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Abstract 

A total of 25 samples were taken from the section of the moat bordering the former türbe of Sultan Suleiman in 

Szigetvár. Altogether 5 713 identifiable mollusc remains that cover 20 terrestrial snail species were found. 

Based on the dominance changes of species and palaeoecological groups and the detrended correspondence 

analysis (DCA), three malacological zones (Türbe Malacological Zone: TMZ) could be separated in the profile 

of the moat.  

In the first malacological zone (between 250 and 140 cm) the high number of Eurosiberian species 

(hygrophilous and cold resistant species, Succinea: amber snail) were found. Their presence and significant 

amount are in relation with the colder meso- and microclimate of the 17th century. As a result, it can be assumed 

that the climate of the Little Ice Age (LIA) in the Carpathian Basin changed according to the micro-topography 

and vegetation cover, and was not uniform. 

In the second malacological zone (between 140 and 50 cm) the number of cold-tolerant and hygrophilous, 

Eurosiberian fauna elements decreased, and gradually disappeared from the profile. In parallel, mesophilous 

and thermophilous, open-vegetation favouring Central and South-eastern European taxa became dominant. So, 

the moat filled up and a dry habitat with more open vegetation, which was no longer favourable for moisture-

loving (and shade-loving) species developed. 

The third malacological zone (from 50 cm towards the surface) indicated a major transformation in the fauna 

composition. The ratio of mesophilous species decreased drastically. Central and South-eastern European 

thermophilous species, favouring open vegetation dominated in this level of the profile. Very likely, the upper 

40–50 cm part of the profile was filled up at the end of the 17th century, or at the beginning of the 18th century. 

The changes in the malacofauna composition indicate mesoclimatic and microclimatic alterations and strong 

human impact. Based on our data, we need to treat climate change and its effects on agriculture in the 

Carpathian Basin in a more differentiated way for the 17th century, and we cannot and should not extend the 

negative effects of the North Atlantic to the Carpathian Basin. Since, on the basis of former malacological 

studies, the mosaic-like nature of the Carpathian Basin was able to compensate for the unfavourable climatic 

changes of the Little Ice Age. 

Kivonat 

A szigetvári, Szulejmán szultán egykori türbéjét északról határoló árok szelvényéből összesen 25 db mintát 

sikerült venni. Összesen 20 szárazföldi csigafaj 5 713 határozható egyede (héjtöredéke és héjmaradványa) került 

elő. Az egyes fajok, a paleoökológiai csoportok dominancia változásai és a DCA statisztikai elemzés alapján 

három szintet lehetett malakológiai alapon elkülöníteni az árok szelvényében (Türbe Malacological Zone: TMZ). 

Az első malakológiai szintben (250–140 cm között) euroszibériai fajok (higrofil és hidegtűrő elemek, Succinea = 

borostyánkő csigafélék) kerültek elő viszonylag jelentős arányban. A jelenlétük és jelentősebb arányuk 

összefüggésben lehet a 17. századi hidegebb időjárásával, hidegebb mezo- és mikroklímával. Ennek nyomán 
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feltételezhető, hogy a Kárpát-medencében a kisjégkorszak (Little Ice Age: LIA) klímája (is) a mikrodomborzati – 

vegetációs borítottsági adottságoknak megfelelően változott, vagyis nem volt egységes.  

A második malakológiai zónában (140–50 cm között) a hidegtűrő, nedves környezetet kedvelő, döntően 

euroszibériai elterjedésű elemek aránya lecsökkent, illetve fokozatosan eltűntek a szelvényből. Ezzel 

párhuzamosan a mezofil és termofil, nyitottabb növényzetet kedvelő, közép-európai és délkelet-európai 

elterjedésű taxonok váltak dominánssá. Ennek nyomán az árok feltöltődött, száraz, nyitottabb vegetációval 

jellemezhető élőhellyé alakult, amely már nem kedvezett a nedvességkedvelő (és árnyékkedvelő) fajok számára.  

A harmadik malakológiai zónában (50 cm-től a felszínig tartó szelvényszakasz) az árok faunája alapvetően 

átalakult. A mezofil fajok aránya is drasztikusan lecsökkent. Nyílt vegetációt kedvelő termofil, közép- és délkelet 

európai elterjedésű taxonok domináltak ebben a szelvényszakaszban. Valószínűleg az árok felszínközeli részét, 

felső 40–50 cm-re már a 17. század végén vagy a 18. század kezdetén töltötték fel. Ennek nyomán az eltérő 

környezeti jelzőszereppel rendelkező taxonok és paleoökológiai csoportok arányváltozásai mögött a mezoklíma 

és a mikroklíma átalakulása és erőteljes emberi hatások húzódtak meg. Adataink nyomán jóval 

differenciáltabban kell kezelnünk a 17. századi éghajlati változásokat és azok hatásait a Kárpát-medence 

mezőgazdaságára vonatkozóan, nem lehet és nem szabad az észak-atlanti negatív hatásokból kiindulni. Úgy 

tűnik, hogy a korábban malakológiai vizsgálatok nyomán megfogalmazott mozaikos környezeti adottsága a 

Kárpát-medencének ellensúlyozni tudta a LIA kedvezőtlen éghajlati változásait. 

KEYWORDS: MALACOLOGY, TERRESTRIAL SNAIL FAUNA, PALEOECOLOGY, LITTLE ICE AGE (LIA) 

KULCSSZAVAK: MALAKOLÓGIA, SZÁRAZFÖLDICSIGA FAUNA, PALEOÖKOLÓGIA, KISJÉGKORSZAK (LIA) 

 

Introduction 

In the second half of the 16th century, an Ottoman 

türbe was built on the site of the death of Sultan 

Suleiman I, who died in 1566 in Szigetvár, where 

his internal organs were buried. The burial place 

was built in 1575 (Pap et al. 2023) and was an 

active memorial and pilgrimage site for decades. 

The türbe was protected by a palisade and a moat 

system from the north (Pap et al. 2023: figs. 1, 2.). 

However, after the recapture of the fortress of 

Szigetvár and the expulsion of the Ottoman army at 

the end of the 17th century, it disappeared over time, 

its exact location was forgotten and the area became 

a site of agricultural production. In the 2010s, a 

systematic search for the site of the former türbe 

was launched, which was crowned with success in 

2015, as not only the remains of the memorial site 

and its associated buildings were excavated (Pap et 

al. 2023), but also the moat that bounded and 

protected the memorial site from the north (Torma 

et al. 2023). During the discovery and excavation of 

the moat (Pap et al. 2023), multi-purpose sampling 

and environmental historical analysis were carried 

out (Torma et al. 2023, Tugya 2023). 

It is well-known that terrestrial snail species are 

very sensitive to local environmental change 

(Boycott 1934; Sparks 1961; Ložek 1964; Evans 

1972; Krolopp & Sümegi 1995) and species 

sensitive to the different environmental factors are 

excellent for the reconstruction of the local 

development of a site, in this case, the moat. 

Through malacological analysis, we aimed to 

reconstruct the environmental history of the site, i.e. 

the wet and dry phases of the moat by the 

dominance analysis of the species occurring. The 

site is located in an archaeologically well-explored 

area that was previously unknown from a 

malacological point of view. Only sporadic data is 

available on the environmental changes in fauna 

during the late 17th century. In addition, since the 

memorial place and moat system could be dated to 

the 17th century (Gulyás et al. 2022), our data 

provide information on the climate of a specific 

period, the Little Ice Age (LIA). So, we are also 

looking for an answer to the question, of whether 

the cooling period of the Little Ice Age (LIA) is 

reflected in the malacofauna at this southern 

Hungarian site. 

Materials and methods 

Mollusk shells were collected at 15 cm intervals 

(5.7 kg/samples) throughout the profile of the moat, 

and 10 cm intervals (5.7 kg/samples) from the 

uppermost 50 cm of the profile. 

The aquatic malacofauna was divided into two 

groups following the palaeoecological 

classifications of Boycott (1934), Sparks (1961), 

Ložek (1964), and Krolopp & Sümegi (1995): 

1./species demanding steady water inundation 

(moat group), 2./species tolerant to periodic water 

supply (slum group). The terrestrial fauna was 

grouped as follows: hygrophilous, mesophilous, 

xerophilous, cold-resistant, intermediate, 

thermophilous, open habitat preferring, ecotone 

habitat preferring, and woodland habitat preferring 

species (Sümegi & Krolopp 2002; Sümegi 2005). 

The malacological record was also classified 

according to the recent geographical distribution of 

the species (Kerney et al. 1983; Horsák et al. 2013; 

Evans 1972; Soós 1943; Krolopp 1983; 

Alexandrowicz 2004; Welter-Schultes 2012), and 

on the basis of palaeoclimatological indicator roles 
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(Sümegi & Krolopp 2002; Sümegi 2005; Sümegi et 

al. 2011, 2013). Statistical methods were used for 

the zonation of the data. Detrended correspondence 

components (DCA) analysis computed on 

correlation matrices was performed after arc sine 

transformation (Rousseau 1987, 1990, 1991, 2001; 

Zar 1990) of the malacological data. Detrended 

correspondence analysis was used for mollusc-

based pale ecological reconstructions (Rousseau 

1987, 1990; Limondin & Rousseau 1991; Dong et 

al. 2020). The dominance values of certain Mollusc 

species and those of the given palaeoecological 

groups are of crucial importance regarding the 

reconstruction of the prevailing environmental 

factors. Dominance values are based on the 

calculation of percentages from the specimen 

numbers of species collected from the sample 

(Krolopp 1973, 1983; Ložek 1964; Sparks 1961).

Results 

During the malacological analysis, 5 713 indivi-

duals belonging to 20 terrestrial snail species were 

identified from the sediment series of the moat 

(Fig. 1.). 

The following species turned up in the profile, 

according to their dominance: Vallonia costata, 

Vallonia puclhela, Chondrula tridens, Pupilla 

triplicate, Limacidae (the aragonite and calcite 

internal shell of slugs get fossilized well), Pupilla 

muscorum, Vallonia enniensis, Zebrina detrita, 

Succinea putris, Vertigo antivertigo, Cochlico 

palubrica, Succinella oblonga, Fruticicola 

fruticum, Aegopinella ressmanni, Caucasotachea 

vindobonensis, Helix pomatia, Granaria 

frumentum, Clausilia pumila, Xerolenta obvia and 

Helicopsis striata. 

 

 

Fig. 1.: Changes in the dominance of snails from the filling of the moat along the profile, with calibrated 

radiocarbon data (Gulyás et al. 2022) and coins used in chronological analysis. 

1. ábra: A türbe árkának betöltéséből előkerült csiga taxonok dominancia viszonyainak változásai szelvény 

mentén, kronológiai elemzéseknél felhasznált kalibrált radiokarbon adatokkal (Gulyás et al. 2022) és 

pénzérmékkel 
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Fig. 2.: Changes in the dominance of palaeoecological groups set up on the basis of snails excavated from the 

filling of the moat along the profile, with calibrated radiocarbon data (Gulyás et al. 2022) and coins used in 

chronological analysis 

2. ábra: A türbe árkának betöltéséből előkerült csigák alapján felállított paleoökológiai csoportok dominancia 

viszonyainak változásai szelvény mentén, kronológiai elemzéseknél felhasznált kalibrált radiokarbon adatokkal 

(Gulyás et al. 2022) és pénzérmékkel 

 

Discussion 

Based on the changes of certain species and the 

dominance changes of palaeoecological groups, as 

well as the detrended correspondence analysis 

(DCA), three malacological zones could be 

separated in the profile of the moat (Figs. 1., 2.). 

First malacological zone (250–140 cm): 

In the bedrock of the profile besides the Holarctic 

fauna elements, hygrophilous, cold-tolerant 

Eurosiberian fauna elements (Succinea = amber 

snails) dominated (Figs. 1, 2.). Based on their 

presence, the inner surface of the moat was wet for 

a longer period of the year (growing season) and 

the high number of these species might be related to 

the colder climate and colder meso- and 

microclimate of the 17th century. 

Unfortunately, we do not have a comparative 

malacological material for terrestrial species in the 

Carpathian Basin for the 17th century. The mollusk 

fauna of sedimentary basins indicates Boreo-Alpine 

and Eurosiberian species appearance and 

dominance that supports a colder climatic phase in 

this level (i.e. the 17th century) (Sümegi 2004; 

Sümegi et al. 2011, 2022). In parallel, the remains 

of the thermophilous species (Granaria frumentum) 

were also detected at this level. As a result, it can 

be assumed that the climate of the Little Ice Age in 

the Carpathian Basin changed according to the 

micro-topography and vegetation cover, so it was 

not uniform. As a result, the regionally colder and 

wetter climatic phase that was modelled (Pinke et 

al. 2016, 2017) in the fluvial basins of the Great 

Hungarian Plain, may have been more distinct on 

the south-facing slopes of the Transdanubian 

Mountains. So, the locally more favourable 

exposure angle, with significant energy input, 

compensated for the global–regional temperature 

tendency. We cannot exclude that thermophilous 

species were active only during the warmest 

periods of the growing season (Nyilas & Sümegi 

1987), while during the coldest phases of the 

growing season, cold-tolerant fauna was much 

more dominant. The high number of shade-tolerant 

species (Sólymos et al. 2004; Potoczak & 

Pokryszko 2020) suggests that the moat was 
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covered by vegetation (shrubs, weeds) in the major 

part of the year. 

Second malacological zone (140–50 cm): 

Based on the malacofauna, the filling up of the 

moat gradually changed from 140 cm upwards, 

where the number of hygrophilous and cold-tolerant 

Eurosiberian fauna elements decreased and 

disappeared from the profile (Figs. 1., 2.). 

Simultaneously, mesophilous and thermophilous 

Central and South-eastern European (Welter-

Schultes 2012) species, favouring open vegetation 

spread and became dominant (Chondrula tridens, 

Vallonia costata, Caucasotachea vindobonensis, 

Helix pomatia). In parallel with moisture-loving 

elements, the number of shade-loving species 

decreased as well in this horizon. This suggests that 

the moat filled up, and became a dry habitat with 

open vegetation, which was no longer favourable 

for moisture-loving (and shade-loving) species. 

Probably, in this stage of evolution, the moat had 

already lost its drainage and protection function 

(Beneš et al. 2002). 

Third malacological zone (50 cm towards the 

surface): 

The fauna of the moat changed basically. The 

number of mesophilous species decreased 

drastically (Figs. 1., 2.). Thermophilous Central and 

South-Eastern European taxa and open vegetation 

dominated in this section of the profile (Granaria 

frumentum; Zebrina detrita; Vallonia enniensis, 

Xerolenta obvia). At the same time, Fruticicola 

fruticum species appeared as well that indicate a 

milder climate and wet climatic conditions. So, it 

can be assumed that the near-surface part of the 

moat, the upper 40–50 cm, filled up during the 18th 

century, or was filled up at the beginning of the 18th 

century (Gyenizse & Bognár 2014). 

So, the changes in the ratio of certain taxa and 

palaeoecological groups had been influenced by the 

alterations of mesoclimate and microclimate and 

active human activity. 

At the same time, we should note that snail species, 

due to their size and living space, reflect their 

microenvironment, and the dominance change of 

hygrophilous, mesophilous and xerophilous species 

may indicate not only mesoclimatic change but the 

filling up of the moat and the periodic and cyclic 

drying up of the continuously wet moat 

(Figs. 1., 2.). Thus, in addition to climate change, 

the filling up of the moat may have had a strong 

impact on the mollusk fauna, which is extremely 

sensitive to the microenvironment. It is 

unambiguous that at the beginning of the filling up 

of the moat cold-resistant and hygrophilous species 

dominated the moat, while at the end of the filling 

up of the moat, the number of these species reduced 

and Central European and South-south-eastern 

European (Pontian) thermophilous, xerophilous 

elements, including shade-loving taxa, became 

dominant. 

The environmental change during the last stage of 

the filling up of the moat was indicated not only by 

the change in the composition of the fauna but also 

by the drastic decrease in the number of 

individuals. As a result, the upper 100 cm of the 

profile was especially dry, while the upper 50 cm of 

the profile was characterized by a single filling up 

(or it was filled up by people) and an unfavourable 

environment for the mollusk fauna and diversity. In 

these levels the number of individuals decreased 

and xerophilous species reflecting anthropogenic 

environment spread (Figs. 1., 2.). Based on this 

(Douafer & Soltani 2014), the debris material of the 

memorial complex could be used to fill the moat 

up, and the site was utilized as pasture and arable 

land and for horticulture (Georgiev & Georgiev 

2002). 

Summary 

Based on the malacological material of more than 

5700 individuals of 20 species, we were able to 

distinguish three different malacological zones in 

the moat of the memorial tomb at Szigetvár 

(Figs. 1., 2.). In the bedrock of the 250 cm deep 

moat, a wet phase could be identified, and from 

140 cm towards the surface the sediment of the 

moat dried up gradually – based on the composition 

of the mollusk fauna. As a result, two different 

levels of infilling were separated, and two diverse 

environments were reconstructed at the level of the 

17th century of moat. 

The first horizon may have evolved during the 

active period of the moat; based on the written 

sources (Hancz 2014; Kitanics 2014; Gyenizse & 

Bognár 2014; Fodor 2020) and radiocarbon data, 

the archaeological findings and Osman and 

Habsburg (Gulyás et al. 2018, 2022) coins it is 

probable that before 1664 (between 250 and 

140 cm). 

During the first stage of the development, the moat 

may have been deeper and had a double function: a 

drainage and protection function. In the wet and 

humid microenvironment, shrubs and weeds could 

cover the surface of the moat. In the second part of 

the 17th century (maybe after the winter campaign 

in 1664), the filling up of the moat became faster 

(second malacological horizon), and gradually a 

dry, open vegetation covered shallow sedimentary 

basin developed with herbaceous plants. By this 

time, the moat had lost its drainage function and 

probably its protective role as well. 

In the third malacological horizon, the depression 

was filled up with soil and the ruins of the 

memorial tomb. The demolition of the memorial 

place may have taken place after the successful 
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siege of Szigetvár, after 1689/1692, at the end of 

the 17th century and the beginning of the 18th 

century, when the new land use and estate system 

was established (Gyenizse & Bognár 2014). Based 

on the significant amount of cold tolerant, 

Eurosiberian fauna elements a cold climate with 

significant precipitation characterized the 17th 

century, until 1664 (or maybe until 1670), which 

correlates well with other European and North-

Asian climate reconstructions (Helama et al. 2004; 

Dieppois et al. 2013; Jakab et al. 2021; Kempf 

2022). However, it is also unambiguous that the 

local microclimate had changed already during the 

period of the filling up of the moat, and 

mesophilous, later thermophilous species 

dominated the section. So, a milder climate phase 

could be developed in the vicinity of the memorial 

tomb in the second part of the 17th century 

(Figs. 1., 2.). This was especially evident after 

1689/1692 when Central and South-eastern 

European drought-tolerant, thermophilous species 

dominated the malacological material of the profile 

of the moat. It is probable that human activity and 

the filling up of the moat also had an impact on the 

composition of the malacofauna, but the local 

microclimate and vegetation cover may have been 

the determining factors. Based on these, a cool and 

wet climate developed in the first two-thirds of the 

17th century, while at the end of the 17th century, a 

milder and drier climate emerged. 

At the same time, the filling up of the moat in the 

17th century shows that the cool and wet phase that 

was previously reconstructed both regionally (Pinke 

et al. 2016, 2017) and globally (Lamb 1972; Grove 

1988), had different effects in areas with diverse 

geomorphological conditions. Thus, based on our 

data, favourable agricultural production conditions 

developed on the south-facing slopes during the 

Little Ice Age (Lamb 1972; Grove 1988). 

Our data indicates that we need to treat differently 

the climate change and its effects on agriculture in 

the Carpathian Basin, and should not set out from 

the North-Atlantic negative effects (Lamb 1972; 

Groove 1988). Signs of this have already appeared 

in the latest economic history studies for specific 

crop yields (Rácz 2020). The mosaic environmental 

conditions of the Carpathian Basin, reconstructed 

based on previous malacological studies (Sümegi 

1995, 2005), compensated for the unfavourable 

climatic conditions of the Little Ice Age. 
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