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Abstract: Wetlands are of great importance for biodiversity and nature conservation, especially
geographically isolated wetlands (GIW). Yet literature about the ecological value of such GIW is
missing, especially at the edge of the distribution of endangered species such as amphibians. In
2018 and 2022, we monitored amphibian communities in 15 isolated (GIW) and 12 non-isolated
(nGIW) ponds by counting individuals using three methods: (1) capturing with hand nets, (2) visual
counting, and (3) capturing with fyke traps. The three methods provided similar results, showing
the great importance of GIW for amphibians, especially newts, whose abundance was 5–13 times
greater in GIW compared to nGIW. The largest numbers of species and individuals (adults and
larvae) were found in isolated wetlands (GIW). In non-isolated water bodies (nGIW) where more than
10 individuals of the Chinese sleeper Perccottus glenii, an alien invasive fish, were found, amphibians
were not found at all. Importantly, between 2018 and 2022, the northern crested newt, T. cristatus,
dramatically decreased in the nGIW. As a result of our work, it was revealed that the reconstruction
of geographically isolated wetlands is very important for the conservation of amphibian biodiversity
in a changing climate. One of the most effective measures aimed at protecting amphibians from
negative factors—the spread of alien invasive fish species and diseases—is the reconstruction of
wetlands in historically exploited landscapes with the creation of a wide range of water bodies yet
broadly dominated by geographically isolated ponds.

Keywords: amphibians; geographically isolated wetlands; alien invasive fish; conservation; Latvia

1. Introduction

The significance of wetlands for biodiversity is very important. Wetlands are highly
productive and biologically diverse systems that enhance water quality, control erosion,
maintain stream flows, sequester carbon, and provide a home to at least one third of all
threatened and endangered species [1]. In addition, wetland biodiversity is important for
life to thrive for several reasons: swamp vegetation filters pollutants, improving water
quality. Eventually, wetlands will provide livelihoods for one billion people. Their shallow
waters, abundance of nutrients, and significant primary productivity make them ideal
for organisms that form the base of the food web, upon which many species depend.
Animals, such as amphibians, heavily depend on wetlands for all or part of their life cycles,
meaning that their survival is directly dependent on the presence and condition of wetlands.
Especially for the conservation of populations of native amphibians, wetlands are of the
utmost importance. In order to maintain healthy amphibian populations, wetland habitat
must be protected.
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A watershed contains multiple habitats, all of which are affected by changes in climate,
hydrology, land use, and water quality. Since no habitat is isolated from its surroundings,
the protection of amphibian species must take place at both the large-scale watershed level
and at the smaller scale of individual wetlands. Nowadays, more amphibian species are
in need of protection due to their sensitivity to environmental quality; population decline
and range reduction are therefore observed globally [2,3]. There are many reasons for this:
anthropogenic influence (fragmentation, destruction, and pollution of wetlands), climate
change (which, for example, leads to the reduction of amphibian spawning grounds),
biological invasions (especially impacts caused by predatory fish and reptiles), diseases
(e.g., the devastating fungi species Batrachochytrium dendrobatidis), and other agents that
can cause changes in the structure of populations and the appearance of anatomical and
physiological anomalies amongst individuals [4–10].

Finding solutions to counter amphibian declines and extinctions is one of the greatest
conservation challenges of the century, which comes with alarming and serious impli-
cations for the health of ecosystems globally. Today, there is a large body of literature
devoted to the protection of amphibians in wetlands in various countries: the USA, Eng-
land, Scotland, Wales, Switzerland, Estonia, Ukraine, etc. [11–14]. The issue of classifying
wetlands according to the complexity and structure of hydrosystems as well as geograph-
ical isolation has been analyzed in particular detail ([12,15]; https://www.ramsar.org/,
accessed on 1 January 2023). The most important wetlands for amphibian protection are
inland wetlands, which are indicators of the state of the environment because these species
are very sensitive to any changes, and especially to detrimental processes taking place in
geographically isolated wetlands [14,15]. The term geographically isolated wetlands (GIW,
or isolated ponds) were first used in an historical context as a result of both hydrologic
and biotic expressions within an isolation-connectivity continuum [16,17]. Therefore, it
is quite interesting to monitor recently reconstructed wetlands, where one can observe
succession processes and the appearance and/or disappearance of amphibian popula-
tions and analyze the underlying mechanisms of these processes. The origin of isolated
wetlands can be very diverse, being associated with both natural activity (e.g., drying
up of hydrosystems; European beaver (Castor fiber L., 1758) and anthropogenic activity
(e.g., habitat fragmentation, intensive land use, and the creation of artificial reservoirs).
Of all the listed transformations of wetlands, the most benign and important for the
conservation of amphibians and preserving spawning areas are those due to beaver
(C. fiber) activities.

The reconstruction of water bodies in historically exploited areas is a promising way
to preserve native fauna and flora. Indeed, historical water bodies such as ponds or lakes
have met the water demands of populations for centuries, and a community management
system has sustained them for a long period of time together with the biodiversity they
have been supporting. At the same time, in the present context of climate change and
globalization-driven biological invasions, the question arises: how can we prevent the
spread of alien invasive predators and exotic infectious agents in recreated wetlands while
at the same time desiring to increase the number of amphibian spawning sites? The answer
to this question may be to create and/or restore isolated reservoirs and at the same time
prevent or control the entry of predators, which could harm amphibians that have settled
and eventually breed there [9]. Surprisingly, the literature lacks information and data on
practical results considering the creation or restoration of wetlands and on the impact of
the degree of their isolation on the number of amphibians and fish found there [3,12,18–20].
Therefore, the purpose of our work is to study the influence of the degree of isolation of
wetlands on the native amphibian communities and to assess the degree of risk associated
with the appearance of predatory fish, especially invasive ones such as the Chinese sleeper
Perccottus glenii Dybowski, 1877.

https://www.ramsar.org/
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2. Materials and Methods
2.1. Description of Wetlands

The study site was located in the south of Latvia in the Silene Nature Park (Natura
2000 territory LV0300400; 55.691217 N; 26.771125 E) forest between three large lakes: Richu,
Sila, and Sitas. Silene Nature Park is located in the South Eastern part of Latvia, in the
Demenes and Skrudalienas parishes of Augsdaugavas county, in the border zone with the
Republic of Belarus. The area of the Silene Nature Park is 3825 ha. The territory of the
park includes the Nature Reserve “Ilgas” with an area of 157 ha, which was established
in 1999 (code LV0526300). Forests occupy the largest part of the park’s territory, or 58.8%
of the total area. The territory of the nature park is characterized by a large proportion of
wetlands, water bodies, and watercourses, which occupy 26.6% of the territory, the largest
of which are Riču and Sila lakes. Swamps occupy 1.7%.

The investigated ponds have been restored or created between 2004 and 2018 in
groups in historically exploited wetlands, where they previously existed and were suit-
able for amphibians (Table 1). Its ecosystem is primarily the result of Eurasian beaver
(C. fiber) activity, which has produced an intricate system of shallow (up to 1 m) natural
and artificial waterbodies with silt and sand sediments. The following characteristics were
used to describe the pond: coordinates, dimensions (L—length, B—width, S—surface, and
Dmax—maximum depth), vegetation (E—emergent, SE—submerged, and F—floating),
% of area (depending on water level in a particular year or season), and wetland his-
tory and restoration (natural wetland destroying history (WD) and the method used for
wetland restoration (WR)). The wetlands are overgrown with aquatic and hydrophilic
macrophytes, such as Myriophyllum spicatum L., Phragmites australis (Cav.) Trin. ex Steud.,
Hydrocharis morsusranae L., Potamogeton sp., Carex sp., and Juncus sp.

Table 1. The study wetlands of Silene Nature Park with dimensions (L—length, B—width, S—surface,
and Dmax—maximum depth), vegetation (E—emergent, SE—submerged, and F—floating), % of
area (depending on water level in a particular year or season), and wetland history and restoration
(natural wetland destroying history (WD), and the method used for wetland restoration (WR)).

Wetland Number Coordinates Dimensions Vegetation
(% of Area)

Natural Wetland Destroying History (WD)
and the Method Used to Restore the
Wetland (WR)

LV.1.1. 55.692844;
26.786556

L = 140 m; B = 9 m;
S = 1383 m2,
Dmax = 1.2 m

E = 40; SE = 60;
F = 70.

WD: Natural wetland has been drained, its
catchment basin was used for agriculture and
polluted with fertilizers and overgrown with
shrubs. WR: Pond LV.1.1. was reconstructed
by excavation in 2013 in a wetland natural
area; ponds LV.1.2.–LV.2.4. in 2018.

LV.1.2. 55.693658;
26.788077

L = 19 m; B = 12 m;
S = 207 m2;
Dmax = 1 m

E = 20; SE = 60;
F = 100. WD, WR: See LV.1.1.

LV.1.3. 55.694307;
26.789198

L = 6 m; B = 5 m;
S = 28 m2;
Dmax = 1 m

E = 5; SE = 10;
F = 5. WD, WR: See LV.1.1.

LV.1.4. 55.695204;
26.790489

L = 23 m; B = 5 m;
S = 79 m2;
Dmax = 1 m

E = 30; SE = 20;
F = 10. WD, WR: See LV.1.1.

LV.2.1. 55.691701;
26.790466

L = 120 m; B = 2 m;
S = 1587 m2;
Dmax = 1.5 m

E = 70; SE = 60;
F = 30.

WD: Natural wetland has been drained; its
catchment basin was used for agriculture and
heavily polluted with fertilizers; therefore, the
drained wetland was overgrown with reed.
WR: Ponds LV.2.1.–LV.2.8. were reconstructed
by excavation in 2013 in a wetland
natural area.
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Table 1. Cont.

Wetland Number Coordinates Dimensions Vegetation
(% of Area)

Natural Wetland Destroying History (WD)
and the Method Used to Restore the
Wetland (WR)

LV.2.2. 55.691000;
26.789041

L = 30 m; B = 10 m;
S = 297 m2;
Dmax = 1 m

E = 20; SE = 70;
F = 10. WD, WR: See LV.2.1.

LV.2.3. 55.690848;
26.788735

L = 25 m; B = 12 m;
S = 272 m2;
Dmax = 1 m

E = 10; SE = 70;
F = 10. WD, WR: See LV.2.1.

LV.2.4. 55.690598;
26.788258

L = 24 m; B = 11 m;
S = 272 m2;
Dmax = 1 m

E = 20; SE = 60;
F = 5. WD, WR: See LV.2.1.

LV.2.5. 55.690268;
26.787862

L = 50 m; B = 11 m;
S = 678 m2;
Dmax = 1 m

E = 10; SE = 40;
F = 5. WD, WR: See LV.2.1.

LV.2.6. 55.689822;
26.787572

L = 34 m; B = 12 m;
S = 472 m2;
Dmax = 1 m

E = 30; SE = 80;
F = 30. WD, WR: See LV.2.1.

LV.2.7. 55.689392;
26.787220

L = 54 m; B = 12 m;
S = 754 m2;
Dmax = 1 m

E = 20; SE = 40;
F = 10. WD, WR: See LV.2.1.

LV.2.8. 55.688899;
26.786974

L = 20 m; B = 10 m;
S = 196 m2;
Dmax = 1 m

E = 40; SE = 80;
F = 40. WD, WR: See LV.2.1.

LV.3.1. 55.684114;
26.773356

L = 8 m; B = 7 m;
S = 66 m2;
Dmax = 1 m

E = 40; SE = 70;
F = 5.

WD: Natural wetland with a stream
connected with Lake Sita was drained and
overgrown with shrubs due to pollution from
a nearby (~200 m) pig farm. WR: Ponds
LV.3.1. and LV.3.7. were excavated in 2013 in a
wetland natural area; ponds LV.3.8.–LV.3.10.
in 2018.

LV.3.2. 55.684200;
26.773139

L = 29 m; B = 5 m;
S = 121 m2;
Dmax = 1 m

E = 20; SE = 80;
F = 100. WD, WR: See LV.3.1.

LV.3.3. 55.684408;
26.771872

L = 30 m; B = 6 m;
S = 197 m2;
Dmax = 1.5 m

E = 30; SE = 70;
F = 80. WD, WR: See LV.3.1.

LV.3.4. 55.684552;
26.770932

L = 11 m; B = 7 m;
S = 70 m2;
Dmax = 1 m

E = 90; SE = 80;
F = 70. WD, WR: See LV.3.1.

LV.3.5. 55.684549;
26.770327

L = 8 m; B = 7 m;
S = 49 m2;
Dmax = 0.6 m

E = 70; SE = 100;
F = 80. WD, WR: See LV.3.1.

LV.3.6. 55.684718;
26.769991

L = 25 m; B = 8 m;
S = 170 m2;
Dmax = 1.5 m

E = 30; SE = 60;
F = 30. WD, WR: See LV.3.1.

LV.3.7. 55.684942;
26.769197

L = 58 m; B = 6 m;
S = 339 m2;
Dmax = 1,5 m

E = 30; SE = 80;
F = 90. WD, WR: See LV.3.1.

LV.3.8. 55.685713;
26.767474

L = 18 m; B = 9 m;
S = 226 m2;
Dmax = 1 m

E = 5; SE = 10;
F = 20. WD, WR: See LV.3.1.
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Table 1. Cont.

Wetland Number Coordinates Dimensions Vegetation
(% of Area)

Natural Wetland Destroying History (WD)
and the Method Used to Restore the
Wetland (WR)

LV.3.9. 55.685746;
26.768066

L = 22 m; B = 11 m;
S = 239 m2;
Dmax = 1 m

E = 10; SE = 20;
F = 5. WD, WR: See LV.3.1.

LV.3.10. 55.685665;
26.768568

L = 20 m; B = 9 m;
S = 209 m2;
Dmax = 1 m

E = 20; SE = 40;
F = 5. WD, WR: See LV.3.1.

LV.4.1. 55.690270;
26.776341

L = 56 m; B = 10 m;
S = 926 m2;
Dmax = 1.5 m

E = 20; SE = 30;
F = 5.

WD: Natural wetland was drained. WR: Pond
LV.4.1. was excavated in 2018; pond LV.4.2. in
2013; and ponds LV.4.3–LV.4.5. in 2006.

LV.4.2. 55.690796;
26.772181

L = 41 m; B = 15 m;
S = 674 m2;
Dmax = 1.5 m

E = 20; SE = 90;
F = 70. WD, WR: See LV.4.1.

LV.4.3. 55.690813;
26.771567

L = 20 m; B = 12 m;
S = 242 m2;
Dmax = 0,5 m

E = 70; SE = 20;
F = 30. WD, WR: See LV.4.1.

LV.4.4. 55.690868;
26.770978

L = 12 m; B = 9 m;
S = 106 m2;
Dmax = 0.5 m

E = 80; SE = 20;
F = 5. WD, WR: See LV.4.1.

LV.4.5. 55.691192;
26.770954

L = 31 m; B = 12 m;
S = 376 m2;
Dmax = 1 m

E = 20; SE = 80;
F = 100. WD, WR: See LV.4.1.

In this study, 40 sites with 27 reconstructed or created ponds in historical lowlands
and stream valleys were analyzed.

During the reconstruction of the ponds in the floodplain, the main components of the
hydraulic systems were identified, which made it possible to classify the ponds according
to the degree of isolation from water contacts (“open waters”). The ponds were arranged
in series: LV.1–LV.2—geographically isolated wetlands (GIW) and LV.3–LV.4—non-isolated
wetlands (nGIW) (Figure 1). Since the reconstruction of isolated wetlands (GIW) and during
the yearly monitoring, no contact of wetlands LV.1–LV.2 with other water systems has been
identified, and water bodies have been surrounded by higher uplands (“wetlands that
are completely surrounded by upland”—as defined by S.G. Leibowitz, T.L. Nadeau and
R.W. Tiner, 2003 [16,17]) that are higher than the water level. Conversely, non-isolated
wetlands (nGIW) have been noted to be in contact with streams or rivers, especially during
spring floods.
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Figure 1. A map of the location of ponds in the Silene Nature Park, South East of Latvia: yellow
ovals—geographically isolated wetlands (GIW) (isolated ponds); orange rectangles—non-isolated
ponds (nGIW) (the green arrow indicates the location of the study area).

2.2. Amphibian Recording Methods

A standard method for establishing animal population dynamics models was imple-
mented following the protocol described below [21–24].

2.2.1. Capturing Newt Larvae Using a Hand Net

The catching of newt larvae was carried out in accordance with the state-approved
newt monitoring methodology [22] using a hand net with an opening diameter of 0.5 m
(square −0.2 m2). In all ponds, regardless of their size, we blindly netted an area of a
standard size (volume 0.2 m2 × 10 m), at the same distance from the shore and depth
(0.5 m), and approximately equally overgrown with small-leaved vegetation, which made
it possible to compare the density of newt larvae in ponds of different area and depth. The
projection square where the newts were caught was 10 m long and 1 m wide (10 m2). To
prevent the individual impact of catchers, all nettings were made by the same researcher.
Captured newt species and captured fish were noted—the number of individuals per
10 net sweeps per pond (mean/pond).

2.2.2. Visual Counting of Green Water Frogs While Netting Newt Larvae

While netting newt larvae on the same shore site of the netting, the number of green
frogs (Pelophylax Fitzinger, 1843) was visually counted [24]. The area of the visual observa-
tion was 10 m long and 1 m wide (10 m2).

Capturing newt larvae using a hand net and visual counting green frogs was per-
formed in 10 ponds (5 GIW and 5 nGIW) in 2018, and in 14 ponds (8 GIW and 6 nGIW)
in 2022.

2.2.3. Bycatch Capturing Amphibians with Fyke Traps

In part of another monitoring program targeting the European pond turtle Emys orbicularis,
fyke traps were deployed in 32 places at 19 reconstructed ponds, where amphibians were
captured as bycatch (Figure 2). This trapping protocol consisted of monthly sessions of
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5 consecutive days from May to September 2022 on the entire study sites, where traps were
set approximately every 100 m apart in every large water body or one per every smaller
water body with a length less than 100 m. The traps were provided with an identity plate,
a float, and a bait, all moored to a geolocated fixed point. The bait (fresh herring, Clupea
harengus) was placed in a small box with holes to prevent the bait from being eaten by
captured animals during one trapping session. All traps were checked every day between
11h00 a.m. and 16h00 p.m. and set again. Any amphibian captures were noted before
immediate release on site with no further manipulation. The mesh of the trap (1 cm in
diameter) prevented the capture of small individuals, so only adult frogs and large tadpoles
were caught. The traps were placed horizontally at the water’s surface, so that they were
operating only at the near-surface layer (30–40 cm). In total, 24 traps were placed in
geographically isolated ponds and 12 traps in non-isolated ponds.
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Due to differences in the sizes of the surveyed ponds, the numbers of amphibians
caught or visually counted in areas of the same area or the number of amphibians per
36 traps per day from each pond were averaged and compared.

The data were processed using the Statistica v. 10 and PAST v. 4 software for Win-
dows. To study the influence of various factors, a standard set of techniques was used.
NPMANOVA (Non-Parametric MANOVA, also known as PERMANOVA) was used as a
non-parametric test of significant difference between two or more groups, based on Eu-
clidean distances. PERMANOVA assumes no distribution and is rank-based; therefore, this
is an appropriate statistical method for analyzing our data. The significance was computed
by permutation of group membership with 9999 replicates [25]. Only verified and statis-
tically significant values are presented in the article. Wetlands and associated data series
were analyzed separately as isolated and non-isolated wetlands. Separately, the influence
of various factors on the differences in the samples, as well as their dependencies on the
area of the reservoir, were considered. The test statistic used was a pseudo F-ratio, similar
to the F-ratio in ANOVA. It compares the total sum of squared dissimilarities (or ranked
dissimilarities) among objects belonging to different groups to that of objects belonging
to the same group. It is generally accepted that any separation between groups is not
significant if more than ~5% of the permuted F-statistics have values greater than that of
the observed statistic (i.e., p-value > 0.05, Supplementary Table S1).

3. Results

Based on the monitoring accomplished in 2018 and 2022, nine species of amphibians
were identified: Triturus cristatus (Laurenti, 1768)—TC; Lissotriton vulgaris (Linnaeus, 1758)—
LV; Bombina bombina (Linnaeus, 1761)—Bom; Bufo bufo (Linnaeus, 1758)—Buf; Pelobates
fuscus (Laurenti, 1768)—PF; Rana temporaria Linnaeus, 1758—RT; and representative species
of Pelophylax esculentus complex — Pel: hybrid Pelophylax esculentus (Linnaeus, 1758)—
PE; between parent species—Pelophylax lessonae (Camerano, 1882)—PL; and Pelophylax
ridibundus (Pallas, 1771)—PR.

The methods outlined in “2.2.1. Capturing newt larvae using a hand net” and “2.2.2.
Visual counting green frogs” revealed that there were significantly more amphibians in
isolated than in non-isolated water ponds (PERMANOVA, p < 0.05; Table 2, Figure 3). The
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most numerous species was Pelophylax. In 2018 and 2022, the total number of amphibian
individuals captured was 97 and 148, respectively, for 10 and 14 ponds. Between 2018
and 2022, the number of amphibians increased, but only in isolated ponds, whereas it
decreased in non-isolated ponds. The northern crested newt, T. cristatus, was the most
susceptible, with its numbers decreasing significantly by 1.6-fold in isolated ponds over
4 years (p < 0.05), while it totally disappeared in some non-isolated ponds. Inversely, the
number of northern smooth newts, L. vulgaris, increased on average by 5.7-fold over 4 years
in isolated ponds, whereas it only slightly decreased in non-isolated ponds (although the
newt disappeared from some ponds where fish were found in 2022). The most numerous
amphibian species in isolated ponds was the Pelophylax esculentus complex, yet its numbers
dropped between 2018 and 2022.

Table 2. The numbers of individuals and the average number of individuals of newts and frogs
Pelophylax identified in Silene Nature Park, South East of Latvia, during the monitoring periods 2018
and 2022 (method 2.2.1, using a net—the number of individuals per 10 net sweeps per pond, and
method 2.2.2—the number of individuals of Pelophylax per 10 m2, mean/pond) in isolated wetlands
GIW and non-isolated ponds nGIW (N—number).

Ponds N Amphibians
(Mean/Pond)

T. cristatus
Larvae

(Mean/Pond)

L. vulgaris
Larvae

(Mean/Pond)

Pelophylax
(Mean/Pond) N Ponds N Ponds

with Fish

2018
GIW 62 (12.4) 21 (4.2) 7 (1.4) 34 (6.8) 5 0

2018
nGIW 35 (7) 8 (1.6) 8 (1.6) 19 (3.8) 5 1

2018
All 97 29 15 53 10 1

2022
GIW 115 (14.4) 21 (2.6) 64 (8) 30 (3.75) 8 0

2022
nGIW 33 (5.5) 1 (0.2) 9 (1.5) 23 (3.83) 6 6

2022
All 148 22 73 53 14 6

All 245 51 88 106 24 7

Importantly, the number of invasive fish also increased between 2018 and 2022: in
2018, only the Chinese sleeper was captured in one non-isolated pond, whereas in 2022,
three additional fish species (Tinca tinca (L., 1758); Esox lucius L., 1758; and Misgurnus fossilis
(L., 1758)) were found in six non-isolated ponds (Figure S1).

The method outlined in “2.2.3. Bycatch capturing amphibians with fyke traps” per-
mitted the identification of additional amphibian species, except the small-sized newt,
L. vulgaris (Figures 4 and 5). This method confirms the results obtained using the previous
hand net method with two additional species, but most importantly, a higher abundance
of adults (by 4.5 times, p < 0.05) and larvae (by 19.4 times, p < 0.05) in isolated ponds
compared to non-isolated ponds.
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Pelophylax (method 2.2.2), mean/pond, Table 2) identified in Silene Nature Park, South East of Latvia,
during the monitoring periods 2018 and 2022: (a) the average number of individuals of newts and
frogs Pelophylax (N); (b) the average number of individuals of T. cristatus; (c) the average number of
individuals of L. vulgaris, depending on the isolation of the pond (“wetl”): (1) geographically isolated
wetlands (GIW) and (2) non-isolated ponds (nGIW); and (d) the dependence of the average number
of individuals of newts and frogs Pelophylax, on the presence of fish (b, “Fish”): 0 = no fish and
1 = presence of fish. Abscises refer to 2018—“(18)” and 2022—“(22)” (Table 2).
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Figure 4. Number of individuals of different amphibian species counted in Silene Nature Park, South
East of Latvia, in 2022 using method 2.2.3 (a), mean/pond, designations in the text) and the average
number of amphibian species (“N sp”, mean/pond, (b)), “wetl”: 1—geographically isolated wetlands
(GIW); 2—non-isolated ponds (nGIW) (see mat. and methods).
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Figure 5. The number of amphibian individuals counted in Silene Nature Park, South East of Latvia,
in 2022 using method 2.2.3 (the number of amphibian (all) - “N”, mean/pond, (a)), and the number
of amphibian larvae (“TAD”, mean/pond, (b)) caught using traps, depending on wetland isolation
(“wetl”): 1—geographically isolated wetlands (GIW); 2—non-isolated ponds (nGIW).

Importantly, in isolated reservoirs where predatory fish were not found, the number
of larvae and young individuals of amphibians was observed only in sporadic numbers
(Figure S2).

4. Discussion

Analyzing the difference between the ponds, our results show that the size of the
water body did not greatly affect either the species diversity or the number of individuals
(Figure S3). This is why applying an appropriate and unified methodology for assessing
biodiversity and the state of amphibian populations is very important [21–24]. So, to study
and compare the composition of amphibians, sites with similar conditions were selected
in all wetlands, regardless of their total surface area or average/maximum depth. It was
the surveyed area of the wetland itself that was the same in area or depth everywhere,
both in a large lake and in a small pond. Such methodologically very important points
make it possible to assess the state of a given wetland, since amphibians as bioindicators
can be associated with the state of the environment and, in terms of their population
characteristics, reflect the ecological significance of the wetland during monitoring [8,26].
This is especially important at the present time of climate change, where there are fewer
and fewer places suitable for amphibians to breed.

This study shows that a combination of different methods provides complementary
results for monitoring amphibians. For instance, traps permit the identification of more
amphibian and fish species than direct sweeps with a net. Naturally, in addition to amphib-
ians, traps permit the capture of more species, including invertebrates, fish, and reptiles
(Natrix natrix (L., 1758) and Emys orbicularis (L., 1758)). For both types of capture (net and
trap), we found differences in amphibian biodiversity between geographically isolated and
non-isolated wetlands. Namely, in isolated ponds, the number of amphibian species and
their specific abundance (adults and larvae) were higher than in non-isolated ponds. In
the context of massive, ongoing losses of aquatic habitats and increased impacts caused by
aggressive invasive species, such isolated water bodies can provide alternative breeding
sites for amphibians. These elements are usually associated with traditional agriculture
and livestock in rural areas and thus represent a valuable cultural heritage that is enriched
by their added value as ecological refugia for a wide diversity of species. Some amphib-
ian species can successfully exploit such habitats, thus representing important targets for
conservation actions.

In our study, the most numerous individuals were adults of P. lessonae and larvae of
L. vulgaris and P. fuscus in isolated ponds, where their numbers were 2.7–5.3-fold higher
in 2022 than in 2018 (p < 0.05). Moreover, the presence of larvae and young individuals
can serve as an indicator of the environmental state, or, in other words, “the health” of
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wetlands. Representatives of these species also suffer from the activity of predatory fish.
As such, the average number of amphibian larvae in isolated ponds was 19.4-fold higher
(p < 0.05, Figure 5b) than in non-isolated ponds. Since such a vulnerable and sensitive
species as T. cristatus survived only in isolated water bodies at the time of our 4 year study,
the protection of newts is obviously of primary conservation importance. This is even more
urgent considering that the recent appearance of alien invasive predatory fish such as the
Chinese sleeper P. glenii appears to be an important driver of the abundance of amphibians
in Latvian wetlands. Consistently, field observations revealed newt larvae to strongly suffer
from Chinese sleeper when occurring together in artificial reservoirs.

All these features of wetlands should be taken into account when creating protected
areas and ecological networks (Natura 2000, https://www.daba.gov.lv/en [18]), and they
must also be included in programs and management plans for the protection of amphibians
and their habitats [12,14]. Very often, protected areas include only homogeneous land-
scapes, while at the same time more species may occur in areas adjacent to the reserve
than in the reserve itself. Moreover, as far as amphibians are concerned, it appears very
important to ensure that wetlands contain more natural elements, such as greater diversity
and stratification of plant elements (from herbaceous shrubs to trees) from wetlands to ad-
jacent terrestrial areas [13]. This is particularly important to consider when reconstructing
reservoirs since each species has its own habitat requirements [13]. Additionally, a wide
variety of vegetation cover both in the water and in adjacent terrestrial parts of wetlands,
especially the presence of ruderal vegetation, is very important for amphibians [13]. The
diversity and combination of aquatic and terrestrial environments allow for protection not
only from the emergence of new invasive species (animals and plants) by creating isolated
ponds but also to ensure the conservation of amphibians in the context of climate change
and global drought.

5. Conclusions

This study involving nine species of amphibians revealed that the reconstruction of
wetlands is highly relevant for the conservation of European wetlands native biodiversity.
In the course of our research, all three representatives of the hybrid Pelophylax esculentus
complex were found. Moreover, we show that geographically isolated wetlands reveal
the largest specific diversity and abundance compared to non-isolated ponds. In water
bodies where more than 10 individuals of alien invasive predatory fish occur, amphibians
were not found at all. Newts (T. cristatus) are especially sensitive to water quality and
to the presence of predators. Therefore, there is an urgent need to develop plans for the
protection of amphibians, especially newts. One of the most effective measures aimed at
protecting amphibians from negative factors—the spread of unwanted invasive predatory
fish and diseases—is the reconstruction of wetlands in historically exploited landscapes
with the creation of a wide range of water bodies yet broadly dominated by geographically
isolated ponds.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d15030461/s1, Figure S1: Dynamics of the abundance of newts in
Silene Nature Park, South East of Latvia, during the monitoring periods 2018 and 2022 using method
2.2.1 (average number of individuals per 10 net sweeps per pond, mean/pond): a—T. cristatus,
b—L. vulgaris, depending on the presence of alien predatory fish (“Fish”): 1—no fish; 2—presence of
fish; Figure S2: Dynamics of the abundance of amphibians in Silene Nature Park, South East of Latvia,
in 2022 using method 2.2.3 (mean/pond): a—average number of individuals of nine amphibian
species (N—average number of individuals), b—the average number of individuals of each species
separately (designations in the text), depending on the presence of alien predatory fish (“Fish”):
0 = no fish and 1 fish (N = 1), 10 fish (N = 10), and 12 fish (N = 12); Figure S3: The dependence
of the area (S, m2) of the reservoir on the number of amphibians (N) in Silene Nature Park, South
East of Latvia, in 2022 using method 2.2.3: a—Extrapolation coefficient dependence of the number
of amphibians on the area of the reservoir (N/S) in wetlands (“wetl”: 1—geographically isolated
wetlands (GIW); 2—non-isolated ponds (nGIW)); b—the number of amphibians (N) found depending
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https://www.mdpi.com/article/10.3390/d15030461/s1


Diversity 2023, 15, 461 12 of 13

on the surface area (S) of the water bodies; Table S1. Result of the one-way NPMANOVA statistical
method for testing the difference between the data (the average number of individuals of amphibians)
of two types of wetlands (geographically isolated wetlands (GIW) and non-isolated wetlands (nGIW))
in Silene Nature Park, South East of Latvia, using methods 2.2.1–2.2.3.
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23. Čeirāns, A.; Pupins, M. Amphibian and Reptile Natura 2000 Monitoring Manual, 2nd ed.; Latgale Ecological Society; Daugavpils

University: Daugavpils, Latvia, 2020; 29p. (In Latvian)
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