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Ab stract
The re sults of pol len, non-pol len palynomorph and microcharcoal par ti cle anal y ses of de pos its from a small pond in
north east ern Po land are pre sented. The study fo cused on hu man-in duced veg e ta tion changes that oc curred in a close
vi cin ity of the set tle ment com plex at Poganowo dur ing the Mid dle Ages (ca 10th–16th cen tu ries). We dis tin guished
three phases of hu man im pact. First and third phases cor re spond to in ten si fied set tle ment ac tiv ity. The sec ond phase
was a pe riod when hu man ac tiv ity de creased and wood land re gen er a tion took place. The high in ci dence of the par a -
sitic fun gus Kretzschmaria deusta in a lo cal for est stand dur ing the third phase was si mul ta neous with nu mer ous
spores of coprophilous fungi (Sordaria-type and Cercophora-type). We con sider that Kretzschmaria deusta in hab ited
the roots and bases of tree trunks dam aged by dig ging and graz ing an i mals.
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IN TRO DUC TION

A use of in di ca tor char ac ter is tics of some plant taxa, as
well as of other or gan isms, is a fun da men tal method in
palaeo ec ol ogy, en abling re con struc tion of past en vi ron -
ments (e.g. Birks, 2003; Lata³owa et al., 2013). Among the
microfossils that are ob served in pol len slides, fungi, al gae
and other non-pol len palynomorphs (NPP) have be come par -
tic u larly im por tant, be cause of their po ten tial to im prove re -
con struc tion of past eco sys tems (van Geel, 2001; van der
Lin den et al., 2012). Van Geel and Aptroot (2006) un der -
lined that fun gal re mains are of high po ten tial in this con text.
In par tic u lar, these au thors em pha sized the im por tance of
fun gal taxa with well-char ac ter ized bi o log i cal and eco log i -
cal re quire ments, e.g. Sporormiella sp. and Sordaria sp.,
which are in di ca tors for dung, or Kretzschmaria deusta, a
par a site on de cay ing wood, in di cat ing pres ence of their host
trees. How ever, a palaeo eco logi cal po ten tial of fun gal re -
mains has not yet been fully ex plored. We pres ent re sults of
palynological anal y sis in the frame work of in ter dis ci plin ary
re search pro ject con ducted in the set tle ment com plex at
Poganowo (Szal et al., 2013; Wyczó³kowski et al., 2013).
This set tle ment com plex is lo cated en tirely in a for est, and
nearby there are nu mer ous small peat bogs and ponds suit -
able for lo cal-scale veg e ta tion re con struc tions (com pare
Sugita et al., 2007). Our main ob jec tive was to study trans -

for ma tion of veg e ta tion caused by hu man ac tiv ity. More -
over, by the ap pli ca tion of NPP and microcharcoal par ti cle
anal y sis we tried to char ac ter ize farm ing mod els, as sum ing
the pos si bil ity of at trib ut ing the pres ence of spores of copro-
philous fungi (e.g. Sordaria-type, Sporormiella-type) to
land-use prac tices, par tic u larly hus bandry.

AR CHAE O LOG I CAL AND HIS TOR I CAL
BACK GROUND

The set tle ment com plex at Poganowo is lo cated in the
north east ern part of the Mr¹gowo Lakeland. The ear li est
traces of hu man ac tiv ity in the re gion have been dated to the
Neo lithic pe riod. Nev er the less, gen er al iza tion of per ma nent
set tle ments oc curred with the be gin ning of the West Balt
Bar row cul ture in the early Iron Age (ca 7th cen tury BC). The
first set tle ment phase in the Poganowo hillfort is linked to
this cul ture (Wyczó³kowski et al., 2013), and the char coal
and ash layer (per haps from burnt tim ber con struc tions of
ram parts or pal i sades) of this phase are dated to the 6th–4th

cen tury BC. Other sites, lo cated a short dis tance from Poga-
nowo, in clude the for ti fied set tle ment at Nakomiady, the set -
tle ment in Wólka, and the bar row cem e ter ies in Godzikowo
and Nakomiady, also dated to the early Iron Age (Hoffmann,
1999; Wyczó³kowski, 2011).



An in crease in a num ber of sites re lated to the pop u la tion
of the Bogaczewo cul ture dur ing the Ro man Pe riod (1st–4th

cen tury AD) has been ob served (Szymañski, 2005). At that
time, two set tle ments ex isted in the vi cin ity of the Poganowo
hillfort. There is a cem e tery in Turw¹gi (Voß, 1886), and a
set tle ment and sac ri fi cial bog site at Wólka (Raddatz, 1992–
1993).

A sec ond set tle ment phase in the Poganowo hillfort has
been dated to the late 10th–12th cen tu ries AD. In north east ern
Po land this pe riod is called the Early Mid dle Ages or the Vi -
king Age (e.g. Nowakiewicz, 2006, 2010; Nowakiewicz and
Wróblewski, 2010). At that time, a sac ri fi cial place ex isted,
and an ex ten sive set tle ment has been ex ca vated (Wyczó³-
kowski et al., 2013). Ra dio car bon dat ing (1338±58 AD)
from the hearth of the sac ri fi cial place may in di cate a use of
this place as late as in the 13th and 14th cen tu ries.

In the sec ond half of the 14th cen tury the for est where the
Poganowo hillfort is lo cated was given to the city of Kêtrzyn
(Rastenburg). From the first half of the 15th cen tury the vil -
lages be gan to de velop (Beckherrn, 1880). Fi nally, in 1571
AD, the vil lages Prêgowo, S³awkowo and Poganowo, lo -
cated in the north ern and west ern part of the for est, in cluded
93 hufen (1 hufe is ca 16.8 ha) that were man aged by 43 farm -
ers (Vis i ta tion, 1571). The num ber of farms ex ist ing on the
edge of Poganowo did not change sig nif i cantly un til the end
of the 18th cen tury (Goldbeck, 1785).

MA TE RIAL AND METH ODS

Cor ing and li thol ogy

The sed i ment core (PG6 pro file) was col lected in win ter
of 2012 from a small pond lo cated ca 150 m to the north east
of the set tle ment com plex at Poganowo (Fig. 1). Cor ing was

per formed by us ing an Instorf peat sam pler. The core con -
tained sandy peat (0.9–0.78 m depth) and fen shrub peat
(0.78–0.2 m depth; D. Drzymulska, per sonal comm.). For
tech ni cal rea sons the highly hy drated top most part of the de -
posit could not be re trieved.

Pol len anal y sis

Sam ples of 1 cm3 were pre pared us ing the stan dard pro -
ce dure of Erdtman’s acetolysis (Berglund and Ralska-Jasie-
wiczowa, 1986). De pend ing on the con tent of min eral mat ter
the sam ples were treated with a heavy liq uid (CdI2+KI). The
palynological anal y sis was per formed on 35 sam ples from
the PG6 profile. Pol len anal y sis was car ried out with an
Olym pus BX43 light mi cro scope with mag ni fi ca tion of
600×; a larger mag ni fi ca tion was used to iden tify prob lem -
atic and small palynomorphs. The iden ti fi ca tion of ce -
real-type pol len was based on phase con trast stud ies un der
1000× mag ni fi ca tion. For tax o nom i cal iden ti fi ca tion pol len
keys (e.g. Beug, 2004) and a ref er ence col lec tion of mod ern
pol len slides were used. On av er age 900 ter res trial pol len
grains were counted and identified in each sam ple.

Anal y sis of non-pol len palynomorphs
and microcharcoal

Non-pol len palynomorphs (NPPs) were counted along
with the pol len anal y sis, and identified ac cord ing to van Geel
(1978, 2001), Bell (1983), Jankovská and Komárek (2000),
van Geel et al. (2003) and van Geel and Aptroot (2006).

Microcharcoal par ti cles were counted in the pol len sli-
des and grouped into four size classes: 10–30 µm, 30–70 µm,
70–100 µm and >100 µm. Ac cord ing to Tinner and Hu
(2003) the larger par ti cles better re flect the in ci dence of lo cal
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Fig. 1. Lo ca tion of the study area pro duced by us ing the dig i tal ter rain model from LIDAR data (a) and Google Maps (b) with PG6 cor ing
site (54°00'11.2"N 21°23'04.6"E); 1 –Poganowo hillfort, 2 – sac ri fi cial place, 3 – set tle ments.



fires, whereas the smaller par ti cles are more in dic a tive of re -
gional fires. Par ti cles <10 µm were ig nored, as they can not be 
safely identi ed (Blackford, 2000). One tab let con tain ing
20,848 marker spores of Lycopodium was added to each
sam ple to en able a quan ti ta tive anal y sis of microfossil con -
cen tra tions (Stockmarr, 1971). Char coal par ti cles were re -
corded with a light mi cro scope at 400× mag ni fi ca tion. Char-
coal se lec tion was re stricted to frag ments that were black,
com pletely opaque and an gu lar (Whitlock and Larsen 2001).

Cal cu la tions and the pre sen ta tion of palynological and
microcharcoal data were per formed with POLPAL for Win -
dows (Nalepka and Walanus, 2003). The AP+NAP sum was
used for per cent age cal cu la tions, both in the pol len and the NPP
di a grams. The pol len di a gram was stratigraphically or dered and 
zoned with Con strained Clus ter Anal y sis (CONISS), and di -
vided into lo cal pol len as sem blage zones (LPAZ), which
were named ac cord ing to the specific com po si tion of pol len
spec tra. The hu man im pact groups fol low Behre (1981),
Berglund and Ralska-Jasiewiczowa (1986), and Gaillard and 
Berglund (1988).

Prin ci pal com po nent anal y sis (PCA) served for the de -
tec tion of interspecies re la tion ships. The anal y sis was based
on data from all pol len sam ples; spo rad i cally oc cur ring ar bo -
real taxa and non-ar bo real taxa were ex cluded. PCA was car -
ried out us ing XLSTAT 2014 trial ver sion soft ware.

Chro nol ogy

The age of one sed i ment sam ple from a depth of 0.48 m
was de ter mined by ra dio car bon dat ing (14C/AMS) in the
Gliwice Ra dio car bon Lab o ra tory, In sti tute of Phys ics, Sile-
sian Uni ver sity of Tech nol ogy (Ta ble 1).

RE SULTS

Lo cal pol len as sem blage zones

The pol len di a gram was di vided into three LPAZ (from
LPAZ PG6-1 to LPAZ PG-3), which cor re spond to the sub -
se quent phases of veg e ta tion de vel op ment in the im me di ate
vi cin ity of the sam pling site (Fig. 2). The pol len zones are de -
scribed (Ta ble 2).

Prin ci pal Com po nent Anal y sis (PCA)

It de scribes sta tis ti cally pos si ble re la tion ships be tween
ar bo real pol len and the fun gal spores re cord (Fig. 3). The re -
sults in di cated that there may be a dis tinct pos i tive cor re la -
tion be tween the pol len re cord of for est spe cies, e.g. Quer-
cus, Alnus, Picea abies, Carpinus betulus, and the spores of
the par a sitic fun gus Kretzschmaria deusta and the coprophi-
lous fungi Sordaria-type and Cercophora-type. 

IN TER PRE TA TION AND DIS CUS SION

Re con struc tion of veg e ta tion dy nam ics
and hu man im pact 

The changes in the com po si tion of the pol len as sem -
blages re corded in the PG6 pro file en abled to dis tin guish
three phases of veg e ta tion dy nam ics con nected with hu man
ac tiv ity (Fig. 2).

First phase (LPAZ PG6-1)

Veg e ta tion changes in the study area at the be gin ning of
this phase rep re sent a pe riod of strong hu man im pact. Pol len
spec tra il lus trate oc cur rence of a pine-birch for est, where the
un der growth was dom i nated by ha zel. The ex is tence of open
sur faces and/or good light con di tions on the for est floor is in -
di cated by the pres ence of Juniperus communis pol len.
More over, Juniperus communis in di cates that dry and mod -
er ately moist soils oc curred near the study site, what can be
de duced from edaphic re quire ments of this spe cies (Za-
rzycki, 2002). The abun dant oc cur rence of microcharcoal
par ti cles, in all size classes, may re ect hu man im pact on the
en vi ron ment. The pres ence of Melampyrum and Pteridium
aquilinum, which are con sid ered in di ca tors of soil en rich -
ment by ash (Lata³owa, 2007), ad di tion ally con firms the oc -
cur rence of fires in the area. Most prob a bly, it was in ten tional 
use of fire, point ing to ac tiv ity within the set tle ment and to
wood land clear ing. The palynological data re veal the ex is -
tence of large open ar eas near the sam ple site, as in di cated by
nearly 20% of NAP. A con sid er able area was cov ered by
mead ows and pas tures, rep re sented mainly by Poaceae, Cy-
peraceae, Filipendula and Centaurea nigra-type, and ruderal 
com mu ni ties with Ar te mi sia and Chenopodiaceae. Only small
plots were used as fields.

In the in ves ti gated wa ter body aquatic macrophytes like
Potamogeton, Nymphaea alba, Nymphaea candida and Nup- 
har oc curred. Along the lakeshore reed swamp com mu ni ties
with Typha latifolia and Typha angistifolia oc curred. Nu -
mer ous green al gae, in clud ing Tetraedron, Pediastrum and
Botryococcus, de vel oped in the wa ter body. These al gae, as
well as cyanobacteria of the Gloeotrichia-type, play an im -
por tant role in in fer ring past lake con di tions, and al most all
are known to be dom i nant in more eutrophic sys tems (e.g.
van Geel and Grenfell, 1996; Jankovská and Komárek,
2000). More over, Gloeotrichia is one of the most im por tant
or gan isms to day caus ing so called ‘wa ter blooms’, linked to
the en rich ment of the aquatic en vi ron ment with phos pho rus
and ni tro gen (Burchardt and Pawlik-Skowroñska, 2005). We 
may as sume that the rel a tively high trophic sta tus of the in -
ves ti gated wa ter body was prob a bly due to a large sup ply of
nu tri ents in re sponse to the in ten sive set tle ment ac tiv ity in
this area.

Link ing the first phase of anthropogenic veg e ta tion chan-
ges with a de nite cul tural event is not pos si ble due to the avail -
abil ity of only one ra dio car bon date from a depth of 0.48 m in
this sec tion. How ever, it could be re lated ten ta tively to the sec -
ond phase of oc cu pa tion of the hillfort at Poganowo, dated to
the early Mid dle Ages (10th–12th cen tu ries AD). Archaeobo-
tanical anal y sis of the early me di eval lay ers and hearths

ANTHROPOGENIC TRANS FOR MA TION OF THE VEG E TA TION 21

Ta ble 1
AMS ra dio car bon dates from the PG6 core used

for chro nol ogy

Depth
(cm)

Lab. No.
Age 14C

(BP)

Cal i brated age range
68%

(cal en dar age, AD)

Cal i brated age range
95%

(cal en dar age, AD)

48 GdA-3545 695±25 1274 (68.2%) 1296
1266 (78.4%) 1308
1362 (17.0%) 1385



within the set tle ment com plex at Poganowo con -
firmed a cul ti va tion of ce re als in this time. Re mains
of bar ley (Hordeum vulgare), mil let (Panicum mi-
liaceum), wheat (Triticum), rye (Secale cereale)
and oats (Avena) were found (K. Piñska, per sonal
comm.). Ac cord ing to Wyczó³kowski and Mako-
wiecki (2009), it can be claimed that the in hab it ants
of the early mediaeval set tle ment at Poganowo
raised cat tle and horses.

Sec ond phase (LPAZ PG6-2)

The pe riod of in ten sive ex ploi ta tion of the en -
vi ron ment dur ing the first phase was fol lowed by a
phase of de creased hu man ac tiv ity (de crease in
NAP fre quency and con cen tra tion of microchar-
coal par ti cles) lead ing to the for est re gen er a tion.
Then, con sid er able changes in for est com po si tion
oc curred. An in crease of Quercus pol len is syn -
chro nous with an in crease in pol len of the other
main ar bo real taxa: Tilia, Ulmus, Carpinus, Picea,
Fraxinus, and ex pan sion of Salix shrubs. The vi cin -
ity of the stud ied site be came al most com pletely
for ested. Dry morainic hills were over grown by
mixed pine for ests. Patches of fer tile, fresh soils
were cov ered by oak-horn beam for est, with an ad -
mix ture of spruce. Con sid er able ar eas in the lake-
shore zone and in other wet places were cov ered by
al der woods and carrs. At this phase, for est re gen er -
a tion re lates to a very low level of hu man ex ploi ta -
tion of the land scape and pos si bly re flects the time
when the Poganowo set tle ment com plex was aban -
doned. There is an as sump tion that this could have
hap pened in the early 13th cen tury (M. Wyczó³kow- 
ski, per sonal comm.). Ac cord ing to his tor i cal
sources (Saage and Woelky, 1860), in the sur round -
ings of the Poganowo hillfort there was a large for -
ested area called Tauro (“Walt Tauro”), which was
men tioned in doc u ments dated to 1231–1340 AD.
Nev er the less, pol len spec tra from the PG6 sec tion
in di cate that some pas to ral ag ri cul ture seems to
have been prac ticed at this time, as well as ar a ble
farm ing. Ac cord ing to Vuorela (1973), Cerealia-
type pol len grains are not well dis persed in air-
streams, and there fore their poor rep re sen ta tion
can not be con sid ered as a guide to the im por tance of 
crop farm ing in the area. Ad mit tedly, some weeds
of ar a ble  fields were pres ent in the pol len re cord,
but in low fre quen cies only. The ap pear ance of
Centaurea cyanus was prob a bly con nected with the 
cul ti va tion of win ter crops. Other weeds doc u -
mented in the PG6 pol len pro file in clude Chenopo-
diaceae, Papaver and Polygonum aviculare. Can -
na bis/Humulus-type pol len most prob a bly in dica-
tes that Humulus lupulus grew in this area as a na -
tive plant on damp soils.

The area of mead ows sig nif i cantly de creased,
but a low-level pres ence of Plantago lanceolata,
Rumex acetosella-type, Rumex acetosa-type and
Cichoriaceae pol len grains in di cates that some open 
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her ba ceous plant com mu ni ties oc curred as fod der for do mes -
ti cated her bi vores.

LPAZ PG6-2 rep re sents a pe riod of gen er ally low an-
thropogenic ac tiv ity in the catch ment area and, based on de -
creased per cent ages of Botryococcus, Pediastrum, Tetrae-
dron and Gloeotrichia, eutrophication di min ished. How -
ever, the de crease of al gae and some aquatic plants co in cides
also with sedimentological changes. It should be un der lined
that lo cal terrestrialization, a tran si tion from wet land to drier
peat, could be an al ter na tive ex pla na tion for the de cline in al -
gae and cyanobacteria.

Third phase (LPAZ PG6-3)

The pol len re cord from this core in ter val en abled to de -
ter mine three sub-phases that in di cate re sponse of lo cal veg e -
ta tion to a vari abil ity of hu man ac tiv ity dated to 13th–16th

cen tu ries AD.
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Ta ble 2
Lo cal pol len as sem blage zone de scrip tion from PG6 core di a gram

Name of L PAZ and depth Description

PG6-1
Pinus-Betula-Poaceae
90-80 cm

Dom i nance of Pinus sylvestris-type (14-43%) and Betula alba-type (15-45%). High val ues of Corylus avellana (to 19%)
with short-last ing peak (27%) in the mid dle part of zone. Sev eral per cent age fre quency of Alnus (to 2%) and Quercus (to
1.5%). Spo radic pres ence of other tree taxa. Rel a tively fre quent Juniperus communis. Con sid er able par tic i pa tion of NAP
(9–18%). The her ba ceous spec tra dom i nated by Poaceae (to 15%). Reg u larly pres ent Filipendula. Among the anthropo-
genic in di ca tors, sys tem atic pres ence of Ar te mi sia, Chenopodiaceae and Cerealia-type. Fre quent pol len grains of
limnophytes, such as Potamogeton and Typha latifolia. Reg u lar oc cur rence of green al gae (Botryococcus, Pediastrum,
Tetraedron) and sin gle re mains of cyanobacteria (sheaths of Gloeotrichia).Very high con cen tra tion of mi cro scopic char -
coal par ti cles.

PG6-2
Alnus-Pinus-Quercus-Tilia
78–58 cm

In crease of Alnus above 20%. Sig nif i cant de crease of Betula alba-type. Dom i nance of Pinus sylvestris-type (20–47%).
High val ues of Corylus avellana (to 14%). In creas ing curves of Tilia cordata (to 7%), Ulmus (to 3%), Quercus (to 12%),
Carpinus betulus (to 12%), Picea abies (to 4%) and Salix (to 4%). Less nu mer ous NAP (6–9%). Grad ual de crease of
Poaceae (to 3%). Fre quent Filipendula, Cyperaceae, Apiaceae and Cichoriaceae. Reg u lar oc cur rence of Ar te mi sia. In sev -
eral spec tra, pres ence of Cerealia-type, Centaurea cyanus-type, Plantago lanceolata, Rumex acetosella-type, Rumex
acetosa-type and Chenopodiaceae. De creas ing val ues of green al gae. Sin gle oc cur rences of coprophilous fungi
(Sporormiella-type, Sordaria-type and Cercophora-type). Spo radic Kretzschmaria deusta. Rel a tively low con cen tra tion of 
mi cro scopic char coal par ti cles.

PG6-3
Betula-Quercus-Carpinus-
Alnus
56–20 cm

Dom i nance of Betula alba-type, Pinus sylvestris-type and Alnus. Con stant pres ence of Tilia cordata, Quercus, Carpinus
betulus and Ulmus. The PG6-3 LPAZ was di vided into three subzones.

PG6-3a
Betula-Corylus
56–50 cm 

Fast in crease of Betula alba-type (to 48%). High val ues of Corylus avellana (to 20%). Fre quent Populus. Grad ual de -
crease of Pinus sylvestris-type (to 8%). Rel a tively high val ues of Alnus (10–13%), Quercus (4–10%) and Carpinus betulus 
(5–11%). More fre quent Poaceae (to 7%) and Cyperaceae (to 4%). De creas ing val ues of Apiaceae, Filipendula and
Cerealia-type. Lower fre quency of Ar te mi sia. Rel a tively fre quent Cercophora-type. Spo radic oc cur rence of Sporo-
rmiella-type, Sordaria-type and Kretzschmaria deusta. Rel a tively high con cen tra tion of mi cro scopic char coal par ti cles.

PG6-3b
Betula-Alnus
48–36 cm

Strong in crease of Betula alba-type to 63%, then de crease to 24%. In creas ing per cent age val ues of Pinus sylvestris-type
(to 21%). Lower val ues of Corylus avellana (4–12%) and Populus (to 1%). Fluc tu at ing in crease of Alnus (to 28%). Grad -
ual de crease of Poaceae. More fre quent Ar te mi sia and Can na bis/Humulus-type. Reg u lar oc cur rence of Cerealia-type and
sin gle oc cur rences of Secale cereale and Hordeum-type. Spo radic Centaurea cyanus-type, Plantago lanceolata, Rumex
acetosella-type, Rumex acetosa-type. More fre quent Cercophora-type and Kretzschmaria deusta. Spo radic
Sporormiella-type and Sordaria-type. Much lower con cen tra tion of mi cro scopic char coal par ti cles. The age of the sed i -
ment at 0.48 m depth was es ti mated at 1266–1385 AD (Ta ble 1).

PG6-3
Quercus-Carpinus-
Kretzschmaria
34–20 cm

High val ues of Quercus (to 16%) and Pinus sylvestris-type (to 20%). In creas ing ten dency of Alnus (to 34%). Grad ual de -
crease of Betula alba-type (to 15%). Carpinus betulus os cil lat ing around 7–11%. Con stant pres ence of Corylus avellana
(to 12%). Higher val ues of Ar te mi sia. Reg u larly oc cur ring Poaceae, Cyperaceae and Apiaceae. More fre quent Plantago
lanceolata, Rumex acetosa-type and Ranunculaceae. Spo radic Rumex acetosella-type. Tem po rary de creas ing ten dency of
Cerealia-type. Strong in crease of Kretzschmaria deusta to 12%. In creas ing ten dency of Cercophora-type. Spo radic oc cur -
rence of Sporormiella-type and Sordaria-type. Low con cen tra tion of mi cro scopic char coal par ti cles.

Fig. 3. PCA plot il lus trat ing the interspecies re la tion ships in the
pol len spec tra from the PG6 core.



In the old est part (LPAZ PG6-3a) the most char ac ter is tic
phe nom e non was wood land clear ance and the ex pan sion of
birch. Mi cro scopic char coal con cen tra tions steeply increa-
sed, in di cat ing the pres ence of fire events in the vi cin ity.
More over, the pres ence of spores of Pteridium aquilinum,
which eas ily col o nizes dis turbed ground, in clud ing burnt ar -
eas (Hartig and Beck, 2003), may also point to fires. The fires 
could have served as a silvicultural tool for de for es ta tion, or
just to cre ate open ings in a tree can opy. Lo cal de vel op ment
of birch wood land and shrubs is per haps as so ci ated with
Betula, fea tur ing as a prom i nent pi o neer spe cies af ter fires
(Connor et al., 2012; Lindbladh et al., 2003). More over, at
the be gin ning of this phase Alnus also in creases, which plau -
si bly il lus trates its fire-re lated be hav iour. Al der was clas si -
fied by Tinner et al. (2000) to the group of taxa whose abun-
dance largely de pends on fire. The rapid in crease in the pol -
len val ues of the light-de mand ing Corylus, ac com pa nied by
the more fre quent Populus, is ev i dence for for est open ing.
Corylus as an understory spe cies pro duces lit tle pol len un der
a heavy tree can opy, and large quan ti ties of ha zel pol len may
re sult from bushes grow ing at the wood land mar gin and in
clear ings (Rackham, 1988). In our in ves ti ga tion high fre -
quen cies of Corylus pol len, up to 22%, sug gest that ha zel had 
a dom i nant po si tion in the veg e ta tion, in di cat ing that pol len
dis persal was hardly hin dered by trees. How ever, there were
more changes in the wood land com po si tion that oc curred as
con se quence of for est fires. A re duc tion of de cid u ous tree
pol len was ob served, par tic u larly of Tilia, Quercus and Car-
pinus, which grew on more fer tile soils and this may in di cate
that more land was needed for ar a ble fields. The im por tance
of Pinus and Ulmus grad u ally de creased. How ever, elm was
still pres ent on fresh, fer tile and mod er ately mesotrophic
soils. Lo cally, wet al der woods may have grown in de pres -
sions, around the lake and on mires. There were slightly
larger ar eas cov ered by meadow veg e ta tion, in the PG6 pol -
len pro file mainly rep re sented by Poaceae, Cyperaceae,
Apiaceae, Brassicaceae, Rubiaceae, Silene-type, Thalictrum
and Centaurea nigra-type. Prob a bly, there were also rel a -
tively small-cul ti vated ar eas and grazed grass lands sit u ated
close to the lake. It is also pos si ble that de for es ta tion took
place be cause of the need to ac quire new res i den tial ar eas.
How ever, it is dif fi cult to de ter mine the causes of for est de -
struc tion, es pe cially be cause there is no ar chae o log i cal ev i -
dence for con struc tion ma te ri als and no anthracological data
from the Poganowo set tle ment com plex.

Pol len spec tra from LPAZ PG6-3b in di cate the pre dom i -
nance of for est com mu ni ties, with Betula play ing the most
sig nif i cant role, as sug gested by its pol len val ues of up to 60%.
Hunt ley and Birks (1983) as sumed that Betula pol len val ues
larger than 50% in di cate Betula-dom i nated wood lands in the
land scape. Szal et al. (2014) dis cussed the prob lem of the
long-last ing dom i nance of Betula in the Iron Age and in the
Mi gra tion Pe riod, par tic u larly in the area of Lake Salêt, sit u -
ated close to the site in ves ti gated here. It was con cluded that
Betula ex pan sion was con nected with ag ri cul tural prac tices
within the set tle ment re gion. In the case of the Poganowo
area, the high Betula par tic i pa tion may in di cate that this land
was cleared re peat edly in or der to pre vent the re-growth of
wood land and to en able ef fec tive crop farm ing. Ce real cul ti -
va tion in di ca tors re corded in the PG6 pro file show that

Secale, Hordeum and Fagopyrum were among the cul ti vated
plants. How ever, the spec trum of her ba ceous taxa mainly
points to the ex is tence of mead ows (pol len of Poaceae,
Centaurea nigra-type, Filipendula). In the sur round ings of
the in ves ti gated site, there oc curred also ruderal plants, such
as Ar te mi sia, Urtica and Chenopodiaceae, which, ac cord ing
to Behre (1981), are as so ci ated with ni tro gen-rich hab i tats.
They may also have grown along the ni tro gen-rich banks of
the lake. In tree-less parts of the land scape grazed grass lands
were pres ent, as in di cated by Plantago lanceolata, Plantago
ma jor/me dia, Potentilla-type, Cerastium-type, Rubiaceae,
and Cichorioideae, which are con sid ered to in di cate pas to ral
ac tiv i ties (Mazier et al., 2006; Hjelle, 1999). More over, Ma-
zier et al. (2006) con cluded that Plantago lanceolata, Plan-
tago ma jor/me dia and Chenopodiaceae could be also treated
as in di ca tors of wood land graz ing. This may in di cate that do -
mes ti cated her bi vores grazed close to the sam pling site. In
ad di tion, pol len grains of Polygonum aviculare and Rumex
acetosella-type were re corded. These weeds thrive on tram -
pled, dis turbed ground, and were clas si fied by Pokorná et al.
(2014) as re li able in di ca tors of tram pled veg e ta tion.

In the youn gest sub-phase (LPAZ PG6-3c) a sig nif i cant
spread of Quercus was ob served. This pro cess was ac com pa -
nied by an in crease of Carpinus betulus and Pinus sylvestris
con tem po ra ne ous with a de crease in Betula and Picea abies.
The pol len re cord shows that the sur round ings of the study
site were over grown by mixed pine-oak for ests and by rich,
de cid u ous lime-oak-horn beam for ests. Ar eas oc cu pied by
hygrophilous Alnus in creased, sug gest ing the de vel op ment
of swampy al der for est with Fraxinus ex cel sior. We sup pose
that the ob served changes in spe cies com po si tion, mainly the
dom i nance of Quercus, de vel oped un der the sub stan tial in
uence of hu man ac tiv ity, and to some ex tent were as so ci ated
with mod er ate live stock graz ing in wood land. The oc cur -
rence of tram pled and grazed ar eas near the study site is il lus -
trated by pres ence of Polygonum aviculare, Plantago lance-
olata-type, Potentilla-type, Cerastium-type, Rumex acetosa- 
type and Rumex acetosella-type. It is worth men tion ing that
in mediaeval doc u ments re lated to the study area there are
sev eral place names in di cat ing open oak woods with wood-
pas ture prac tices. For ex am ple, the name of the vil lage Nako- 
miady (‘Eichmedien’) (eiche – an oak tree; me dian – the Pru-
ssian for est), may in di cate the ex is tence of oak wood (Geru-
llis 1922). Ad di tion ally, Beckherrn (1885) men tioned the
area named ‘Damerau’, sit u ated close to the study site since
1393. Gross (1935) claimed that in me di eval times this name
was com monly used to de scribe de cid u ous for est, mainly
with oak trees, where do mes ti cated pigs were fat tened on
acorns, a prac tice known as pannage. More over, ac cord ing to 
Beckherrn (1889), and Wyczó³kowski and Makowiecki
(2009), it can be claimed that the in hab it ants of the me di eval
Poganowo set tle ment com plex raised cat tle and horses.

It is not clear to what de gree her bi vores can in flu ence
long-term pat terns of plant abun dance, dy nam ics and dis tri -
bu tion (Maron and Crone, 2006). De spite this, some sci en -
tists (e.g. Flannery, 2003) claim that there is a clear corre-
lation be tween oak for est and the in tro duc tion of graz ing
herds into the pri me val for ests in me di eval times. Faliñski
(1986) de scribed the dom i nance of Quercus in Bia³owie¿a
For est as a re sult of graz ing. How ever, dif fer ent an i mal spe -
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cies are likely to have dif fer ent ef fects, with larger an i mals
likely to cause more phys i cal dam age by break ing branches,
eat ing sap lings and seed lings, or tram pling the her ba ceous
veg e ta tion. Cat tle and other large her bi vores may have cre -
ated clear ings, or at least more open wood land, al low ing light 
to reach the ground and to sup port a growth of her ba ceous
plants on the wood land floor. In the PG6 sec tion there are
clear signs of small land scape open ness and re duc tions in a
tree can opy, lead ing to understory de vel op ment with light-
de mand ing Pteridium aquilinum and Calluna vulgaris.
Moreover, in some ar eas where live stock graz ing was sus -
pended in creased flow er ing/re-sprout ing of Corylus avel-
lana and Populus could oc cur.

Faliñski (1986) no ticed that in Bia³owie¿a For est chan-
ges in spe cies com po si tion oc curred that were as so ci ated
with a re duc tion in grazed ar eas. The spe cies of open hab i tats
grad u ally de clined and mesophytic Carpinus re placed Quer-
cus. This led to the loss of spe cies as sem blages typ i cal for
sub con ti nen tal oak woods (Kwiatkowska et al., 1997). The
main te nance of oak wood lands in the past was also dis cussed
by Szabó (2013). Ac cord ing to this au thor, tra di tional for est
man age ment was not a driv ing fac tor in a dis tri bu tion of var i -
ous for est types, while oak wood might be an ex cep tion. Be -
cause of the eco nomic po ten tial of acorns, wood land own ers
may have de cided to con serve oak woods or even to trans -
form other types of for ests into oak woods. In ad di tion, if
such oak woods were used as pas tures, such man age ment led
to sub se quent changes in wood land com po si tion and struc -
ture, con nected with the pre ven tion of for est suc ces sion. It is
worth men tion ing that ac cord ing to Bobiec (2012), very high
graz ing pres sure by large un gu late her bi vores sub stan tially
lim its oak re gen er a tion. His ob ser va tions of con tem po rary
feed ing sta tions lo cated in Bia³owie¿a For est in di cate that high 
con cen tra tions of bi son ef fec tively pre vent oak re cruit ment.
More over, López-Sánchez et al. (2014) ob served re duc tion in
den sity of oak seed lings and sap lings, but not of adult trees in
ar eas grazed by cat tle. They con cluded that the long-last ing
pres ence of ungulates neg a tively af fected oak re gen er a tion,
es pe cially in pas tures with a high stock ing rate den sity.

Palaeo eco logi cal con text of the fun gal spores
re cord

In cen tral Eu rope, many hu man ac tiv i ties, e.g. de for es ta -
tion, for est graz ing and ag ri cul ture, significantly al tered
landscape struc ture and for est com po si tion in the past (e.g.
Behre, 1988). An im por tant anthropogenic en vi ron men tal
change at or near set tle ment sites is eutrophication, re sult ing
from the pro duc tion of dung by high den si ties of do mes ti -
cated her bi vores (van Geel et al., 2003). Fur ther more, man
and do mes ti cated an i mals are re spon si ble for a range of new
hab i tats, also, the mycoflora of set tle ment sites and the sur -
round ing ar a ble land, pas tures and hay-mead ows will have
had dif fer ent fun gal as sem blages rel a tive to nat u ral hab i tats.

Fungi that in habit or are as so ci ated with the dung of an i -
mals are known as coprophilous fungi (Krug et al., 2004).
These fungi are uniquely adapted to her bi vore dung. Bell
(1983) con cluded that the spores of many coprophilous taxa
are in gested by an i mals feed ing on the plants, and then ger -
mi nate af ter pass ing through the her bi vores’ di ges tive track.

The spores not only sur vive pas sage through the di ges tive
sys tem of an i mals, but also in most cases the me chan i cal and
chem i cal di ges tion pro cesses also ben e fit the ger mi na tion of
the spores on the dung sub strates (Bell, 1983). Krug et al.,
(2004) un der lined that ger mi na tion, growth, and sporulation
oc cur on freshly de pos ited dung. In the next phase, the spores 
are dis charged force fully into the air and readily ad here to
nearby veg e ta tion. Then, they will be con sumed by her bi -
vores, pass through their in tes tines, and again will be de pos -
ited with fae ces (Bell, 2005). Ac cord ing to Krug et al.
(2004), most of the coprophilous fungi are found on mam ma -
lian dung from do mes ti cated farm an i mals, such as cat tle,
horses, and sheep; from wild mam mals, both her biv o rous
and car niv o rous; and from birds.

From the var i ous stud ies of fos sil and mod ern spores of
coprophilous fungi (e.g. van Geel, 2001; Blackford and
Innes, 2006; Graf and Chmura, 2006; van Geel and Aptroot,
2006) it be came clear that the re corded spores in most cases
were of strictly lo cal oc cur rence. They were fos sil ized at, or
near, the place where they had been pro duced, or the spores
were de pos ited only a short dis tance from the place where
sporulation took place. Con se quently, spores of coprophi-
lous fungi in di cate nearby the for mer pres ence of dung pro -
duced by her bi vores (van Geel et al., 2003). Ac cord ing to
Lundqvist (1972), rep re sen ta tives of the Sordariaceae (As-
comycetes) are mostly coprophilous, par tic u larly the gen era
Sporormiella, Podospora, Sordaria, and Cercophora, which 
are the most com mon ones among dung fungi (e.g. Krug et al.
2004; van Geel et al., 2007). More over, these fungi pro duce
thick-walled spores that are well pre served in palynological
prep a ra tions, and can be iden ti fied and counted along side
pol len, and this makes it fea si ble to use them in the cat e gory
of sec ond ary anthropogenic in di ca tors (van Geel et al., 2003; 
López-Sáez and López-Me rino, 2011).

Ejarque et al. (2011) ana lysed mod ern as sem blages of
pol len and NPP, and found use ful re la tion ships with veg e ta -
tion and en vi ron men tal pat terns, as well as with graz ing ac -
tiv i ties. The study in cluded sam ples from her biv o rous excre-
ment in or der to iden tify po ten tial graz ing in di ca tors. These
au thors em pha sized the significant role of coprophilous taxa, 
par tic u larly of Sporormiella-type and Sordaria-type, as lo cal 
in di ca tors of her bi vores. The spore cells of Sporormiella spe -
cies, which in clude ob li gate coprophilous spe cies grow ing
on her bi vore dung (Ahmed and Cain, 1972), are ac tu ally
most of ten used to study the mid-to- late Ho lo cene his tory of
pas to ral ac tiv i ties (e.g. Mighall et al., 2006; Currás et al.,
2012).

Re cently, López-Me rino et al. (2014) in di cated that Cer- 
cophora-type spores should be also re garded as good in di ca -
tors of dung and graz ing pres sure. Fos sil as co spores of the
coprophilous Cercophora-type were first rec og nized by van
Geel (1978). Ac cord ing to Ralska-Jasiewiczowa and van
Geel (1992), the oc cur rence of Cercophora-type may be re -
lated to in creased pop u la tions of large wild, and pos si ble do -
mes ti cated, her bi vores. Cercophora spe cies oc cur not only
on dung, but also on de cay ing wood, culms, stems and leaves
(Lundqvist, 1972). More over, Cugny et al. (2010) re ported
that Cercophora-type is more fre quent in for ested sites than
else where, and thus can be used as an in di ca tor of graz ing in a 
wood land.

ANTHROPOGENIC TRANS FOR MA TION OF THE VEG E TA TION 25



In our study the re cord of spores of coprophilous fungi
(Sporormiella-type, Sordaria-type and Cercophora-type),
in com bi na tion with pol len data, was used to iden tify an i -
mal-re lated ag ri cul tural prac tices in the vi cin ity of the stud -
ied site. In the first phase of hu man im pact on the veg e ta tion
(LPAZ PG6-1, Fig. 2) fre quently noted pol len of hu man im -
pact in di ca tors co in cided with ev i dence of de for es ta tion. The 
rel a tively high peaks of Poaceae, Apiaceae, Ranunculaceae,
as well as nu mer ous Filipendula and Centaurea nigra-type
pol len (Fig. 2), doc u ment a large area of mead ows rather than 
pas tures. There were no Plantago lanceolata, Rumex aceto-
sella-type, and al most no Rumex acetosa-type pol len, con -
sid ered by Gaillard et al. (1992) as char ac ter is tic of grazed
and mown grass lands, and in di ca tors of an i mal hus bandry.
How ever, the pres ence of nu mer ous charred par ti cles, high
fre quen cies of Ar te mi sia, which is an in di ca tor of ruderal
com mu ni ties and cer tain amounts of Chenopodiaceae point
to sig nif i cant ac tiv ity within the set tle ment. In spite of the
fact that hu man ac tiv ity was in tense at this phase, fun gal
spores were very scarce. Only Cercophora-type was pres ent, 
but in small num bers and in only a few sam ples. It should be
taken into con sid er ation that wet lo cal con di tions may have
lim ited both the lo cal de vel op ment of fungi and the fre quen -
ta tion of the site by an i mals (there fore, al most no dung may
have been de pos ited). How ever, based on the pol len and fun -
gal spore re cord from the first phase, it is pos si ble that ag ri -
cul ture and an i mal hus bandry did not play a key role in the
close vi cin ity of the PG6 site. This is un der stand able if this
first phase re lates to the sec ond phase of oc cu pa tion of the
hillfort at Poganowo, when an early me di eval sac ri fi cial
place ex isted there, and mainly mag i cal-re li gious rit u als
were per formed. Ag ri cul ture was the most im por tant hu man
ac tiv ity in the me di eval pe riod, and there fore we can say with 
a high de gree of cer tainty that farm lands oc curred at some
dis tance from the in ves ti gated site. This in ter pre ta tion is in
agree ment with the ar chae o log i cal ev i dence of an early me -
di eval hu man hab i ta tion in the Poganowo area.

The first phase was fol lowed by a phase of de creased hu -
man ac tiv ity (sec ond phase, Fig. 2). How ever, pol len data
from the PG6 profile in di cate that some new land-use prac -
tices ap peared in the sec ond phase, but on a small lo cal scale.
The oc cur rence of Plantago lanceolata, Rumex acetosella-
type, Rumex acetosa-type and Cichoriaceae pol len grains in -
di cates that some open plant com mu ni ties spread, prob a bly
as a re sult of graz ing. More over, pres ence of spores of the
coprophilous Cercophora-type, Sporormiella-type and Sor-
daria-type may confirm this type of ac tiv ity in the close vi -
cin ity of the stud ied site. How ever, it re mains an open ques -
tion whether grazed plots were lo cated in a for est or in ar eas
out side the for est.

The third phase (LPAZ PG6-3) cor re sponds to the pe -
riod of in ten si fi ca tion of set tle ment pro cesses that prob a bly
started from the late 13th cen tury AD on wards. Pol len data in -
di cate changes in the wood land com po si tion and show the
fre quent oc cur rence of hu man im pact in di ca tors. To some
ex tent, the anthropogenic for est dis tur bances were prob a bly
re lated to the pas tur ing of live stock and firewood col lect ing.
The in crease of coprophilous fungi sug gests that the live -
stock fre quented the wetlands and fens lo cated close to the
sam pling site, prob a bly more of ten than be fore. It should be

taken into ac count that over 4,500 frag ments of an i mal bones
were found dur ing the ar chae o log i cal in ves ti ga tions of the
me di eval sac ri fi cial place at Poganowo (Wyczó³kowski and
Makowiecki, 2009) which might have func tioned here even
in the 13th and 14th cen tu ries AD (M. Wyczó³kowski, per -
sonal comm.). Al most 90% were horse bones and about 10%
cat tle bones. The au thors es ti mated the min i mum num ber of
horse in di vid u als at 60. We sup pose that cat tle and horses
were the dom i nant do mes ti cated spe cies in the study area.
More over, in writ ten sources (Beckherrn, 1885), a place
called ‘Stiermarkt’ (bo vine/cat tle mar ket) is men tioned and it 
is lo cated a few kilo metres from the sam pling site. This
toponym may con firm that graz ing cat tle played a significant
role in this area in the past, but we can not ex clude an in flu -
ence of game pop u la tions on the veg e ta tion. How ever, typ i -
cally, the spores of coprophilous fungi are oc ca sion ally
pres ent in the sed i ments and be come very com mon only af ter
the in tro duc tion of do mes ti cated pas ture an i mals (Graf and
Chmura, 2006). Ac cord ing to Ejarque et al. (2011), dung-re -
lated fungi ap pear in much higher abun dance in the ex cre -
ment of do mes ti cated an i mals than in the fae ces of wild
spe cies, but the ex per i men tal re search by Rich ard son (2001)
showed that it is not pos si ble to dif fer en ti ate be tween fun gal
spec tra from do mes tic (cat tle, sheep, goat and horse) and
wild (deer, elk) spe cies.

It seems log i cal that the in crease in Cercophora-type,
Sordaria-type and Sporormiella-type that oc curs in LPAZ
PG6-3 (Fig. 2) im plies a sig nif i cant en hance ment in graz ing
in ten sity and thus an in creased pop u la tion den sity of live -
stock near the in ves ti gated site. The higher fre quen cies of the
spores of coprophilous fungi co in cide with a no tice able in -
crease of the spores of the par a sitic fun gus Kretzschmaria
deusta, reach ing a max i mum fre quency of ca. 12%. The data
from Poganowo may show that an i mals dam aged the root
sys tem and the lower part of the trees by scrap ing bark away,
hence al low ing in fec tion by this par a sitic fun gus. More over,
the re sults of the PCA (Fig. 2) show that there is a cor re la tion
be tween dung-re lated fungi (Sordaria-type and Cercopho-
ra-type), the wood-rot fun gus Kretzschmaria deusta and tree 
spe cies such as Alnus, Carpinus betulus, Picea abies and
Quercus. This may in di cate that an i mals browsed mainly in
wood land dom i nated by the above-men tioned tree spe cies.
More over, based on data from the top most part of the PG6
pol len di a gram (Fig. 2), where fre quen cies of Kretzschmaria
deusta and Quercus change si mul ta neously, it could be con -
cluded that this fun gus might in fected oaks more of ten than
other trees. How ever, it should be taken into ac count that
from the be gin ning of the LPAZ PG6-2 the lo cal en vi ron -
ment has changed, and the es tab lish ment of a lo cal ri par ian
and de cid u ous for est oc curred, which per mit ted the pres ence
of an i mals and, sub se quently, spores of coprophilous fungi,
as well as Kretzschmaria deusta.

As co spores of Kretzschmaria deusta were pre vi ously
iden ti fied as Ustulina deusta or as non-pol len microfossil
‘Type HdV-44’ by van Geel (1978), who also rec og nized
that those spores were pro duced by a rep re sen ta tive of the
Xylariaceae. The fun gus Kretzschmaria deusta (Hoffm.)
P.M.D. Mar tin (Ustulina vulgaris Tul. and C. Tul; Ustulina
deusta Hoffm.) is a tree patho gen that is also called brit tle
cin der, and it is found in tem per ate re gions of the north ern
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hemi sphere (Rog ers and Ju, 1998; van Geel et al., 2013). It
causes soft-rot in wood, break ing down both cel lu lose and
lignin, and it de cays the trunk and roots of liv ing trees. The
fun gus con tin ues to de cay wood af ter the host tree has died,
mak ing Kretzschmaria deusta a fac ul ta tive par a site (Rog ers
and Ju, 1998). This fun gus has a wide host range among
broad leaved trees in Eu rope, in clud ing Acer, Aesculus, Al-
nus, Betula, Carpinus, Castanea, Fagus, Fraxinus, Populus,
Quercus, Salix, Tilia and Ulmus. It has been rarely noted on
Abies and Taxus (Wilkins, 1934). Al though there is no ev i -
dence that Kretzschmaria oc curs on Picea abies, po ten tially
it can in vade this tree (J. Rog ers, per sonal comm.). More -
over, Schwarze (2007) showed ex per i men tally the abil ity of
Kretzschmaria deusta to cause de cay in liv ing spruce trees.
Chlebicki (2008) re ported that some xylariaceous fungi oc -
cur on Picea abies in Po land. Wilkins (1934) sum ma rized
many pa pers deal ing with the patho ge nic ity of Kretzsch-
maria. It is an op por tu nis tic par a site that takes ad van tage of
al ready sig nif i cantly dam aged trees (Rog ers and Ju, 1998).
Open wounds on tree trunks are needed to ac count for ma jor
ex pan sions of the fun gus. More over, at tacks by Kretzsch-
maria are usu ally as so ci ated with in fec tions by some other
fungi (Wilkins, 1934).

CON CLU SIONS 

In te gra tion of data from pol len, non-pol len palyno-
morph and microcharcoal par ti cle anal y ses proved to be a
use ful tool for as sess ing hu man oc cu pa tion of the Poganowo
area. It is pos si ble to dis tin guish three phases of veg e ta tion
dy nam ics con nected with lo cal hu man im pact dated to the
Mid dle Ages (ca 10th–16th c.). The old est, first phase, cor re -
sponds to very in ten sive hu man ac tiv ity within the Poga-
nowo set tle ment com plex and re lates to rel a tively large open
ar eas cre ated by reg u lar hu man-caused burn ing. This re gion
was, to a con sid er able ex tent, cov ered by mead ows and
ruderal com mu ni ties, and only small plots were used as fields 
and pas tures. The sec ond phase was a pe riod when hu man ac -
tiv ity de creased and wood land re gen er a tion took place. Fi -
nally, the third phase re flects re sponse of a lo cal veg e ta tion to 
hu man ac tiv ity dated to the 13th–16th cen tu ries AD. In creas -
ing ruderalisation and intensificat ion of hu man im pact were
man i fested by in di ca tor spe cies of tram pled and grazed veg e -
ta tion. The me di eval man age ment most prob a bly pro moted
oaks and pas tured oak woods. Dur ing the youn gest part of
this phase, a sig nif i cant spread of Quercus was ac com pa nied
by an in crease in spores of coprophilous fungi and the par a -
sitic fun gus Kretzschmaria deusta. We sup pose that graz ing
an i mals caused dam age to the roots and trunks of oak trees,
thus trig ger ing in fec tions with Kretzschmaria deusta.
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