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Abstract 

The charophyte remains play an important role in the reconstruction of the hydrological characteristics (pH, 

water depth, stream flow, carbonate content, isotope geochemistry-water chemistry and temperature) of the 

former lake habitats. This is of particular importance in environmental historical studies, since the possibilities 

for obtaining aquatic food resources and the techniques and tools used are fundamentally influenced by these 

hydrological conditions. Our gyrogonite samples were recovered from the Holocene sequence of the thermal-

spring fed Lake Peţea NW Romania. The presence of the recovered Chara cf. hispida Linnaeus, 1753 gyrogonites 

marks the emergence of an oligotrophic shallow water lake system characterized by high dissolved Ca and Mg 

content and relatively poor plant cover in the Early Holocene. The results of previous malacological and 

ostracod studies also indicate the development of a shallow water lake with a muddy substrate and water 

temperatures above 18°C. As a warm-water lake, the local micro-environment was also home to many 

exploitable tree species. The charophyte remains that we recovered were from the Mesolithic level of the lake, so 

we were able to provide information on the hydrology of the lake for this period. Unfortunately, there have been 

no detailed archaeological investigations in the area to date revealing any potentially Mesolithic remains. Thus, 

no information is currently available on actual human occupation from the period in question. 

Kivonat 

A csillárkamoszat maradványok fontos szerepet játszanak az egykori tavi élőhelyek hidrológiai jellemzőinek (pH, 

vízmélység, áramlás, karbonáttartalom, izotópgeokémia-vízkémia és hőmérséklet) rekonstrukciójában. Ez 

különösen fontos a környezettörténeti vizsgálatokban, mivel a vízi táplálékforrások megszerzésének lehetőségeit, 

valamint az alkalmazott technikákat és eszközöket alapvetően befolyásolják ezek a hidrológiai viszonyok. Chara 

girogonit mintáinkat az ÉNy-Romániában található, termálforrás táplálta Szent László-tó holocén rétegsorából 

nyertük. A megtalált Chara cf. hispida Linnaeus, 1753 girogonitok jelenléte egy oligotróf sekélyvízi tórendszer 

kialakulását jelzi, amelyet magas oldott Ca és Mg tartalom és viszonylag szegényes növénytakaró jellemzett a 

koraholocénben. A korábbi malakológiai és Ostracoda vizsgálatok eredményei szintén egy sekély vizű, iszapos 

aljzatú, 18°C feletti vízhőmérsékletű tó kialakulására utalnak. Meleg vizű tóként a helyi mikrokörnyezet számos 

hasznosítható fafajnak is otthont adott. Az általunk vizsgált Chara maradványok a tó mezolit szintjéről 

származnak, így a tó hidrológiai viszonyairól erre az időszakra vonatkozóan tudtunk információt szolgáltatni. 

Sajnos a területen eddig nem folytak részletes régészeti kutatások, amelyek egyértelműen mezolit maradványokat 
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tártak volna fel. Így jelenleg nem áll rendelkezésre információ a kérdéses időszak tényleges antropogén 

hatásaira vonatkozóan. 
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Introduction 

Charophytes are macroscopically visible algae, the 

most common representatives of which live in 

freshwater (Soulié-Märsche 2004). An important 

feature is that their fertilized female reproductive 

organs (oospores), depending on species and 

environmental conditions, form a resistant structure 

suitable for fossilization. This structure is formed 

by the calcification of the spiral cells, and the 

resulting formula is called a gyrogonite (Soulié-

Märsche & García 2015). The first fossil 

gyrogonites are known from layers formed in the 

Palaeozoic Silurian and have been found in 

sediments continuously since then. The structure 

described above carries essential morphometric, 

taxonomic, and geochemical data. The extracted 

data can be used as a proxy for archaeological and 

environmental reconstruction studies (Horn af 

Rantzien 1959; O’Brien et al. 2005; Palacios-Fest 

2010; Jakab & Sümegi 2011; Frenzel 2019; Marton 

2021; Demirci et al. 2023). The depth, temperature, 

stream flow, chemical composition and amount of 

light in the water are important for charophytes 

(Horn af Rantzien 1959; Jakab & Sümegi 2011). 

The most important water chemistry parameters are 

pH, lime and phosphorus content. High phosphorus 

content is not favourable for charophytes and is the 

limiting factor for them. Although phosphorus and 

nitrogen compounds can be naturally introduced 

into standing waters, their presence is mainly due to 

human activities such as agriculture and wastewater 

production (Jakab & Sümegi 2011).Exploring the 

evolutionary history of natural sedimentary systems 

and their environments is in the focus of complex 

archaeobotanical studies (Sümegi et al. 2015).The 

present work is concerned with the study of such a 

natural sedimentary system, the former 

environment of the thermal spring fed Lake Peţea 

(Lake St. Ladislaus) in Băile 1 Mai NW Romania 

through the analysis of the fossil gyrogonites 

recovered from a geological profile dug in 2012. 

Sampling area 

Băile Episcopale (Hungarian: Püspökfürdő, 

German: Bischofsbad) is a popular bathing resort 

located 9 km SE from the city of Oradea NW 

Romania. It is one of the oldest known bathing 

sites, mentioned as early as the 18th century. Its 

popularity is based on the thermal waters found in 

the area, whose therapeutic properties are widely 

used to treat a wide range of ailments (e.g., 

rheumatism) (Benyó-Korcsmáros et al. 2020). 

It is also famous for its thermal spring fed Lake 

Peţea (Lake St. Ladislaus) and the Peţea stream. 

Several outstanding species, unique to the 

Carpathian Basin and only to this lake, have 

survived here. These include the thermal rudd 

Scardinius rakoviczai, the melanopsid Microcolpia 

parreyssi and Egyptian white water-lily Nymphaea 

lotus var. thermalis. Recognizing its importance, 

the area was first declared protected in 1932 and 

then became part of the Natura 2000 network in 

2007 (Tóth 1891; Kormos 1903, 1904, 1905a,b; 

Pauča 1937; Sîrbu & Sárkány-Kiss 2002; Sümegi et 

al. 2012a,b;Sîrbu et al. 2013; Neubauer et al. 2014; 

Sümegi et al. 2018; Gulyás et al. in rev; Gulyás & 

Sümegi 2023). Unfortunately, this thermal pond 

dried up in 2014, probably due to excessive thermal 

water extraction, and these three species 

disappeared from the Peţea Creek Nature Reserve. 

Our research, carried out in cooperation with the 

Ţării Crişurilor Museum, aims to reconstruct the 

former lake environment because this complex 

ecosystem may have played an important role in 

human settlement or activity like raw material 

acquisition. Our further aim is to help restore the 

dried-up lake and, last but not least, to better 

understand the environmental needs of the 

protected species that unfortunately went fully 

extinct in 2016 (Sîrbu & Sárkány-Kiss 2002; 

Telcean & Cupşa 2006; Mintaş et al. 2012; Telcean 

& Cupşa 2012; Sîrbu et al. 2013; Telcean & Cupşa 

2013; Müller et al. 2014; Sîrbu & Benedek 2016). 

Material and methods 

The material derives from stratified samples of the 

geological profile of the 2012 campaign (Sümegi et 

al. 2012a,b, 2018, Gulyás & Sümegi 2023) 

(Fig. 1.). 

The base of the 8.4 m sequence is given by 

limestone pebbles overlain by ca. 2 m thick 

organic-rich sediments (peaty, clayey marl) 

representing the emergence of a eutrophic lake. 
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Fig. 1.: Location of the sampling area with stratigraphic data 

1. ábra: A mintavételi terület elhelyezkedése és a vizsgált szelvény rétegrajza 

 

This is overlain by ca. 3 m of calcareous marl up to 

a depth of 2.5 m with thin pebbly, sandy 

intercalations in its top part representing deposits of 

an oligomesotrophic lacustrine system. The next 

unit is a 1.4 m organic-rich lacustrine sediment with 

thin silty, sandy marl intercalations overlain by 1.2 

m of clay-rich silty marls again deposited in a 

eutrophic thermal lake system. Based on available 

radiocarbon data for charcoal samples taken from 

the base of the 2012 profile, the evolution of the 

lake must have started at 22.5 ky cal BP and most 

of the sequence are dated to the Holocene. The ages 

of the two samples are 10 300–10 200 year cal BP 

and 11 200–10 900 year cal BP so it can be dated to 

the Early Holocene (Sümegi et al. 2012a,b, 2018, 

Gulyás et al. in rev, Gulyás & Sümegi 2023). 

Three specimens of gyrogonite were recovered 

from sample 23 (between 440–460 cm) and two 

specimens from sample 27 (between 520–540 cm) 

of the section. The gyrogonites were collected 

under a Leica Wild M3Z stereomicroscope. 

Photographs were taken and more detailed 

morphological and morphometric analysis (Soulié-

Märsche & García 2015) were performed using a 

Zeiss Discovery.V12 stereomicroscope. Statistical 

analysis was not performed due to the small sample 

size. The results of the residuals determination were 

compared with sedimentological, malacological 

data for the horizons (Sümegi et al. 2012a,b, 2018; 

Gulyás & Sümegi 2023). The ages of the two levels 

containing the gyrogonites were adopted from 

Sümegi et al. (2018), Gulyás et al. (in rev) and 

Gulyás & Sümegi (2023). 

Results 

The gyrogonites are medium in size, the mean 

longest polar axis (LPA, length) is 810 μm, the 

mean largest equatorial diameter (LED, width) is 

580 μm. The isopolarity index (ISI) is 139.65 and 

the shape is usually subovoidal to ellipsoidal, 

subprolate to prolate. The mean distance of the 

apex and the equator is 435 μm. The apex is round 

and there are not any apical modifications. The 

number of spiral cells is 5. The outer structure of 

the gyrogonites is white, there are not any 

ornamentations. The spiral cells are 81–100 μm 

wide and the spirals are convex. In specimens 

where the outer casing is damaged, the brown-

coloured inner structure becomes visible. In lateral 

view, the number of visible convolutions is 11–12. 

Mean basal pore diameter is 79 μm, the simple 

pentagonal basal plate is visible. Based on the 

above data, the studied gyrogonites belong to the 

species Chara cf. hispida. Linnaeus, 1753 (Fig. 2.). 
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Fig. 2.: Chara cf. hispida gyrogonites from the section. From left to right 23/1-23/2-23/3-27/1-27/2, top-down 

lateral-apical-basal view. Scale bar 500 μm 

2. ábra: A szelvényből származó Chara cf. hispida girogonitok. Balról jobbra 23/1-23/2-23/3-27/1-27/2, fentről 

lefelé oldal-csúcsi-alapi nézetben. Méretskála 500 μm. 

 

Discussion 

Chara hispida Linnaeus, 1753 is most often 

described Chara species from lakes and peatlands 

exploitation ponds, but it can also grow in shallow 

areas of pools or calcium-rich ditches. The species 

is also found in open areas of ponds but, like other 

charophytes, prefers smaller, sheltered areas. They 

usually grow at depths of 0.5–2 m, but also occur at 

depths of 4 m. They have a wide temperature 

tolerance and are indifferent to light conditions 

(Haas 1994; Urbaniak & Gąbka 2014). 

The mollusc fauna composition of the levels 

containing gyrogonites was dominated by 

Microlpia daudebartii acicularis A. Férussac, 1823 

(level 23: 93.23%, level 27: 100%) and Theodoxus 

prevostianus C. Pfeiffer, 1828 (level 23: 6.77%), 

which is considered to be a Pannonian endemism 

(Sümegi et al. 2012a,b, 2018). Among the 

ostracods, species of the genus Candona, Candona 

candida O.F. Müller, 1776 and Candona weltneri 

Hartwig, 1899 were identified (Bóni 2022). 

Based on the results of Gulyás & Sümegi (2023) 

using sedimentary, environmental magnetic, LOI, 

and fire intensity data a three-stage sedimentary 

evolution occurred in Lake Peţea between 17.5 and 

0.05 ka cal BP which was mainly controlled by 

major climate-driven hydrological changes also 

seen in regional palaeoenvironmental records; i.e. 

17.5–14.5 ka shallow eutrophic lake, 14.5–5.5 ky 

oligotrophic carbonate-rich lake, 5.5–0.5 ka shallow 

eutrophic lake. A major lowstand at 11.7–10.2 ky 

because of a drier climate was followed by 

progressively rising water levels up to 5 ky 

followed by a drop. The main control on lake level 

fluctuations and sedimentary phases was varying 

input of thermal water due to recurring 

increased/decreased recharge of the underground 

shallow karst water system. Based on the 

stratigraphic location of the charophyte samples, 

the occurrence of these fossils postdates the 

mentioned lowstand seen from palaeo-

environmental data. 

Both ostracod species indicate a lacustrine, shallow 

lake environment with a muddy substrate and water 

temperatures above 18°C (Bóni 2022), which is 

consistent with the malacological temperature data 

previously obtained on the mollusc fauna (Sümegi 

et al. 2012a,b, 2018). 

The results show that, although Chara cf. hispida 

Linnaeus, 1753 was present in the Early Holocene 

oligotrophic lake, the hydrological conditions were 

not particularly favourable for Characeae species in 

the remaining part of the lake history despite the 
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documented high carbonate content present in the 

lake system (Gulyás & Sümegi 2023). This 

assumption is supported by the complete absence of 

gyrogonites in the other levels of the section. 

Conclusion 

The results confirm that the former environment of 

the lake provided suitable conditions for human 

settlement and activity. The Chara remains that we 

recovered were from the Mesolithic level of Lake 

Peţea, so we were able to provide information on 

the hydrology of the lake for this period. The 

section and these two levels are not of 

anthropogenic origin, but are the result of natural 

processes, and are thus indirectly linked to 

archaeological research. Unfortunately, there have 

been no detailed archaeological investigations in 

the area to date revealing any potentially Mesolithic 

remains. Thus, no information is currently available 

on actual human occupation from the period in 

question. Nevertheless, the methods of analysis 

detailed above can be reliably applied in 

archaeology and the results of the environmental 

reconstruction of the Lake Peţea will help future 

archaeological research in the area. 
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