, and seed materials from depth
level of 98 cm, were used (Tab. 2). The plotted age-depth
model indicates that the 95 cm of sediment core sequen-
ce covers almost the last two millennia of palaeoecological
changes (Fig. 2).

3.2. POLLEN-BASED VEGETATION, NPPs AND FIRE

HISTORY

Two millennia of vegetation history of Blatusa mire is di-
vided into two pollen assemblage zones or, more precisely,
three subzones: Zone 1a, Zone 1b, Zone 2 (Fig. 3a). Changes
in local mire/wetland vegetation are presented in Fig. 3b. A
brief description of pollen-based vegetation records is pre-
sented in Fig. 4.

Zone 1a (depth 95-75 cm, 1818-1297 calBP or from the
2" to the 7t century AD) can be described as “alder-beech/
oak” zone (Fig. 3a; 4). Among trees, alder (Alnus) was rela-
tively dominant with an average value of 26% (up to 46%);
however its strong decline is observed during the 5™ cen-
tury. Beech (Fagus) was dominant in the colline/mountain
forest belt with a proportion of 23% (up to 33%). Some trees
were represented by more than 5%, eg. oaks (Quercus) with

126

riju Slezijskog tehnoloskog sveucilista u Gliwicama, Poljska.
Bayesovo modeliranje provedeno je pomo¢u gamma raspo-
djele priora temeljem akumulacijske rate (AR). Predstavljeni
model ,dubina-starost” baziran je na ,izvaganim” srednjim
starostima modeliranim pomocu programa Bacon (Blaauw,
Christen 2011). Bacon modelira akumulacijske rate mnogih
podjednako rasporedenih dubinskih odsje¢aka na osnovi
autoregresivnoga postupka s gamma inovacijama. Inverz-
na akumulacijska rata (vrijeme sedimentacije izrazeno kao
godine po centimetru) procijenjena je temeljem 42 do 48
milijuna iteracija Markovljevog lanca metodom Monte Car-
lo (MCMC) i te rate definiraju model ,dubina-starost”. Aku-
mulacijska rata konstruirana je prema sljede¢im priorima:
akumulacijski oblik = 1,5 i akumulacijska srednja vrijednost
= 50 za beta distribuciju, srednja vrijednost memorije = 0,7,
memorijska snaga = 4 za beta distribuciju, koji opisuju auto-
korelaciju inverzne AR. Svi ulazni podaci dati su kao Cyr BP
(BP = before present, za $to se okvirno uzima 1950. godina) te
model upotrebljava sjevernohemisfernu IntCal13 kalibracij-
sku krivulju (Reimer et al. 2014) te ,post-bomb” atmosfersku
NH1 krivulju (Hua et al. 2013) za pretvaranje konvencionalne
radiokarbonske starosti u kalendarsko vrijeme izraZzeno kao
AD (anno domini). Modeliranje starosti jezgre provedeno je
kako bi se postigla konaéna razlucivost na jednocentimetar-
skoj skali. Kalibrirana starost prikazana je razinom pouzda-
nosti 2-sigma (95,4%).

3. REZULTATI

3.1. OPIS SEDIMENTA | DATACIJA

Sediment analiziranoga dijela jezgre sastavljen je pre-
tezno od drvenastoga treseta porijeklom od korijenja drve-
¢aigrmlja. Medutim, treset porijeklom od razlicitih skupina
biljaka ili njihovih dijelova moze se razlikovati u analizirano-
me odsjecku (tab. 1). Donji dio jezgre (95 — 40 cm dubine)
uglavnom se odlikuje jednakim udjelom treseta formiranim
od mahovina ili zeljastih biljaka, uz relativnu dominaciju
drvenastih fragmenata. Suprotno tome, drvenasti treset
apsolutno dominira glavninom gornjega dijela jezgre (40
- 10 cm dubine), uz istovremenu odsutnost zeljaste i maho-
vinske komponente. VrSnih 10 cm jezgre sedimenta sadrZi
zivi mah tresetar — Sphagnum spp. Munsellove boje ukazuju
na tri razlicite zone: crna boja povezana je s katotelmom te
opisuje odsjecak jezgre dubine 95 — 40 cm, izraZzeno tam-
no smeda boja sedimenta povezana je s akrotelmom, a ta-
mnocrvena boja, u krajnjem vrsnom dijelu jezgre, odraz je
pigmenata u Zivom mahu tresetaru (tab. 1). Za radiokarbon-
sko AMS datiranje starosti jezgre koriSteni su pougljenjeni
organski ostaci s dubine od 58 cm i sjemenke biljaka s dubi-
ne od 98 cm (tab. 2). Model ,dubina-starost” pokazuje da 95
cm duga sekvence jezgre sedimenta obuhvaca gotovo dva
tisucljeca peleokolisne povijesti (sl. 2).

3.2. PROMJENE U BILJNOM POKROVU | POVIJEST

POZARA

Dva tisuclje¢ca vegetacijskih promjena na podrucju
Blatusa ogleda se kroz dvije zone akumulacije peluda ili,
preciznije, tri podzone: Zona 1a, Zona 1b, Zona 2 (sl. 3a).
Promjene u sastavu lokalne cretne ili mocvarne vegetacije
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0-4 Peat formed by/
_ Treset porijeklom od...
Depth/ 3
. w Woody
Dubina ) . . c Herbs/
Darkness/ Stratification/ Elasticity/ | Dryness/ 3 Mosses/ plants/ .
(cm) , e . Ly ) = . Zeljaste
Tamnoca Stratificiranost Elasti¢nost Suhoca Mahovine | Drvenaste el
- biljke
biljke
Components (sum = 4)/
Komponente (zbroj = 4)
HUE 1 -
0-5 1 0 4 3 UE 10R 3/4 du 4
sky red
510 : 0 4 3 HUE 10R 3/4 du- 4
sky red
1
10-15 3 0 2 2 OYR 2/2 very 1 2 1
dark brown
15-20 3 0 2 2 10YR 2/2 very 1 3
dark brown
20-25 3 0 2 2 10YR 2/2 very 1 3
dark brown
25-30 3 0 5 5 10YR 2/2 very 1 3
dark brown
30-35 3 0 5 5 10YR 2/2 very 1 3
dark brown
35-40 3 0 2 2 10YR2/2 very 1 3
dark brown
40-45 3 0 3 2 10YR 2/1 black 1 2 1
45-50 3 0 3 2 10YR 2/1 black 1 2 1
50-55 3 0 3 2 10YR 2/1 black 1 2 1
55-60 3 0 3 2 10YR 2/1 black 1 2 1
60-65 3 0 3 2 10YR 2/1 black 1 2 1
65-70 3 0 3 2 10YR 2/1 black 1 2 1
70-75 3 0 3 2 10YR 2/1 black 1 2 1
75-80 3 0 3 2 10YR 2/1 black 1 2 1
80-85 3 0 3 2 10YR 2/1 black 1 2 1
85-90 3 0 3 2 10YR 2/1 black 1 3
90-95 3 0 3 2 10YR 2/1 black 1 2 1

Tab. 1 Stratigraphy and description of peat deposits in the Blatusa mire profile (made by: D. Hrusevar)
Tab. 1 Stratigrafija i opis treseta u profilu sedimenta uzorkovanoga na cretu u Blatusi (izradio: D. Hrusevar)

an average value of 17% (up to 20%), hornbeam (Carpinus) predstavljene su u slici 3b. Sazeti opis vegetacijskih promje-
with an average of 8% and hazel (Corylus) with an average nadanjeusl. 4.

of 6%. Some of arboreal taxa were observed in very low Zona 1a (dubina 95-75 cm, starost od 1818-1297 calBP ili
proportions, less than 2%, eg. pine (Pinus), fir (Abies) and od 2.do 7. st. pos. Kr.) moze se opisati kao zona ,joha-bukva/
spruce (Picea). Birch (Betula) exceeds 1% in this (sub)zone hrastovi” (sl. 3a; 4). Medu drvecem joha (Alnus) je relativno
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"“C Age Calibrated age range/ Callibrated age range/
Depth/ . o . SP. .
Laboratory code/ Dubina Material/ (BP)/ Kalibrirani starosni raspon Kalibrirani starosni raspon
Laboratorijski kod (cm) Materijal 14C starost 68.2% confidence level/ 95.4% confidence level/
(BP) 68.2% razina pouzdanosti 95.4% razina pouzdanosti
1045-1060 cal AD (13.0%)
h | 1061-1095 cal AD (29.0%
GdA-5125 58 charcoal/ |55 4 50 (29.0%) 1037-1158 cal AD (95.4%)
ugljen 1120-1141 cal AD (19.4%)
1147-1154 cal AD (6.8%)
d 19-266 cal AD (87.0%
GdA-5127 98 seeds/ 1 1556+ 65 83-232 cal AD (68.2%) cal AD (87.0%)
sjemenke 269-332 cal AD (8.4%)

Tab. 2 Results of radiocarbon AMS dating of charcoal and seeds from the Blatusa mire (made by N. Piotrowska; modified by: D. Hrusevar)
Tab. 2 Rezultati radiokarbonskoga AMS datiranja ugljena i siemenki iz creta u Blatusi (izradila: N. Piotrowska; izmijenio: D. Hrusevar)

2000
|

4000
1

cal yr BP
Bﬂ% 8000
1 |

Log of Objective
10000 12000 -40 38 % -10
1 1 1 1 1 1

wdaq

00t
1

0
1

S

uogesay
000F 000t 0002 O000L
1

0.000

0.010
|

‘uni uooeg

0.020

0
1 L 1 1

(wapk) pel a0y

008 005 00¥ O0E 00Z 00L
1

00

Aaowsap
#0 20

90

80

Fig.2 Age-depth model. The red ellipsoid marks the last two millennia, period analysed in this article (made by:
N. Piotrowska)
SI.2  Model ,dubina-starost”. Crveni elipsoid oznacava posljednja dva tisucljeca, razdoblje analizirano u ¢lanku
(izradila: N. Piotrowska)
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alone. Among NAP types, grasses (Poaceae) prevailed with
an average of 9% (up to 18%). The average AP-NAP ratio
was 88%, although with a sharp rise of non-arboreal pollen
from the 2™ century (~7%) to the beginning of the 7™ cen-
tury (~20%). The anthropogenic indicator value was < 1%.
Pollen richness is low, and ranges between 15 and 18 taxa.
The ratio (percentages) and abundance (concentration) of
micro- and macro- charcoal particles is low at the bottom
part of this (sub)zone. However, their proportion greatly ri-
sed during the 5" century and stayed high till the end of
this zone. Maximum percentages of microcharcoals rise up
to 40%, and macrocharcoals to 36%. Total charcoal abun-
dance trend is similar, ranging from 3,1 mm?cm= in lower
part to 12,4 mm? cm3 in uppermost subsample of this zone
(Fig. 3a-b; 4).

From the typically mire or wetland plants in this (sub)
zone (Fig 3b; 4), ferns (Polypodiales) are the most abundant
with an average proportion of 29% (up to 41%), succeeded
by peat mosses (Sphagnum) with 13% (up to 21%). Reed
mace (Typha latifolia type) was observed in great propor-
tions (8%, up to 21%), with a maximum value during the 5"
century, simultaneously with the lack of bracken (Pteridium),
even though this fern taxon is relatively abundant having
an average of 5% (up to 8%). From non-pollen palynomor-
phs (NPPs), fungal spores of Diporotheca webbiae were most
abundant (up to 7%), followed by Byssothecium circinans
and Glomus. From algae Spirogyra was the most abundant
(up to 3%). The most numerous thecamoebae were Amphi-
trema flavum and Assulina seminulum, each with less than
2% (Fig. 3b; 4).

Zone 1b (75-45 cm, 1297-647 cal BP or from the late 7t
century to the end of the 13" century AD) can be described
as “grasses-beech/oaks"” zone (Fig. 3a; 4). For the first time so-
me NAP pollen types overlaid AP pollen types — grasses (Poa-
ceae) were relatively dominant (25%, up to 30%). Among AP a
codomination of beech (21%, up to 33%) and oak (18%, up to
21%) is observed. In comparison with the previous (sub)zone,
here very low values of alder (6%) and a stable low proporti-
on of hazel (7%) is noticed. There is an increase in pine pollen
(4%, up to 7%). in the same period. The AP-NAP ratio was
69%, with weak fluctuations compared to the previous (sub)
zone. Even the proportion of arboreal pollen decrease to 62%
which is the lowest value through the whole analyzed core.
The anthropogenic indicator value stays below 1%. Pollen
richness is low, and ranges between 12 and 18 taxa. Charcoal
particles were extremely numerous, even reaching a ratio of
74% (microcharcoals) or 54% (macrocharcoals), respectively.
Total charcoal abundance varies slightly, from 8,4 mm? cm-
310 12,6 mm? cm?, but with highest average concentration
through the whole core (Fig. 3a; 3b; 4).

From the typical mire plants (Fig. 3b; 4), peat mosses we-
re the most abundant, with an average proportion of 33%
(however, up to 57%), succeeded by ferns (31%, up to 45%).
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dominantna vrsta s prosje¢nom vrijednos¢u od 26% (do
46%), medutim uz snazan pad udjela iste tijekom 5. stolje-
¢a. Bukva (Fagus) dominira u brdskom/gorskom Sumskom
pojasu s udjelom od 23% (do 33%). Vrste zastupljene s vise
od 5% udjela su, primjerice, hrastovi (Quercus) s prosje¢nom
vrijednos¢u od 17% (do 20%), grab (Carpinus) s prosjekom
od 8% i lijeska (Corylus) s prosjekom od 6%. Neke od drve-
nastih vrsta zastupljene su s vrlo niskim udjelom, tj. s manje
od 2%, npr. borovi (Pinus), jela (Abies) i smreka (Picea). Samo
u ovoj (pod)zoni pelud breza (Betula) prelazi 1%. Medu NAP
tipovima peluda trave (Poaceae) prevladavaju s prosjekom
od 9% (do 18%). Prosjecni AP-NAP omijer iznosi 88%, prem-
da ga karakterizira nagli porast peluda nedrvenastih vrsta
od 2.stolje¢a kada NAP udio iznosi oko ~7%, do pocetka 7.
stoljeca kada vrijednost NAP udjela raste na oko 20%. Isto-
vremeno, udio antropogenih indikator je < 1%. Peludnog
bogatstvo je nisko i varira izmedu 15 do 18 palinoloskih vr-
sta. Mikro- i makro- pougljenjene Cestice zastupljene su ma-
lim omjerom (postocima) i niskom brojnos¢u (koncentraci-
jom) u najdubljem segmentu jezgre. Medutim njihov udio
znacajno se povecava tijekom 5. stoljeca i ostaje visok do
kraja ove zone. Udio mikropougljenjenih Cestica doseze do
40%, a makropougljenjenih ¢estica do 36%. Koncentracijski
trend je sli¢an i krece se od 3,1 mm?cm= u donjem do 12,4
mm? cm? u vrsnom dijelu zone (sl. 3a-b; 4).

Od tipi¢nih cretnih ili mocvarnih svojti (sl. 3b; 4), paprati
(Polypodiales) su najobilnije zastupljene s prosjec¢nim udje-
lom od 29% (do 41%), a slijede ih razli¢ite vrste maha tre-
setara (rod Sphagnum) s udjelom od 13% (do 21%). Rogoz
(Typha latifolia tip) je takoder znacajno zastupljen (8%, do
21%), s najve¢om vrijednos¢u udjela tijekom 5. stoljec¢a kada
iz peludnoga dijagrama nakratko iS¢ezava bujad (Pteridi-
um), iako su opcenito spore ove paprati brojne tijekom ove
(pod)zone, s ucestalosc¢u od 5% (do 8%). Od nepeludnih pa-
linomorfa (NPPs), spore gljive Diporotheca webbiae su naj-
ucestalije (do 7%), a udjelom ih slijede vrste Byssothecium
circinans i Glomus. Od algi najucestalija je Spirogyra (do 3%).
Najbrojnije okuc¢ene amebe su Amphitrema flavum i Assuli-
na seminulum, premda svaka od spomenutih vrsta s manje
od 2% udjela (sl. 3b; 4).

Zona 1b (75-45 cm dubine, 1297-647 cal BP ili od kraja 7.
do kraja 13.stoljeca) moze se opisati kao zona ,trave-bukva/
hrastovi” (sl. 3a; 4). Po prvi puta relativno dominira skupina
koja ne pripada drvenastim vrstama - trave (Poaceae) su za-
stupljene s prosjec¢no 25% (do 30%). U Sumskom pokrovu
zapaza se kodominacija bukve (21%, do 33%) i hrasta (18%,
do 21%). Istovremeno se zapaza vrlo niski udio johe (6%) u
usporedbi s prethodnom (pod)zonom te kontinuirano niski
udio lijeske (7%), dok se udio peluda borova povecava na
prosjecno 4% (do 7%). Prosje¢no AP-NAP omjer iznosi 69%,
sa slabijom fluktuacijom vrijednosti u usporedbi s prethod-
nom (pod)zonom. lako udio peluda drvenastih vrsta u ne-
kim poduzorcima iznosi svega 62%, $to je najniza vrijednost
kroz cijelu analiziranu jezgru, vrijednost antropogenoga
indikatora ostaje ispod 1%. Peludno bogatstvo je nisko i va-
rira izmedu 12 i 18 palinoloskih vrsta. Pougljenjene Cestice
su izuzetno brojne te dosizu udio od 74% (mikrocestice) ili
54% (makrocestice). Ukupna koncentracija pougljenjenih
Cestica takoder ne varira znacajno i krece se izmedu 8,4
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A strong rise in Sphagnum started during the late 10" cen-
tury and peat mosses soon became a dominant element.
Bracken ferns (6%) slightly exceeded values of sedges (4%).
From NPPs, fungal spores Byssothecium circinans (up to 15%)
and Brachysporium (up to 4%) were the most abundant,
followed by Glomus and Diporotheca webbiae. Algae never
exceeded 1%, similarly to thecamoebae (Fig. 3b; 4).

Zone 2 (45-5 cm, 647-13 cal BP or from beginning of
the 14™ to middle of the 20t century) can be described as
“grasses-hornbeam/oaks” zone (Fig. 3a; 4). However, grasses
(17%, up to 19%) were codominant with hornbeam (16%, up
to 24%), who's value was higher from the late 17t to the
middle of the 20*" century. At the same time oaks (12%, up
to 19%) and beech (12%, up to 18%) were also very impor-
tant in the woodland vegetation. Hazel slightly increases
(10%), while alder proportions stay almost the same (6%)
and for the first time walnut (Juglans) exceeds 1% (up to
2%). Also, for the first time primary anthropogenic indica-
tors occurred — cereals pollens in the late 14 century, and
some other secondary anthropogenic indicators were well
represented: cocklebur — Xanthium spinosa type (5%, up
to 8%), plantain - Plantago lanceolata type (1%, up to 3%),
mayweed - Matricaria type (1%, up to 2%). Pollen from the
fathen family (Chenopodiacae) also show a continuous
trend. The AP-NAP ratio was 71% and the antropogenic in-
dicator value varies between 5% and 10%. Pollen richness is
higher than in previous (sub)zones, and ranges between 16
and 32 taxa. Charcoal particles were moderately numerous,
displaying a continuous decline from the middle of the 17t
century onwards (Fig. 3a—b; 4). Microcharcoals fall from 40%
at the bottom of this (sub)zone, to less then 10% in the pe-
riod from very late 17t to the beginning of the 20" century.
The same trend is shown by macrocharcoals, accompanied
by a complete lack of charcoal particles in the second half
of the 15™ century. This situation lasted for the next one
hundred years. Total charcoal abundance trend is similar to
microacharcoal/microcharcoal ratio, ranging from 7,8 mm?
cm?3in lower part to only 2 mm? cm2 in uppermost subsam-
ple of this zone.

From the typical mire or wetland plants (Fig. 3b; 4), sed-
ges (Cyperaceae) were the most abundant, with a sharp
increase at the beginning of this (sub)zone and high valu-
es at its end (the average proportion of 35%, up to 49%),
succeeded by peat-mosses (16%, up to 49%) and ferns (7%,
up to 24%). However, peat mosses and ferns strongly de-
creased through the core sequence, and their value in the
two uppermost subsamples don’t exceed 3%. From NPPs
(Fig. 3b; 4), amoebae from genus Assulina (A. muscorum > A.
seminulum) were most abundant, exceeding 6% or 3%, res-
pectively. Glomus was the most abundant fungi (up to 2%).
However, its continuous rise is interrupted at the end of the
14" and beginning of the 15" century. From NPPs HdV 932
and HdV 731 were the most numerous (up to 2%).

mm?cm?do 12,6 mm?2 cm?3, sto predstavlja prosje¢no najvi-
Se vrijednosti duZ cijele analizirane jezgre (sl. 3a-b; 4). Od za
cret karakteristi¢nih svojti (sl. 3b; 4), spore maha tresetara su
najbrojnije s prosjec¢nim udjelom od 33% (do 57%), a slijede
ih spore paprati (31%, do 45%). Znacajan porast udjela spo-
ra maha tresetara zapocinje tijekom kasnoga 10. stoljeca te
uskoro mahovine roda Sphagnum postaju prevladavajudi
element na istrazivanome podru¢ju. Od lokalne flore valja
istaknuti bujad cije spore udjelom (6%) neznatno premasu-
je vrijednosti peluda $aseva (4%). Od NPP-ova, spore gljiva
Byssothecium circinans (do 15%) i Brachysporium (do 4%) su
najbrojnije, a slijede ih Glomus i Diporotheca webbiae. Alge
ne premasuju 1%, bas kao ni oku¢ene amebe (sl. 3b; 4).

Zona 2 (45-5 cm, 647-13 cal BP ili od pocetka 14. do
sredine 20. stolje¢a) moze se opisati kao zona ,trave-grab/
hrastovi” (sl. 3a; 4). Kodominantan travama (17%, do 19%)
je grab (16%, do 24%) ¢cija je vrijednost izrazito visoka od
kasnog 17. do sredine 20.stoljeca. Pokrovno$¢u u Sumskom
pokrovu isti¢u se hrastovi (12%, do 19%) i bukva (12%, do
18%). Udio lijeske blago se povecava duz ove zone (10%),
udio johe ostaje gotovo isti (6%), a orah (Juglans) po pr-
vi puta prelazi 1% udjela (do 2%). Takoder, za ovu zonu
karakteristicna je pojava primarnih antropogenih indikato-
ra — pelud Zitarica pojavljuje se krajem 14. stoljeca, a znacaj-
nim udjelima isti¢u se brojni sekundarni antropogeni indi-
katori: dikica — Xanthium spinosa tip (5%, do 8%), trputac
- Plantago lanceolata tip (1%, do 3%), kamilica — Matricaria
tip (1%, do 2%). Pelud lobodnjaca (Chenopodiacae) takoder
je po prvi puta zastupljena kontinuiranom krivuljom. Pro-
sje¢na vrijednost AP-NAP omjera iznosi 71%, a udio antropo-
genih indikatora varira izmedu 5% i 10%. Peludno bogatstvo
je znacajno vece nego u prethodnim podzonama i varira od
16 do 32 palinoloske vrste. Pougljenjene cestice su umje-
reno brojne, s kontinuiranim padom od sredine 17. stoljeca
nadalje (sl. 3a-b; 4). Udio pougljenjenih mikrocestica, koji na
pocetku ove zone iznosi 40%, u razdoblju od vrlo kasnoga
17. do pocetka 20.stoljec¢a pada na manje od 10%. Isti oblik
krivulje karakteristi¢an je za pougljenjene makrocestice koje
u potpunosti nedostaju u poduzorcima iz druge polovice 15.
stoljeca. Takva situacija traje sljedecih stotinu godina. Ukup-
na koncentracija pougljenjenih Cestica prati trend udjela
mikrocestica/makrocestica te se krece od 7,8 mm? cm? u
donjem dijelu, do svega 2 mm? cm u vrsSnome dijelu zone.

Od tipicih cretnih i/ili moc¢varnih svojti (sl. 3b; 4) Sasevi
(Cyperaceae) su najbrojniji, s naglim povecanjem udjela po-
cetkom ove zone koji ostaje izrazito visok sve do kraja ana-
lizirane sekvence jezgre (prosje¢no 35%, do 49%). Visokim
prosjec¢nim udjelima isti¢u se i mah tresetar (16%, do 49%)
te paprati (7%, do 24%), medutim udjeli obiju palinoloskih
vrsta snazno se smanjuju, da bi u posljednja dva poduzor-
ka njihovi omjeri pali ispod 3%. Od NPPa (sl. 3b; 4) okuce-
ne amebe roda Assulina (A. muscorum > A. seminulum) su
najbrojnije te udjelom premasuju 6%, odnosno 3%. Glomus
je najzastupljenija gljiva (do 2%), medutim kontinuirana kri-
vulja prisutnosti ovoga roda u sedimentu jezgre prekinuta
je krajem 14.i pocetkom 15. stoljeca. Od struktura nepozna-
toga porijekla, odnosno nejasne taksonomske pripadnosti,
HdV 932 i HdV 731 su najbrojniji (do 2%).
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4. DISCUSSION

The core sequence between the depths of 95 and 5 cm
covers the period from the 2" to the 20t centuries AD. As
most of this period is characterised by almost complete lack
of literature data about environment, there is no possibili-
ties to compare written sources with pollen spectrum. Ne-
vertheless, there are studies which show good correlation
between vegetation data expressed as pollen equivalents
and pollen in modern surface samples (Hjelle 1997; 1999)
which also support comparison of vegetation data with
accumulated pollen assemblage (Wei et al. 2011; Natlan-
dsmyr, Hjelle 2016). Below, changes in vegetation, fire hi-
story and hydrological regime will be presented for each
of three palynological (sub)zones and compared with data
from broader Europe area.

4.1. VEGETION, FIRE AND HYDROLOGY CHANGES

DURING LATE ANTIQUITY AND BEGINNING OF

EARLY MIDDLE AGES - 2'° TO 7™ CENTURY

The core sequence between the depths of 95 to 75 cm
covers five hundred years long period in which Roman,
Avar and Slavic influences alternated, among others. Rise
of non-arboreal pollen percentages and charcoal ratio and
concentrations are observed during Migration Period (from
4t century till the end of this subzone).

4.1.1. Regional Vegetation Changes

The highest values of beech and fir pollen, comparing
their curves throughout analysed core, suggested well de-
veloped natural beech-fir forests on the neighboring mou-
ntains (eg. Petrova gora, or Zrinska gora respectively). After
beech, the second most abundant tree was oak, followed
by hornbeam. Oaks and hornbeam formed stands proba-
bly closer to the study site. Changes in forest cover are ma-
nifested through a slight decline of beech and hornbeam
pollen in the 3rd century, after which both taxa fluctuated
insignificantly. Contrary, a slight continuous increase of
oak pollen is complemented by a sharp increase of grasses
pollen. Their low value during the 2nd century (~3%) was
replaced by high values during the 5th and 6th centuries
(~18%), simultaneously with a sharp increase in local and
regional charcoal particles. Fire can positively have affected
oaks (Jamrichova et al. 2017), which prosper under grazing
activity (OIff et al. 1999) or are favoured by humans due to
acorn production, important for pig husbandry (Rackham
2003). Moreover, only in the upper part of this (sub)zone
birch, a pioneer tree (Jamrichova et al. 2012) reaches 3%.
Still, the value for hazel stays constant. So fire occurrence
can be linked to minor fluctuations in the tree cover only
restrictedly. It is more likely that fire affected alder stands
causing their decrease, even Alnus is a medium flammable
tree (Xanthopoulos et al. 2012: 86) and combustion on stu-
dy site maintenance increases of non-arboreal pollen with
a domination of grasses pollen. On the other hand, chan-
ges in economic activity during this (sub)zone affected the
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4. RASPRAVA

Odsjecak sedimenta jezgre dubine od 95 do 5 cm obu-
hvaca povijesno razdoblje od 2. do 20. stolje¢a. Glavninu
ovoga razdoblja karakterizira odsustvo literaturnih zapisa o
okolisu tako da najcesce ne postoje mogucénosti usporedbe
pisanih izvora s peludnim spektrom akumuliranim u treset-
nom sedimentu. Ipak, postoje studije koje pokazuju dobru
korelaciju podataka o vegetaciji izrazenih kao ekvivalenti
akumuliranoga peluda i recentnoga peludanog spektra
uzorkovanoga s povrsine sedimenta (Hjelle 1997; 1999), $to
dodatno ohrabruje utemeljenost opisa vegetacijskih pro-
mjena na osnovi akumuliranoga peludnog spektra (Wei et
al. 2011; Natlandsmyr, Hjelle 2016). U nastavku slijedi prikaz
vegetacijskih promjena, povijesti pozara i hidroloskoga re-
zima za svaku od tri palinoloske (pod)zone kao i njihova us-
poredba sa situacijom na Sirem podrucju Europe.

4.1. VEGETACIJA, POZARI | HIDROLOGIJA TIJEKOM

KASNE ANTIKE | POCETKOM RANOGA SREDNJEG

VIJEKA - OD 2. DO 7. STOLJECA

Sekvenca jezgre dubina od 95 do 75 cm obuhvaca pet-
sto godina dugo razdoblje u kojem su se, izmedu ostalih,
izmjenjivali rimski, avarski i slavenski utjecaji. Porast udjela
peluda nedrvenastih vrsta kao i omjera i koncentracije po-
ugljenjenih Cestica primjecuju se od pocetka razdoblja Seo-
be naroda (~ 4. stoljece pa do kraja ove podzone).

4.1.1. Regionalne vegetacijske promjene

Najvisa vrijednost peluda bukve i jele, usporedujudi nji-
hove krivulje duz cijele analizirane jezgre, ukazuje na dobro
razvijene prirodne sastojine Suma ovih dviju svojti na gor-
skim masivima nedaleko creta (npr. Petrova gora, odnos-
no udaljenija Zrinska gora). Nakon bukve, najzastupljeniji
su hrastovi, a potom grab, vrste Cije su sastojine s ve¢om
pokrovnos$¢u vjerojatno prisutne uz samo cretno lice. Pro-
mjene u Sumskome pokrovu ocituju se blagim padom udje-
la peluda bukve i graba u 3. stoljecu, nakon c¢ega njihove
vrijednosti ne fluktuiraju znacajno. Suprotno tome, blago
kontinuirano povecanje udjela peluda hrasta nadopunjeno
je naglim porastom udjela peluda trava. Niske vrijednost
peluda trava tijekom 2. stoljeca (~3%) u 5. i 6. stoljec¢u po-
stizu visoke vrijednosti (~18%), istovremeno sa znacajnim
povecanjem broja pougljenjenih mikro- i makrocestica, tj.
regionalnih i lokalnih indikatora pozarnih aktivnosti. Vatra
moze pozitivno utjecati na sastojine hrastova (Jamrichova
et al. 2017) koji prosperiraju pod rezimom ispase (OIff et al.
1999) ili su pak favorizirani od strane ljudi uslijed prikuplja-
nja Zira, namirnice vazne u svinjogojstvu (Rackham 2003).
Stovise, samo u vr$nim poduzorcima ove (pod)zone breze,
kao pionirska stabla (Jamrichova et al. 2012), dostizu 3%. Za
razliku od breze, vrijednosti udjela lijeske ostaju iste tako da
se samo na ogranicen nacin pojava pozara moze dovesti u
vezu s promjenama u pokrovnosti drvenastih vrsta. Vjero-
jatnije je vatra lokalno zahvatila josike uzrokuju¢i smanje-
nje udjela johe, premda je Alnus umjereno zapaljivo stablo
(Xanthopoulos et al. 2012: 86). Izgaranje drveca odrazilo se
pozitivno na povecanje udjela peluda nedrvenastih vrsta, s
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occurrence of secondary anthropogenic indicators and will
be discussed later in this text.

4.1.2. The Role of Alder and Local Fire History

To understand the hydrological regime of an area, the
knowledge of the plant ecology is crucial (eg. Brown et al.
2009: 564; Tiner 2009: 778-789). On the study area, accor-
ding to fossil pollen spectrum, the dominant arboreal ve-
getation during the Late Antiquity was alder (Alnus). This
tree grows in marshy areas, on wet or waterlogged, mostly
acidic soils (Lakusi¢ 1989: 90) periodically flooded during
the spring. Sometimes the water table remains close to the
surface even in the summer (Sburlino et al. 2011). In this way,
alder indicates a moisture conditions. Position of alder in
the pollen spectrum is ambiguous when we talk about its
prevalence (local vs. regional) and relatively (wetness level)
when used as an indicator of soil humidity. Due to its polli-
nation strategy, it would be expected that alder is a regional
vegetation element. Contrary, as a wetland taxon, its range
is limited to wet or flooded riparian (sub)zone. The geomor-
phology of the study area - steep hills that surround the
mire surface in three directions - indicates its local charac-
ter, however the small river Cemernica in the eastern part
of the mire site offers an expansion corridor for this taxon.
So Alnus can cover a wider area within the Topusko district.
Having that in mind, this tree is more extralocal than being
only a species with local occurance and importance. Des-
pite of this, alder can’t be competitive on the dry soil slo-
pes which are surrounding the Blatusa mire. Moreover, its
presence on the peatland is also indicated by occurrence of
some specific non-pollen palynomorphs, like fungal spores
of Diporotheca webbiae (HdV 143) and Brachysporium (HdV
360), mostly connected with peatbogs dominated by alder
(van Geel et al. 1989; Barthelmes et al. 2006; Prager et al.
2006; Cugny et al. 2010). The presence of the mentioned
fungi indicates that the mire surface was overgrown by an
arboreal vegetation. Due to the relative or absolute domi-
nance of arboreal remains in peat formation, together with
the occurences of fungal spores, this part of the core can
be atributed as alder carr. Although in this (sub)zone alder
pollen reached the highest values, a sharp decline of Alnus
(from 46% to 13%) was observed during the 5% and the 6
centuries. A similar decrease in the proportion of alder was
observed in some parts of Poland during the same period
(Wacnik et al. 2012), and later, from the 9™ to the 10t century
on a much broader scale in Europe (Latatowa et al. 2019). Al-
der decline is usually caused by anthropogenic activity, eg.
clearance for livestock grazing, hay mowing or using trees
for firewood (Natlandsmyr, Hjelle 2016). Moreover, in our ca-
se decline of alder coincides with a strong increase of char-
coal particles in the survey area. Damblon (1992) already
stated that burning accelerated the recession of Alnus while
the opening of the alder woodland favoured the flowering
and expansion of other plants, grasses among others. Even
fire frequency rises during dry phases of mire development

dominacijom peluda trava. S druge strane, promjene gos-
podarskih aktivnosti tijekom ove (pod)zone utjecale su na
pojavu odredenih sekundarnih antropogenih indikatora,
$to Ce biti dodatno raspravljeno u nastavku.

4.1.2. Uloga johe i lokalna povijest pozara

Za razumijevanje hidroloskoga rezima na nekom po-
dru¢ju bitno je poznavati ekologiju biljaka (npr. Brown et al.
2009: 564; Tiner 2009: 778-789). Na podrug¢ju istrazivanja,
tijekom kasne antike joha (Alnus cf. glutinosa) je prevladava-
juca vrsta u vegetaciji, sude¢i prema akumuliranom pelud-
nom spektru. Ova vrsta raste u mocvarnim podruc¢jima, na
vlaznim i plavljenim, uglavnom kiselim tlima (Lakusi¢ 1989:
90). Nerijetko se na stanistima voda zadrZava tijekom (ita-
voga proljeca, a vodno lice ostaje blizu povrsine tla caki ljeti
(Sburlino et al. 2011). Iz toga razloga prisustvo johe ukazuje
na pojacanu vlaznost tla. PolozZaj johe u peludnom spektru
je dvojak kada govorimo o njenoj rasprostranjenosti (lokal-
na ili regionalna svojta) te relativan (stupanj vlaznosti) kada
se koristi kao pokazatelj mokrine tla. Naime, kao anemofil-
na (oprasivanje vjetrom) svojta, ocCekivalo bi se da je joha
regionalni vegetacijski element. Nasuprot tome josici, kao
azonalna vegetacija, konkurentni su i ograni¢eni na podruc¢-
ja vlaznih i plavljenih tla. Geomorfologija istrazivanoga po-
drucja - strmi brezuljuljci okruzuju povrsinu creta s tri stra-
ne — ukazuje na lokalni karakter johe. Medutim, mala rijeka
Cemernica, koja protjece isto¢nom dijelom creta, otvara ko-
ridor za Sirenje ove drvenaste vrste na znatno vece podru¢-
je. Zapravo, glavnina nizinskoga podrucja Topuskog pruza
prikladne hidroloske uvjete za rast johe. Imajudi to na umu,
na istrazivanome podrucju ovo stablo je vise od ekstralokal-
noga znacaja nego $to ga mozemo smatrati samo lokalnom
pojavomiili vrstom od lokalnoga znacaja. Kako joha ne moze
nastavati suhe strme padinama koje okruZuju cret u Blatusi,
a udjeli peluda johe su izrazito visoki, za pretpostaviti je po-
javljivanje stabala johe na samom cretu. Uostalom, pojava
johe na tresetistu je naznacena prisustvom nekih specific-
nih nepeludnih palinomorfa, kao spora gljive Diporotheca
webbiae (HAV 143) i Brachysporium (HdV 360), koje se uglav-
nom pronalaze u drvenastom tresetu porijeklom od johe
(van Geel et al. 1989; Barthelmes et al. 2006; Prager et al.
2006; Cugny et al. 2010). Prisutnost spomenutih gljivica sva-
kako ukazuje da je povrsina creta bila prorasla drvenastom
vegetacijom. Uslijed relativne dominacije drvenastih osta-
taka u trsetu, nadopunjene pojavom spora saprofitskih glji-
va, ovaj se dio jezgre moze atributirati kao cretni josik. lako
je u ovoj (pod)zoni pelud johe dosegao najvise vrijednosti,
nagli pad udjela iste (s 46% na 13%) primijecen je tijekom
5.1 6. stolje¢a. Slican drasti¢ni pad johe u istom razdoblju
primjecen je u nekim dijelovima Poljske (Wacnik et al. 2012)
ili pak kasnije, od 9.do 10. stoljeca, diljem europskoga kon-
tinenta (Latatowa et al. 2019). Smanjenje udjela johe obi¢no
je uzrokovano antropogenom aktivnosc¢u, npr. sje¢om kako
bi se oslobodile dodatne povrsine tla za ispasu stoke, for-
miranje livada kosanica ili jednostavno uslijed prikupljanja
drvne mase za ogrjev (Natlandsmyr, Hjelle 2016). Stovise,
smanjenje josika podudara se s istovremenim znacajnim
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(Sillasoo et al. 2007; 2011; Tuittila et al. 2007; Valiranta et al.
2007; Morris et al. 2015), non-pollen palynomorphs on our
study site indicated wetter conditions during most of this
(sub)zone. In our case it is more likely that higher moisture
level, than dryness, together with fire events, caused the al-
der decline. At the end of the 4t and the beginning of the
5t century, colder winters, which swept Europe, reached
even Byzantine territory (Sedov 2012: 417) and frozen water
could sustain tree damage, by mechanical and/or biological
patogen. Summer flooding and/or persistent stagnant wa-
ter can have negative effects on Alnus stands, due to anoxia
or fungal diseases (Bjelke et al. 2016) which support transi-
tion from alder carr to mosaic of wetland and mire habitat.
Besides, Pyne et al. (1996) found that low intensity fires (low
heat release per unit time) produce a significant amount of
particles due to their low combustion efficiency which can
explain its high value in our subsamples during this histo-
rical period. Moreover, in some other studies charcoal par-
ticles reached higher value during wet phase (Sillasoo et al.
2007, Marcsiz et al. 2017).

4.1.3. Environmental Changes on the Mire Surface

Decrease in the share of alder through the upper part
of this (sub)zone corresponds to an increase of Typha (short
lasting peak), accompanied by continuously step-by-step
increase of grasses pollen and Sphagnum spores. These
changes are probably caused by fire events and fluctuation
in moisture level. Valiranta et al. (2007) explain how fires can
lead to soil deterioration by altering moisture conditions:
by changing local evapotranspiration and run-off regimes
which results in a general rise in water level and/or deep
combustion of the dry bog surface layer can lead to a local
hollow formation. It is possible that depression formed by
fire was suddenly occupied by reed mace and some local
grasses, probably Molinia or Phragmites, as increased nutri-
ent availability caused by fire led to dominance of highly
productive graminoids in different mire types (Curtis 1959;
van Diggelen et al. 2015). The presence of reed mace sugge-
sts higher wetness on the mire surface (Stivrins et al. 2014),
with a water depth of a half meter or deeper (Klosowski,
Jablonska 2009; Sumberovd, 2011: 401-405). However, this
species can tolerate summer drought (Sumberova, 2011a:
401-405).

Colder and wetter conditions during the Late Antiquity
and/or Migration Period are recorded by several authors in
Europe (Magny 2004; Biintgen et al. 2011; Galka et al. 2017a).
However, the observed changes in vegetation in our case
do not allow making inferentions about temperature chan-
ges. Despite of this, the presence of Amphitrema flavum
(Archerella flavum) and Assulina seminulum in the study site
indicates a low nutrient level characteristic for drier poor
fans (van Geel et al. 1989) dominated by Sphagnum (Mazei,
Tsyganov 2007). Nevertheless, these two thecamoebae co-
uld indicate arise in the water table on the mire (Kotaczek et
al. 2010). Moreover, Amphitrema flavum indicates wet condi-
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povecanjem udjela pougljenjenih ¢estica na podrugju istra-
zivanja. Damblon (1992) je utvrdio da opozZarivanje izazi-
va gubitak johe na stanistu, sto pogoduje Sirenju i cvatnji
drugih biljaka, trava medu ostalih. lako je ucestalost pojave
pozara izrazenija tijekom suhe faze razvoja creta (Sillasoo et
al. 2007; 2011; Tuittilaet al. 2007; Véliranta et al. 2007; Morris
et al. 2015), akumulirani nepeludni palinomorfi naznacuju
vlaznije uvjete tijekom glavnine ove (sub)zone. Cini se vje-
rojatnijim da je na podru¢ju istrazivanja pojacana vlaznost,
a ne susa, zajedno s opozarivanjem, uzrokovala znacajno
lokalo smanjenje sastojina johe. Krajem 4. i pocetkom 5.
stoljeca hladnije zime koje su okovale Europu dosegnule su
¢ak i bizantski teritorij (Sedov 2012: 417) te je smrznuta voda
mogla pridonijeti mehani¢kom ostecenju stabala koja tako
postaju podlozZnija bioloskim patogenima. Ljetne poplave i/
ili dugotrajna stagnacija vode pak mogu negativno utjeca-
ti i na ovu, moc¢varnim stanistima dobro prilagodenu vrstu
uslijed anoksije ili gljivicnih oboljenja (Bjelke et al. 2016), $to
je zasigurno pospjesilo prijelaz iz johom obrasloga treseti-
$ta u mozaik cretne i mocvarne vegetacije. Osim toga, Pyne
et al. (1996) pokazali su kako pozari niskoga intenziteta
(nisko oslobadanje topline po jedinici vremena) proizvode
znacajnu koli¢inu pougljenjenih ¢estica zbog niske ucinko-
vitosti sagorijevanja organskoga materijala, sto vjerojatno
objasnjava visoku brojnost indikatora pozara tijekom ovoga
povijesnog razdoblja.

4.1.3. Lokalne promjene okolisa na podrucju samo-

gacreta

Pad udjela johe u gornjem dijelu ove (pod)zone podu-
dara se s povecanjem udjela rogoza (kratkotrajni maksi-
mum), zajedno s kontinuiranim graduiranim poveéanjem
udjela peluda trava i spora maha tresetara. Te su promjene
vjerojatno uzrokovane pozarima i promjenama u zasice-
nosti supstrata vodom. Vdliranta et al. (2007) objasnjavaju
kako pozari mogu dovesti do degradacije kvalitete tla pro-
mjenom uvjeta vlaznosti: izmjenom lokalnoga rezima eva-
potranspiracije i rezima otjecanja, $to rezultira opéim po-
rastom razine vode, i/ili dubokim izgaranjem povrsinskoga
sloja treseta, $to dovodi do formiranja povrsinskih udublje-
nja. Dakle, uslijed jakih pozara izgledno je da ¢e se nastale
depresije ispuniti vodom koje nastavaju sastojine rogoza ili
pak trava poput beskoljenke (Molinia) ili trske (Phragmites),
uostalom i zato Sto povecana dostupnost hranjivih tvari,
oslobodenih izgaranjem, potice dominaciju visoko produk-
tivnih trava, Saseva ili sitova u razli¢itim tipovima cretova
(Curtis 1959; van Diggelen et al. 2015). Prisutnost rogoza na
istrazivanome podrucju upucuje na povecanu zasi¢enost
supstrata vodom (Stivrins et al. 2014) ili na pojavu stagnira-
juce vode, nerijetko sa stupcem dubine od pola metra ili vi-
$e (Klosowski, Jablonska 2009; Sumberova, 2011: 401-405).
Istovremeno, ova vrsta podnosi i ljetno isusivanje tla (Sum-
berova, 2011a: 401-405).

Hladniji i vlazniji uvijeti tijekom kasne antike i/ili Seobe
naroda zabiljezeni su od strane nekoliko autora u Europi
(Magny 2004; Buntgenet al. 2011; Galka et al. 2017). Medu-
tim, promjene vegetacije u nasem slucaju ne dozvoljavaju
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tions (Schnitchen et al. 2003; Lamentowicz et al. 2007; Fitoc,
Kupryjanowicz 2015) and is abundant in high humidity
and oligotrophic environments (Beyens, Meisterfeld 2001;
Mitchell et al. 2001; Lamenowitz, Obremska 2010). A slight
increase of Sphagnum is followed by the occurrence of A.
flavum, a characteristic amoeba of young Sphagnum peat
(Fitoc, Kupryjanowicz 2015). The presence of Zygnema and
Spirogyra additionaly confirmed the prevalence of moist
conditions (Feeser, O'Connell 2009; Feeser, O'Connell 2010;
Riera et al. 2006) and stagnant waters (van Geel et al. 1989),
as was the case with HdV 179 (van Geel et al. 1989; Wolowski
1998) and Copepoda spermatophore (van Geel 1978; Eisner,
Peterson 1998: 245-248; Lopez-Merino et al. 2011). Howe-
ver, while HdV 16 usually occurs in wet environments (Ped-
ziszewska, Latatowa 2016) it still avoida areas with a relati-
vely high water-table (van Geel 1978; L6pez-Merino et al.
2011). Contrary, a sharp decline or occasional occurrence of
the mentioned NPPs, together with the occurrence of Pseu-
doschizaea in late the 6™ or the begining of the 7t century,
indicates seasonal droughts (Scott 1992). All this indicates a
fluctuation in lavel through this (sub)zone. Even some NPPs
and Sphagnum are good indicators of oligotrophy, meso-
eutrophic indicators prevailed, eg. Spirogyra (van Geel, van
der Hammen 1978; Pals et al. 1980; van Geel et al. 1980;
1989; Bakker, van Smeerdijk 1982; Kuhry 1997), Zygnema
(van Geel, van der Hammen 1978; van Geel et al. 1980; Ku-
hry 1997; LOpez-Saez et al. 1998) and HdV 179 (van Geel et
al. 1989; Kuhry 1997), Copepoda spermatophores or HdV 28
(van Geel 1978, Eisner, Peterson 1998: 245-248), Diporotheca
webbiae or HdV 143 (van der Woude 1983; van Geel et al.
1986) followed by vascular plants like alder, reed mace, gra-
sses and ferns (Sumberova 2011a: 401-405; 2011b: 405-409;
Slezak et al. 2014), highlighting in the same time a mosaic
of different trophic conditions from micro-site olygotrophic
to, probably, more meso-eutrophic conditions on the broa-
der mire area.

Fluctuations in moisture levels is mostly linked to higher
amounts of precipitation (rain and snow), but some other
factors like animal behaviour, eg. action of beavers (Castor
spp.), may have influenced local hydrology as well (Pollock
et al. 1995: 117-126). So, animal and/or human impact, to-
gether with climate changes, could also lead to wetter con-
ditions during the most of this (sub)zone but also support
changes of moisture level on studied site. All this speaks in
favor of how complex is, based just on the results from the
pollen diagram, to interpret the hydrological regime.

4.1.4. Human Impact and Regional Fire History

The share of NAP value increased from the 7% in the 2"
century to the 20% during the first half of the 7" century.
This can be either result of autogenous processes on mire/
wetland surface or anthropogenic pressure on surrounding
forest cover or alder stands. The average AP-NAP value
during this (sub)zone is a little bit lower than expected for
forest dominaned areas. However, the lack of primary ant-

donosenje zaklju¢ka o temperaturnim kretanjima. Prisut-
nost ameba Amphitrema flavum (Archerella flavum) i Assu-
lina seminulum u sedimentu creta ukazuje na nisku razinu
hranjivih tvari karakteristi¢nih za suse, minerotrofne creto-
ve siromasne nutrijentima (van Geel et al. 1989) s prevlas¢u
maha tresetara (Mazei, Tsyganov 2007). Ipak, spomenute
okuéene mogu indicirati porast vodnoga lica na tresetistu
(Kotaczek et al. 2010). Stovise, Amphitrema flavum upucuje
na naglasenu mokrinu sedimenta (Schnitchen et al. 2003;
Lamentowicz et al. 2007; Fitoc, Kupryjanowicz 2015) te je
ta vrsta brojna u uvjetima pojacane vlaznosti i oligotrofije
(Beyens, Meisterfeld 2001; Mitchellet al. 2001; Lamenowitz,
Obremska 2010). Blagi porast udjela spora roda Sphagnum
nadopunjuje pojava A. flavum, amebe karakteristicne za
mladi treset porijeklom od maha tresetara (Fitoc, Kupryja-
nowicz 2015). Pojava algi, npr. Zygnema i Spirogyra dodatno
potvrduju zasicenost sedimenta vodom (Feeser, O'Connell
2009; Feeser, O'Connell 2010; Riera et al. 2006) ili stajacu
vodu na staniStu (van Geel et al. 1989), ¢emu u prilog go-
vori pojava HdV 179 (van Geel et al. 1989; Wolowski 1998)
i spermatofora kopepodnih rakova (van Geel 1978; Eisner,
Peterson 1998: 245-248; Lopez-Merino et al. 2011). | HdV
16 se obic¢no javlja u uvjetima pojacane vlaznosti (Pedzi-
szewska, Latatowa 2016), premda izbjegava relativno visok
vodni stupac (van Geel 1978; Lépez-Merino et al. 2011). Na-
suprot tome, znacajna fluktuacija u brojnosti spomenutih
nepeludnih palinomorfa, tj. nagli pad njihove ucestalosti
u pojedinim poduzorcima, zajedno s pojavom Pseudoschi-
zaea krajem 6.ili poc¢etkom 7. stoljeca, ukazuju na sezonal-
nu susu (Scott 1992). Cini se da ovu (pod)zonu karakterizira
znacajno kolebanje hidroloskoga rezima. lako su odredeni
NPP-ovi i Sphagnum dobri pokazatelji oligotrofije, mezo-
eutrofni indikatori prevladavaju, npr. Spirogyra (van Geel,
van der Hammen 1978; Pals et al. 1980; van Geel et al. 1980;
1989; Bakker, van Smeerdijk 1982; Kuhry 1997), Zygnema (van
Geel, van der Hammen 1978; van Geel et al. 1980; Kuhry 1997;
Lopez-Saez et al. 1998) i HAV 179 (van Geel et al. 1989; Kuhry
1997), spermatofori kopepodnih rakova ili HdV 28 (van Geel
1978, Eisner, Peterson 1998: 245-248), Diporotheca webbiae ili
HdV 143 (van der Woude 1983; van Geel et al. 1986), odre-
da praceni pojavom vaskularnih biljaka poput johe, rogoza,
trava ili paprati (Sumberova 2011a: 401-405; 2011b: 405-409;
Slezdk et al. 2014). Sve navedeno naglasava lokalnu mozaic-
nost trofickih stanja u rasponu od oligotrofije, vjerojatno na
samome podrucju uzorkovanja jezgre, do mezo-eutrofije na
Sirem podrugju ili rubnom dijelu creta.

Fluktuacija razine vlaZznosti uglavnom je povezana s ve-
¢om koli¢inom padalina (kisa i snijeg), ali neki drugi ¢imbeni-
ci, poput ponasanja nekih zivotinjskih vrsta, npr. djelovanje
dabrova na vodotokove (Castor spp.), mogu znadajno utjeca-
ti na lokalne hidroloske prilike (Pollock et al. 1995: 117-126).
Dakle, Zivotinjski i/ili ljudski utjecaj, uz klimatske promjene,
mogao je dovesti do izraZenije vlaZznosti supstrata tijekom
vecega dijela ove (pod)zone, ali ujedno i pospjesiti izmjenu
vlaznijih i susih faza na uzorkovanome podrugju. Sve to govo-
ri u prilog tvrdniji koliko je oteZzano, samo na temelju rezultata
peludnog dijagrama, tumaciti hidroloski rezim.
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hropogenic indicators and a very low proportion of secon-
dary anthropogenic indicators do not allow us to confirm
agriculture or livestock farming activities on the study site.
Although pollen and NPPs do not reflect strong or even mo-
derate anthropogenic pressure, a rise of NAP types simulta-
neously with a sharp increasing value of charcoal particles
are less probable result of natural circumstances. Lighte-
ning during storm causes natural fires (eg. Franzen, Malm-
gren 2012; Marcisz et al. 2017). However, it is not likely that
less flammable deciduous trees (Dietze et al. 2018), as fire
prone conifer taxa were not abundant on study site, were
combusted frequently or significantly contributed to char-
coal curve without human impact; even charcoal particles
originating from grasses or herbs can’t be excluded. On the
other hand, iron metallurgy was well developed in the To-
pusko area, within a radius of five to seven kilometers from
the study site, confirmed by the finds of pottery kilns at this
site (Skiljan 2007: 96-97). Mining and metallurgical activities
were maintained during the lllyrian-Celtic and Roman peri-
ods, thanks to the metal ore deposits on mountains Petro-
va (Skiljan 2006: 97; Lazi¢ et al. 2010: 62) and Zrinska gora
(Lazi¢ et al. 2010: 62). This may probably partly explain the
significant occurrence of peat-accumulated charcoal par-
ticles. Colapians, mixture of indigenous and Celtic people
who inhabited Kordun from the Early Iron Age (Skiljan 2007:
5), were engaged in metallurgy, and animal husbandry was
the main economic branch. Goats and sheep were most
common livestock, although the remains of pigs and cattle
were found accompanied with deer remains, animal often
hunted by Colopians (Skiljan 2007: 96-97). The Roman go-
vernment supported the existing economic activity, howe-
ver their influence failed earlier or during the late 6" century
when Avars and Slavic tribes occupied Siscia (Skiljan 2007:
7), the capital city of Pannonia Savia (Skiljan 2008: 6).

Vegetation underground layers presented by ferns
(Polypodiales) are mainly suppressed by disturbance (Ryan,
Blackford 2010) and their high proportion indicates low gra-
zing pressure (Natlandsmyr, Hjelle 2016) directly on the stu-
dy site. Moreover, a complete lack of coprophilous fungal
spores (Sordariaceae), which are good indicators of grazing
animals (Cook et al. 2011; Krug et al. 2004), speak in favour
of more natural than seminatural circumstances on mire
surface. The transition of power between the Romanized
people and the arriving Avars and Slavs is not entirely clear.
However, archaeological finds speak of the continuity of life
in Sisak during the 6™ and the 7" century (Skiljan 2008: 7).
This period which corresponds to the end of (sub)Zone 1aiis
marked by the first peak of charcoal particles, however wit-
hout dramatic change in vegetation cover but with lack of
some secondary anthropogenic indicators. Fire occurrence
maybe sustained the weak birch expansion on the site and
transition to the next (sub)Zone 1b is marked by peak of gra-
sses pollen.
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4.1.4. Utjecaj covjeka i regionalna povijest pozara

Udio vrijednosti peluda nedrvenastih vrsta (NAP) po-
vecao se sa 7% u 2.stoljecu na 20% tijekom prve polovice
7. stoljeca. To je posljedica autogenih procesa na povrsini
samog creta ili antropogenog pritiska na okolni Sumski po-
krov ili sastojine johe. Prosje¢na vrijednost AP-NAP omjera
tijekom ove (sub)zone malo je niza od ocekivane za pod-
ru¢je nastavano dominantno drvenastom vegetacijom. Me-
dutim, nedostatak primarnih antropogenih indikatora i vrlo
nizak udio sekundarnih antropogenih indikatora ne dopu-
$taju nam zakljuditi da se na istrazivanom podrucju odvijala
zamjetna ratarska ili stocarske djelatnost. lako niti peludni
spektar niti nepeludni palinomorfi ne ukazuju na znacajniji
antropogeni pritisak, rast udjela peluda nedrvenastih vrsta,
uz istovremeno naglo povecéanjem udjela pougljenjenih
Cestica, vjerojatno nisu rezultat samo prirodnih ¢imbenika.
lako olujne munje uzrokuju prirodne pozare (npr. Franzen,
Malmgren 2012; Marcisz et al. 2017), nije vjerojatno da su te-
ze zapaljiva listopadna stabla (Dietze et al. 2018), s obzirom
da Cetinjace nisu s ve¢om brojnoscu zastupljene u biljnom
pokrovu, ucestalo gorjela ili da su mogla zna¢ajno doprini-
jeti pove¢anom udjelu pougljenjenih Cestica bez uplitanja
Covjeka. lako se moguci doprinos zeljastih biljaka, napose
trava, ukupnom broju pogljenjenih Cestica ne moze isklju-
¢iti. S druge strane, metalurgija Zeljeza dobro je razvijena
na Sirem podrucju Topuskog, a u polumjeru od pet do se-
dam kilometara, gledano od mjesta uzorkovanja jezgre,
nadeni su dijelovi keramickih peéi (Skiljan 2007: 96-97).
Rudarstvo i metalurgija bitne su gopodarske grane kako u
ilirsko-keltskom tako i u rimskom razdoblju zahvaljujuci obi-
lju metalne rude na obliznjoj Petrovoj gori (Skiljan 2006: 97;
Lazi¢ et al. 2010: 62) ili nesto udaljenijoj Zrinskoj gori (Lazi¢
et al. 2010: 62). To vjerojatno djelomi¢no objasnjava znacaj-
nu pojavu pougljenjenih ¢estica akumuliranih u sedimentu
jezgre. Kolapijani, mjesavina starosjedilackoga stanovnistva
i Kelta, naseljavali su podru¢je Korduna od ranoga Zeljeznog
doba (Skiljan 2007: 5) bavedi se metalurgijom, premda je
stocarstvo bila njihova glavna gospodarska grana. Ovce i
koze ¢inili su osnovu sto¢noga fonda, medutim pronadeni
su ostaci svinja i goveda te skeleta jelena koje su rado lovi-
li (Skiljan 2007: 96-97). Dolaskom Rimljana odrzava se za-
teknuta postojeca gospodarska aktivnost, medutim njihov
utjecaj slabi tijekom kasnoga 6. stoljeca ili nesto ranije kada
Avari i Slaveni zauzimaju Sisciju (Skiljan 2007: 7), glavni grad
provincije Panonije Savije (Skiljan 2008: 6).

Na istrazivanome podrucju prizemni sloj ras¢a predstav-
ljen je papratima (Polypodiales) za koje je utvrdeno da im se
pokrovnost smanjuje uslijed disturbancije (Ryan, Blackford
2010) te njihov visok udio na cretu indicira nisku razinu ispa-
Se (Natlandsmyr, Hjelle 2016). Stovide, potpuni nedostatak
spora koprofilnih gljiva (Sordariaceae) koje su inace dobri
pokazatelji ispase zivotinja na nekom podrucju (Cook et al.
2011; Krug et al. 2004), govori vise u prilog prirodnoga nego
poluprirodnoga stanja okolisa. lako prijenos vlasti izmedu ro-
maniziranoga stanovnista i novopridoslih Avara i Slavena nije
posve jasan, arheoloski nalazi govore o kontinuitetu Zivota u
Sisku tijekom 6. i 7. stoljeca (Skiljan 2008: 7). Ovo razdoblje,
koje odgovara kraju (pod)Zone 1a, obiljezeno je prvim maksi-
mumom udjela pougljenjenih cestica, istovremeno bez dra-
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To conclude, a lack of primary anthropogenic indicator
during these five hundred years probably is linked to we-
akly developed agronomy during pre-Roman, short-lived
Roman presence and the just-beginning of Avar-Slavic pe-
riod. Secondary anthropogenic indicators, even presented
by low percentages, probably point to extensive livestock
on the broader study site till the 5% century. However, the
lack of Urticaceae and Chenopodiaceae pollen, accompani-
ed by Polygonum persicaria type and Matricaria type, from
the very late 4" or beginning of 5™ century, probably reflect
the change in the economic and political stability linked to
the collapse of the Western Roman Empire and beginning
of the Migration period.

4.2. VEGETATION, FIRE AND HIDROLOGY CHANGES

DURING EARLY AND HIGH MIDDLE AGES - 7" TO

13™ CENTURY

The core sequence between the depths of 75 to 45 cm
covers period from the mid of 7" do the end of the 13*" cen-
tury. During these seven hundred years Central Croatia was
under different influences: Ostrogoths, Langobards, Avars,
Franks, Croats, Hungarians, with short lasting Mongol inva-
sion (Goldstein 2008; Gracanin 2011). However, their impact
on vegetation is still questionable. Even the political history
of that period is to some extent known, there is a complete
lack of information about the natural environmental condi-
tions and only a few pieces of information about economy
are available. This part of the core segment is characterised
by great changes in the ratio between arboreal and non-ar-
boreal pollen which could indicate human impact on plant
cover. For the first time some groups of non-arboreal pollen
types become relatively dominant — increased proportion
of grasses during previous period turned to their relative
dominance during the end of Migration Period and later.

4.2.1. The Regional Vegetation Changes and Regio-

nal Fire History

In the forest cover, beech and oak stay dominant, like in
the previous (sub)Zone 1a. However, a strong fluctuation of
beech is observed, with slight changes of other proportions
in tree abundance. This is accompanied by the greatest ratio
and concentrations of charcoal particles through the whole
core. The lowest value of beech in the 10* and beginning of
the 11" century is followed by a slight decrease of fir, spru-
ce and oak, although the latter one is light demanding (Aas
2002a; 2002b; Eaton et al. 2016) and its increase would be
expected. Beech saplings reached an optimum growth at
10% of above-canopy light (Ligot et al. 2013) and can even
survive on only 2% of the sunlight for a period of five ye-
ars (Peters 1997). However, Ligot et al. (2013) marked that
after canopy opening, pre-existing beech trees benefited
more from the increase of light availability than oak, and a
succession of mixed beech-oak stands are directed to pu-
re beech stands. At the same time, the occurrence of some
discontinuously presented taxa, like walnuts (Juglans), birch

mati¢ne promjene u strukturi i sastavu vegetacije i uz izosta-
nak odredenih sekundarnih antropogenih indikatora. Pojava
pozara vjerojatno je potaknula slabu ekspanziju breza te je
opcenito kronoloski prijelaz ka nadolazecoj (pod)Zoni 1b na-
znacen povecanjem udjela peluda trava.

Da zaklju¢imo, nedostatak primarnih antropogenih in-
dikatora tijekom razdoblja od petsto godina vjerojatno je
povezan sa slabo razvijenom poljoprivrednom aktivnoscu
tijekom predrimskoga, zatim kratkotrajnoga rimskog i po-
Cetka avarsko-slavenskoga razdoblja dominacije na podruc-
ju Korduna i Banovine. lako zastupljeni nizim postotkom,
odredeni sekundarni antropogeni indikatori vjerojatno su
rezultat ekstenzivnoga stocarenja u razdoblju Sto prethodi
5. stoljecu. Izostanak peluda iz porodica Urticaceae i Che-
nopodiaceae, uz istovremeno gubitak Polygonum persicaria
tipa i Matricaria tipa od kasnoga 4. ili pocetka 5. stoljeca
u peludnome dijagramu, vjerojatno odrazava promjenu
gospodarske i politicke stabilnosti povezane s kolapsom
Zapadnoga Rimskog Carstva i poc¢etkom razdoblja Seobe
naroda.

4.2. VEGETACIJA, POZARI | HIDROLOGIJA TIJEKOM

RANOG I RAZVIJENOG SREDNJEG VIJEKA - OD 7.

DO 13. STOLJECA

Odsjecak sedimenta jezgre od 75 cm do 45 cm dubine
obuhvaca povijesno razdoblje od sredine 7. do kraja 13. sto-
ljeca. Tijekom ovih sedam stotina godina sredi$nja Hrvat-
ska bila je pod razli¢itim utjecajima: Ostrogoti, Langobardi,
Avari, Franci, Hrvati, Madari, s kratkotrajnom mongolskom
invazijom (Goldstein 2008; Gracanin 2011). Medutim, njihov
utjecaj na vegetaciju je nepoznat. Bez obzira $to je politicka
povijest toga razdoblja djelomi¢no poznata, informacije o
okolidu nedostaju, uz tek sporadi¢ne i djelomi¢ne informa-
cije o gospodarskim aktivnostima. Za ovaj dio jezgre indika-
tivna je znacajna promjena u omjeru izmedu arborealnog i
nearborealnog peluda $to bi moglo odrazavati ljudski utje-
caj na biljni pokrov. Po prvi puta neka grupa peluda nedr-
venastih vrsta postaje relativno dominantna - tj. povecan
udio trava u prethodnoj (pod)zoni postize relativnu domi-
naciju tijekom Seobe naroda i kasnije.

4.2.1. Regionalne promjene vegetacije i regionalna

povijest pozara

U Sumskom pokrovu bukva i hrastovi ostaju dominantni,
kao u prethodnoj (pod)Zoni 1a. Medutim, opaza se izraZeni-
je fluktuiranje udjela bukve, uz neznatne promjene ucesta-
losti drugih drvenastih vrsta. Istovremeno, omjeri i koncen-
tracije pougljenjenih ¢estica najveci su upravo tijekom ovo-
ga razdoblja. Najnize vrijednost bukve u 10. i pocetkom 11.
stoljeca pracene su blagim smanjenjem udjela jele, smreke
i hrastova, iako su potonji svjetloljubivi (Aas 2002a; 2002b;
Eaton et al. 2016) te bi porast udjela peluda hrasta bila oce-
kivana u navedenim okolnostima. Mladice bukve dosezu
optimalni rast pri 10% svjetlosnoj zasicenosti (Ligot et al.
2013), a prezivljavaju ¢ak i ako u petogodisnjem razdoblju
primaju svega 2% sunceve svjetlosti (Peters 1997). Medu-
tim, Ligot et al. (2013) utvrdili su kako otvaranje Sumskoga
sklopa vise pogoduje konkurentnosti bukve nego svjetlo-

139



DARIO HRUSEVAR ET AL., ENVIRONMENTAL HISTORY IN CENTRAL CROATIA FOR THE LAST TWO MILLENNIA - VEGETATION, FIRE ..., PRIL. INST. ARHEOL. ZAGREBU, 37/2020, P.. 117-164

and ash (Fraxinus) were noticed. In fact, the last two mentio-
ned taxa are light demanding (Prpi¢ 1974: 68) and probably
prospered by opening the forest canopy due to reduction
of conifers, oak and beech. Moreover, birch is also a pioneer
(Jamrichova et al. 2012) and fireprone tree (Xanthopoulos et
al. 2012), reaching the flowering stage in only several years
(Jonsson 1949). The lowest value of hazel at the end of the
11* and beginning of the 12" century is synchronous with
the highest peak of beech pollen.

Deep shade of Fagus dominated forests restricted the
growth of hazel and some other taxa, as was suggested by
Gardner (2002), with great impact on mostly light deman-
ding hazel or oak (Aaby 1983; Rosch et al. 2014; Eaton et al.
2016). Surprisingly, the two peaks of charcoal particles don’t
correspond to maxima of Corylus and Quercus, although ha-
zel is favored by fire (Tinner et al. 2000), and oak is a posi-
tively correlated (Jamrichova et al. 2017) or fire-indifferent
taxon (Tinner etal. 2000). Feurdean et al. (2017) stressed that
the proportion of more disturbance-adapted tree species,
including Pinus, Betula, Carpinus betulus and Corylus avella-
na are expected to increase by fire events. It is interesting
that from the 11" century to the end of (sub)Zonelb, beech
continuously decreased, and oak pollen slightly increased
in proportion, accompanied by an increased charcoal trend.
The highest alder value during (sub)Zone 1b corresponds to
the lowest value of beech. So it is also possible that oscillati-
ons in regional taxa abundance are influenced by very local
occurrences or, close to the study site, developed stands of
ash (Fraxinus) and alder trees, which are adapted to periodi-
cally swamped ground-water soils (Wacnik et al. 2016). Un-
fortunately, variations in the deposition of local and extra-
local pollen of one taxon will result in reciprocal changes in
the representation of all taxa in the pollen sum (Waller et
al. 2017) which means that some caution is needed when
pollen diagrams are interpreted.

Although beech seldomly survives mild fires (Berli 1996),
its value stays high during the whole (sub)Zone 1b, despite
the fact that charcoal particles reached the highest value
also in this part of the analysed core, quite probably due to
human impact. The ceased mining activity and metallurgy
was renewed in this area with the arrival of the Saxons du-
ring the late 10" century (Lazi¢ et al. 2010: 63) which certa-
inly contributed to the rise of microcharcoal. However, there
is no statistically significant correlation between charcoal
particles and arboreal pollen proportions so it is not easy to
stress if fire caused changes in abundance of particular tree
species. This could be also due to difficulties to correlate
charcoal values and AP on low resolution (5cm samplings).
Still, probably in some periods fire burned beech forests, as
the pollen of that taxon fluctuated greatly in this (sub)zo-
ne. The same can be considered for fir and hornbeam. Or,
perhaps, people preferred to cut the mentioned taxa and
used it as building material for houses and defense systems

140

ljubivim hrastovima, $to olaksava sukcesiju mjesovitih bu-
kovo-hrastovih Suma prema ¢&istim sastojinama bukve. U
isto vrijeme primjecena je povremena pojava svojti poput
oraha (Juglans), breza i jasena (Fraxinus), od kojih su dvije
potonje svjetloljubive (Prpi¢ 1974: 68) te im otvaranje Sum-
skoga sklopa, uslijed redukcije Cetinjaca, hrastova i bukve,
pogoduje. Stovide, obi¢na breza je pionirska (Jamrichova
et al. 2012) i na pozare otporna vrsta (Xanthopoulos et al.
2012) koja fenofazu cvatnje doseze u samo nekoliko godina
(Jonsson 1949). Najnize vrijednosti udjela lijeske krajem 11. 1
pocetka 12. stoljeca podudaraju se s najvisim vrijednostima
udjela peluda bukve.

Sjenovite bukove sastojine ogranicavaju rast lijeske i ne-
kih drugih svojti kao 3to sugerira Gardner (2002), a zasjena
najvise utjece bas na sastojine lijeske i hrastova (Aaby 1983;
Rosch et al. 2014; Eaton et al. 2016). Iznenadujuce, najvise
vrijednosti udjela pougljenjenih Cestica ne podudaraju se
s najvisim vrijednostima peluda lijeske i hrastova, iako je
prethodna svojta favorizirana djelovanjem vatre (Tinner et
al. 2000), dok je hrast ili pozitivho koreliran (Jamrichova et
al. 2017) ili na vatru indiferentna svojta (Tinner et al. 2000).
Feurdean et al. (2017) naglasavaju kako se u podrucjima
izlozenima djelovanju vatre o¢ekuje veci udio onih vrsta dr-
veca koje su prilagodene disturbanciji, poput bora (Pinus),
breze (Betula), obi¢nog graba (Carpinus betulus) i lijeske
(Corylus avellana). Zanimljivo, u razdoblju od 11. stolje¢a do
kraja (pod)Zone 1b udio bukve kontinuirano se smanjuje, a
pelud hrastova blago povecava, kao i krivulja pougljenjenih
Cestica. Najvedi udio peluda johe u (pod)Zoni 1b podudara
se s najnizoj vrijednos¢u bukve tako da je vjerojatno pretpo-
staviti kako su promjene u regionalnome peludnom spek-
tru zasjenjene lokalnom pojavom sastojina johe ili jasena
(Fraxinus), vrstama prilagodenima periodi¢nim poplavama
tla (Wacnik et al. 2016) koje su vjerojatno nastavale rub cre-
ta. Kako udjeli akumuliranog lokalnoga i ekstralokalnoga
peluda odredenih palinoloskih vrsta rezultiraju recipro¢nim
promjenama u zastupljenosti ostalih svojti u peludnome
zbroju (Waller et al. 2017), potreban je stanoviti oprez pri
interpretaciji peludnih dijagrama.

lako bukva rijetko kad preZivljava blage pozare (Berli
1996), udio ove vrste ostaje visok tijekom cijele (pod)zone,
unatoc ¢injenici da istovremeno Cestice ugljena dostizu naj-
vecu vrijednost (postotnu i koncentracijsku) takoder u ovo-
me razdoblju, a sto mozZe biti rezultat antropogenoga pritis-
ka. Posustala rudarska djelatnost i metalurgija obnovljena je
na ovome podrucju dolaskom Sasa krajem 10. stolje¢a (La-
zi¢ et al. 2010: 63), 5to je svakako trebalo doprinijelo porastu
udjela pougljenjenih cestica akumuliranih u supstratu. Me-
dutim, ne postoji nikakva statisticki znacajna korelacija iz-
medu pougljenjenih ¢estica i udjela peluda drvenastih vrsta
tako da nije lako zakljuciti je li vatra uzrokovala promjene u
pokrovnosti drveca. Usporedivanje vrijednosti udjela i kon-
centracije pougljenjenih Cestica i peluda drvenastih vrsta
pri niskoj razlucivosti (uzorkovanje u intervalima od 5 cm)
takoder stvara teskoce. Ipak, vjerojatno su u nekim razdo-
bljima sastojine bukve bile zahva¢ene poZarima s obzirom
na znacajna kolebanja peluda ove vrste. Isto se moze sma-
trati za jelu i grab. Doduse, ne moze se iskljuciti moguénost
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rather than oak which was maybe spared to allow food for
pigs and humans.

4.2.2, Grasses - Just Local Overgrown or Indicator

of Human Impact?

The key question during this period is whether the incre-
ase in the share of grass pollen is the result of anthropoge-
nic pressure or a natural succession process. Grasses have
ambiguous position - they can highlight regional pollen
input, as well as a possible local origin from hydrophytic
communities (Muller et al. 2012). Large increases in grasses
indicate extensive opening of the landscape (Kulkarni 2016)
and usually are considered as secondary anthropogenic in-
dicators (Kozakova et al. 2015). However, in some parts of
Europe, increase in grass pollen during the medieval period
is correlated with the warm dry optimum of the Medieval
Climate Anomaly (Mensing et al. 2016). On our study area, a
relative dominance of grass pollen corresponds to discon-
tinuous curves of secondary anthropogenic indicators or
their value stay low. This can suggest that an increase in gra-
ss proportion may be related only weakly to anthropoge-
nic pressure. Nevertheless, the highest abundance of grass
pollen corresponds to the largest ratio and concentrations
of charcoal particles. It is not expected that all or most of
burning events were caused naturaly, especially in the top
part of this (sub)zone when human impact was recorded in
the literature sources. There are many examples where bur-
ning was used for improving grazing and/or slash and burn
crop cultivation (Damblon 1992; Esteban 2003; Niklasson et
al. 2002). Moreover, in our case grazing on the study site is
supported by the occurrence of coprofilous fungal Sordaria
spores from the 10" century onwards. Although this sta-
tement must be taken with caution as fungal spores may
occur also on wild, not only domestic animal feces.

Unfortunately, palynological analysis does not allow us
to distinguish different grass taxa, with the exception of
"cultivated” and “wild” (Moore et al. 1991), although it still
remains a delicate attempt (Dorfler 2013). That means that
pollen evidence does not offer possibility for differentiation
of meadow/pasture grasses, eg. Festuca, Dactylis, Trisetum,
Lolium, Arrhenatherum, from typical mire/wetlands taxa, eg.
Molinia, Deschampsia, Phragmites. To be more accurate in
interpreting the high grass proportions and AP-NAP ratio as
a valid anthropogenic pressure indicator, NPPs were used
too. This multiproxy approach has yielded fruitful results.
Some fungal spores are found in the peat formed by Molinia
- eg. HdV 16b or Byssothecium circinans and HdV 496 (van
Geel 1978). However, Byssothecium circinans was later also
recognised in peat formed by Sphagnum and Narthecium
root (van Geel, Middeldorp 1988). In a small proportion, but
present continuously during almost three hundred years on
the study site, fungus HdV 496 indicated the origin of the
peat to Molinia (van Smeerdijk 1989) - grasses nowadays
very abundant on mire surfaces. Moreover, Damblon (1992)
found that fire-induced disturbation lead to a decline in al-

da su stanovnici radije sjekli maloprije spomenute vrste sta-
bala i koristili njihova debla kao gradevinski materijal ili u
svrhu podupiranja/unapredenja obrambenih sustava radije
nego li hrastove koji su mozebitno postedeni sjece kako bi
zirevi prehranili svinje i ljude.

4.2.2. Trave — lokalna zaraslost creta istimaili po-

kazatelj ljudskoga utjecaja?

Klju¢no pitanje ove podzone je sljedece - da li je pove-
¢anje udjela peluda trava rezultat antropogenoga pritiska
ili prirodne sukcesije? Trave imaju dvojak poloZaj — njihova
akumulacija u sedimentu moze naznacavati regionalni pe-
ludni utjecaj ili pak ukazivati na razvoje lokalne sastojine
cretnih i/ili mo¢varnih svojti (Muller et al. 2012). Veliko pove-
¢anje udjela trava ukazuje na naglaseno otvaranje krajolika
(Kulkarni 2016) te se trave obi¢no smatraju sekundarnim an-
tropogenim indikatorima (Kozdkova et al. 2015). Medutim,
u nekim dijelovima Europe povecanje njihovoga udjela ti-
jekom srednjega vijeka podudara se sa suhim toplim opti-
mumom srednjovjekovne klimatske anomalije (Mensing et
al. 2016). Na nasem podrugju istrazivanja relativna prevlast
vegetacije trava istovremena je s povremenim pojavljiva-
njem sekundarnih antropogenih indikatora ili pak njihovi
udjeli ostaju niski. To naznacuje da povecanje udjela peluda
trava tek djelomic¢no, ako uopce, mozemo povezati s antro-
pogenim pritiskom. Medutim, najveci udjeli peluda trava
podudaraju se s pojavom najvecega omjera i koncentracije
pougljenjenih Cestica. TeSko je ocekivati da su pozari, oso-
bito krajem ove (pod)zone, kada je ljudski utjecaj zabiljezen
i u pisanim izvorima, glavninom bili uzrokovani prirodnim
¢imbenicima. Tim vise $to postoje brojni primjeri gdje je
spaljivanje vegetacije koristeno za poboljsanje kvalitete is-
pase i/ili uzgoj usjeva metodom ,posijeci i spali” (Damblon
1992; Esteban 2003; Niklasson et al. 2002). Koprofilne spore
gljive Sordaria, koje se periodicki pojavljuju od 10. stoljeca
nadalje, podupiru moguénost ekstenzivnoga stocarenja i
s njim povezane ispase, iako se od ove tvrdnje valja i djelo-
mi¢no ograditi jer se spore pojavljuju i na izmetu divljih, a
ne nuzno domacdih Zivotinja.

Palinoloska analiza ne omogucava razlikovanje trava
na razini vrste, medutim moguce je odjeliti ,kultivirane” od
Ldivljih” svojti (Moore et al. 1991), premda uz stanovit oprez
zbog ograni¢enja preciznosti determinacije (Dorfler 2013).
To zapravo znaci da temeljem peluda nije moguce razdvojiti
za livade ili pasnjake karakteristi¢ne vrste, primjerice svojte
iz rodova Festuca, Dactylis, Trisetum, Lolium, Arrhenathe-
rum, od onih karakteristi¢nih za cretna ili moc¢vana stanista,
poput svojti izrodova Molinia, Deschampsia, Phragmites. 1z
toga razloga, kako bi s ve¢om sigurnoscu interpretirali vri-
jednosti AP-NAP omjera kao potencijalno valjanoga indika-
tora antropogenoga pritiska, dodatno su u istrazivanju kori-
$teni nepeludni palinomorfi. Takav pristup daje plodonosne
rezultate. Neke se spore gljiva gotovo redovito pronalaze
u tresetu porijeklom od beskoljenke (Molinia) — primjeri-
ce, HAV 16b ili Byssothecium circinans i HdV 496 (van Geel
1978). Medutim, Byssothecium circinans je kasnije pronaden
i u tresetu porijeklom od maha tresetra (Sphagnum) ili kori-
jena svojti roda Narthecium (van Geel, Middeldorp 1988). S
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der population, which opens space for grass expansion. Re-
peated fires can favour Molinia intrusion and lead to its do-
minance (Hamilton 2000; Brys et al. 2005). Molinia is adap-
ted to fire events, forming tussocks whose shoots remain
intact during the fire (Damblon 1992). This means that high
grass pollen level does not necessary highlight pronounced
deforestation and/or a significant increase in the proporti-
on of meadows and pastures on broader area, but may be
the result of overgrowth of the habitat with local mire taxa.
Nevertheless, with increasing human impact, fires are recor-
ded more frequently (Pitkdnen 2000; Olsson et al. 2010) and
it can be stressed with great certainty that this fire-vegetati-
on interaction was caused by human impact, at least in the
broader area, if not directly on mire surface.

4.2.3. Ombrotrophication - Indicator for Humid

Environment?

The most intriguing phenomenon in local vegetation
refers to strong ombrotification in the study site, with the
highest peak of Sphagnum spores in the period from the
12" to the 15" century. This process mainly corresponds to
the Medieval Climate Anomaly (MCA) which lasted from
about 900 to about 1350 AD (Graham et al. 2011). Transfor-
mation from the alder carr to a transition mire with some
typical elements of (raised) bog vegetation can be under-
stood as a result of mire growing surface separation from
subsurface water supplies (Hughes, Barber 2003), especially
because areas dominated by Alnus indicate a base-rich gro-
undwater (Ellenberg: 278). The isolation of the surface from
alkaline water can be maintained by vertical peat accumu-
lation or lowering of the water table (Hughes, Barber 2003)
which leads to transition towards Sphagnum dominated
mire communities (Barsoum et al. 2005: 127). Thus, vascular
plants can promote Sphagnum growth by providing both
scaffolding and protection (Rydin, Jeglum 2006: 213). The
distribution of Sphagnum taxa is associated with north —
south (cold-warm) and oceanic-continental (humid-dry)
gradient (Daniels, Eddy 1990; Gignac, Vitt 1990; Gignac et
al. 1991; Hill, Preston 1998; Hajkova, Hajek 2007; Séneca,
Soderstrém 2008; Flatberg 2013; Popov 2016; Popov, Fedo-
sov 2017). Even the ombrotrophication is not always asso-
ciated with increased moisture (Lamentowicz et al. 2007)
and dry conditions can also be marked by colonization of
Sphagnum species (Gatka et al. 2018; Genet et al. 2013; Tu-
ittila et al. 2013), greater peat growth rates and shifts to om-
brotrophy have been found to occur during wet and warm
periods (eg. Hughes 2000). Moreover, Conway (1954) sugge-
sted that sudden excessive sporulation by Sphagnum might
be induced by an increase in wetness on a bog surface, as
increase in rainfall accelerate Sphagnum growth (Gorham
1957). Mawby (1995) also concludes that many Sphagnum
species grow well in flooded conditions but do poorly or do
not grow at all on higher, drier sites. Gatka et al. (2017b) in
the Eastern Carpathian Mountains found that the increased
prevalence of Sphagnum magellanicum and S. angustifolium
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malim udjelom, ali kontinuirano prisutan tijekom gotovo tri
stotine godina u sedimentu jezgre, gljiva HdV 496 upucuje
na treset porijeklom od beskoljenke (van Smeerdijk 1989)
— trave koja je i u danasnje vrijeme vrlo obilno zastupljena
na povriini creta. Stovise, Damblon (1992) je otkrio da po-
zarom izazvana disturbancija dovodi do pada udjela johe
na stanistu $to otvara prostor za Sirenje trava. Ucestalo opo-
zarivanje pogoduje obrastanju nekoga podrucja beskoljen-
kom i nerijetko Molinia postaje dominantna vrsta (Hamilton
2000; Brys et al. 2005). Formirajuci busene ciji izdanci ostaju
netaknuti tijekom poZzara, beskoljenka je dobro prilagode-
na pozarnim epizodama (Damblon 1992). To znaci da visoki
udjeli peluda trava nisu nuzno rezultat kréenja Suma (,gola
sje¢a”) niti uvijek ukazuju na znacajno Sirenje livada, pas-
njaka ili obradivih povrsina na nekome podrug¢ju, ve¢ mo-
Ze biti posljedica obrastanja tresetista tipi¢nim cretnim ili
mocvarnim travama. Ipak, kako pojacani ljudski utjecaj na
okolis dovodi do sve ces¢ih pozara (Pitkdnen 2000; Olsson
et al. 2010), mozZe se sa stanovitom sigurnos$¢u smatrati da
je utjecaj pozara na vegetaciju tijekom ove (sub)zone iza-
zvan ljudskom djelatnoscu, barem u Sirem podrug¢ju, ako ne
izravno na samoj povrsini creta.

4.2.3. Ombrotrofikacija - pokazatelj pojacane vlaz-

nosti?

Najintrigantniji fenomen u lokalnoj vegetaciji odnosi
se na snaznu ombrotrofikaciju stanista, s najvisim udjelom
spora maha tresetara (Sphagnum) u razdoblju od 12. do
15. stoljeca. Ovaj proces glavninom se poklapa s trajanjem
srednjovjekovne klimatske anomalije (MCA) koja se smjes-
ta u razdoblje od 900. do oko 1350. godine (Graham et al.
2011). Transformacija iz johom obrasloga tresetista u prije-
lazni cret s nekim tipi¢nim elementima (uzdignute) cretne
vegetacije moze se shvatiti kao rezultat procesa odvajanja
slobodnorastuce povrsine samoga creta od podzemne ili
podpovriinske vode bogate mineralnim tvarima (Hughes,
Barber 2003). Do toga je odvajanja tim viSe trebalo dodi jer
podru¢ja u kojima prevladava joha ukazuju na podzemne
vode bogate bazama (Ellenberg: 278). Izolacija povrsine cre-
ta od alkalne vode moze se objasniti na dva nacina — verti-
kalnom akumulacijom treseta ili spustanjem vodenoga lica
(Hughes, Barber 2003), sto dovodi do razvoja Sphagnum do-
minirajuée cretne vegetacije (Barsoum et al. 2005: 127). Va-
skularne biljke mogle su promicati takve promjene na cretu
pruzanjem zasjene i zastite vrstama roda Sphagnum (Rydin,
Jeglum 2006: 213). Rasprostranjenost maha tresetara u vezi
je sa sjever - jug (hladno-toplo) i oceansko-kontinentalnim
(vlazno-suho) gradijentom (Daniels, Eddy 1990; Gignac, Vitt
1990; Gignac et al. 1991; Hill, Preston 1998; Hajkova, Hajek
2007; Séneca, Soderstrom 2008; Flatberg 2013; Popov 2016;
Popov, Fedosov 2017). Unatoc tome sto ombrotrofikacija ni-
je uvijek povezana s povec¢anom vlaznosc¢u sedimenta (La-
mentowicz et al. 2007) te ponekad suhi uvjeti takoder mogu
biti naznaceni kolonizacijom vrstama maha tresetara (Gatka
et al. 2018; Genet et al. 2013; Tuittila et al. 2013), veca stopa
rasta i pojacana ombrotrofija utvrdeni su u uvjetima vlaznih
i toplih perioda (npr. Hughes 2000). Stovise, Conway (1954)
sugerira da bi iznenadna naglasena sporulacija maha trese-



DARIO HRUSEVAR ET AL., DVIJE TISUCE GODINA OKOLISNIH PROMJENA NA PODRUCJU SREDISNJE HRVATSKE - VEGETACIJA, POZARI..., PRIL. INST. ARHEOL. ZAGREBU, 37/2020, STR. 117-164

is linked to moist periods, and a decline of Sphagnum has
been observed in some areas of England, possibly because
of increased drainage (Latto, Fitter 1989). Moreover, severe
droughst have a negative impact on Sphagnum-fens due to
changes in mineral availability (Mettrop et al. 2014). There
are some different opinions about which level of moisture
is indicated by the same Sphagnum taxa, for instance Bar-
ber et al. (2003) consider that presence of Sphagnum secti-
on Acutifolia in England and Ireland reflect dry bog surfaces
conditions, while Castro et al. (2015) have an opposite opi-
nion for its occurance in the Iberian Peninsula. It is obvious
that the same taxa in different biogeographical regions may
indicate different environmental conditions, depending on
the prevailing climate type. Campbell (2019), based on Gi-
gnac et al. (2000) and Oke, Hager (2017), summarise that
peatlands do not occur where precipitation minus poten-
tial evapotranspiration was < -500 mm ' and Schultheis et
al. (2010), based on Gunnarsson (2005), stressed that Spha-
gnum productivity increased with mean annual temperatu-
re and precipitation up to a threshold - temperature ~6°C,
precipitation ~1150 mm, beyond which peat mosses decre-
ased as the physical variables continued to increase. Even
Sphagnum growth can be affected by temperature or pre-
cipitation (Robroek et al. 2007; 2017; Campbell, Rydin 2019).
Gerdol et al. (2007) showed that high summer temperature
can have negative impact on Sphagnum growth in the area
south of the Alps. The modern mean annual temperature
at the study site is almost 4°C higher than calculated as su-
itable for Sphagnum growth (Schultheis et al. 2010), altho-
ugh nowadays precipitation is within the threshold value.
Nevertheless, potential evapotranspiration (ET) on Bano-
vina-Kordun area ranges from 701 to 800 mm (Nistor et al.
2017a) while mid-season crop evapotranspiration (ETc mid)
is between 400 and 600 mm y' (Nistor et al. 2017b). Due to
the fact that the Sphagnum peak at the study site mostly
corresponds to the Medieval Climate Anomaly (MCA), when
the temperature was about 0.6°C higher than in the referen-
ce period of 1880 — 1960 AD (Christiansen, Ljungqvist 2012),
it is very likely that Sphagnum could became dominant in
the mire vegetation only if the precipitation was higher.
Moisture stress and dehydration (Weltzin et al. 2001; Gerdol
et al. 2007; Hajek, Beckett 2008) during high temperature
leads to the situation when evapotranspiration exceeds ca-
pillary transport (Skre, Oechel 1981) and photosynthetically
active parts of the peatmosses can’t maintain sufficient wa-
ter content for growth (McCarter, Price 2014). It means that
not only the higher amount of precipitation occured du-
ring MCA, but also rainfall frequencies probably increased
during High and Late Medieval Ages to support abundant
Sphagnum growth. Of course, it is possible that higher me-
an annual temperature during MCA is rather maintained by
mild winters than higher summer temperature. Krebs et al.
(2016) already suggested that the precipitation frequency is
more important than precipitation amount for Sphagnum
growth. The wetter period during MCA is just partly in

tara mogla biti izazvana povecanjem vlaznosti cretne po-
vrsine, uostalom kao $to povecanje padalina akcelerira rast
maha tresetara (Gorham 1957). Mawby (1995) takoder za-
klju¢uje da mnoge vrste roda Sphagnum rastu dobro u uvje-
tima plavljenja, ali slabo na izdignutijim, susnim mjestima.
Gatka et al. (2017b) uocili su kako se povecana zastupljenost
nekih vrsta maha tresetara, poput Sphagnum magellanicum
i S. angustifolium, moze povezati s razdobljima pojacane
vlaznosti na podrudju isto¢nih Karpata. Nasuprot tome, pad
udjela maha tresetara u nekim podrucjima Engleske vje-
rojatno je uzrokovana pojacanom drenazom (Latto, Fitter
1989). Stovise, izrazite su$e imaju negativan utjecaj na sfag-
numske cretove zbog promjena u dostupnosti minerala
(Mettrop et al. 2014). Medutim, postoje razlicita misljenja o
tome koju razina vlaznosti indicira pojava odredenih (istih)
vrsta maha tresetara na nekome stanistu. Primjerice, Barber
et al. (2003) smatraju da prisutnost vrsta roda Sphagnum
sekcije Acutifolia u Engleskoj i Irskoj naznacava suhu povr-
Sinu creta, dok Castro et al. (2015) imaju suprotno mislje-
nje za pojavu istih na Iberskom poluotoku. O¢ito je da iste
svojte u razli¢itim biogeografskim regijama mogu ukazivati
na razlicite uvjete okolisa, ovisno o prevladavaju¢em tipu
klime. Campbell (2019), temeljem istrazivanja Gignac et al.
(2000) te Oke, Hager (2017), sazimlje da tresetista ne nastaju
ondje gdje je razlika izmedu koli¢ine oborina i potencijalne
evapotranspiracije < -500 mm ™, a Schultheis et al. (2010),
na osnovi Gunnarssona (2005), naglasava da se produktiv-
nost maha tresetara povecava s rastom srednje godisnje
temperature i padalina, do praga u kojem srednja godisnja
temperatura iznosi ~6°C, a prosje¢na godisnja koli¢ina pa-
dalina ~1150 mm. Izvan toga praga porast navedenih vari-
jabli (temperatura, padaline) dovodi do pada pokrovnosti
maha tresetara. Uostalom, i sama brzina rasta mahovina
roda Sphagnum utjecana je temperaturom ili oborinama
(Robroek et al. 2007; 2017; Campbell, Rydin 2019). Gerdol et
al. (2007) dokazuju da visoka ljetna temperatura moze ne-
gativno utjecati na rast maha tresetara u podrucju juzno od
Alpa. Na cretu u Blatusi sadasnja srednja godisnja tempera-
tura zraka je gotovo 4°C visa od izracunate kao pogodne za
rast mahovina roda Sphagnum (Schultheis et al. 2010), iako
su oborine unutar praga pogodnih vrijednosti. Ipak, po-
tencijalna evapotranspiracija (ET)) na podru¢ju Banovina-
Kordun krece se od 701 do 800 mm (Nistor et al. 2017a), dok
je srednjosezonska evapotranspiracija usjeva (ETc sredina)
izmedu 400 i 600 mm y' (Nistor et al. 2017b). Uzevsi u obzir
¢injenicu da su najvece vrijednosti udjela spora maha trese-
tara zabiljeZzene u razdoblju koje se glavninom preklapa s
trajanjem srednjovjekovne klimatske anomalije (MCA), kada
je temperatura bila oko 0,6°C visa nego u referentnom raz-
doblju 1880. — 1960. godine (Christiansen, Ljungqvist 2012),
za ocekivati je da je Sphagnum mogao postati prevladava-
judi u cretnoj vegetaciji samo ako je koli¢ina oborina tako-
der bila povecana. Vodni stres i dehidracija (Weltzin et al.
2001; Gerdol et al. 2007; Hajek, Beckett 2008) tijekom visoke
temperature dovode do situacije kada evapotranspiracija
premasuje kapilarni transport (Skre, Oechel 1981) te foto-
sintetski aktivni dijelovi maha tresetara ne sadrze dovoljnu
koli¢inu vode potrebnu za rast (McCarter, Price 2014). To vje-
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agreement with the results from Romania (Feurdean et al.
2015) and started later and lasted longer than in the eastern
part of the Balkan Peninsula. Moreover, during the humid
period in Central Croatia, marked by strong ombrotroficati-
on, drier period in Romania already begun.

4.2.4. Environmental Changes on Mire Surface

Great proportion of peat mosses indicated transition
from previous poor fen to (raised?) bog in the 11" century.
Sphagnum and ferns (Polypodiales) spores were the most
abundant on the mire surface during this period, reaching
its highest value in the 13t century. A high share of Assulina
muscorum, Nebela and Arcella amoebae, accompanied by
fungi Valsaria variospora, Gelasinospora and Sordariaceae
characterised the lower part of the (sub)zone, the period pre-
ceding the 11* century. Although Nebela and Arcella amoe-
bae are not determined on the species level, occurrence of
Assulina muscorum, Nebela militaris and Arcella catinus is lin-
ked to drier conditions on the fen (Opravilova, Hajek 2006).
Later, in the upper part of this (sub)zone, some indicators
of higher moisture level occurred: Hyalosphenia papilio and
Amphitrema flavum, although just periodically. Arcella, Assu-
lina, Amphitrema and Hyalosphenia are dominant amoebae
in peatland communities (Fitoc, Kupryjanowicz 2015). The
most abundant Assulina muscorum is regarded as typical of
the early stages of raised bog formation (Mazei, Bubnova
2007; Glime 2017) and it is recognized as a xerophylous taxa
(Kotaczek et al. 2010) found in dry hummocks in different
geographical locations (Mazei, Tsyganov, 2006; Amesbury
et al. 2016). Contrary, Hyalosphenia papilio is often nume-
rous during high humidity (Lamentowicz et al. 2007; Glime
2017) and its decrease can indicate warming in peatlands
(Basinska et al. 2020). Did higher temperature cause its dis-
saperance during the 12" and the 13 century, although it
was abundant during the 11" and the 14t centuries? Having
in mind that differences in the number of amoebae and the
abundance of particular taxa can be caused by changes in
temperature, moisture, nutient status and degree of pea-
tland development (Opravilova, Hajek 2006) it is obvious
how complex the answer to this question is.

The appearance of the largest number of micro- and
macro- charcoal particles in the period when Sphagnum
was the most abundant is the most intriguing. Although
the surface of the raised bog is drier in comparison with
a fen, as decreasing surface wetness supports succesion
from a fen to bog (Magnan et al. 2012), a single fire event
can lead to reduced Sphagnum over 60 years later (Noble
et al. 2018); it is not expected that combustion on the mire
surface would support pronounced growth of peat mosses.
Moreover, higher fire severity increases the abundance of
ericoids, graminoids and acrocarpous mosses, and decrea-
ses the abundance of pleurocarpous mosses (Grau-Andrés
et al. 2019). On cumbusted areas Sphagnum decreases, pro-
bably due to post-fire stresses such as desiccation (Tsuyuza-
ki et al. 2009), and recoveres slower than vascular plants
(Tsuyuzaki et al. 2013). Nevertheless, Sphagnum capillifoli-
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rojatno znaci da se, osim ukupne godi$ne koli¢ine oborina,
u razdoblju razvijenoga i kasnoga srednjeg vijeka povecala
i uCestalost samih padalina pospjesujuci rast mahovina ro-
da Sphagnum. Naravno, moguce je da visa srednja godiSnja
temperatura tijekom MCA prije odrzava blage zime nego
izrazito vruca ljeta. Krebs et al. (2016) medutim zakljucuju
da je ucestalost padalina vaznija od ukupne koli¢ine obo-
rina za uspjesan rast maha tresetara. Vlazno razdoblje ti-
jekom srednjovjekovne klimatske anomalije na podrugju
istrazivanja samo se djelomi¢no podudara s rezultatima iz
Rumunjske (Feurdean et al. 2015) te pocinje kasnije i traje
duZe nego u isto¢nome dijelu Balkanskog poluotoka. Sto-
vise, tijekom vlaznoga razdoblja u sredisnjoj Hrvatskoj, in-
diciranoga snaznom ombrotrofikacijom, susnije razdoblje u
Rumunijskoj vec je bilo zapocelo.

4.2.4. Okolisne promjene na podruéju creta

Visoki udjeli spora maha tresetara ukazuju na tranziciju
iz siromasnoga minerotrofnog prijelaznog prema (uzdignu-
tom?) cretu u 11. stolje¢u. Sphagnum i paprati (Polypodia-
les) pretezu, s najvisim udjelima spora tijekom 13. stoljeca.
Visoki udio ameba — Assulina muscorum, Nebela i Arcella,
pracenih sporama gljiva — Valsaria variospora, Gelasinospora
i Sordariaceae karakterizira donji dio (pod)zone, razdoblje
koje prethodi 11. stoljecu. lako amebe Nebela i Arcella nisu
determinirane do razine vrste, pojava svojti poput Assulina
muscorum, Nebela militaris i Arcella catinus povezuje se sa
susim uvjetima na cretu (Hajek 2006). Kasnije, u gornjem
dijelu ove (pod)zone, pojavljuju se vrste koje indiciraju vi-
su razine vlage: Hyalosphenia papilio i Amphitrema flavum,
premda samo povremeno. Arcella, Assulina, Amphitrema i
Hyalosphenia dominantne su vrste ameba na cretnim sta-
nistima (Fitoc, Kupryjanowicz 2015). Na staniStu najzas-
tupljenija vrsta Assulina muscorum smatra se tipicnom za
rane faze razvoja uzdignutoga creta (Mazei, Bubnova 2007;
Glime 2017) i prepoznata je kao kserofilna vrsta (Kotaczek
et al. 2010) sfagnumskih humaka u razli¢itim geografskim
podrudjima (Mazei, Tsyganov, 2006; Amesbury et al. 2016).
Suprotno tome, vrsta Hyalosphenia papilio Cesta je tijekom
pojacane vlaznosti (Lamentowicz et al. 2007; Glime 2017)
i smanjenje brojnosti iste mozZe ukazivati na uvjete zatop-
ljenja na tresetistima (Basinska et al. 2020). Je li i povisena
temperatura uzrokovala nestanak ove vrste tijekom 12. i 13.
stoljeca, iako je bila brojna tijekom 11. i 14. stolje¢a? Imaju-
¢i u vidu da razlike u broju vrsta i brojnosti odredene vrste
mogu biti uzrokovane promjenama temperature, vlage,
raspolozivih nutrijenata i stupnja razvoja samoga tresetista
(Prodova, Hajek 2006), ocito je da odgovor tesko moze biti
jednoznacan.

Neocekivana je pojava najvecega broja mikro- i makro-
pougljenjenih cestica (kako njihovoga udjela, tako i koncen-
tracije) istovremeno s najobilnijom zastupljenos¢u mahovi-
na roda Sphagnum na stanistu. lako je povrsina uzdignuto-
ga creta susa u usporedbi s prijelaznim cretom, uostalom
manja mokrina povrsine i potice sukcesiju od prijelaznoga
ka uzdignutom cretu (Magnan et al. 2012), pojedina¢no
opozarivanje moze dovesti do redukcije maha tresetara
u periodu od 60 godina ili duze (Noble et al. 2018). Dakle,
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um, nowadays present at the study site, shows a degree of
resilience to fire (Grau-Andrés et al. 2017) and often occurs
on burned sites (Burch 2008; Lee et al. 2013). Still, substan-
ces released in organic matter by fire may be toxic for many
mosses and restricts the number of species that can survi-
ve after the fire, and these tend to be nitrophilous species
(Brown 1982: 383-444). All this calls into question whether
the charcoal particles > 100 micrometers are really good in-
dicators of a local fire as recently was stressed by Adolf et
al. (2018). However, fire probably occured at the mire edges,
as numerous Pteridium spores indicated. The expansion of
Pteridium aquilinum may suggest the occurrence of local fi-
res because soil acidification after combustion favours the
germination of its spores, so that young plants appear in a
great number on soils fertilized by ash (Page 1986; Ober-
dorfer 1990: 1050). Bracken is a common fern in habitats
of acidophilic oaks and beech (Petfik et al. 2009: 400-402)
disturbed by fire and due to its rapid regeneration, it can
spread en masse even on burnt surfaces (Marrs, Watt 2006).
However, Behre (1981) attributes increasing Pteridium valu-
es to the cattle grazing in the forests, as this economic ac-
tivity recorded among the Slavic tribes (Beug 2011) was not
always supported by numerous charcoal particles. In our
study site, high values of Pteridium spores were followed
after the 10" century by an increase in pollen frequencies
of Ericaceae, both taxa often linked to fire activity (Tinner et
al. 2000; Feurdean et al. 2015; Pedziszewska, Latatowa 2016).
Moreover, the high abundance of Calluna vulgaris and Pte-
ridium aquilinum were found to be significantly correlated
with human activity (Kunes 2008). As was already stated by
Pedziszewska, Latatowa (2016), the regular occurrence of li-
ght-demanding Pteridium and Calluna (Ericaceae) and the
presence of charcoal are probably indicators of the use of
fire in forest management and we assume that it was also a
case on Banovina-Kordun area.

4.3. VEGETATION, FIRE AND HIDROLOGY CHANGES

FROM THE LATE MIDDLE AGES TO MODERN PERIOD

-14™TO 20™ CENTURY

This period is characterised by more available literature
data about environment and economy which can be bro-
ught into connection with the pollen digrams. The area of
Topusko was an economically important center, together
with the nearby town of Perna at the beginning of this zo-
ne. Nevertheless, this area has been a zone of conflict with
Ottoman invaders since the late 15" century, characterised
by mass exodus of the people and declining economic ac-
tivity. For more than 200 years this area could be marked
as “no man’s land” (eg. Blanc 2003: 97-115). In this sense it
would be interesting to see if pollen diagrams follow and
confirm historical sources about depopulation and loss
of the economy activity. Contrary, in the 19" century this
was one of the most dynamic areas of the Military Frontier,
highly populated and with strong human pressure on envi-
ronment. From a climatic point of view, most of this period
was marked by a climatic anomaly known as the Little Ice

izgaranje treseta zasigurno ne pogoduje obilnijem razvoju
maha tresetara. Stovise, pozari ve¢ega inteziteta povecava-
ju pokrovnost vrijesovki, travolikih vrsta i akrokarpnih ma-
hovina, a smanjuju pokrovnost pleurokarpnih mahovina
(Grau-Andrés et al. 2019). Na opozarenim povrsinama dolazi
do pada udjela maha tresetara, vjerojatno uslijed postpozar-
noga stresa, primjerice isudivanja (Tsuyuzaki et al. 2009), a i
oporavak sfagnuma je sporiji u odnosu na vaskularne biljke
(Tsuyuzaki et al. 2013). Ipak, Sphagnum capillifolium, danas
prisutan na cretu, pokazuje odreden stupanj otpornosti na
vatru (Grau-Andrés et al. 2017) te se esto pojavljuje na opo-
Zerenim povrsinama (Burch 2008; Lee et al. 2013). Medutim,
spojevi koji se gorenjem organske tvari oslobadaju u okoli$
mogu biti otrovni za brojne mahovine te samo neke vrste,
pretezno nitrofilne svojte, mogu prezivjeti pozarne epizode
(Brown 1982: 383-444). Utjecaj vatre na pokrovnost maha
tresetara dovodi u pitanje jesu li Cestice ugljena > 100 mi-
krometara zaista dobri pokazatelji lokalnoga pozara na $to
su nedavno ukazali Adolf et al. (2018). Medutim, poZzari su
vjerojatno zahvacali rubna podrudja creta, Sto naznacuje
pojava velikoga broja spora bujadi (Pteridium). Sirenje bu-
jadi moze ukazivati na pojavu lokalnih pozara jer zakiselje-
nje tla, uslijed izgaranja, potice klijanje spora iste, tako da
se mlade biljke pojavljuju u velikom broju na tlima opleme-
njenim pepelom (Page 1986; Oberdorfer 1990: 1050). Bujad
je Cesta paprat na acidofilnim stanistima hrastova i breze
(Petrik et al. 2009: 400-402) koja su izlozena pozarima te se
zbog brze regeneracije moze masovno Siriti na spaljenim
povrsinama (Marrs, Watt 2006). Medutim, Behre (1981) pri-
pisuje povecanje udjela Pteridium spora u sedimentu ispa-
e stoke u Sumama, jer takav tip gospodarenja, zabiljezen
medu slavenskim plemenima (Beug 2011), istovremeno nije
uvijek podrzan visokim udjelom pougljenjenih cestica. U
nasem istrazivanju visoki udjeli spora bujadi praceni su na-
kon 10. stolje¢a visokim udjelom peluda vrijesovki, dakle
vrstama karakteristi¢nima za opozarene povrsine (Tinner et
al. 2000; Feurdean et al. 2015; Pedziszewska, Latatowa 2016).
Stovise, utvrdeno je da su visoke vrijednosti peluda crnjuse
(Calluna vulgaris) i spora bujadi (Pteridium aquilinum) zna-
¢ajno korelirani s ljudskom aktivnosc¢u (Kune$ 2008). Kao sto
su vec naveli Pedziszewska, Latatowa (2016), redovita poja-
va svjetloljubivih bujadi i vrijesovki, uz prisutnost pouglje-
njenih Cestica, ukazuje na koriStenje vatre u gospodarenju
Sumama i pretpostavljamo da je to bio slucaj i na podrugju
Banovine i Korduna.

4.3. VEGETACIJA, POZARI | HIDROLOGIJA OD KAS-

NOGA SREDNJEG VIJEKA DO SUVREMENOGA DOBA

-14.DO0 20. STOLJECE

Ovo razdoblje karakteriziraju dostupniji literaturni po-
daci o okoliu i gospodarstvu podrucja koji se mogu dovesti
u vezu s palinoloskim dijagramima. Topusko je ekonomski
vazno srediste, zajedno s obliznjim gradom Pernom, pocet-
kom ovoga razdoblja. Svejedno, jos od kraja 15. stoljeca po-
dru¢je Banovine i Korduna postaje zona sukoba s osmanlij-
skim zavojevacima, $to rezultira masovnim egzodusom lju-
di i usporavanjem gospodarske aktivnosti. Kroz vise od 200
godina ovo se podruc¢je moze oznaciti kao ,nicija zemlja”
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Age (LIA), which in addition to cooling is characterized by
changes in precipitation levels.

4.3.1. Regional Vegetation Changes

Like in the previous (sub)Zone 1b, grasses were still do-
minant, however for the first time hornbeam become the
most abundant tree in the woodlands, accompanied by oak
and beech. There are two possible reasons for the increase
in the proportion of hornbeam in the woodlands - climate
change and human activity. The Little Ice Age, lasting from
1300 to 1800 AD (Fagan 2002) or 1400 to 1850 AD (Mann
2002), was characterised by lower temperatures and more
snowfall. Due to the fact that hornbeam’s flexible crowns
suffer the least damage during winter storms, in compari-
son with beech and especially oaks (Korner 2004: 23), its
greater proportion could be a result of the LIA anomaly.
Colder climate probably caused the reappearance of spruce
(Picea) with its continuous curve from the later 16" centu-
ry onwards and birch, noticed one century earlier. The sa-
me happens with pine, capable of thriving in drier-cooler
conditions (Panagiotopoulos et al. 2013). Moreover, Betula
pubescens, nowadays very rare on the study site, B. pendula
and/or Pinus sylvestris suggest cold winters and early sprin-
gs (Paal et al. 2016), which is in accordance with the general
climate during LIA. The higher value of later taxon was also
observed from the 18" century onwards in the central Bal-
kan (Kulkarni et al. 2018).

Although climate change in this zone may largely expla-
in the fluctuation in the proportion of some arboreal taxa,
low values of oak and high values of hornbeam probably
reflect human impact or pressure of expanding Carpinus
prevents development of a more open shrub-wood vege-
tation, as was shown for some regions in Poland (Karpinska-
Kotaczek et al. 2014). Feeding pigs with acorns accompani-
ed by grazing of other livestock in the forest were common
practices during Late Middle Ages and later in Central Cro-
atia (Gracanin, Pisk 2017: 52). Oaks were the most valuable
timber used for reparation and fortification of old fortresses
in the Late Middle Ages/Early Modern Period (Andri¢ 2017:
75) and later, especially in the 19* century, for the construc-
tion of sawmills and railway sleepers (Zivakovi¢-Kerze 2017).
Also, even hornbeam proportions can be stimulated by LIA,
its spread is favored by deforestation caused by people
(Ralska-Jasiewiczowa, van Geel 1998). It is the most resistant
tree against animal browsing, being a strong competitor
under conditions of herbivore pressure (Kuijper et al. 2010).
Logging of beech and fir for timber or animal food (Palairet
1997) or burning episodes opened the area for coppice and
promoted the share of light-demanding pioneer species
like pine and hazel (Kolér et al. 2018; Kulkarni et al. 2016).
The mentioned taxa and birch usually indicate a period of
intense forest disturbances (Pedziszewska, Latatowa 2016)
or the presence of a not very closed forest canopy (Wacnik
et al. 2016). Even the establishment of pine can be linked to
changes in bog surface wetness (Adamsson 2013). However,
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(npr. Blanc 2003: 97-115). U tom je smislu zanimljivo uspo-
rediti peludne dijagrame s navodima iz povijesnih izvora
o depopulaciji i gubitku gospodarske aktivnosti tijekom
vojne ugroze. Nasuprot tome, u 19. stolje¢u ovo podrugje
Vojne krajine gusto je naseljeno i izloZeno snaznom antro-
pogenom pritisku na okolis. Klimatoloski gledano, vecinu
ovoga razdoblja obiljezilo je klimatska anomalija poznata
kao malo ledeno doba (LIA) koju karakterizira zahladnjenje i
promjena u kolicini oborina.

4.3.1. Regionalna promjena vegetacije

Kao i u prethodnoj (sub)Zoni 1b, trave su i dalje najza-
stupljenija palinoloska vrsta u Zoni 2, a po prvi puta grab
postaje najzastupljenija stablasica u Sumskome pokrovu.
Nakon graba, od drvenastih vrsta najzastupljeniji su hrasto-
vi i bukva. Postoje dva moguca razloga za povecanje udjela
graba u Sumskome pokrovu - klimatske promjene i/ili ljud-
ska aktivnost. Malo ledeno doba, klimatska anomalija koja
traje u razdoblju od 1300. do 1800. godine (Fagan 2002) ili
1400. do 1850. godine (Mann 2002), karakterizira niza tem-
peratura i viSe snjeznih padalina. Zbog ¢injenice da fleksi-
bilna kro3nja graba trpi manje Stete tijekom zimskih olujnih
nepogoda, u usporedbi s bukvom i, posebice, hrastovima
(Kdrner 2004: 23), vedi udio graba mogao biti rezultat LIA
anomalije. Hladnija klima vjerojatno je uzrokovala povratak
smreke (Picea) u podrucje nedaleko creta te se ta vrsta kon-
tinuiranom krivuljom pojavljuje u peludnom dijagramu od
kasnoga 16. stolje¢a nadalje, uostalom kao i breze stoljece
ranije. Slicno je i sa borom, vrstom konkurentnom u uvjeti-
ma suse i hladnoce (Panagiotopoulos et al. 2013). Stovise,
cretna breza (Betula pubescens), s trenutno malom popula-
cijom stabala na cretu, obi¢na breza (B. pendula) i/ili bijeli
bor (Pinus sylvestris) sugeriraju niske zimske i ranoproljetne
temperature (Paal et al. 2016), $to je u skladu s klimatskim
obrascem tijekom malog ledenog doba. Vise vrijednosti
omjera bora na podru¢ju sredisnjega Balkana zabiljezene
su od 18. stoljec¢a nadalje (Kulkarni et al. 2018).

lako klimatske promjene u ovoj zoni mogu uvelike ob-
jasniti fluktuaciju u proporciji nekih vrsta stablasica, niski
udjeli peluda hrasta i visoke vrijednosti graba vjerojatno
odrazavaju ljudski utjecaj. Doduse, Sirenje sastojina graba
takoder je moglo sprecavati razvoj otvorenije grmoliko-dr-
venaste vegetacije kao $to je uoceno u nekim podruc¢jima
Poljske (Karpinska-Kotaczek et al. 2014). Hranjenje svinja Zi-
rom te ispasa stoke u Sumama dio su uobicajene prakse tije-
kom kasnoga srednjeg vijeka i kasnije na podru¢ju sredisnje
Hrvatske (Gracanin, Pisk 2017: 52). Hrastovi pak predstav-
ljaju najdragocjeniju drvnu gradu koristenu za popravak ili
ojacavanje utvrda u kasnome srednjem ili ranome novom
vijeku (Andri¢ 2017: 75), a kasnije, osobito u 19. stoljecu,
za izgradnju pilana i Zeljezni¢kih pragova (Zivakovi¢-Kerze
2017). Takoder, iako Sirenje graba moze biti potaknuto kli-
matskim obrascem malog ledenog doba, a antropogena
deforestacija takoder favorizira ovu drvenastu vrstu (Ralska-
Jasiewiczowa, van Geel 1998). Ujedno, grab je na brstenje
najotpornije stablo, u biti jak konkurent ostalim biljnim vr-
stama u uvjetima pritiska biljoZzdera (Kuijper et al. 2010). Sje-
¢a bukve ijele, u svrhu hranjenja Zivotinja i dobivanja drvne
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its occurrence at the study site is dubious and probably mo-
re reflects its high pollen productivity (Baker et al. 2015) and
distant transport (Dorfler 2013; Margielewski et al. 2011).
Connor et al. (2004) stress that Pinus pollen comprises up
to 35-50% when it is found nearby and over 50% when it is
present and locally-dominant so we assume that its increa-
sing, but still very low value, probably doesn’t mark its local
occurrence.

Surprisingly, a continuous and simultaneous increase of
Pinus, Betula and Corylus proportion is not followed by a rise
in the number of charcoal particles, as could be expected.
The same is with hornbeam, a dominant tree in the forest
belt of the study area, although this taxon is related posi-
tively to the fire (Lamentowicz et al. 2019) and its seedlings
are light-demanding (Gardner 2002). Moreover, the num-
bers of charcoal particles were the lowest through the who-
le core, almost lacking during the late 15* and most of the
16t century. This could be linked to a depopulation of the
area during the period of Ottoman incursion to Kordun and
Banovina, probably followed by a collapse of mining and
metallurgy.

4.3.2. Anthropogenic Indicators

During Zone 2 AP-NAP ratio slowly increased, however
with a synchronized significant increase in anthropogenic
indicators. For the first time many secondary anthropoge-
nic indicators occurred together with cereal pollens - pri-
mary anthropogenic indicator which appeared in the late
14 century onwnard, however with occasional occurrence.
Lack of cereals are noticed in the late 17*" and the most of
the 18" century, and in the late 19" and the beginning of
the 20" century when Fagopyrum, not really true cereal as
this genus does not belong to grass family, was noticed.
However, the interruption in the continuous appearance of
cereal pollen is not necessarily proof that agricultural acti-
vity has ceased in some periods, still it may be indicative.
This discontinuity may be also due to non-entrapment of
cereal pollen by the drilled core or because of differential
pollen production of cereals (Kunes et al. 2015), as barley
(Hordeum) or wheat (Triticum) are autogamous (Mercuri et
al. 2013a). However, millet (Panicum) was the most wide-
spread and common cereal in Central Croatia, at least since
the 17" century when some statistical records of cultivated
grasses for that area existed (Blanc 2003: 223-224). Unfor-
tunately, its pollination strategy is still not acknowledged
(Damialis, Konstantinou 2011).

In this zone walnut (Juglans), as an example of arbori-
culture, occurred for the first time at the end of the 13" cen-
tury with a continuous curve, as well as plantain (Plantago
lanceolata type), succeeded by cocklebur (Xanthium spino-
sum type) and goosefoot (Chenopodiaceae) at the end of
the 14" century and, somewhat later, wormwood (Artemi-
sia). All these plants indicate grazing and arable farming, or
generally human-influenced land (Behre 1981; Court-Picon
et al. 2006; Li et al. 2008; Brun 2011). Literature data tells

grade (Palairet 1997), uz povremene pozare, pridonosi otva-
ranju Sumskoga sklopa omogucujuéi time razvoj Sikara, ali
i Sirenje svjetloljubivih pionirskih vrsta poput bora i lijeske
(Koldr et al. 2018; Kulkarni 2016). Spomenute svojte, uz poja-
vu breza, obi¢no ukazuju na intenzivne Sumske poremecaje
(Pedziszewska, Latatowa 2016) ili na razvoj Sume otvoreno-
ga sklopa (Wacnik et al. 2016). lako pojava peluda bora ta-
koder moze indicirati pojavu ove vrste na povrsini creta, sto
se takoder moze dovesti u vezu s promjenom vlaznosti na
samom tresetistu (Adamsson 2013), njegova pojava je dvo-
jaka i vjerojatno vise odraz visoke produktivnosti peluda
(Baker et al. 2015) i dalekoga transporta istoga (Dorfler 2013;
Margielewski et al. 2011). Connor et al. (2004) naglasavaju da
bor doprinosi s 35-50% akumuliranom peludnom spektru
kada se njegove sastojine nalaze u blizini mjesta uzorkova-
nja i s preko 50% kada je lokalno prevladavajuca svojta. Iz
toga proizlazi kako blago povecanje udjela bora, s obzirom
na njegovu vrlo nisku vrijednost, ne treba shvatiti kao poka-
zatelj lokalne prisutnosti ove vrste na samom cretu.

Iznenadujuce, istovremeno kontinuirano povecanje udje-
la bora, breze i lijeske nije praceno istovjetnim trendom po-
jave pougljenjenih cestica kao sto bi se moglo ocekivati.
Sli¢no je i s grabom, dominantnim stablom u Sumskome
mozaiku, iako je ova svojta pozitivno korelirana s vatrom
(Lamentowicz et al. 2019) i njegove mladice su svjetloljubi-
ve (Gardner 2002). Stovise, udjeli i koncentracije pougljenje-
nih ¢estica nizi su nego u ostatku jezgre, a gotovo nedostaju
tijekom kasnoga 15.i vecine 16. stoljec¢a. To je mozda po-
vezano s depopulacijom toga podrugja tijekom razdoblja
osmanlijskih upada na podrucja Korduna i Banovine koji su
praceni kolapsom rudarstva i metalurgije.

4.3.2. Antropogeni indikatori

Tijekom Zone 2 AP-NAP omjer polako se povecava, me-
dutim uz istovremeno znacajno povecanje udjela antropo-
genih indikatora. Po prvi puta se pojavljuju mnogobrojni
sekundarni antropogeni indikatori, zajedno s peludom
Zitarica — primarnim antropogenim indikatorom koji se u
sedimentu diskontinuirano pojavljuje od kasnoga 14. sto-
lie¢a nadalje. Nedostatak Zitarica primjecuje se krajem 17.
i vecine 18. stoljeca te na prijelazu iz 19. u 20.stoljece kada
se ujedno zapaza pelud heljde (Fagopyrum), pseudozitarice
koja ne pripada porodici trava. Medutim, prekid u kontinu-
iranoj pojavi peluda Zitarica ne predstavlja nuzno dokaz o
izostanku ratarske proizvodnje u odredenim periodima,
ali je indikativan. Naime, moguce je da se prilikom busenja
jezgre sedimenta ne zahvati sekvenca u kojoj se pelud ne-
ke svojte akumulirao ili izostanak iste moze biti posljedica
niske stope porodukcije peluda (Kunes et al. 2015), s obzi-
rom da su je¢am (Hordeum) ili pSenica (Triticum) autogamni
(Mercuri et al. 2013a). Medutim, tijekom vecéega dijela Zone
2 ¢ini se da je proso (Panicum) najrasirenija i najcesca Zita-
rica srediSnje Hrvatske, barem od 17. stolje¢a nadalje kada
postoje statisticki zapisi o uzgojnim kulturama na podru¢ju
srediSnje Hrvatske (Blanc 2003: 223-224). Na Zalost, strategi-
ja oprasivanja prosa nije utvrdena (Damialis, Konstantinou
2011).

Orah (Juglans), kao primjer arborikulture, prvi se puta
pojavljuje kontinuiranom krivuljom krajem 13. stoljeca, kao
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us that in the beginning of this period, economic activity
increased rapidly in Central Croatia due to the construction
of a Cistercian monastery in Topusko and the construction
of a Catholic church on Nikolina Hill during the 13* century,
which provides the basis for the development of a settle-
ment that soon grew into a market (Jakasa Bori¢, Dumbo-
vi¢ Bilusi¢ 2008). In 1303 a monastery was founded at Pe-
trovac (Petrova Gora), and not far from Blatusa was a town
of Perna, to which royal privileges were granted as early as
1225 (Skiljan 2007: 91). The Archdeaconate of Gorizia, whose
marginal area cover the study site, numbered more than 40
churches in the first half of the 14™ century (Razum 2003;
Vedri$ 2016). All this points to increased economic activity
during the Late Middle Ages, which is also reflected in the
bottom part of this zone. After all, the area between Kupa
and Una during the Late Middle Ages and Early Modern Pe-
riod was probably among the most densely populated are-
as of the Hungarian-Croatian Kingdom in general (Vedris
2016). However, in the second half of the 15 century, due
to the Ottoman incursions, the economy of Topusko began
to decline and the trade in the Una river valley generally ce-
ased (Adamcek 1969), which culminated in the burning of
city of Perna in the middle of the 16t century (Skiljan 2007:
8,92) and the situation stayed mostly unstable untill the be-
ginning the 18" century. Although the period of Ottoman
conquest is related to the devastation of the border area,
which should not be understood as a clearly defined line
but rather as a belt of “no man'’s land” or “sunkend world”
(VlIasi¢ 2017), what can be seen from the pollen diagrams
is somewhat different than what is usually stated for that
period. It is certainly mostly true that war devastation cau-
sed depopulation which lead to decline in agricultural acti-
vity (Sari¢ 2003: 245, 247). However, in the pollen diagrams
there is no lack of anthropogenic indicators, neither their
curves become discontinuous during Ottoman presence
in the adjacent area of the sampling site. One explanation
is that the pollen resolution in our investigation does not
allow accurate identification of economic opportunities for
narrow time units. Another explanation is that in the wider
area of Topusko and Perna agricultural activities have not
ceased, despite the fact, that a lack of charcoal particles in-
dicates a decline of economy. These two claims are not con-
tradictory as the state of imminent danger inevitably leads
to changes in the social organization. Positioned as a border
area with ever-present army which had to be fed, it seems
that the probable depopulation of the area was not accom-
panied by a simultaneous abandonment of agricultural or
livestock production or levels of land-use activities don't
correspond well with the depopulation process. Moreover,
indirect information in preserved Ottoman documents in-
dicates larger number of watermills which stands in dispro-
portion to the data on cereals production (Buzov 2003: 241).

Obviously, army support necessarily required maintai-
ning livestock farming, and partly a crop production in the
area between the Kupa and Una rivers. At the end of the 17"
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i trputac (Plantago lanceolata tip), a na njih se krajem 14.
stoljeca nadovezuje pelud dikice (Xanthium spinosum type)
i lobodnjaca (Chenopodiaceae) te, nesto kasnije, pelina (Ar-
temisia). Sve ove vrste ukazuju na ispasu ili ratarstvo, ili op-
¢enito ¢ovjekom utjecano staniste (Behre 1981; Sud-Picon
etal. 2006; Li et al. 2008; Brun 2011). Literaturni podaci govo-
re u prilog snaznoga ekonomskg razvoja sredisnje Hrvatske
pocetkom ove zone, $to se ogleda u izgradniji cistercitskoga
samostana u Topuskom i izgradnji katolicke crkve na Nikoli-
nom brdu tijekom 13.stoljeca, $to je uostalom pruzilo okvir
za formiranje naselja Topusko koje ¢e se uskoro razviti u tr-
govisce (Jakasa Bori¢, Dumbovi¢ Bilusi¢ 2008). Godine 1303.
osnovan je samostan na Petrovcu (Petrova Gora), a nedale-
ko od Blatuse nalazio se grad Perna, danas zaselak, kojem
su kraljevske povlastice dodijeljene davne 1225. godine
(Skiljan 2007: 91). Gori¢ki arhidakonat, ¢&ija jurisdikcija rub-
nim dijelom obuhvaca istrazivano podrugje, broji vise od 40
crkvi u prvoj polovici 14. stolje¢a (Razum 2003; Vedris 2016).
Sve to ukazuje na pojacanu gospodarsku aktivnost tijekom
kasnoga srednjeg vijeka, $to se odrazava i u sastavu palino-
morfa donjega dijela ove zone. Uostalom, podrugje izmedu
Kupe i Une tijekom kasnoga srednjeg vijeka i ranoga novog
vijeka vjerojatno je bilo medu najgusce naseljenim podruc-
jima Ugarsko-hrvatskoga kraljevstva (Vedris 2016). Medu-
tim, u drugoj polovici 15 stolje¢a, zbog osmalijskih upada,
ekonomija Topuskog pocinje slabiti te se trgovina dolinom
rijeke Une uglavnom prekida (Adamcek 1969), $to kulminira
sredinom 16. stoljeca kada grada Perna biva spaljen (Skiljan
2007: 8, 92). Opcenito situacija ostaje nestabilna do pocetka
18. stoljeca. lako se razdoblje osmanlijskih osvajanja pove-
zuje s devastacijom i razaranjem pograni¢noga podrudja,
koje se ne treba shvatiti kao jasno definiranu linija vec vise
kao pojas ,nicije zemlje” ili ,potonulog svijeta” (VIasi¢ 2017),
peludni dijagrami ukazuju na stanje stvari ponesto druga-
¢ije od onoga koje se obi¢no podrazumjeva. Zasigurno je
toc¢no pretpostaviti kako ratna razaranja uzrokuju depopu-
laciju koja dovodi do pada gospodarske (poljoprivredne)
aktivnosti (Sari¢ 2003: 245, 247), medutim u peludnom di-
jagramu ne zapaza se izostanak antropogenih indikatora,
niti njihove krivulje postaju prekinute tijekom osmanlijskih
prodora. Jedno od mogucih objasnjenja je da rezolucija
nasega istrazivanja ne omogucuje preciznu identifikaciju
gospodarskih prilika za kratke vremenske odsjecke. Drugo
objasnjenje je da na Sirem podrucju Topuskog i Perne poljo-
privredne aktivnosti nisu zamrle, premda pad udjela i kon-
centracije pougljenjenih cCestica ukazuju na to. Ove dvije
tvrdnje nisu kontradiktorne jer opsadno stanje neizbjezno
dovodi do promjena u drustvenoj organizaciji. Pozicionira-
no u grani¢nome podrucju sa stalno prisutnom vojskom ko-
ju je valjalo hraniti, ¢ini se da depopulacija Sirega podrug¢ja
Topuskog nije pracena istovremenim napustanjem ratarske
ili stocarske proizvodnje, odnosno da zemljoradnju i de-
populaciju valja promatrati kao dva, ne posve uskladena,
procesa. Stovie, neke informacije sacuvane u osmalijskim
dokumentima neizravno ukazuju na vedi broj vodenica (mli-
nica) no $to je ocekivano s obzirom na podatke o uzgoju i
proizvodniji Zitarica (Buzov 2003: 241).

Ocito, smjestaj vojske u pograni¢cnome podrucju nuzno
zahtijeva odrzavanje sto¢noga fonda i djelomi¢nu proiz-
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century the Ottomans withdrew to Bosnia and the Vlachs
inhabitans mainly settled in the liberated area (Skiljan 2007:
9; Budak 2007: 110). During this period grape pollen (Vitis) is
noticed. As the Vlach population was predominantly cattle-
breeding (Blanc 2003: 131), maybe changes in ethnical com-
position led to the neglect of arable farming which can
partly explain why cerealia pollen is lacking from the peat
sequence from the 18" century. During the 19t century, the
Military Frontier had higher developed animal husbandry
and fruit production, especially plums, then ‘civilic’ Croatia
(Pavlicevi¢ 1988). Also, that part of Habsburg Monarchy /
Austro-Hungarian Empire was among the last in terms of
forest cover proportion area, and Glina was the most popu-
lated town in the entire Military Frontier. From that period
the first occurrence of buckwheat (Fagopyrum) in the pollen
diagrams can be noticed.

4.3.3. Xanthium spinosum Pollen Type and Its Du-

bious Position in Pollen Records

Accidental findings of Xanthium spinosum type in the 9*"
century in our study site, together with continuous occurren-
ce and high abundance from the 14%/15%" century onwards,
can be compared with similar cases from Central Europe be-
fore Columbian discoveries (Kotaczek et al. 2010; Beug 2011),
but usually is neglected and is still a question open for dis-
cussion. According to Beug (2015), Xanthium spinosum type
include pollen of Ambrosia artemisiifolia, A. maritima, A. trifida
and Xanthium spinosum, all alien taxa for Europe except A.
maritima. A usually high value of this pollen type marks Eu-
ropean 19" and/or 20" century because, according to recent
knowledge, Xanthium spinosum was introduced from South
America via Europe to United Kingdom by 1713 and was later
naturalised (Xanthium spinosum 2020). The first occurrence of
Ambrosia taxa can be placed in the 17" or the 18t century
(Ambrosia artemisiifolia 2020). Even Ambrosia artemisiifolia
and Xanthium spinosum were noticed on Croatian territory
in the 19" or the 20™ centuries, respectively (Miti¢ 2014a:
64-69; 2014b: 284-287), in the 16" century Mathioli already
wrote a note on Xanthium growth in Europe (Jankovska 2011).
Jankovska (2011) supports the evaluation of the taxon as an
archaeophyte, i.e. a plant already introduced to Europe by
pre-Columbian times. Moreover, Nosova et al. (2017) recor-
ded Ambrosia pollen before a new era, suspecting that this
species become present on the European continent during
or after Early Modern Period. Therefore, although the early
appearance of pollen of this species can be interpreted as an
error in age dating of the soil layers (Kotaczek et al. 2010) or
disturbances in the peat accumulation, the appearance of
this species remains intriguing. Phytogeographical analysis
of some plants has already been shown as dubious, eg. Da-
tura stramonium is treated as Asian or American taxon (Miti¢
2014c: 134-137) and originated either in Mexico or Caspian/
India region (Busia, Heckels 2006). On the other hand, some
of the plants like Chamomilla suaveolens (Purxh) Rydb. have
both American and Asian distribution (Borsi¢ 2014: 106-109),

vodnju usjeva. Ipak, krajem 17. stolje¢a dolazi do povlacenja
Osmanlija u Bosnu te vlaski stanovnici uglavnhom naseljava-
ju oslobodeno podrugje (§kiljan 2007: 9; Budak 2007: 110).
U tom razdoblju primjecuje se pojava peluda grozda (Vitis).
Kako je vlaska populacija bila pretezno orjentirana na sto-
carstvo (Blanc 2003: 131), mozda je napustanje ratarske pro-
izvodnje uzrokovano promjenom eti¢koga sastava stanov-
nistva dio objasnjenja zasto pelud Zitarica nedostaje u se-
gmentu jezgre datiranom u 18.stoljece. Tijekom 19.stoljeca
Vojna krajina ima razvijenije stocarstvo i vocarstvo, osobito
uzgoj sljiva, od ‘gradanske’ Hrvatske (Pavlicevi¢ 1988). Ta-
koder, taj dio Habsburske Monarhije/Austro-Ugarskoga
Carstva bio je medu posljednjima po povrsini nastavanoj
Sumskom vegetacijom, a nedaleka Glina bila je najnaselje-
niji grad u cijeloj Vojnoj krajini. U tome razdoblju moze se
primijetiti i prva pojava heljde u peludnom dijagramu.

4.3.3. Xanthium spinosum peludni tip i dvojbe oko

njegove pojave u peludnom dijagramu

Pojava dikice (Xanthium spinosum peludni tip) na istra-
zivanome podrugju tijekom 9. stoljeéa, zajedno s kontinu-
iranom pojavom i visokom zastupljenoscu iste od 14./15.
stoljeca nadalje, moze se usporediti sa sli¢cnim zapazanjima
na podrucju srednje Europe prije Kolumbovoga otkric¢a
Amerika (Kotaczek et al. 2010; Beug 2011). Medutim, takva
rana pojava ovoga peludnog tipa obi¢no se zanemaru-
je i predstavlja otvoreno pitanje za raspravu. Prema Beug
(2015), Xanthium spinosum tip ukljucuje pelud svojti Ambro-
sia artemisiifolia, A. maritima, A. trifida i Xanthium spinosum,
odreda strane svojte za podrucje Europe izuzev A. maritima.
Obic¢no visoki udio ovoga peludnog tipa oznacava prijelaz
iz 19. na 20. stoljece jer je, prema novijim saznanjima, svojta
Xanthium spinosum uvezena iz Juzne Amerike preko Europe
do Velike Britanije oko 1713. godine, a potom je naturalizi-
rana (Xanthium spinosum 2020). Pojava svojti roda Ambrosia
na europskome tlu moze se pak smjestiti u 17.ili 18. stoljece
(Ambrosia artemisiifolia 2020). lako su i Ambrosia artemisiifo-
lia i Xanthium spinosum zamijeéeni na hrvatskom ozemlju u
19., odnosno 20. stolje¢u (Miti¢ 2014a: 64-69; 2014b: 284—
287), Matthioli jo$ u 16. stoljecu piSe opasku o prisutnosti
roda Xanthium u Europi (Jankovska 2011). Jankovska (2011)
podrzava misljenje da bi dikicu valjalo smatrati arheofitom,
odnosno svojtom koja je u Europi od pretkolumbovskoga
vremena. Stovise, Nosova et al. (2017) uocili su akumulira-
nu pelud ambrozije u sedimentu datiranom prije nove ere
dovodedi u sumnju prisutnost ove svojte tek od razdoblja
novoga vijeka. Premda se rana pojava Xanthium spinosum
peludnoga tipa moze opravdati pogreskom u preciznosti
radiodatiranja starosti odsjecaka sedimenta (Kotaczek et al.
2010) ili poremecajima u kontinuitetu akumuliranja trese-
ta, rana pojava ovoga peludnog tipa svejedno je neoceki-
vana. Fitogeografska analiza ve¢ je pokazala dvojbenost u
tumacenju porijekla nekih vrsta, npr. bijeli kuznjak (Datura
stramonium) tretira se kao azijski ili ameri¢ki takson (Miti¢
2014c: 134-137) te prirodni areal ove svojte obuhvaca ili po-
dru¢je Kaspijskoga jezera/Indije ili pak Meksika (Busia, Hec-
kels 2006). S druge strane, neke vrste poput zute kamilice
(Chamomilla suaveolens) imaju i ameri¢ku i azijsku raspro-
stranjenost (Borsi¢ 2014: 106-109), Dakle, je li moguce da
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So, is it the same with plants that belongs to Xanthium or
Ambrosia genus? Is it possible that Ambrosia artemisiifolia has
American and Euroasiatic distribution naturally? Or that some
other taxon of the genera Ambrosia and Xanthium was more
widespread in the past? Is it possible that pollen from some
other plants, not yet included in the pollen atlases, belong
to Xanthium spinosum pollen type? Obviously, more investi-
gation about this question needs to be conducted in future.

4.3.4. Environmental Changes on the Mire Surface

Sharp decline of Sphagnum spores in the late 14th cen-
tury, accompanied by simultaneously sharp increase of sed-
ge pollen marked the transition from ombrotrophic bog to
more minerotrophic poor fen. Succession pattern can be
changed or induced by climate, fires, flooding, land uplif-
ting, or changes in catchment water (Tuittila et al. 2007)
which may result in an accelerated or reversed hydroseral
succession (Hughes, Dumayne-Peaty 2002; Rydin, Jeglum
2006; McClymont et al. 2008). So, it seems that transition
which occured during the last 600 years, from ombrotrophic
to more minerotrophic conditions, can be explained in
different ways and will be discussed shortly here. There are
many examples when drier conditions trigger the decline in
Sphagnum abundance (eg. Latto, Fitter 1989; Mawby 1995;
Gatka et al. 2017b) with simultaneous increase in sedges
pollen (Stallegger 2008; Gatka et al. 2017a; 2017b). In very
well studied drier parts of Britain, where ombrogenous bog
is unable to develop, complexes of reed swamp, sedge fen,
carr and Molinia-Myrica-Sphagnum communities occurred.
To this type of mire linked term “valley bogs” (Newbould,
Gorham 1956) is accepted and adopted in Central Europe
(Kulczynski 1949). This mosaic of wetland communities is
very similar to nowadays situation on the study site in Croa-
tia. In general, drier conditions on a bog surface (increasing
the depth of the oxygenated acrotelm) will increase decom-
position rates and increase nitrogen mineralisation (Ander-
son 2002). Secondly, dry peatland surface maintenance
burning episodes and fire activity may release enough nu-
trients to favor succession to more minerotrophic peatlands
(Kost et al. 2007). Although charcol particles were not nu-
merous as in the previous (sub)zones, even lacking during
the 16™ century, their decrease could be linked to stronger
combustion and not only to lower frequency of burning.
Anthropogenic activities like mowing followed by burning
counteracted acidification but increased nutrient availabi-
lity and led to dominance by highly productive graminoids
(Craft 2016: 178). Jassey et al. (2017) also showed that vascu-
lar plants benefit from decreasing water level with an incre-
ase of graminoids, especially Eriophorum vaginatum.

The opposite scenario is also possible. Although om-
brotrophication process will be supported when high pre-
cipitation is combined with low evapotranspiration (Rydin,
Jeglum 2006: 131) there is some sporadic evidence that the
same process can be ceased by flooding episodes. Granath
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svojte koje pripadaju rodovima Xanthium ili Ambrosia tako-
der imaju dvojbeno porijeklo? Je li moguée da Ambrosia ar-
temisiifolia zapravo ima americku i euroazijsku distribuciju?
lli pak da je neka svojta iz rodova Ambrosia i Xanthium bila
rasirenija u proslosti? Postoji li mogu¢nost da pelud nekih
drugih, peludnim atlasima ne obuhvacenih svoijti, pripada
Xanthium spinosum peludnome tipu? Ocito, potrebno je pri-
kupiti dodatne podatke kako bi se ovo pitanje razmrsilo u
buduénosti.

4.3.4. Okolisne promjene na podruéju samoga creta

Nagli pad udjela spora maha tresetara (Sphagnum) u
kasnom 14. stolje¢u, uz istovremeni izraziti porast spora
paprati, oznacuje prijelaz iz ombrotrofnog u siromasni mi-
nerotrofni prijelazni cret. Obrazac sukcesije se opcenito mi-
jenja, odnosno potice klimatskim promjenama, poZarima,
poplavama, uzdizanjem kopna ili promjenama u slivno-
vodnom podrugju (Tuittilaet al. 2007), sto moze rezultirati
ubrzanomiili obrnutom hidroserijskom sukcesijom (Hughes,
Dumayne-Peaty 2002; Rydin, Jeglum 2006; McClymont et
al. 2008). Stoga se ¢ini da tranziciju tijekom posljednjih 600
godina, od ombrotrofnih do prevladavaju¢ih minerotrofnih
uvjeta, moZemo sagledatii razjasniti na razlicite nacine, $to
jeisvrha ovoga odlomka. Mnogo je primjera kada susi uvje-
ti postaju okidadi nestajanja maha tresetara na odredenom
podru¢ju (npr. Latto, Fitter 1989; Mawby 1995; Gatka et al.
2017b), uz istovremeno povecanje udjela Saseva (Stallegger
2008; Gatka et al. 2017a; 2017b). U vrlo dobro potkrijeplje-
nim istrazivanjima susih dijelova Britanije, gdje se ombroge-
ni cretovi ne mogu razviti, nalazimo kompleksna mocvarna
stanista s razvijenim tr8¢acima, $asevima, grmoliko-drvena-
stom vegetacijom (najcesce s prevlascu johe i vrba) te Moli-
nia-Myrica-Sphagnum zajednice. Ovakav tip creta naziva se
,dolinskim cretom” (Newbould, Gorham 1956) ili ,cretom
udoline”, a pojam je prihvacden i usvojen u srednjoj Europi
(Kulczynski 1949). Takav mozaik stanista neodoljivo podsje-
¢a na trenutno stanje creta u Blatusi. Opcenito, susi uvjeti
na povrsini creta (povecana dubina oksigeniranog akrotel-
ma) povecati ¢e stopu raspadanja organske tvari i minerali-
zaciju dusika (Anderson 2002). Ujedno, susa povrsina creta
olaksava pozarne epizode, a vatrom zahvaceno podrucje
osloboda dovoljno nutrijenata $to potice sukcesiju prema
minerotrofnim cretovima (Kost et al. 2007). lako pouglje-
njene Cestice nisu brojne kao u prethodnim (pod)zonama,
a Cak izostaju tijekom 16. stolje¢a, pad njihovoga udjela i
koncentracije nuzno ne znaci izostanak ili nizu ucestalost
pozara, ve¢ moze biti posljedica jaCega izgaranja organske
tvari (pozari visokoga intenziteta). Antropogene aktivno-
sti, primjerice kosnja nakon koje slijedi spaljivanje otkosa,
sprecavaju zakiseljavanje supstrata, a poveéana dostupno-
sti hranjivih tvari dovodi do prevlasti visoko produktivnih
travolikih svojti (Craft 2016: 178). Jassey et al. (2017) takoder
su pokazali da vaskularne biljke imaju koristi od snizavanja
razine vode prilikom ¢ega se povecava udio, primjerice,
cretne suhoperke (Eriophorum vaginatum).

Obrnuti scenarij takoder je moguc. lako povecana kolici-
na oborina podupire ombrotrofikaciju u uvjetima niske eva-
potranspiracije (Rydin, Jeglum 2006: 131), postoje neki spo-
radi¢ni dokazi da isti proces moze biti zaustavljen uslijed
poplavnih epizoda. Granath et al. (2010) su pokazali da ¢ak
i kratko razdoblje potapljanja maha tresetara moze uzroko-
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et al. (2010) has shown that even a short period of submer-
gence can be lethal for some Sphagnum taxa in a way that
the ombotrophication process is stopped. Also, Umeda et
al. (1986), Svensson (1988), Glaser et al. (1990) noticed retro-
gression on the mire surface — transition from bog to fen
due to flooding events. Haliuc et al. (2017) observed for
Central-Eastern Europe drier conditions during the Little
Ice Age which are in contrast with the situation in the Alps
(Wirth et al. 2013) - these differences highlighted all the
complexity of hydrological conditions during the last half
millennia. As the studied site is on a one-third distance
between Alps and Carpathians, the key question is whether
wet or dry conditions prevailed in the northernwest part of
the Balkan Peninsula. Today the mire surface is overgrown
by Molinia, a grass which grows on sites with high water
fluctuation which often falls below the shallow root and
peat layer (Rybnicek et al. 1984: 15-68). This taxon is best
adapted to water-table fluctuations, fire action, aeration
and mineralization of the peat substrate which is increa-
sed by peripheral drainage (Deuse 1949; Rutter 1955; Web-
ster 1962). However, its high abundance may be a result of
more recent digging of canals, or the use of peat than the
drought indicator caused by lower precipitation. A slightly
different moisture level is required with stands of Typha lati-
folia and Phragmites australis (reed), mostly found at a water
depth of 10-50 cm. However, both taxa tolerate significant
fluctuations in water column height (Sumberova 2011a;
2011b). Moreover, when reed plants are completely floo-
ded (especially young shoots) during floods, the plants die
(Zakravsky, Hroudova 2007) and habitat of Typha latifolia
quite often dry out during the summer. Nevertheless, Typha
shows strong increase at permanently inundated sites
(Timmermann et al. 2006). Its constant presence at the stu-
dy site during this zone, accompanied by a short appearan-
ce of Myriophyllum spicatum pollen, suggest the occurrence
of small temporary shallow water body. Both taxa indicate
a higher moisture level during the first half of this zone si-
milarly to the nowadays frequent Carex lasiocarpa, mostly
found on sites where water table is slightly above the soil
surface for most of the year (Hajkova 2011: 534-537). As was
explained above, the most of recent growing sedges taxa
have ambiguous position when we are talking about their
water requirements, but prevailed during a higher moisture
level. A short appearance of amoebae Hyalosphenia papilio
and Amphitrema flavum (Lamentowicz et al. 2007), accom-
panied by some discontinuous occurence of Spirogyra and
Diatomeae confirms wetter episodes. Luckily, some infor-
mation about weather conditions from Croatia or bordering
area during the Little Ice Age (LIA) is known from written
sources (Susnjara 2003; Mrgi¢ 2018). Excessively wet (years
1770, 1778, 1785, 1789) or very warm summers with lack of
precipitation (years 1772, 1774, 1779, 1783, 1788, 1797) occu-
rred in eastern Croatia (Mrgi¢ 2018). Similar extreme circum-
stances with, for example, episodes of snowfall during the

vati ugibanje nekih svojti roda Sphagnum &ime se ujedno
i proces ombrotrofikacije zaustavlja. Takoder, Umeda et
al. (1986), Svensson (1988), Glaser et al. (1990) primijetili su
retrogresiju — prijelaz iz uzdignutoga prema prijelaznome
cretu uslijed plavljenja povrsine creta. Haliuc et al. (2017)
isticu suSe uvjete na podrudju srednjoistoc¢ne Europe tije-
kom malog ledenog doba, 3to je u suprotnosti s opazanjima
na podrucju Alpa (Wirth et al. 2013) - te razlike naznacuju
svu slozenost hidroloskih uvjeta tijekom posljednjih pola
tisuc¢ljeca. Kako je podrugje uzorkovanja nase jezgre sedi-
menta na trecini udaljenosti izmedu Alpa i Karpata, klju¢no
je pitanje je li u krajnjem sjeverozapadnom dijelu Balkan-
skoga poluotoka tijekom LIA anomalije prevladavao susniji
ili vlazniji klimatski obrazac. Danas je povrsina creta obrasla
beskoljenkom (Molinia), svojtom koja nastava mjesta visoke
fluktuacije vode koja najcesce pada ispod sloja rizosfere i
tresetnog supstrata (Rybnicek et al. 1984: 15-68). Ova svojta
trave najbolje je prilagodena promjenama razine vodnoga
lica, pozarima, aeraciji i mineralizaciji tresetne podloge, pro-
cesima koje periferna drenaza potice (Deuse 1949; Rutter
1955; Webster 1962). Medutim, prorastenost creta besko-
lienkom mozda je vise rezultat melioracijskih zahvata ili va-
denja tresetnoga materijala od strane ¢ovjeka nego indika-
tor zasusSivanja uzrokovanoga manjom koli¢inom oborina.
Nesto drugadija razina zasi¢enosti tla vodom potrebna je za
razvoj sastojina sirokolisnoga rogoza (Typha latifolia) ili trske
(Phragmites australis), vrsta koje uglavnom nalazimo na sta-
nistima s vodnim stupcem dubine od 10-50 cm. Medutim,
obje svojte toleriraju znacajna kolebanja visine vodnoga
lica (Sumberova 2011a; 2011b). Stovise, kada je trska pot-
puno poplavljena (posebice mladi izbojci), biljke ugibaju
(Zakravsky, Hroudova 2007), a i stanista Sirokolisnoga rogo-
za nerijetko se ljeti isuse. Ipak, rogoz pokazuje snaznu kon-
kurentnost na trajno plavljenim mjestima (Timmermann
et al. 2006). Kontinuirana prisutnost peluda rogoza u sedi-
mentu ove zone, nadopunjena pojavom peluda klasastoga
krocnja (Myriophyllum spicatum), ukazuje na kratkotrajno
postojanje plitkoga vodenog tijela na povrsini creta. Obje
spomenute vrste ukazuju na vecu zasi¢enost tla vodom ti-
jekom prve polovice Zone 2. Na sli¢no navodi danas poveca
populacija koncastog 3asa (Carex lasiocarpa), vrste koja se
uglavnom biljeZi na mjestima gdje je vodeno lice iznad po-
vriine tla vedi dio godine (Hajkova 2011: 534-537). Kao $to
je prethodno objasnjeno, i vecina danas rastucih $aseva na
cretu ima dvojak poloZzaj kada govorimo o njihovim zahtje-
vima za zasis¢enoscu tla vodom, premda prevladavaju tije-
kom vise razine vlaznosti. Kratkotrajna pojava ameba Hya-
losphenia papilio i Amphitrema flavum (Lamentowicz et al.
2007), nadopunjena povremenom pojavom algi Spirogyra
i Diatomeae, potvrduju epizode izrazite vlaZznosti. Srecom,
neke informacije o vremenskim prilikama tijekom malog
ledenog doba na podrug¢ju Hrvatske ili u pograni¢nom po-
dru¢ju poznate su iz pisanih izvora (Su$njara 2003; Mrgi¢
2018). Pretjerano kisne godine (1770., 1778., 1785., 1789.) ili
godine s vrlo toplim ljetima i nedostatkom padalina (1772.,
1774., 1779., 1783., 1788., 1797.) pogodile su isto¢nu Hrvat-
sku tijekom novoga vijeka (Mrgi¢ 2018). Sli¢ne ekstremne
klimatske prilike, primjerice s epizodama snjeznih padalina
tijekom ljetnih sezona, zabiljeZzene su u franjevackim kroni-
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summer season were recorded in the Franciscan chronicles
in neighboring Bosnia and Herzegovina, in the area close
to Croatian border (Sugnjara 2003). Dry and wet years in the
last four centuries were confirmed for the Balkans by den-
droclimatological analysis (Levanic et al. 2013; Hafner et al.
2014) accompanied by extreme high and very low values of
sunshine hours, the latter connected to volcanic eruptions
in the past (Poljan3ek et al. 2013). Moreover, the cultivation
of sensitive crop varieties and Juglans (Mercuri et al. 2013b;
Gogou et al. 2016) along the Sava river (Kulkarni et al. 2018)
or spread of rice (Oryza sativa) in the Balkans can be attri-
buted to both the wetter climate regime during LIA and to
its extensive use in the Ottoman cuisine (Sharma 2010). All
these support the idea that if LIA was described like cooler
and drier period for Central Europe, the western part of the
Balkans did not suffer a drought. More likely the last 600
years can be described as a period with extreme episodes
of flooding events followed by drought. For this reasons,
strong mineralisation on broader mire area occurred, mar-
ked by very high percentage of sedge pollen, but still some
ombrotrophic taxa are preserved nowadays on the study
site, eg. Sphagnum megallanicum, Sphagnum capillifolium
and S. rubellum (Alegro, §egota 2009). Stallegger (2008)
show that when preturbation ceases, ephemeral pioneeric
vegetation is quickly displaced by better competitors, like
taller Cyperaceae. Still, a sharp decline of Sphagnum in the
late 14" and during the 15" century, and its very low value
from the very late 18" to the 20™ century is accompanied by
a sharp increase of Assulina muscorum and A. seminulum in
the 17* century, thecoamoebae characteristic for drier poor
fens (van Geel et al. 1989) or general low nutrient content
in Sphagnum dominated mire. Lamentowicz et al. (2015)
showed that both species are correlated with low depth to
the water table. A similar rapid increase of Assulina musco-
rum during the last 300 years, after the expansion of vascu-
lar plants, was observed in Poland by Marcisz et al. (2019). It
seems that Assulina can quickly migrate to dry habitats (La-
mentowicz, Mitchell 2005). This reflects the complexity of
the study site (ombrotrophy vs. minerotrophy, dry vs. wet)
on the broader mire area.

Still, higher moisture level prevailed, probably caused by
prolonged snow retention, higher amount of precipitation or
a decrease in evapotranspiration caused by lower tempera-
tures. However, it is impossible to conclude if retrogression
from ombrotrophy to mineritrophy during this zone is more
a result of changing of precipitation, flood frequencies cau-
sed by river Cemernica or human impact reflected in peat
burning or even peat mining. Although this one-site study
maybe doesn't reflect the regional hydrological regime and
is more a result of specific topographical features accompa-
nied by fire regime or other human impact on the study site,
a more humid LIA period than stated for Romania (Feurdean
et al. 2015) is also indicated for Serbia (Kulkarni et al. 2018)
highlighting possibly decreasing moisture gradient from we-
stern to eastern part of the Balkans.
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kama susjedne Bosne i Hercegovine za podruéja uz samu
granicu s Hrvatskom (Sudnjara 2003). Izuzetno suhe i vlazne
godine potvrdene su kroz posljednja Cetiri stolje¢a na Bal-
kanu dendroklimatoloskom analizom (Levani¢ et al. 2013;
Hafner et al. 2014) od kojih se neke odlikuju ekstremno vi-
sokim ili vrlo niskim trajanjima suncanih sati — potonji ishod
povezan je s vulkanskim erupcijama u proslosti (Poljansek
et al. 2013). Stovise, uzgoj osjetljivih usjeva i oraha (Mercuri
et al. 2013b; Gogou et al. 2016) uz rijeku Savu (Kulkarni et al.
2018) ili Sirenje rize (Oryza sativa) na Balkanu moze se pripi-
sati vlaznijem klimatskom rezimu tijekom LIA anomalije te
obilnoj upotrebi spomenutih biljnih kultura u osmanlijskoj
kuhinji (Sharma 2010). Sve to podrzava ideju da, ako se malo
ledeno doba opisuje kao hladnije i susnije razdoblje za po-
drudju sredisnje Europe, zapadni dio Balkana nije pretrpio
susu. Prije bi se posljednjih 600 godina moglo opisati kao
razdoblje s ekstremnim epizodama poplavnih dogadaja na-
kon Cega slijede razdoblja suse. Nevedeni razlozi doveli su
do snazne mineralizacije na Sirem podrucju creta obiljeze-
ne vrlo visokim postotkom peluda $aseva, ali ipak uz o¢uva-
nje nekih ombrotrofnih svojti koje su i danas prisutne, npr.
Sphagnum megallanicum, S. capillifolium iS. rubellum (Ale-
gro, Segota 2009). Stallegger et al. (2008) ukazuju da ka-
da poremecaji na stanistu prestanu, privremena pionirska
vegetacija biva brzo zamjenjena kompetititorskim vrstama
kao sto su zajednice visokih 3aseva. Strmoglavi pad udjela
maha tresetara krajem 14. i tijekom 15. stoljeca, uz vrlo nis-
ke vrijednosti istoga od kraja 18. do 20. stoljeca, prati nagli
porast udjela okucenih ameba Asulina muscorum i A. semi-
nulum u 17. stoljecu. Obje vrste ameba karakteristi¢ne su za
suhe siromasne prijelazne cretove (van Geel et al. 1989) ili
opcenito nizak sadrzaj hranjivih tvari u sfagnumskim creto-
vima. Lamentowicz et al. (2015) pokazali su kako su amebe
roda Assulina u korelaciji s malom udaljenos$¢u do vodnog
lica. Znacajno povecanje udjela vrste Assulina muscorum na-
kon ekspanzije vaskularnih biljaka u posljednjih 300 godi-
na, sliéno nasem primjeru, primjeceno je u Poljskoj (Marcisz
et al. 2019). Cini se da Assulina moze brzo migrirati na suha
stanista (Lamentowicz, Mitchell 2005). To odrazava svu mo-
zai¢nost mikrostanista (ombrotrofija vs. minerotrofija, suho
vs. mokro) koji se istovremeno mogu nalaziti na podrucju
creta.

Ipak, glavninom ove zone prevladava pojacana vlaznost
supstrata, vjerojatno uzrokovana dugotrajnim zadrzava-
njem snijega, ve¢om koli¢inom padalina ili smanjenom eva-
potranspiracijom zbog nizih temperatura. Doduse, nemo-
guce je sa sigurnoscu zakljuciti je li retrogresija od ombro-
trofije prema minerotrofiji tijekom ove zone vise posljedica
promjene koli¢ine padalina, ucestalosti plavljenja rijecice
Cemernice ili ljudskoga utjecaja koji se ogleda u paljenju
ili kopanju treseta. Premda ova studija mozda ne odraza-
va regionalni hidroloski rezim i vise je rezultat specifi¢nih
topografskih znacajki upotpunjenih pozarnim epizodama
ili drugim ljudskim utjecajem na samome cretu, vlazniji kli-
matski obrazac tijekom malog ledenog doba, od utvrdenog
za Rumunjsku (Feurdean et al. 2015), indiciran je na podruc-
ju susjedne nam Srbije (Kulkarni et al. 2018), $to dodatno na-
glasava moguci padajudi gradijent vlaznosti od zapadnoga
prema isto¢nom dijelu Balkana.
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5. CONCLUSION

In short, three different pollen assemblage (sub)zones
can be distinguished: a dominance of alder-beech/oaks
from the 2" to the middle of the 7" century - Zone 1a; gra-
sses-beech/oaks from middle of 7 to the end of the 13®
century — Zone 1b; grasses-hornbeam/oaks from the be-
ginning of 14™ to the beginning of the 20™ century - Zone
2. On mire site, transition from alder carr to poor fen occu-
red during 6™ century (Zone 1a) followed by succession
from poor fen to (raised?) bog in the 11* century (Zone 1b)
and finally retrogression to more minerotrophic poor fen
occured from the late 14t century to the beginning of 20t
century (Zone 2). Microcharcoal and macrocharcoal curves
showed the same shape across the whole analyses core,
questioning whether customary charcoal size (microchar-
coal 10 - 100 um, macrocharcoal > 100um) reflects regional
and local fire events properly. Charcoal percentages (ratio)
and abundance (concentrations) were highest during the
Zone 1b, which mostly coincides with wetter Medieval Cli-
mate Anomaly on our research area. Retrogression on mire
site from ombrotrophy to minerotrophy at the beginning of
Little Ice Age is probably caused by fluctuation in moisture
level, with frequent flooding events. Direct human impact
on vegetation can be traced from the 14" century onwar-
ds when cerealia pollen for the first time occurred, accom-
panied by continuous curves and/or higher percentages
of secondary anthropogenic indicators and higher pollen
richness, as well.

Although this paper provides introduction to envi-
ronmental changes on Central Croatia during the last two
millennia and it is the first attempt to evaluate palaeoenvi-
ronment by using different proxies, a whole set of additi-
onal analysis is needed to describe hydrological regime,
fire history or trophic state of mire surface more accurately
and with greater certainty. Nevertheless, as was stressed
above, pollen assemblage zones give us information about
plant cover and changes in abundance of arboreal, non-ar-
boreal and local taxa, caused by human impact or climate
changes. The abundance and concentrations of charcoal
particles and non-arboreal pollen can indicate the level of
anthropogenic pressure that is not always accompanied
by significant changes in vegetation structure and compo-
sition, just as high proportions of grass pollen may better
reflect natural succession processes than necessarily indi-
cate habitat opening or forest clearing in a wider area. The
appearance of some palynomorphs indicates the presence
of species that no longer grow on the mire surface or are
rarely recorded, such as Lycopodiella inundata and Antoce-
rotidae. Differentiation between human impact or climate
change, however, still remains difficult.
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5.ZAKLJUCAK

Na istrazivanome podrucju mogu se razlikovati tri (pod)
zone akumulacije peluda: joha-bukva/hrastovi dominiraju
Zonom 1a, od 2. do sredine 7. stoljeca; trave-bukva/hrastovi
dominiraju Zonom 1b, dakle od sredine 7. do kraja 13. sto-
ljeca; trave-grab/hrastovi dominiraju Zonom 2, od pocetka
14.do pocetka 20. stoljeca. Lokalno na Blatusi tijekom 6. sto-
ljieca odvija se prijelaz iz johom obrasloga tresetista prema
siromasnom minerotrofnom prijelaznom cretu (Zona 1a),
a potom slijedi sukcesija prema ombrotrofnom (uzdignu-
tom?) cretu u 11. stoljecu (Zona 1b) i konacno retrogresija
prema siromasnom minerotrofnom prijelaznom cretu kra-
jem 14. stoljeca (Zona 2), $to odgovara uvjetima na stanistu
sve do pocetka 20. stoljeca. Krivulje omjera i koncentracija
mikro (10 = 100 um) i makro (> 100 um) pougljenjenih cesti-
ca pokazuju podjednak oblik duz cijele analizirane jezgre,
¢ime se dovodi u pitanje jesu li izabrane veli¢inske frakcije
zbilja valjani pokazatelji lokalnih, odnosno regionalnih po-
zara. Postoci (omjer) i abundancija (koncentracije) pouglje-
njenih Cestica bili su najvisi tijekom Zone 1b, sto se uglav-
nom podudara s vlaznijom srednjovjekovnom klimatskom
anomalijom na istrazivanome podrudju. Retrogresija od
ombrotrofije do minerotrofije poc¢etkom malog ledenog
doba vjerojatno je uzrokovana kolebanjem razine vlaznosti,
uz brojne poplavne epizode. Izravni utjecaj covjeka na ve-
getaciju moze se pratiti od 14. stoljeca nadalje kada se po
prvi puta pojavljuje pelud Zzitarica, ujedno pracen kontinui-
ranim krivuljama i/ili ve¢im udjelom sekundarnih antropo-
genih indikatora kao i ve¢im peludnim bogatstvom u odno-
su na ranije (pod)zone.

lako ovaj rad daje okvirni pregled promjena okolisa na
podrucju sredisnje Hrvatske tijekom posljednja dva tisuclje-
¢a, a ujedno predstavlja i prvi pokusaj vrednovanja paleoo-
kolisnih promjena koristenjem razlicitih pokazatelja, ¢itav niz
dodatnih analiza potreban je kako bi se promjene hidrolos-
koga rezima, ucestalost i jacina pozara ili troficko stanje sa-
moga creta mogle preciznije i s ve¢om sigurnodc¢u utvrditi.
Uprkos tome, zone akumulacije peluda daju nam informacije
o biljnom pokrovu i promjenama u ucestalosti drvenastih
(arborealnih), zeljastih (neaborealnih) i lokalnih palinoloskih
vrsta uzrokovanih ljudskim utjecajem ili klimatskim promje-
nama. PoviSeni omjeri i koncentracije pougljenjenih Cestica
i peluda nedrvenastih vrsta mogu ukazivati na stopu an-
tropogenoga pritiska koja nije uvijek popracena jednako
znacajnim promjenama u strukturi i sastavu vegetacije, kao
$to visoki udjeli peluda trave mogu ponekad bolje odraza-
vati procese prirodne sukcesije nego $to nuzno ukazuju na
otvaranje stanista ili kréenje Suma na Sirem podrucju. Pojava
nekih peludnih tipova dokazuje prisutnost vrsta koje vise ne
rastu na samom cretu u Blatusi ili se rijetko biljeze, kao $to su
cretna crvotocina (Lycopodiella inundata) i antocerote (Anto-
cerotidae). Razlikovanje antropogenih od klimom uzrokova-
nih procesa, medutim, i dalje ostaje zamr3eno.
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