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ABSTRACT: Deposits from a millpond in the Jarostawianka Stream valley (Stawno Plain, NW. Poland) were
subject to malacological analysis in order to reconstruct the history of environmental transformations of
the pond from its establishment in 1351 to the end of its functioning in 1960. Thirty five mollusc taxa
occurred in the pond during its functioning: 21 taxa of water snails, 11 bivalves, and 3 terrestrial snails.
Six phases of development of the pond were distinguished, based on the mollusc assemblages: phase I
(1351-1450 CE) - very favourable habitat conditions, high species richness and diversity; phase II (1450-
1490 CE) - deterioration of habitat conditions — decrease in the number of species and individuals; phase
III (1490-1590 CE) - improving conditions and reappearance of species which had occurred in the pond
in phase I; phase IV (1590-1750 CE) - the least favourable conditions and poor malacofauna in terms of
species number and abundance; phase V (1750-1790 CE) — renewed development of the malacofauna;
phase VI (after 1790 CE) - end of functioning of the pond. The phases of pond development were associated
with hydrological transformations, resulting from climatic factors and human economic activity.
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INTRODUCTION

Anthropogenic water bodies, including ponds of
various origins, play an important role in modern
landscape. Their environmental importance involves
an increase in the habitat diversity in areas with no
natural water bodies, in degraded or human-trans-
formed areas, and thus preservation of, and often also
increase in biodiversity through provision of new fa-
vourable habitats for many plant and animal species
(WOoOD & BARKER 2000, STRZELEC & SERAFINSKI
2004, CEREGHINO et. al. 2008).

From the ecological point of view, ponds are very
comfortable objects of research on colonisation of
water bodies, the effect of environmental factors
on the structure of plant and animal communities,
and the area effect on the occurrence and diversity
of particular groups of animals (SPYRA et al. 2007).

Due to their specific hydrological and edaphic con-
ditions, ponds are subject to numerous malacologi-
cal studies (e.g. STRZELEC 1993, WOOD & BARKER
2000, KOLODZIEJCZYK & DOEEGA 2004, STRZELEC &
SERAFINSKI 2004, SPYRA et al. 2007, STRZELEC et al.
2014). In contrast to research on modern malacocoe-
noses, studies on mollusc assemblages of erstwhile
ponds are relatively rare, especially those involving
complete succession of malacofauna from the estab-
lishment of the water body to its filling. This type of
studies, considering mollusc assemblages, their spe-
cies composition, and additionally textural and struc-
tural properties of the sediments, make it possible to
assess the environmental transformations in a long
time perspective (SZWARCZEWSKI 2003).
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The research was conducted in a millpond on the
lower section of the Jarostawianka Stream, near its
mouth to the Wieprza River, between the villages of
Stary Krakéw and Kowalewice, Poland. According to
ROSENOW (1934), the mill was established by the
Knights Hospitaller of St. John of Jerusalem in 1351,
and functioned until 1960. At present, the remains
of the mill include its foundations, fragments of the
wooden weir, the earth dam, and sediments deposit-
ed in the former millpond.

The Jaroslawianka Stream valley and the area of
the former millpond were subject of geomorphologi-
cal (FLOREK & TYLMAN 2013), pedological (JONCZAK
2010, JONCzAK & FLOREK 2013), archaeological
(RACZKOWSKI & BANASZEK 2013) and botanical re-

STUDY AREA

The Jarostawianka Stream is a left-bank tribu-
tary of the Lower Wieprza River, with the length of
3.7 km and catchment area of 5.74 km? (JONCZAK
& FLOREK 2013). It is located in NW. Poland in the

search (SOBISz 2013), and subfossil Cladocera anal-
yses (NISKA 2013). Particularly the latter analysis
permitted the comparison of the cladoceran and mol-
luscan assemblages in the analysed sediment profiles,
and lent support to the palaeoenvironmental conclu-
sions.

The primary objective of this study was to charac-
terise the mollusc assemblages occurring in the sed-
iments of the millpond in the Jarostawianka Stream
valley. These considerations provided the basis for
the reconstruction of environmental conditions at
particular phases of development of the pond, be-
ginning from its establishment until the end of its
existence, in relation to the climatic and hydrological
transformations of the last 650 years.

Stawno Plain mesoregion (KONDRACKI 2009) (Fig. 1).
The middle and lower sections of the Jarostawianka
Stream valley are more than 10 metres deep and
cut in the surface deposits of varied origin: glacial
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Fig. 1. A — Location of Jarostawianka Stream catchment (hatched) in Stawno Plain; B — Location of the millpond in the
mouth section of Jarostawianka Stream; C - Location of profiles JAR I, JAR II, JAR III, JAR IV and profile 2 (JONCZAK

& FLOREK 2013)
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tills, sands and gravels of kames, silty-clay glacio-la-
custrine formations, and the underlying older marl
loams. On the boundary of marl loams and younger
deposits, inter-layers of sands occur, constituting an
aquifer feeding the river JONCZAK & FLOREK 2013).
A characteristic feature of the valley is the high incli-
nation of the longitudinal profile of the river (7.65%),
benefitting its use for hydro-energy production.

The catchment of the Jarostawianka Stream val-
ley is overgrown by Subatlantic fresh pine forests
(Leucobryo-Pinetum) and continental mixed forests
(Querco roboris-Pinetum), originating from the trans-
formation of the original beech forests from the as-
semblage Fagion sylvaticae at the boundary of the 19th
and 20th century (PLIT 2009, SOBISZ 2013). The floor
of the valley and the surface of the former millpond

MATERIAL AND METHODS

The field survey was carried out during four ex-
peditions from March to October 2016, with four
excavations along the channel of the Jarostawianka
Stream, and sampling four sediment cores with a
length of 200 to 270 cm. The samples were taken at
5-10 cm intervals, depending on the lithology of the
sediments. A total of 132 samples with a volume ca.
500 cm?® were collected for malacological analysis. At
the laboratory, the samples were rinsed on a sieve
with 0.25 mm mesh. Silty samples and those strong-
ly contaminated with organic matter were heated in
5% KOH solution. The mollusc remains were mostly
well preserved, permitting precise species identifi-
cation. Numerous fragments of crushed shells were
also found in the sediments; these could be iden-
tified only to the genus or family levels. The shell
fragments which enabled indisputable identification
were recalculated into whole specimens in accord-
ance with the formula developed by ALEXANDROWICZ
& ALEXANDROWICZ (2011).

The malacological analysis followed LOZEK (1964)
and ALEXANDROWICZ & ALEXANDROWICZ (2011).
The mollusc species were classified into four ecolog-

RESULTS
GEOLOGICAL SETTING

In lithological terms, the analysed section of the
Jarostawianka Stream catchment is built of four de-
posit series: fluvial sands and silty-clay, peaty gley
soils, millpond sediments, as well as overbank sands
and soils constituting the uppermost layer of the de-
posit series (Fig. 2).

The millpond bed is composed of fluvial sands and
silty clay, covered by peaty gley soils in the south-

are occupied by ash-alder riparian forest (Fraxino-
Alnetum) with high species richness and complex
layer structure. The dominant species in the tree
stand is common alder (Alnus glutinosa), with admix-
tures of common oak (Quercus robur), European ash
(Fraxinus excelsior), and less frequent Norway spruce
(Picea abies) and silver birch (Betula pendula). As many
as 468 species of vascular plants occur in the small
Jarostawianka Stream catchment, including 27 pro-
tected species (SOBISZ 2013).

The lower section of the Jarostawianka Stream
valley, together with the former millpond, is includ-
ed in the European Ecological Natura 2000 Network
Programme of protected sites, as “Wieprza and
Studnica Valley” (PLH 220038).

ical groups in accordance with the scheme presented
by ALEXANDROWICZ & ALEXANDROWICZ (2011): L
— terrestrial species; S — species typical of small, peri-
odic, and strongly vegetated water bodies; P — species
of permanent water bodies; R - rheophilous species.

Percent malacological diagrams presenting the
occurrence of species were developed in Tilia and
Tilia Graph software (GRIMM 1990). Shannon diver-
sity (H) and evenness indices were calculated with
the PAST statistical package (HAMMER et al. 2001).
The conventional radiocarbon dates (JONCZAK &
FLOREK 2013) were calibrated with OxCal 4.4 soft-
ware (BRONK RAMSEY 2009). The IntCal20 (REIMER
et al. 2020) atmospheric curve was applied for date
calibration.

To determine which mollusc assemblages re-
sponded to climate changes, we compared the num-
ber of specimens and taxa with the well-known tem-
perature changes over Europe between 1300 and ca.
1900 CE (LUTERBACHER et al. 2016). The compari-
son used the temperature reconstruction based on
Bayesian hierarchical modelling (in the original pa-
per by LUTERBACHER et al. 2016 — blue line).

ern and eastern parts (JONCZAK & FLOREK 2013).
According to radiocarbon dating, the age of the up-
permost layer of the soils is 750+50 years BP (MKL-
1335) (JONCZAK & FLOREK 2013). The fluvial sands
and silty clay are covered by millpond sediments of
spatially variable thickness, with the bottom layer
dated as 59040 years BP (MKL-513) (JONCZAK &
FLOREK 2013), which closely corresponds with his-
torical data of the establishment of the mill and pond
in 1351 (Table 1). In the lower part, the millpond
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sediments are developed in the form of black muds
with a rich malacofauna deposited at the depth of
140-185 cm in profile JAR I to 200-235 cm in profile
JAR IV. The northward decrease in the depth range of
the series corresponds with the slope inclination of
the valley of 4.11% (FLOREK & TYLMAN 2013).

The upper series of millpond sediments, devel-
oped in the form of brown muds, shows bedded
structure of fluvial-limnic sedimentation, and the
possibility of periodic sediment supply from the
slope (FLOREK & TYLMAN 2013). Two oak trunks are
embedded within this deposit series, at the depth of
ca. 85-95 cm. Based on dendrochronological dating,
they were cut in 1740 CE (MKL-551) and 1754 CE
(MKL-552) (JONCZAK & FLOREK 2013).

A characteristic feature of the muddy-sandy de-
posits of the millpond is their vertical and spatial

variation in textural and geochemical terms. The av-
erage grain diameter of the deposits varies from 3.85
to 6.04 phi, and sorting from 1.23 to 1.86. They also
show low density (0.42-1.32 g cm~®) and high poros-
ity of up to 81.0%. They are mostly of mineral-organ-
ic character, containing up to 17.55% organic matter,
and up to 7.95% organic carbon. The muddy-silty
sediments of the millpond are nitrogen-rich (mean
nitrogen content 0.43%), and moderately rich in
phosphorus (mean content 0.12%). The reaction of
the sediments varies from alkaline (lower part of the
profiles) to strongly acidic in the upper part (depth
0-70 cm) (JONCZAK & FLOREK 2013).

The uppermost deposit series is formed of over-
bank deposits and modern soils with a thickness
ranging from 30 cm in profile JAR IV to 70-90 cm in
profiles JAR I, JAR IT and JAR IIL

Table 1. Results of calibration of conventional radiocarbon dates of millpond sediments in profile 2 (JONCZAK & FLOREK
2013) to calendar years, expressed as CE (Common Era). Location of samples as in Fig. 2

Depth . Laboratory Radiocarbon age Calibrated age -
(cm) Material number 14C years BP years CE Probability
170-174 brown-black muds MKL-513 590+40 1300-1420 95.4%
180-185 peaty gley soil MKL-1335 75050 1179-1191 1.6%
1205-1309 88.1%
1362-1386 5.8%
PROFILE 2 PROFILE PROFILE PROFILE PROFILE
(JONCZAK & FLOREK 2013) JAR | JAR I JAR I JAR IV
0
20 — overbank —
deposits
40 and soll
60 //

80

d

100+

=

120

140

Depth (cm)

millpond
deposits

160
590+40 BP @

1801-750+£50 BP

200

220
fluvial deposits

240

260

280

=K [ il

Fig. 2. Lithology of millpond deposits: 1 — overbank deposits and soil, 2 — layered sandy silts, 3 — brown-black muds, 4 -
varigrained sands, 5 - fluvial sands and silty-clay, 6 — peaty gley soil. Radiocarbon and dendrochronological dates after

JONCZAK & FLOREK (2013)
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MALACOLOGICAL PROFILES

The composition of the malacofauna of the mill-
pond sediments of Jarostowianka Stream valley is
shown in Table 2. Mollusc shells occurred in 43 sam-
ples, exclusively within the brown-black muds. The
remaining samples contained no malacofauna, or only
small shell fragments, impossible to identify even to
the family level. The total number of specimens in

four profiles was 2,770, representing 35 taxa (Table
2). Of these, 21 were freshwater snails, 11 were bi-
valves of the families Sphaeriidae and Unionidae,
and three were terrestrial species. The number of
taxa varied among the profiles, ranging from 12 in
profile JAR IV to 30 in profile JAR II (Table 2). The
number of individuals varied from one in the numer-
ous samples of profile JAR IV to 220 and 245 in two
bottom samples of profile JAR 1.

Table 2. Composition of malacofauna in profilesJAR I, JARII, JAR Il and JAR IV from the millpond sediments of Jarostawianka
Stream valley. Symbols of ecological groups: L — terrestrial species; S — species typical of small, periodically disappearing,
and strongly overgrowing water bodies; P — species inhabiting permanent water bodies; R — rheophilous species

Ecological Taxon JAR 1 JAR II JAR III JAR IV Total
group No % No % No % No % No %
1 L Succinea putris (Linnaeus, 1758) 31 33 81 87 72 119 9 3.0 193 70
2 L Cochlicopa lubrica (O. E Miiller, 1774) - - 2 02 - - - - 2 0.1
3 L Monachoides incarnatus (O. E Miiller, 1774) 1 0.1 - - - - - - 1 0.0
4 S Valvata cristata O. E Miiller, 1774 03 3 03 3 05 - - 0.3
5 S Valvata macrostoma Morch, 1864 12 1.3 52 5.6 9 1.5 1 0.3 74 2.7
6 S Bithynia leachi (Sheppard, 1823) 50 54 5 05 6 10 9 30 70 25
7 S Stagnicola palustris (O. E Miiller, 1774) 5 05 8 09 - - - 13 05
8 S Stagnicola corvus (Gmelin, 1791) - - 6 06 - - - - 6 0.2
9 S Galba truncatula (O. E Miiller, 1774) 3 03 3 03 - - - - 6 0.2
10 S Planorbis planorbis (Linnaeus, 1758) 51 5.5 145 155 - - - - 196 7.1
11 S Gyraulus rossmaessleri (Auerswald, 1851) 1 12 22 24 7 12 - - 40 1.4
12 S Segmentina nitida (O. E Miiller, 1774) - - 3 03 4 07 - - 7 0.3
13 S Pisidium milium Held, 1836 7 07 19 20 15 25 - - 41 1.5
14 S Pisidium pseudosphaerium Schlesch, 1947 26 2.8 47 50 14 23 - - 87 3.1
15 S Pisidium pulchellum Jenyns, 1832 - - 1 01 - - - - 1 0.0
16 S Pisidium obtusale (Lamarck, 1818) 0.1 1 0.1 02 - - 3 0.1
17 P Valvata piscinalis O. E. Miiller, 1774 79 85 93 99 48 79 9 30 229 83
18 P Bithynia tentaculata (Linnaeus, 1758) 28 3.0 58 62 24 40 - - 110 4.0
(opercula) 155 16.6 59 6.3 67 11.1 220 74.1 501 18.1
19 P Lymnaea stagnalis (Linnaeus, 1758) 14 15 21 22 26 43 11 37 72 26
20 P Radix labiata (Rossmissler, 1835) 94 10.1 43 46 86 142 13 44 236 8.5
21 P Gyraulus albus (O. E Miiller, 1774) 75 80 54 58 24 40 4 13 157 5.7
22 P Gyraulus crista (Linnaeus, 1758) 31 33 42 45 26 43 14 47 113 4.1
23 p Bathyomphalus contortus (Linnaeus, 1758) 2 02 1 01 1 02 - - 4 01
24 P Hippeutis complanatus (Linnaeus, 1758) 9 10 21 22 3 05 2 07 35 13
25 P Acroloxus lacustris (Linnaeus, 1758) 64 69 47 50 10 1.7 - - 121 44
26 P Sphaerium corneum (Linnaeus, 1758) - - 1 - - - - - 1 0.0
27 P Pisidium casertanum (Poli, 1791) 26 2.8 18 19 23 38 - - 67 2.4
28 R Anodonta anatina (Linnaeus, 1758) - - 1 01 - - - - 1 0.0
29 R Pisidium nitidum Jenyns, 1832 47 50 23 25 85 141 - - 155 5.6
30 R Pisidium subtruncatum Malm, 1855 71 7.6 45 48 50 83 - - 166 6.0
31 R Pisidium personatum Malm, 1855 6 06 10 1.1 - - - - 16 0.6
32 Valvata sp. - - - - - - 0.3 1 0.0
33 Pisidium sp. 7 07 - - - - - - 0.3
34 Lymnaeidae sp. 25 27 - - - - - - 25 0.9
35 Planorbidae sp. - - - - - - 4 13 4 0.1
Total number of specimens 934 100 935 100 604 100 297 100 2,770 100
Total number of taxa 27 30 21 12 35
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PROFILE JAR I

The assemblage of the profile included 934 indi-
viduals of 27 taxa (2 terrestrial species, 17 aquatic
snails, and 8 bivalve taxa). The molluscs occurred ex-
clusively in the lower part of the profile at the depth
of 115-185 cm, within the black muds and muds
with sand inter-layers (Fig. 3). Four local mollusc
assemblage zones (LMAZ) were distinguished. The
bottom part of the profile (LMAZ JAR I-1, 170-185
cm) was dominated by Bithynia tentaculata opercu-
la (max. 28.9% of all individuals), Valvata piscinalis
(21.0%), Radix labiata (14.4%) and Acroloxus lacustris
(12.7%). Species typical of small and strongly veg-
etated water bodies (i.a. Bithynia leachi, Valvata cris-
tata, Valvata macrostoma, Stagnicola palustris, Galba
truncatula) accounted for 14.1% of all specimens,
and rheophilous species for 11.6%. Terrestrial taxa
constituted a small proportion and were represent-
ed by Monachoides incarnatus, a Central- and South-
European species, rarely encountered in northern
Poland (WIKTOR 2004), and characteristic of warm
periods (ALEXANDROWICZ 1987, JURICKOVA et al.
2014), and by the hygrophilous Succinea putris.

At the depth of 162.5-170 cm (LMAZ JAR I-2)
the number of taxa and individuals decreased (Fig.
3). The primary components of this assemblage were

drought-resistant species: Planorbis planorbis (38.3%),
R. labiata (23.4%), B. tentaculata (11.4%) and Gyraulus
rossmaessleri (5.2%), suggesting periodic emptying of
the pond.

The next LMAZ JAR I-3 (140-162.5 cm) showed
an increase in the number of taxa and individuals,
and dominance of Gyraulus albus (19.6%), R. labiata
(19.5%), and - in the uppermost part of the level -
Pisidium nitidum (40.1%). B. leachi, B. tentaculata, V.
piscinalis, Gyraulus crista and Pisidium pseudosphaerium
constituted accessory components. From the depth
of 155 c¢m, a decrease in the number of species was
observed. The molluscs were represented by sever-
al individuals of B. leachi, and fragments of shells of
Pisidium sp. (Fig. 3).

The uppermost level (LMAZ JAR I-4, 115-135
cm) covering sandy-muddy sediments contained sev-
eral individuals of V. macrostoma, R. labiata, as well as
shells and opercula of B. tentaculata.

The Shannon diversity index (H) varied from
0.69-0.80 in the species-poor and low-density assem-
blages of the sandy silts at the depth of 115-145 cm
to 2.07-2.59 in the assemblages of the brown-black
muds. The evenness index in JAR I profile was high
and ranged from 0.73 to 1.00. Only in two samples at
the depth of 175-180 cm and 158-170, the values of
the evenness index were 0.53 and 0.59 (Fig. 3).

L S P R
0 . 5 2
= S 15 € o |g
g © 3 2 £ SRS
S g 2 @2 8 S I I 12 ) S S3I® 3
8 SHEe & 8272 |8 g o = s O RS
Sol- o233 S E 3T EZ 3 T 2 S 2oo8f 55§
258 IS IR 8 4203 L 8 £ o g S 23358523
23z & 28 3 33 F|S S = S & = 2 222533 S o= a
Sse5E8S o ,o5888 g5 4 g3 5820 eeo2SE 2
3 |€ 3w SE § S8 cssglg~. o3 2 3 3 E83sEglg g g
S ol 8 8 8 =2 = = = © x = e==23
2 ESIEERRERESES® o S22 3IcL < % 9 x S TS5 =22 =
S |S82 2222 £ T 33 3|29 >0 g 53 SRR kSRS ihs] 3
£ |SSE 388 & S2eelse S8 353 SS3558gg2 2 2
O SEoead>S>Ss0 @ oo dlaL Qal S < X T Ta00oIdlddd a H |E| LMAZ
100—— R e f F—F el ieael aell aeal nelnel it e as o Reasan]
105]"""' :
110
15
12017 E
125 AR 1-4
130
/E\ 1351 :
140
o :
145 :
a :
o) 150 )
O 155 ; JAR -3
160 ’/4 :
165 { JAR I-2
170 \\ N
175
180 [ } L : JAR I-1
185 ‘ :
190 [N Y BT Y N ﬁLm ﬁﬁu—m b b
20 2 123 1

2040 20 40 20 40 60 80 20
% % % % %

20 20 40 60
% %

b= i e b
20 20 20 20 40 20 40 60 80 10
% % % % %

Fig. 3. Percent mollusc species composition in the sediments of profile JAR I: L — terrestrial snails, S — species typical
of small, periodically disappearing, and strongly overgrowing water bodies, P — species inhabiting permanent water
bodies, R — rheophilous species, H — Shannon’s diversity index, E — evenness index, LMAZ — local mollusc assemblage

zone. Lithological signatures as in Fig. 2
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PROFILE JAR II

Four local assemblage zones (LMAZ) were distin-
guished in the profile. The bottom LMAZ JAR II-1
(175-190 cm) comprised 24 taxa represented by 437
individuals, dominated by V. piscinalis (23.5% on av-
erage), opercula of B. tentaculata constituting 13% of
all individuals, V. macrostoma (8.4%), A. lacustris (8%)
and S. putris reaching a maximum of 11.9% in the
level (Fig. 4).

LMAZ JAR II-2 (170-175 cm) showed a distinct
decrease in the number of individuals (111) and taxa
(11), particularly species dwelling on aquatic plants.
They were replaced by species inhabiting seasonal,
drying water bodies: P. planorbis (43.6%), G. rossmaes-
sleri (15.7%), S. palustris (5.1%) and Stagnicola corvus
(6.3%); they occurred exclusively within this level.
Such a composition of the assemblage suggests that,
within this level, the millpond was probably periodi-
cally devoid of water.

The next level (LMAZ JAR 1I-3; 160-170 cm) was
characterised by an increase in diversity; 450 indi-
viduals represented 26 taxa, among others R. labiata,
V. cristata, V. macrostoma, G. crista, P. pseudosphaerium,
Pisidium milium and two individuals of Cochlicopa lu-
brica (Fig. 4).

From the depth of 160 cm (LMAZ JAR 1I-4), the
change in sediment lithology was accompanied by a
change in the number of individuals, and disappear-
ance of species typical of shallow and much vegetated

water bodies. The level was dominated by euryoecious
species: R. labiata (23.5%), V. piscinalis (16.7%) and B.
tentaculata (25%). In the uppermost level, at the depth
of 142-147 cm, only single individuals of Pisidium ca-
sertanum and P. subtruncatum occurred (Fig. 4).

For the JAR II profile the values of the Shannon
diversity (H) and evenness indices were 2.10-2.68
and 0.45-0.77, respectively. Only in the sample from
the depth of 142.5-147.5 cm, Shannon’s diversity in-
dex was 0.69 and the evenness index — 1.00 (Fig. 4).

PROFILE JAR III

The sequence began at the depth of 205 cm with
an assemblage with a large proportion of R. labiata
(74.2% of total fauna) and an admixture of S putris
(22.6%) and several individuals of Segmentina nitida,
G. crista and P. casertanum (Fig. 5). From the depth
of 200 cm (LMAZ JAR 1II-2), with the beginning of
sedimentation of black muds, the structure of the as-
semblage changed. Eighteen taxa suddenly appeared,
represented by 464 individuals. The assemblage
was dominated by species characteristic of perma-
nent water bodies: B. tentaculata (20.9%), V. piscina-
lis (14.3%), R. labiata (16.6%), G. crista (14.3%) and
species typical of shallow and much vegetated littoral
zones: B. leachi, V. cristata, V. macrostoma, Pisidium ob-
tusale and P. milium reaching a total of 13.3%. The
proportion of the hygrophilous S. putris was also sub-
stantial, reaching 20-22% within this level (Fig. 5).
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Fig. 5. Percent mollusc taxa composition in the sediments of profile JAR III. For explanations see Fig. 3

At the level of 185-190 cm (LMAZ JAR III-3), an
evident decrease in the number of taxa (6) and indi-
viduals (14) was observed. The primary components
of the assemblage were P. nitidum (35.7% of the to-
tal fauna), as well as V. piscinalis (28.6%), G. crista
(14.3%); there were single individuals of S. putris, S.
nitida and opercula of B. tentaculata. A decrease in
the number of species and individuals in this part of
the profile suggests a deterioration of habitat condi-
tions and an increase in the flow of the Jarostawianka
Stream.

The primary components of the assemblage in
the uppermost part of the profile (LMAZ JAR III-4,
170-185 cm) were bivalves: P. nitidum, P. subtrunca-
tum, P. pseudosphaerium, P. casertanum, P. milium, and
P. obtusale — constituting a total of 55.5% of the fauna.
Besides, the assemblage comprised shells and oper-
cula of B. tentaculata (17.2%), G. albus (9.8%), R. labi-
ata (7.9%), V. piscinalis (4.9%), G. rossmaessleri (2.3%),
V. macrostoma (0.6%), B. leachi (0.6%), Lymnaea stag-
nalis (0.6%) and A. crista (0.6%) (Fig. 5).

The highest values of the Shannon diversity index
(H) in the profile varied from 2.16 to 2.35 and were
found in almost all samples, while the lowest (1.05-
1.57) were recorded for assemblages of the lower,

middle and upper part of the profile. The evenness
index for the entire profile varied between 0.48 and
0.80 (Fig. 5).

PROFILE JAR IV

It was located in the northern part of the for-
mer mill complex. It covered the longest (200 cm)
sequence of muds and sandy-muddy sediments, al-
though compared to the other profiles it contained
the smallest number of species and individuals. Only
297 individuals belonging to 12 taxa were found
throughout the profile. The assemblage was domi-
nated by B. tentaculata (exclusively opercula), consti-
tuting 74.1% of all individuals.

The malacofauna occurred in three levels (Fig. 6).
The oldest one (LMAZ JAR IV-1) was located at the
depth of 200-230 cm within the black muds. It con-
tained 70 individuals, dominated by R. labiata and G.
crista (both species represented 20.4%), as well as S.
putris (14.3%). Moreover, the assemblage of this lev-
el included opercula of B. tentaculata (10.2%), V. pis-
cinalis (10.2%), L. stagnalis (10.2%), G. albus (8.2%),
H. complanatus (4.1%), and fragments of planorbid
shells (2.0%) (Fig. 6).
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The middle part of the profile was devoid of mol-
luscs. Only LMAZ JAR IV-2 (155-200 cm), covering
the layer of sandy muds and sands, contained single
opercula of B. tentaculata.

The youngest level (LMAZ JAR IV-3) was de-
posited at the depth of 45-90 cm within the layer
of black muds. It contained almost exclusively oper-
cula of B. tentaculata, constituting 85.4% of the total
fauna, with an admixture of B. leachi (4.0%), L. stag-
nalis (2.7%), G. crista (1.8%), V. piscinalis (1.8%), R.
labiata (1.3%), S. putris (0.9%), V. macrostoma (0.4%),
and several fragments of shells of Valvata sp. and
Planorbidae sp. (1.7%) (Fig. 6).

DISCUSSION
DEVELOPMENT PHASES OF THE MILLPOND

The diversity of the mollusc assemblages, litho-
logical features, and comparison with the record of
frequency of cladoceran species (NISKA 2013) in-
dicate six phases of development of the millpond
(Fig. 7). The time frames of particular phases were
determined based on historical data (ROSENOW
1934), radiocarbon and dendrochronological dating

The small number of species and individuals pres-
ent in the JAR IV profile resulted in low values of the
Shannon diversity index, ranging from 0.00 (one spe-
cies) to 1.81. The highest values of the H index were
recorded in the lower layer of brown-black muds,
where they ranged from 1.55 to 1.81, and the low-
est (0.00) in the middle part of the profile, in which
there were single opercula of B. tentaculata. The even-
ness index ranged from 0.28-0.58 in the upper part
of the profile to 0.82-1.00 in the remaining samples

(Fig. 6).

(JoNczAK & FLOREK 2013), and correlations with
the record of land summer temperature anomaly in
Europe over the last 700 years (LUTERBACHER et al.
2016).

Phase I (warm period;
1351-1450 CE)

The beginning of the development of the mill-
pond fell on the mild climate of the mid-14th cen-
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tury (max. +0.35 °C compared to the reference
period 1500-1850, LUTERBACHER et al. 2016). The
composition of mollusc assemblages suggests that
after the construction of the earth dam in 1351 and
establishment of the pond, the conditions soon be-
came favourable for the malacofauna. Seventeen taxa
with varied ecological requirements appeared almost
simultaneously, confirming PIP’s opinion (1986) re-
garding the large variation in the structure of mol-
lusc assemblages observed in anthropogenic water
bodies in the first phase of colonisation. WILLIAMS
et al. (2008) also point out that rapid colonisation of
ponds can be governed by three primary factors: type
of substrate favouring development of malacofauna,
lack of predators, and relatively low nutrient status.
During phase I, a total of 30 taxa of molluscs oc-
curred, represented by 1,399 individuals of snails

and bivalves, which suggests favourable conditions
related to stagnant water and stable hydrological,
edaphic, and thermal conditions. The analysis of
Cladocera (NiskA 2013) also showed that during
phase I the density of cladocerans representing 11
species was 3,880 ind./cm™ of sediment and was
the highest throughout the profile. Among the mol-
luscs, the highest proportion was formed by species
characteristic of permanent water bodies, and spe-
cies typical of small, periodically disappearing and
strongly vegetated water bodies. The proportion of
the hygrophilous S. putris, reaching 7.9% during the
phase, is also considerable.

An important indicator of warm phase I is
Monachoides incarnatus, a Central- and South-East-
European species (WIKTOR 2004), and eurythermal
species of warm phases (ALEXANDROWICZ 1987,
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JURICKOVA et al. 2014). In the pond sediments, it
occurs in the bottom part of profile JAR I (175-180
cm) corresponding to the age ca. 1390-1410 CE,
characterised by relatively high summer temper-
ature (+0.3 °C compared to the reference period
1500-1850, LUTERBACHER et al. 2016).

Phase II (cold period;
1450-1490 CE)

From 1450 to 1490, a cooling period occurred re-
lated to the Sporer solar minimum with summer tem-
peratures lower by —0.25 °C compared to the period
1500-1850 (LUTERBACHER et al. 2016). According to
POLACZKOWNA (1925) and CAMENISCH et al. (2016),
the years 1450-1500 in Central Europe were char-
acterised by very frosty and long winters and cool
springs and summers resulting in a pronounced sea-
sonal cycle of temperature. A decrease in the mean
annual temperature and the resulting deterioration
of habitat conditions is manifested in profiles JAR I,
JAR 11, and JAR III at the depth of 160-170 cm, as a
considerable decrease in the number of mollusc taxa
and individuals, reaching its minimum of six taxa
and 14 individuals in profile JAR II (Fig. 7).

Within this phase, species associated with aquatic
plants completely disappear (among others V. crista-
ta, B. leachi, G. albus, G. crista, S. nitida, A. lacustris),
suggesting the retreat of macrophytes caused by the
shortening of the vegetative period. They are re-
placed by euryoecious species and drought-resistant
species, among others P. planorbis, G. rossmaessleri, S.
palustris, suggesting periodic lack of functioning of
the pond during that cold period.

Phase III (warm period;
1490-1590 CE)

After the cooling phase, the period 1490-1590
is characterised by an improvement in thermal
(+0.3 °C compared to the reference period 1500-
1850, LUTERBACHER et al. 2016) and habitat con-
ditions, and the reappearance of species from the
initial period of the pond’s existence (Fig. 7). The
malacofauna of the period includes 32 taxa and 877
individuals, dominated by B. tentaculata (shells and
opercula), R. labiata, A. lacustris, and plant-dwellers
(G. albus, G. crista, H. complanatus, V. cristata, B. leachi,
S. nitida).

The end of phase III is marked by an assemblage
dominated by the bivalves P. nitidum, P. subtrunca-
tum, A. anatina, and S. corneum inhabiting zones with
weakly developed emergent and submerged vegeta-
tion. In the sediments of the millpond, it is an indi-
cator of a new type of sedimentation, pointing to hy-
drological transformations, caused by humidification
of climate and increase in the discharge rate of the
Jarostawianka Stream.

Phase IV (cold period;
1590-1715 CE)

During this phase, an evident deterioration of hab-
itat conditions is recorded, observed in the lithology
and in the composition and structure of mollusc as-
semblages (Fig. 7). Black muds are replaced by river
sands alternating with sandy and muddy sediments
with laminar structure. Water level fluctuations and
low water pH indicated by the presence of the aci-
dophilous cladoceran Alonella excisa, which develops
even at pH 5.5 (NISKA 2013), caused a considerable
decrease in the number of molluscs to 64 individu-
als, and the cladoceran density to 500 ind./cm~3 of
sediment. Profiles JAR III and JAR IV are completely
devoid of molluscs. Only in profiles JAR I and JAR I,
within sandy-muddy sediments at depths 115-120
and 125-135 cm (Fig. 7), aquatic fauna represented
by 12 taxa was identified, among others R. labiata,
shells and opercula of B. tentaculata, V. piscinalis, and
A. anatina, P. casertanum, P. nitidum, P. subtruncatum.

The correlation of the mollusc frequency with
the course of summer temperature in Europe
(LUTERBACHER et al. 2016) shows that the middle
and upper parts of this phase correspond with the
Maunder Solar Minimum, characterised by consider-
able cooling (min. —0.25 °C compared to the period
1500-1850, LUTERBACHER et al. 2016) and humidifi-
cation of the climate. This coldest period of the Little
Ice Age (BRADLEY & JONES 1993) is associated with
glacier advancement in the Alps during the Fernau
phase (BORTENSCHLAGER 1982), increase in the level
of lakes in large areas of Europe (WOJCIECHOWSKI
2000, MAGNY et al. 2008), increase in fluvial activity
(STARKEL 2000, MACKLIN et. al. 2006, HOFFMANN et
al. 2008), and intensification of landslide processes in
mountain areas (STARKEL 1986, ALEXANDROWICZ et
al. 1997, ALEXANDROWICZ 2009). In the millpond in
the Jarostawianka valley, the cooling of the climate is
manifest as deposition of river sands, particularly ca.
1640-1650 CE, during the Late Maunder Minimum
(1675-1715 CE), as well as ca. 1600 CE (Fig. 7).

Phase V (warm period;
1750-1790 CE)

It was identified exclusively in profile JAR IV locat-
ed in the northern part of the millpond at the depth
of 70-90 cm, within the brown-black muds. It yielded
157 individuals representing 10 taxa, mostly B. tentacu-
lata (opercula only), the remaining ones being S. putris,
B. leachi, V. macrostoma, V. piscinalis, R. labiata, L. stag-
nalis, G. crista, Valvata sp. and Planorbidae indet. The
composition of the malacofauna, and especially the
presence of numerous opercula of B. tentaculata, cor-
responds with the shallow shore zone of the millpond
covered by rich rush vegetation (ALEXANDROWICZ
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1999), as is also indicated by the high frequency of
Cladocera living in the muddy bottom and among
aquatic plants (NISKA 2013). The small number of
species and the low diversity of the mollusc assem-
blages, compared to the previous warm phases, prob-
ably results from a higher level of water trophy, also
confirmed by the high proportion of eutrophic-prefer-
ring cladoceran species, among others Leydigia acantho-
cercoides (NISKA 2013). Phase V should be associated
with a warm period of 1750-1790 with mean summer
temperatures higher by +0.25 °C compared to the pe-
riod 1500-1850 (LUTERBACHER et al. 2016).

Phase VI (after 1790 CE)

After 1790 CE, a short period of considerable
climate cooling occurs (min. —0.25 °C compared to
the period 1500-1850, LUTERBACHER et al. 2016),
related to the Dalton Solar Minimum (1790-1830)
(Fig. 7). In terms of lithology, the period corresponds
with the sandy-muddy levels devoid of molluscs. The
overlying layer of brown-black muds (depth 45-60
cm; ca. 1830-1870 CE) contains exclusively opercula
of B. tentaculata and several individuals of B. leachi,
which according to ALEXANDROWICZ (1999) sug-
gests strong overgrowing of the pond.

The last stratigraphic unit is represented by a se-
ries of rapidly accumulated overbank deposits with a
thickness of 30-90 cm, and modern soil cover. The
sediments are completely devoid of molluscs, or
any other macrofossils. After ca. 1870 CE, the sur-
face area of the pond largely decreased and the pond
shifted northwards, outside the line of the analysed
profile, as confirmed by a topographic map from that
period (TOPOGRAPHISCHE KARTE 1891).

RESPONSE OF MOLLUSC ASSEMBLAGES TO
CLIMATE CHANGES

The observed changes in the mollusc assemblages
in the sediments of the millpond in the Jarostawianka
Stream valley reflect important climate changes that
occurred over the last 600 years. Warm periods al-
ternated with cooling phases related to solar activ-
ity minima occurring in the periods: 1440-1460
CE (Sporer Minimum), 1645-1715 CE (Maunder
Minimum), and 1790-1830 CE (Dalton Minimum)
(LUTERBACHER et al. 2001, AMMANN et al. 2007,
CAMENISCH et. al. 2016).

CONCLUDING REMARKS

The results of the analysis of mollusc assem-
blages from four profiles provided interesting in-
formation regarding a period of approximately six
hundred years of functioning of the millpond in the
Jarostawianka Stream valley. During its existence,

The mollusc assemblages of the millpond re-
sponded to climate changes with changes in the
number of species and number of individuals (Fig.
7), as well as the structure, including variation in the
percentage of plant-dwelling species. During warm
periods, particularly in 1351-1450 and 1490-1590
CE, the assemblages were characterised by high spe-
cies diversity and abundance, and a high proportion
of snail species living on muddy bottom and among
aquatic vegetation (among others V. cristata, B. leachi,
G. albus, G. crista, S. nitida, A. lacustris).

During cold periods, the number of species and
individuals considerably decreased, the structure of
assemblages was dominated by euryoecious species
(V. piscinalis, B. tentaculata, R. labiata), and rheophil-
ous species appeared due to an increase in the stream
flow (A. anatina, S. corneum, P. nitidum, P. subtrunca-
tum). Frosty and long winters and short and cool
summers caused a reduction of the vegetative period
of macrophytes, and therefore led to a decrease in
the number, or even disappearance of plant-dwelling
mollusc species. A similar correlation between mol-
lusc assemblages and presence of macrophytes was
observed in Lake Kojle (APOLINARSKA et al. 2018),
where an increase in the number of submerged plant
species during warm climatic phases promoted the
development of most diverse and very abundant mal-
acofauna, and the retreat of macrophytes in cool peri-
ods resulted in a decrease in the number of taxa and
individuals of aquatic snails.

The phases of development of the millpond distin-
guished on the basis of mollusc assemblages are asso-
ciated with climate changes and the co-occurring hu-
man economic activity. Cold and humid conditions in
spring, summer, and autumn certainly negatively af-
fected the volume of cereal production (CAMENISCH
et. al. 2016), and consequently the volume of its pro-
cessing into flour in mills. Due to this, as a result of
reduced cereal harvests in cold periods (1450-1490
and 1590-1750 CE), the mill may have periodically
discontinued its operation, and the millpond in the
Jarostawianka Stream valley was probably drained of
water. In lithological terms, these events are reflect-
ed by the layers of fluvial sands between the muds
of the millpond (Fig. 7), and in faunistic terms by
the mollusc assemblages including drought-resistant
species and assemblages with rheophilous species.

the pond was a shallow water body inhabited by a
diverse malacofauna.

The mollusc assemblages occurring in the sedi-
ments of the millpond point to the cyclic character of
ecological transformations, primarily resulting from
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environmental changes. The records of the frequency
of molluscs evidently point to favourable conditions
during warm phases I (1351-1450 CE), III (1490-
1590 CE), V (1750-1790 CE) and VI (ca. 1830-1870
CE) featuring stagnating water, stable hydrological
factors, temperate thermal conditions, and abun-
dance of nutrients. The warm phases alternated with
periods of unfavourable conditions.

The sediments of the millpond in the Jarostawianka
Stream valley show a very strong correlation be-
tween the lithological record, species composition
and structure of mollusc assemblages, and thermal
conditions (LUTERBACHER et al. 2016), permitting
the determination of the hydrological conditions of
the pond. According to our study, the pond was fully
functional in the warm periods, during phases I, III,
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