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Abstract

The relationships between the distribution and diversity patterns of benthic invertebrates in forest ponds used for different
recreational activities were examined in this study. The study was based on sampling of benthic invertebrates, plant coverage,
physical and chemical analysis of water samples and multivariate species analysis. Mining ponds varied in their solution
chemistry and plant cover, with those used for recreation having significantly lower invertebrate occurrences (755 ind. m )
compared to ponds with no recreational use (2629 ind. m ™). Statistically significant differences were also observed in the density
of Oligochaeta, Hirudinea, Coleoptera, Trichoptera and Diptera between the two types of ponds. Overall, gastropods were more
diverse and abundant in ponds not used for recreation. This appeared to relate strongly to plant cover, since cover was greatly
reduced in recreational ponds, although plant diversity was enhanced. Density and diversity of benthic invertebrates was also
observed to differ in relation to the kind of recreational use involved (recreational angling, swimming, power boating) although
this was not quantified. The occurrence of freshwater snails primarily depended on the Ca concentration, the conductivity of the
water and plant cover, but recreational disturbance appeared to reduce abundance where it occurred and was related to a reduction
in overall plant cover.
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Introduction

During the past century, huge changes have occurred in rec-
reation (Liddle and Scorgie 1980; Anderson 2013; Knight and
Temple 2013). Along with the urbanisation processes, it is
expected that outdoor recreational activity will continue to
increase, and this requires humans to protect the biological
diversity due to the implications for nature (Anderson 2013).

Artificial lakes from industrial activities are increasingly
being reclaimed as recreational water bodies. In Europe, in-
cluding the Upper Silesian Coal Basin in southern Poland a
high concentration of small anthropogenic ponds has been ob-
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served (Rychata et al. 2011). These ponds were created in
subsidence basins (land depressions) due to the underground
exploitation of raw materials, primarily coal, and are now a
permanent part of the industrial landscape (Rzgtala et al.
2006; Machowski and Noculak 2014). Their number and
depth depends on the intensity of the human economic activity,
and this alters the public use of their waters for recreation.
Being formed in random locations due to the unintentional
human activity, they often occur in areas regarded as waste-
lands, forest complexes (Spyra and Strzelec 2014) or in areas
with urban agglomerations (Dabrowska and Dabrowski 2015;
Dabrowska and Sottysiak 2015). They are filled by groundwa-
ter, precipitation, and surface runoff, and many of them are also
stocked with fish. Their ensure migration corridors (De
Meester et al. 2005) and contribute to the preservation of the
regional diversity of aquatic biota (Biggs et al. 1994; Oertli
et al. 2002; Grochowska et al. 2004; Pakulnicka 2008;
Rychata et al. 2011; Céréghino et al. 2014). As long as they
can be used for recreational purposes, they are taken into ac-
count in land spatial planning due to the fact that the popularity
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of recreational activities that involve contact with water has
increased (Monz et al. 2013). Located in forests, they consti-
tute many recreational attractions in the industrial landscape of
southern Poland. The recreational use of these ponds primarily
includes fishing, swimming, motor boating, canoeing, and bird
feeding. People have an impact on habitats no matter what
activity they undertake, and, during the waterfowl breeding
season, anglers contribute to a serious decline in breeding wa-
terfowl. Fishing is considered to be one of the most interactive
factors in the recreational use of ponds. Intensive angling can
alter the benthos richness (Anderson 2013).

Benthic invertebrates constitute an important food source
for many predators, including crayfish, water bugs, leeches,
flatworms, insectivorous birds, and fish (Bronmark and
Malmgvist 1986; Nystrdom and Perez 1998; Kristd 2002).
The presence of molluscivorous fish can seriously reduce
the population density of snails (Bronmark et al. 1992;
Lakowitz et al. 2008), as a significant element of food webs
(Brown et al. 1998; Turner and Chislock 2007). Fish are
known to reduce the abundance of invertebrates. Studies have
frequently been carried out in aquatic environments that were
regularly stocked with fish (McNicol and Wayland 1992;
Epler et al. 2010) or in experimental studies (Manatunge
et al. 2000; Winkelmann et al. 2011), and their results obvi-
ously indicate the impoverishment of invertebrates due to pre-
dation by fish.

An awareness of the value of anthropogenic freshwater
ecosystems leads, more often, to the use of good practices in
their management because of their ecological value
(Jankowski and Czylok 2008). Despite their potentially high
abundance, serious gaps in our knowledge of benthos assem-
blages and the factors that affect their occurrence in water
bodies that are used for recreation exist (Machowski 2010).
It seems that the impact of recreation will be greater than in
lakes due to the small size of these environments.

Some limitations and difficulties determining the impact of
recreation are known regarding the complexity of the roles of
humans and nature in ecosystems, because some impacts can
occur due to natural fluctuations and disturbances associated
with recreational use. Most papers only concern this impact on
single species (Gutzwiller 2013;Vaske et al. 2013).
Determining how particular types of recreation affect the ben-
thos is complicated and rather difficult to explain, because it is
related to the intensity of the recreational activity and is also
connected with the environmental conditions. Therefore, in
our study, we primarily focused on the recreational use of
ponds compared to ponds in which there are no recreation
activities and the differences in the density and diversity of
invertebrates, water chemistry, and aquatic macrophytes rich-
ness and cover in relation to the recreational use of ponds in
forests. In view of the possible impact of the recreational use
of ponds on benthic invertebrates our study was undertaken to
answer the following questions:
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1. Does anthropogenic habitat use affect the invertebrate as-
semblages including snails?

2. Are there any significant differences in the density and
diversity of benthic invertebrates including snails, and be-
tween the ponds that are, or are not, used recreationally?

3. Does the recreational use of ponds cause differences in
environmental conditions for the occurrence of aquatic
invertebrates including the snails?

Material and methods
Study area description

The research was conducted in an area that is associated with a
specific type of human economic activity in the Upper
Silesian Coal Basin (Southern Poland) (Fig. 1). This region
is currently perceived as one of the most urbanised parts of
Poland, which has an area of about 5500 km? (Janson et al.
2009) and is called the “lake district of Southern Poland” or an
“Anthropogenic Lakeland” because of the numerous, human-
made water environments. The ponds in this study belong to
the subsidence water bodies that formed as a result of many
years of mining activity on this territory. They are also known
as “small mining lakes” or “anthropogenic lakes” (Rychata
et al. 2011; Rzetata and Jagus$ 2012). Being formed in subsi-
dence basins (troughs) in forested mining areas, they form a
characteristic element of the industrial landscape. The forma-
tion of the basins is the result of the deflection and downward
movement of the rock layers that are situated at deep levels in
the areas where underground mining activity occurs. In this
area, many of the anthropogenic water bodies are intensively
used for various types of recreation, e.g., as wild fisheries for
recreational angling, swimming, power boating, feeding birds,
canoeing, etc. They have different area (from 0.4 ha to 20 ha)
and depths (mean depth from 1.3 m - 3.0 m). Their size de-
pends on the intensity of the process of the land subsidence
and drainage activities that have been undertaken, especially
in areas that are earmarked for urban planning and develop-
ment. The use of the surrounding land affects the quality of
their waters (Jankowski and Czylok 2008). Mining ponds
have forested shorelines, they are permanent and do not differ
in terms of fluctuations in their water levels.

For this study, 16 forest mining ponds were selected — 8
mining ponds which are used for various type of recreation
(RUP - Recreationally Used Ponds) and 8 mining ponds with
no recreational use (CGP - Control Group Ponds). RUP are
used as wild fisheries and were artificially stocked with fish,
mostly with common species of cyprinids: Cyprinus carpio
(Linnaeus, 1758), Tinca tinca (Linnaeus, 1758), Carassius
carassius (Linnaeus, 1758), Rutilus rutilus (Linnacus, 1758),
Scardinius erythrophthalmus (Linnaeus, 1758), Leucis
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Fig. 1 Location of forest mining ponds in southern Poland. RUP — recreationally used ponds, CGP — control group of ponds
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cusidus (Linnacus, 1758), Abramis brama (Linnaeus, 1758),
Sander lucioperca (Linnaeus, 1758), Anguilla anguilla
(Linnaeus, 1758), Esox lucius (Linnaeus, 1758) and Perca
Sfluviatilis (Linnaeus, 1758). Water bodies that are known to
have been used in recreation for at least several years were
selected to this group. In the CGP, no artificial fish stocking
activities are conducted (which does not preclude the presence
of fish in a natural way), and they are not used for recreational
purposes, probably because of their location deep in the forest
interior where the use of vehicles of various types as well as
unaccompanied walking is forbidden.

Benthos sampling strategy and analysis

The field part of this research was carried out in 2016 from
June to September. The invertebrate samples were collected
according to the quantitative quadrat method (Magboul et al.
2014) by randomly placing a square frame (0.25 % 0.25 m)
into the bottom of ponds. Material was collected as eight sub-
samples (one frame each) in each pond (sampling area 0.5 m?)
and include the substrate up to 20 cm. This study was focused
on the habitats that were both available and representative
(leaf deposits, plants remains, bottom sediments). After
transporting the collected material into the laboratory, the sam-
ples were washed using 0.02 mm mesh sieves and the benthic
invertebrates were separated from the substrates. All inverte-
brates were fixed in 75% ethanol. The identification of organ-
isms was carried out to the species (snails) and family level
(most of the benthic groups).

Water samples for physical and chemical analysis were
also collected (Dojlido 1999). We analysed temperature,
pH, total dissolved solids and conductivity in the field
using a portable meter with electrode (HI 9811-5 pH/EC/
TDS/°C, Hanna Instruments, Woonsocket, RI, USA). After
transporting the water samples to the laboratory in coolers,
they were analysed for other parameters that are known to
be important for the occurrence of benthos fauna, especial-
ly those for gastropods. Total hardness and the concentra-
tion of nitrates (NOj), nitrites (NO,), ammonia (NHy),
phosphates (PO,), chlorides (Cl), calcium (Ca), and mag-
nesium (Mg) were measured in the laboratory using pho-
tometers and reagents by Hanna Instruments and Merck
(Kenilworth, NJ, USA). The five classes of total hardness
were adopted according to Hermanowicz et al. (1999).

Because water macrophytes constitute a food base for ben-
thic invertebrates, the plants in each mining pond were iden-
tified and a list of the species composition of aquatic plants
was created according to Szafer et al. (1986). The percentage
of plant cover was visually estimated in each pond according
to the Assessment Methodology (2015) scale: none =no
plants, extremely sparse >1%, sparse 1-25% cover, moderate
>25-50% cover, dense >50—75% cover, and very dense >75—
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100%. The coverage was assessed as the percentage of the
pond area occupied by macrophytes.

Zoocenological and statistical analysis

The material analysis, with special emphasis on freshwater
snails, included frequency (F) [%] (Gomy and Griim 1981),
— which was also calculated for the plants, and the dominance
index (D) [%] (Biesiadka and Kowalik 1980), classified as
follows: D> 10% eudominants; D =5.1%—-10% dominants;
D =2.0%—-5.0% subdominants; D < 2.0% recedents). The bio-
diversity indices, — the Shannon-Wiener index (H'- the natural
logarithm base) and Simpson’s diversity index (S) were cal-
culated using the MVSP program version 3.13p (Kovach
Computing Services). The relative abundance [%] was
expressed as the percentage composition of specific benthos
taxa relative to the total number of collected specimens.

For the comparative analysis of macrophytes, the indexes
of the Serensen index: QS = 2(ANB)/(A + B) and the Jaccard
similarity coefficient: J(A,B)=(ANB)-[A + B-(ANB)], were
used (where A and B are the numbers of the elements in the
two samples, (ANB) — the number of the elements that are
shared by both type of samples).

A model of direct gradient analysis was used to deter-
mine the influence of the environmental variables on the
benthos assemblages and freshwater snails in the mining
ponds. According to, ter Braak and Verdonschot (1995)
and McCune (1997), this analysis also provide an integrat-
ed description of the species-environment relationships by
assuming a common response (such as a unimodal distri-
bution) of all of the species to a set of underlying environ-
mental gradients. We used a detrended correspondence
analysis (DCA) and the length of the gradient (4.0 SD for
snails, 3.5 SD for the analysis of benthic invertebrates). An
unimodal ordination canonical correspondence analysis
(CCA) with a forward selection was used to reduce the
set of environmental variables. The significance of each
variable was tested by manual selection using 1000
Monte Carlo permutations (CANOCO 4.5). The environ-
mental variables that exhibited collinearity and the vari-
ance inflation factors (VIF)>20 were removed because
such variables are strongly correlated with other variables
(Palmer 1993). Based on the VIF, the following environ-
mental variables were selected: water chemistry, the types
of recreational use of the ponds, the depth of ponds, mac-
rophyte species richness, and plant cover. The ordination
diagram was constructed using CANODRAW (ver.4.5).

The Student’s ¢ test was applied to compare the various
characteristics of the benthic invertebrate assemblages, plant
cover, and the parameters of the water among both groups of
mining ponds (STATISTICA 12.0). A significance level of
p<0.05 was specified for the statistical analyses.
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Results
Water chemistry and aquatic plants

RUP primarily varied in their salinity indicators i.e. - conduc-
tivity, total dissolved solids (TDS), and chloride content in the
water compared to the CGP and these differences were statis-
tically significant (Conductivity: t=2.32, p<0.05, TDS: t=

2.59, p<0.05; Cl: t=2.73, p < 0.05). The maximum conduc-
tivity of 2892 1S cm ' was found in the CGP. Although they
also differ in the concentration of nitrates, the Student’s # test
showed no statistical significance (= 1.19, p =0.264). In the
RUP, the content of nitrates in the water was 0—5 mg dm > and
in the CGP 0.01-20 mg dm >. The mean pH of the water was
similar in both the CGP (7.6) and RUP (7.4). The hardness of
the water in all of ponds was similar (mean values CGP:179
mgCaCO5 dm >, RUP 189 mgCaCO; dm ). The content of
calcium (14-105 mg dm > in the CGP and 15-123 mg dm >
in the RUP), magnesium (0.21-36.6 mg dm > in the CGP,
3.2-29.5 mg dm ™ in the RUP), and nitrites (0.02—
0.07 mg dm* in the CGP, 0.01-0.05 mg dm > in the RUP)
was only slightly lower in the RUP compared to the CGP. The
concentration of phosphates (0.01-0.74 mg dm in the CGP,
0.01-1.2 mg dm " in the RUP) was slightly higher in the RUP
compared to the CGP.

In both groups of ponds, 33 species of macrophytes
were found (27 species in the RUP), but only 17 occurred
in both groups (Table 1). The values of both similarity
indices of the two groups of forest mining ponds were
similar. Although the plant species richness was rather sim-
ilar in the mining ponds of both groups, differences were
visible in their plant cover (#=3.11, p=0.0076). In the
RUP, plants only occupied from 0.06-5.8% of the pond
area, while in the CGP, they occupied from 13 to 75% of
the pond area (Table 2).

Benthic assemblages in the context of recreational
use

Although the invertebrate fauna appeared to be typical for
anthropogenic water bodies, it markedly differed between
the two treatments. We found the high densities of
Oligochaeta, Hirudinea, Diptera, and Gastropoda in the CGP
whereas, in the RUP, densities of Bivalvia, Trichoptera,
Coleoptera and Odonata were higher (Table 3). Both
Glossiphonidae and Erpobdellidae constitute the greater part
of'the leeches in the control group of ponds (Table 4). Benthos
was more diverse in the RUP (Table 4), however its mean
density showed huge differences between the treatments. It
density amounted to 2629 ind. m * and only 755 ind. m 2 in
the RUP (¢1=2.991, p <0.05) (Table 4). Statistically different
densities were also observed with Oligochaeta, Hirudinea,
Odonata, Coleoptera, Trichoptera, Diptera and Gastropoda

Table 1 Composition and frequency (% of ponds containing the
species) of macrophyte species in the forest mining ponds

Species CGp RUP
Lysimachia thyrsiflora L. 12.5
Lysimachia namularis 12.5
Lycopus europaeus L. 50 50
Alisma plantago - aquatica L. 50 75
Eleocharis palustris (L.) Roem. & Schult. 12.5
Phragmites australis(Cav.) Trin. ex. Steud 87.5 87.5
Sparganium erectum L. em.Rchb. s.s. 12.5 12.5
Batrachium aquatile L. 25

Potamogeton natans L. 25 25
Ceratophyllumdemersum L. 37.5 25
Elodea canadensis Michx. 12.5

Lemna minor L. 375
Typha latifolia L. 87.5 100
Myriophyllum spicatum L. 12.5

Galium palustre L. 12.5

Glyceria maxima (Harth.) Holmb 75 50
Heleocharis palustris (L.) Roem. & Schult 375 375
Schoenoplectus lacustris (L.) Palla 25 25
Utricularia vulgaris L. 12.5 12.5
Bidens tripartitus L. 62.5 50
Oenanthe aquatica (L.) 50 25
Peucedanum palustre (L.) 25 12.5
Sparganium erectum L. em. Rchb. s.s. 375 25
Equisetum fluviatile L. 37.5

Iris pseudoacorus L. 375 37,5
Polygonum amfibium L 12.5 12,5
Potamogeton crispus L 12.5

Acorus calamus L. 37.5
Cirsium palustre L. Scop. 12.5
Phalari sarundinacea L. 12.5
Utricularia vulgaris L. 12.5
Rumex hydrolapathum Huds. 25 25
Hottonia palustris L. 25
Number of species 24 27
Number of species in both types 17

Serensen index 0.67

Jaccard index 0.5

RUP recreationally used ponds, CGP control group of ponds

(Table 3). The differences between the number of specimens
of gastropods and other benthic invertebrates were much
greater in the CGP (Fig. 2).

The model of the CCA was statistically significant
(Monte Carlo: the first canonical axis, F-ratio=1.153,
p=0.032; all canonical axes, F-ratio=1.613, p=0.001),
and showed association of some groups of benthic inver-
tebrates with the plant cover and ponds in which
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Table 2 Type of recreation and plant cover [%] in the forest Table4 Taxarichness and frequency index of the benthic invertebrates
mining ponds in the forest mining ponds
Type of recreation CGP RUP CGP RUP
N
Wild fisheries - ¥ 8 AL B A%
Recreational angling - + 8 Oligochaeta 1245 875 1674 75
Swimming - + 6 Hirudinea Glossiphoniidae 236 50 078 25
Power boating - + 4 Erpobdellidae 142 50  0.15 375
Canoeing - + 2 Asellidae 009 50 036 375
Feeding birds - + §  Odonata Lestidac 0 0 106 25
Plant cover Plant cover [%] N  Plantcover [%] N Coenagrionidae 0 0 025 25
Dence 752 - 0 Platycnemidae 0 0 0 25
Moderate 253-25.9 2 - 0 Corduliidae 0 0 0.18 125
Sparse 13-16.8 5 158 4 Libellulidae 009 25 299 125
Extremely Sparce - 0 0.06-09 4 Ephemeroptera ~ Ephemerellidae 0.05 125 0 0
RUP recreationally used ponds, CGP control group of ponds, N number Bactidae 0.04 1250 0
of ponds Caenidae 092 25 287 375
Megaloptera Sialidae 0.17 50 0.2 25
recreational angling was not permitted (e.g., Oligochaeta,  Coleoptera Haliplidae 0.04 125 023 125
Chioronomidae, Ceratopogonidae, Asellidae) (Fig. 3). Dytiscidae 046 625 498 25
Limonidae, Stratiomyidae, Elmidae and Leptoceridae were Helodidae 0 0 411 125
Elmidae 0 0 0,8 12.5
Table3 Mean densities (number per m ) of the invertebrate taxa found Hydrophilidae 1.07 75 1.21 62.5
in both group of ponds studied Trichoptera Leptoceridae 0 0 134 25
Total CGP RUP Phryganeidae 0.005 125 0 0
(N=16) (N=38) (N=38) Polycentropodidae  0.05 125 04 12.5
Ecnomidae 0.06 25 0.2 25
Oligochaeta* 226.5+295.4 327.5+384.2 125.5+126.9 .
Heteropt .1 12. . 12.
(t=2.41) (0-968.0) (0-968.0) (0-367.0) cleroptera Eomd_ze g o 3 2 g z g s >
Hirudinea* 5334841 99.6:+100.4 7.0£129 , aueoncae ' N
(l — 259) (0_2190) (0_2190) (0—360) Dlptera Chlronomldae 56 100 32.25 100
Crustacea 26+38 24+33 27+44 Ceratopogomdae 0.57 37.5 2.59 62.5
(0-12.0) (0-9.0) (0-12.0) Limoniidae 0 0 028 25
Odonata* 183+51.5 24+45 342+71.2 Tabanidae 0.03 25 0.55 25
(t=-3.26) (0-201.0) (0-11.0) (0-201) Stratiomyiidae 0 0 0.28 25
Ephemeroptera ~ 24.1 +£59.1 26.6+70.1 21.6+50.6 Tipulidae 0 0 1.03 25
- ;0(;202'?) 5:?033) (1“51436';)) Ptychopteridac 0 0 236 125
egaloptera 0+6. S+7. S+£3. .
(0-22.0) (0-22.0) (0-11.0) Gastropoda Lymnae.ldae 4.12 75 6.62 50
Coleoptera* 63241375 4114554 85.4+190.6 Planorbidac 309075 L6l 875
(t=—-2.63) (0-554.0) (0-128.0) (0-554.0) Hydrobiidae 008 125 148 375
Trichoptera 8.81+14.9 3.0+7.7 14.6+18.4 Physidae 1654 375 075 125
(0-48.0) (0-22.0) (0-48.0) Bivalvia Sphaeriidae 0 0 0.93 12.5
Heteroptera 6.2+8.5 7.87+9.1 4.50+8.0 Taxa richness 24 32
0-22.0) (0-22.0) (0-22.0) Number of taxa in both pond types 21
Diptera* 892.4+1357.6 1488.5+1754.7  296.4+241.7 Mean density 2629 755
(t=2.90) (11-4176.0) (16.0-4176.0)  (11.0-726.0)
Gastropoda* 390.1 £505.5 626.7+632.4 153.4+£140.3 A [%] relative abundance, F % frequency index, CGP Control group
(t=2.87) (0-1744.0) (0-1744.0) (0-394.0) ponds, RUP Recreationally use ponds
Bivalvia 3.5+14.0 0.0 7.04+£19.8
(0-56.0) (0-56.0)

Means are given as £1SE (Standard error), range in parentheses
RUP recreationally used ponds, CGP control group of ponds
*- statistically important (¢test, p <0.05)
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associated with low values of conductivity. Density and
diversity of benthic invertebrates was observed to differ
in relation to the kind of recreational use involved (recre-
ational angling, swimming, power boating) (Fig. 3).
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Fig. 2 Number of specimens of
gastropods and other groups of
benthic invertebrates in the forest
mining ponds, Ind. col. -
Individuals collected. Benthos —
other groups of invertebrates ex-
cept with the snails. RUP -
recreationally used ponds, CGP -
control group of ponds

RUP

CGP

Benthos

Gastropods

Ind. col.0 2000 4000

6000 8000 10000 12000 14000 16000

Freshwater snail assemblages in the context
of recreational use

The relative abundance of most of the species of snails (Anisus
vortex, Physa fontinalis, Physella acuta, Aplexa hypnorum,

Anisus spirorbis, Gyraulus crista, Ferrissia fragilis,
Planorbarius corneus, Stagnicola palustris, Lymnaea
stagnalis, and Radix auricularia) was higher in the CGP than
in the RUP. Only G. albus constituted 50% of the snails col-
lected in both groups of mining ponds (Fig. 4).

< a
-l a -|b
A.’f’yp
; A'S;)é..;)?a/
o Cond
Phryg Pl cov P,cqu_'f’aé
Ca
Asell
Pl Cov ° Ecnoomg o
Naugor Sia/ioo . ) 1.0
Hydro |
Erpob, Cerat Olig Cond
Pow boat () Chivo
Sw'goytis .
° 5 Taban
Limon® Recang o Polyc
Strat® ° Halip - ptych
ra Leptoc o o
Tipul Helod
Elmid
©
o
-1.0 1.0

Fig. 3 Ordination diagram for the benthos assemblages (a), freshwater
snails (b) and environmental variables. Variables abbreviations: Pl cov-
plant cover, Pow boat- power boating, Swim- swimming, Rec ang,- rec-
reational angling, Cond- conductivity, Ca- calcium content, Ptych-
Ptychopteridae, Phryg —Phryganeidae, Hydro- Hydrophilidae, Tipul-
Tipulidae, Taban- Tabanidae, Halip- Haliplidae, Cerat-
Ceratopogonidae, Dytis- Dytiscidae, Ecnom- Ecknomidae, Erpob-
Erpobdellidae, Gloss — Glossiphonidae, Naucor- Naucoridae, Asell-
Asellidae, Helod- Helodidae, Olig- Oligochaeta, Chiro- Chironomidae,

Polyc- Polycentropodidae, Leptoc- Leptoceridae, Elmid- Elmidae, Strat-
Stratiomyidae, Siali- Sialidae, Limon- Limonidae, Ppla- Planorbis
planorbis, R. balt- Radix balthica, G.alb- Gyraulus albus, L.sta-
Lymnaea stagnalis, B.con- Bathyomphalus contortus, H.com- Hippeutis
complanatus, Ffra- Ferrissia fragilis, P.cor- Planorbarius corneus,
Pfon- Physa fontinalis, A.spi- Anisus spirorbis, G.cri- Gyraulus crista,
R.aur- Radix auricularia, P.acu- Physella acuta. P.ant-Potamopyrgus
antipodarum, S.pal- Stagnicola palustris, A.vor- Anisus vortex, A.hyp-
Aplexa hypnorum
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Fig. 4 Relative abundance of
freshwater snails in the forest
mining ponds. RUP -
recreationally used ponds, CGP -
control group of ponds
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The control group of ponds was characterised by a greater
number of snail species and the total number of individuals
collected compared to the RUP (Table 5). The densities of
snails were higher in the CGP (mean: 625 ind. m 2, maxi-
mum: 1088 ind. m ?) compared to the RUP (mean: 153 ind.
m 2, maximum: 394 ind. m %) (r=2.970, p <0.05). The
values of the diversity indices were slightly higher in the con-
trol group, however when calculated by types, their value
showed a very low diversity in the RUP (Table 5). The dom-
inance patterns of the snail assemblages were completely dif-
ferent in both groups of ponds. In the RUP four species were
classified as Eudominants whereas in the CGP, two species
belonged to the eudominants and only one dominant species
was found (P. fontinalis) (Table 5).

All above mentioned differences between treatments (RUP
vs CUP) and snails occurrence are most likely connected with
the macrophyte abundance as plant cover was greatly reduced
in recreational ponds, although plant diversity was enhanced.
This strong relationship was documented by the statistically
significant results of forward selection. In the group of snails
associated with the plant cover and lower values of conductiv-
ity, among others, belonged the following: Bathyomphalus
contortus, Planorbis planorbis, Radix balthica and Gyraulus
albus (Fig. 3). Despite the fact that the content of Ca was only
slightly lower in the RUP statistical analysis linked the
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occurrence of a few species of snails with its concentration in
the water. The model of ordination analysis was statistically
significant (Monte Carlo: the first canonical axis F-ratio =
0.291, p=10.011; all canonical axes F-ratio = 1.374, p =0.001).

Discussion

The variety of environment responses to disturbances is one of
the greatest challenges in attempting to deal with the coexis-
tence of fauna and flora with recreation (Hadwen et al. 2003;
Pickering and Castley 2011). Recreation to the shoreline and
bottom affects plants, leaf deposits, and consequently the in-
vertebrates (De Meester et al. 2005).

Plants in recreational habitats are less abundant (reduced
density, cover), with a species composition that is different
compare to undisturbed areas (Cole and Bayfield 1993;
Gutzwiller 2013). This was confirmed in our research as plant
cover was greatly reduced in recreational ponds, although plant
diversity was enhanced. It is likely that reducing macrophytes
resulted from using power boating (cutting off macrophyte) or
swimming activity. Although the implications of the recrea-
tional impact depends on the intensity of disturbance, their
diversity can increase at low to moderate levels due to in-
creases in the spatial heterogeneity, and species richness
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Table 5 Freshwater snails in the

forest mining ponds CGp RUP
Taxon Dominance Frequency Dominance Frequency
Radix balthica (L., 1758) 3.8 62.5 28.1 37.5
Radix auricularia (L., 1758) 11.6 50.0 2.6 12.5
Lymnaea stagnalis (L., 1758) 1.6 12.5 1.4 25.0
Stagnicola palustris (O.F. Miiller, 1774) 0.3 25.0 0.0 0.0
Gyraulus albus (O.F. Miiller, 1774) 2.5 25.0 10.2 62.5
Hipeutis complanatus (L., 1758) 0.9 12.5 233 37.5
Planorbarius corneus (L., 1758) 3.8 62.5 0.4 12.5
Bathyomphalus contortus (L., 1758) 0.1 12.5 14.4 12.5
Ferrissia fragilis (Tryon, 1863) 0.4 37.5 0.4 25.0
Gyraulus crista (L., 1758) 3.7 62.5 0.2 12.5
Anisus spirorbis (L., 1758) 1.2 12.5 0.0 0.0
Aplexa hypnorum (L., 1758) 0.2 12.5 0.0 0.0
Potamopyrgus antipodarum (Gray, 1843) 0.3 12.5 6.9 37.5
Physella acuta (Draparnaud, 1805) 63.2 37.5 3.7 12.5
Physa fontinalis (L., 1758) 6.1 12.5 0.0 0.0
Anisus vortex (L., 1758) 0.3 12.5 0.5 12.5
Planorbis planorbis (L., 1758) 0.0 0.0 7.9 12.5
Number of species in total 16 13
Number of species per pond (range) 0-7 04
Density (ind. m2) per pond 0-1088 0-394
Density (ind. m™2) (mean) 626 153
Simpson diversity index per pond 0-0.89 0-0.79
Simpson diversity index in total 0.42 0.18
Shannon-Wiener diversity index per pond 0-1.55 0-1.11

Dominance and Frequency in [%], RUP recreationally used ponds, CGP control group of ponds

(Taylor and Erman 1979; Cole and Landers 2013). According
to our investigation, the occurrence of snails was mainly asso-
ciated with plant cover. In forest ponds, the higher percentage
of organic matter comes from the surrounding forest, which
provides decomposing material in the form of leaf deposits
(Spyra 2017; Spyra 2018), which is the main habitat for ben-
thic invertebrates. We can, therefore, suspect that recreation,
which alters the structure of leaf deposits by trampling them,
may substantially change the assemblages of invertebrates.
Despite the fact that shore-based recreational activities
are known to change water chemistry, e.g., by contributing
nutrient influxes (Cole and Landers 2013), small aquatic
water bodies are susceptible to the influence of anthropo-
genic pressure, e.g., to water pollution (Collinson et al.
1995; Jeffries 2011), especially when they are located in
industrial areas. The small size of mining ponds results in
more frequent changes in their physico-chemical properties
compared to the other types of anthropogenic water bodies
(Riazickova et al. 2014). The differences in the water chem-
istry of the mining ponds were primarily connected with
the salinity indicators, which are known to influence the

occurrence of freshwater snails. It is, in fact, difficult to
determine whether they were the result of the recreational
use of ponds, since we did not find more significant differ-
ences in the chemistry of the waters beyond those men-
tioned above. In the CCA analysis, only three environmen-
tal factors were indicated to be statistically important in
explaining a significant proportion of the variance in the
snail assemblages. Conductivity had an influence on both
the benthic invertebrates and snails. Despite only slight
differences in Ca concentration between the treatments
(RUP vs CUP) CCA linked the occurrence of a few species
also with the Ca its content in the water. In the CGP, snails
were more abundant and diverse than in the RUP. The
differences were clearly visible in their dominance patterns
and density, which were higher in the CGP (mean: 625 ind.
m?) compared to the RUP (mean: 153 ind. m?). It seems
that this differences was most strongly related with the
macrophyte abundance.

Because the RUP are used for recreational angling, it can
be speculated that the presence of fish may greatly impact the
diversity of snail assemblages and other benthic invertebrates.
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It is important is to distinguish commercial fishing (intensive
fish products for sale) from the wild fisheries (for sport and
leisure, personal consumption) (Cooke and Cowx 2006) like
mining ponds of this study. It can be hypothesized that, only in
regularly stocked water bodies or in the experimental studies
in which fish populations are large, do fish negatively impact
the benthos fauna; however, we speculate that this is also
probably possible in wild-stocked environments used as wild
fisheries. Ponds that have no fish - have abundant insect pop-
ulations therefore, we attempted to determine how the snail
assemblages differed in the two groups of ponds. It is likely
that obtained differences may be linked with the
molluscivorous fish, which predate on snails, regulate and
can reduce their densities (Bronmark and Pettersson 1994;
Turner and Chislock 2007; Saddozai et al. 2013). The pres-
ence of pharyngeal teeth, which can crush shells, helps them
to feed on snails (Lakowitz et al. 2008), and are typical to
cyprinid fish, which occur in the wild-stocked ponds in this
study e.g. Cyprinus carpio, Abramis brama and Leucis
cusidus. Theerefore, the results of our study are consistent
with the opinion of Hubendick (1958) that it is sometimes
difficult to distinguish the importance of a single basic factor
that influences the occurrence of snails. Constant elements of
the snail fauna in the mining ponds were species that have a
wide range of ecological tolerances. The small constancy in
the occurrence of some species in both groups of ponds, re-
gardless of the recreational use, also shows that their presence
depends more on the physico-chemical properties of water
and plant cover.

Our study also showed a less numerous occurrence of benthos
in the ponds used for recreational angling. Oligochaeta,
Hirudinea, Diptera and Gastropoda occurred numerously in the
CGP, whereas in the RUP we found the most numerous occur-
rence of Bivalvia, Trichoptera, as well as large invertebrate pred-
ators Coleoptera and Odonata. We can speculate that this probably
might also be connected with the use of ponds for fishing. The
activities of benthovorous fish cause the re-suspension of bottom
sediments, thus increasing the periphyton biomass, which has a
negative impact on the abundance of invertebrates (Crowder and
Cooper 1979; Bronmark etal. 1992; Persson and Svensson 2006).
In contrast, Rennie and Jackson (2005) found an increasing in-
vertebrate density in water bodies with fish in a situation in which
there was an increasing microhabitat complexity. According to
Gilinsky (1984), fish predation has a significant impact on both
the number of benthic species and their densities, because inver-
tebrates provide a fish food source that contains high amounts of
protein, and is rich in amino acids (Epler et al. 2010). Benthic
fauna in sites without the fish presence (Resh and Rosenberg
1993) are represented by three main groups - chironomids, snails,
and oligochaetes (Pamplin et al. 2006). However, in the CGP,
similar to oligochaetes, chironomids were the most numerous
compared to the RUP in which they are probably eaten by fish
as the preferred food types of cyprinid fish (Uzunov et al. 1988).
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In aquatic environments, different types of stress related
with recreation (commercial fishing, pollutant discharges, de-
forestation, habitat alteration, waves created by boats, swim-
ming) often influence benthos, mainly the number of individ-
uals and species abundance (Anderson 2013; Gutzwiller
2013), alter some characteristic of environments, e.g., shelters
and living-space (Monz et al. 2013). This was confirmed in
our study in relation to invertebrates in the context of power
boating, swimming (bathing) and recreational angling.
Recreational activities that alter the substrates of benthos oc-
currence such as leaf deposits and plants, consequently will
have a large impact on aquatic organisms. Moreover, the use
of motor boats (wash, turbulence and turbidity) is also impor-
tant. Gabel et al. (2012) found that the shear stress associated
with wave trains from the use of boats in recreation at a dis-
tance of 35 m from the shore resulted in a 45% detachment of
littoral invertebrates, and, at distance of 20 m, invertebrate
detachment was up to 75%. In small mining ponds, the effect
of using boats would also probably be significant and would
likely influence the benthos communities.

Forest mining ponds whose origin is related to human activity
remain under the influence of recreationists. According to our
results, angling and recreational activity, such as swimming and
motor boating, can be seen as intentional interaction with envi-
ronments, and other types of recreation have a rather accidental
impact. Our study showed that anthropogenic habitat use in rec-
reation affects invertebrates. More diverse and abundant gastro-
pod fauna in ponds not used for recreation appeared to relate
strongly to plant cover as cover was greatly reduced in recreation-
al ponds, although plant diversity was enhanced. Density and
diversity of benthic invertebrates was also observed to differ in
relation to the kind of recreational use involved (recreational an-
gling, swimming, power boating) although this was not quanti-
fied. The occurrence of freshwater snails primarily depended on
the Ca concentration, conductivity of the water and plant cover,
but recreational disturbance appeared to reduce abundance where
it occurred and was related to a reduction in overall plant cover.

The recreation industry and its management face significant
challenges in promoting sustainable development and using
natural ecosystems for recreational purposes in helping to
support areas by implementing management practises to reduce
the impacts on fauna and flora. According to Gutzwiller (2013)
and HaySmith and Hunt (2013), animals are more likely to persist
in a habitat if its modification by recreationists is minimized. The
species abundance depends partly on specific habitat features and
when recreational activities alter the environmental conditions,
and these community attributes can change (Gutzwiller 2013).
Integrated recreation ecology management has a huge potential
to form the basis for the management approaches of freshwaters
(Venohr et al. 2018), and this is the reason for the importance of
understanding the impact of anthropogenic habitat use on the
ecosystem. Our study represent a preliminary results on how the
recreational use of mining ponds may regulate invertebrate
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abundance. To show whether they may also play an importantrole
in diversifying the ecological function of benthos assemblages
across various complex habitats and different environmental fac-
tors in water bodies both natural and anthropogenic the further
long term study are needed.
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