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Abstract
LIFE GoodStream is an EU-financed conservation project, which strives to improve the ecological
status of a stream in the agricultural landscape of Halland County, Sweden. Since 2015, the project has
constructed amphibian ponds, restored wetlands, removed dispersal barriers and worked to return the
Trönninge stream (Trönningeån) to more natural conditions. This study explores current and expected
effects of these measures on populations of five species of amphibians (B. bufo, R. arvalis, R.
temporaria, L. vulgaris, T. cristatus) and Eurasian otter Lutra lutra. Difference in amphibian
colonization of amphibian ponds and wetlands was explored through visual surveys. Otter presence
was investigated using standard survey method. All surveys took place in April 2019. Results show
that the wetlands have the highest presence of individual amphibians per meter shoreline, and that
otters are using the whole Trönningeån. While colonization and dispersal of amphibians to new habitat
depend on the ecology of the different species, our results emphasize appropriate hydroperiod and
absence of predators. That the top predator otter has returned to the ecosystem makes the future look
bright, even if otter presence itself does not necessarily mean that the ecological status of the stream
has improved. We would like to stress the difficulties in recreating natural conditions and ecosystems,
and that it is always best to preserve natural systems when possible. Thanks to the measures of
GoodStream so far, these diverse semiaquatic species now have a chance to survive in the future, even
in the highly anthropogenic agricultural landscape of Trönninge.

Sammanfattning
LIFE GoodStream är ett EU-finansierat projekt för att förbättra ekologisk status av en å i södra
Hallands jordbrukslandskap. Sjöar, åar och andra vattendrag är ständiga mottagare av överskottsnäring
från jordbruket, föroreningar och ämnen från antropogen markanvändning. GoodStream-projektet har
sedan 2015 bl.a. anlagt groddammar, restaurerat våtmarker, tagit bort vandringshinder och arbetat för
att återskapa naturliga förhållanden i Trönningeåns avrinningsområde. Denna studie undersöker
nuvarande och förväntade effekter av dessa åtgärder på populationer av fem arter av amfibier (B. bufo,
R. arvalis, R. temporaria, L. vulgaris, T. cristatus) och utter Lutra lutra. Skillnaden i kolonisering av
groddjur i groddammar och våtmarker har undersökts genom visuella inventeringar, och förekomst av
utter i Trönningeån undersöktes med standardiserad inventeringsmetod under två dagar (april 2019).
Våra resultat visar att våtmarkerna uppvisade fler individer av amfibier per inventerad sträcka än
groddammarna, samt att utter utnyttjar hela Trönningeån. Medan kolonisering och spridning av
amfibier till nya habitat beror på de olika arternas ekologi, så stödjer våra resultat främst vikten av rätt
hydroperiod och frånvaro från predatorer. Att toppredatorn utter har kommit tillbaka till ekosystemet
gör att framtiden för ån ser ljus ut, även om förekomsten i sig inte behöver betyda att åns ekologiska
status har förbättrats. Resultaten illustrerar svårigheterna i att försöka återskapa naturliga förhållanden
och ekosystem, och det är i första hand bäst att bevara naturliga system. Tack vare de åtgärder som
gjorts hittills finns idag större möjligheter för dessa olika semiakvatiska djur att överleva även i
framtiden i Trönningeåns starkt mänskligt påverkade landskap.

Introduction
As catchments of terrestrial runoff, freshwater systems are constantly exposed to inputs of
excess agricultural nutrients, pollutants and many other substances originating from human
land use. Over the last century, freshwater systems across the world have been severely
affected by the intensification of agriculture, modernization of forestry, as well as habitat loss
and degradation (Baron et al. 2002, WWAP 2018). Ongoing climate change is further
stressing these systems, exacerbating negative effects on water quality and biodiversity
(Dudgeon et al. 2006, WWAP 2018). With natural flow processes altered by the draining of
wetlands, and straightening and lining of stream channels (WWF 2018), connectivity and
metapopulation dynamics of many species have suffered greatly (Naturvårdsverket 2019,
Wenche 2014). The agricultural landscape of southern Sweden is largely characterized by the
major changes in practice that occurred in the 20th century (Naturvårdsverket 2019), with poor
ecological status of many rivers and streams as a result (Wenche 2014). However, in the last
decades, increasing awareness of our dependence on the services provided by freshwater
systems and the devastating impacts of human activities on these systems, has resulted in
countless protection and conservation efforts around the world (WWF 2018). Sweden, as a
member of the European Union, is obligated to work in accordance with EU directives
towards improving and protecting biodiversity and the environment. The Habitats Directive
(92/43/EEG) issued in 1992, aims to protect species and their habitats, and the Water
Directive (2000/60/EG) from 2000 strives to mitigate damaging impacts on aquatic
ecosystems. To help in achieving the goals set by the EU directives, there is a funding
program for local authorities and organizations called the LIFE Programme (LIFE Programme
2019). One project that has received funding from this program is the LIFE GoodStream
project (LIFE14 ENV/SE/000047) in Halmstad municipality in Halland County, Sweden.
Since 2015, GoodStream has worked to improve the biodiversity and ecological status of the
Trönninge stream (hereafter Trönningeån), and to contribute to a less environmentally
detrimental agricultural production in the surrounding area. The project has removed dispersal
barriers, restored and constructed several wetlands and creotopes (created biotopes), as well
as worked with land owners to ensure use of more sustainable agricultural practices
(GoodStream 2019). As the project is due to end in 2021, the half-way mark has now been
passed. The GoodStream project is therefore interested in knowing the current and expected
effects of the restoration and construction of wetlands and creotopes, specifically amphibian
ponds, on amphibian populations in the Trönningeån catchment, and on the possible presence
of top predator Eurasian otter Lutra lutra as a sign of improved ecological status.
The construction of wetlands and amphibian ponds is a common conservation
measure in freshwater systems. Establishment purposes vary between wetlands and ponds,
resulting in different impacts on biodiversity. Wetlands are generally larger than amphibian
ponds (Feuerbach & Strand 2010), although size and depth can vary (Naturvårdsverket 2009).
A functioning wetland provides benefits for a wide range of species and many important
ecosystem services (Strand & Weisner 2013). Many wetlands have been created to benefit
nutrient retention from surrounding agricultural lands, and along with biodiversity benefits,
this is one of the primary reasons for the establishment of the wetlands in this study
(GoodStream 2019). The layout should be heterogeneous with protruding land areas and
islands, preferably surrounded by vegetation buffer zones (Feuerbach 2004), including trees
(Jordbruksverket 2012). Wetlands should also have a mechanism for adjusting the water level,
and to avoid drying out (Feuerbach 2004). Wetlands should allow dispersal of species and
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individuals within the surrounding landscape (Naturvårdsverket 2009), and may contain
various types of predators, such as fish, birds and crayfish (Feuerbach 2004). Amphibian
ponds on the other hand, are specifically constructed to provide a predator-free habitat where
amphibians can reproduce safely, to ensure tadpole survival (Calhoun 2014,
Naturskyddsföreningen 2017). They should be small and preferably located near a forest edge
(Rannap et al. 2009) or in some other way be partly shaded (Feuerbach & Strand 2010).
Although amphibian ponds should be constructed to be ephemeral, a poorly constructed pond
without sufficient shading may dry out too early in the season, causing loss of tadpoles
(Naturskyddsföreningen 2017). To allow easy access for amphibians, the edges of a pond
should not be too steep (Porej & Hetherington 2005), and its diameter should be at least 10
meters to avoid complete encroachment by vegetation (Naturskyddsföreningen 2017). While
it is good to have some deeper parts (Rannap et al. 2009), the recommended depth is 2 meters
(Feuerbach & Strand 2010). Hence, design characteristics and purpose may vary, but both
wetlands and amphibian ponds provide important habitat within freshwater systems.
As a taxon, amphibians worldwide have suffered greatly from habitat loss and
degradation (Cushman 2006), diseases and pollution (Arntzen et al. 2017). Especially the
chytrid fungus Batrachochytrium dentrobatidis, discovered in the late 1990s, has had a
devastating effect on amphibian populations all over the world (Berger et al. 2015). As
amphibians breathe and exchange ions partially through their skin and the fungus affects the
skin cells of the amphibians, severe cases may cause heart failure due to loss of breath
(Amphibian Ark 2019). In a study from 2018, the fungus was found in 13 out of 31 ponds in
southern Sweden (Kärvemo et al. 2018). More than half of Sweden’s 13 species of
amphibians are currently on the IUCN Red List of Threatened Species
(Naturskyddsföreningen 2014). All species of amphibians in Sweden are now protected by
law, but many populations are still threatened by loss of suitable breeding habitat, existing
dispersal barriers and predation (Bina 2015). In Sweden, conservation measures have included
improving both terrestrial and aquatic habitat in order to preserve connectivity and
metapopulation dynamics (Nyström & Stenberg 2008), and to ensure successful breeding
(Grodkollen 2019). Around the world many efforts aimed at amphibians and their habitat
have been proven successful (Rannap 2009, Arntzen et al. 2016, Ashpole et al. 2018). In
Trönninge, the LIFE GoodStream project has restored or constructed eight wetlands and 30
amphibian ponds. The amphibian ponds were excavated and allowed to fill naturally, with
colonization and succession free to progress without interference (GoodStream 2019). The
amphibian species that are expected to be present in these are the brown frogs Rana
temporaria and Rana arvalis, the common toad Bufo bufo, the smooth newt Lissotriton
vulgaris and the great crested newt Triturus cristatus (Artportalen 2019). These species are all
common throughout most of Sweden and currently listed as LC (least concern) by the IUCN,
although T. cristatus appears to be in decline due to lack of suitable habitat (ArtDatabanken
2019a). While T. cristatus requires high quality habitats, the other species can be found
utilizing various parts of the agricultural landscape. R. arvalis and R. temporaria are often
found breeding in the same habitat as both B. bufo and L. vulgaris. Both frogs and newts
generally prefer breeding in fish-free ponds, while B. bufo is less sensitive to predators as its
larvae are slightly toxic (Bina 2015). Adults of all species often return to the same breeding
ponds (Bina 2015), making dispersal across the landscape slow and dependent on the
movement of the juveniles (Cushman 2006).
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Just like the amphibians, the Eurasian otter Lutra lutra, is protected by Swedish
law, and can be found in many types of aquatic habitats, from lakes and coastal zones to rivers
and wetlands (Naturvårdsverket 2006). Their primary food source is fish, but they can also
adapt to eating amphibians, birds and insects (Ruiz-Olmo & Jiménez 2008, Kloskowski et al.
2013). Home ranges vary between 7-20 kilometers in diameter (Naturvårdsverket 2006), with
male territories often the home ranges of several females (Quaglietta et al. 2014). Home
ranges are upheld by spraint markings on various objects in the landscape, such as rocks,
below trees and on tree stumps. Communication occurs through scent markings
(Naturvårdsverket 2006). The presence of otter, a top predator in freshwater systems, can be a
sign of high biodiversity and good ecological status (Bedford 2009, Holland et al. 2018).
Otters have been listed as VU (vulnerable) in Sweden in the past, but within the last decade
recolonized enough areas to be listed as NT (near threatened) by the IUCN (ArtDatabanken
2019b). In the 20th century otter populations declined due to high levels of PCB in freshwater
systems, which accumulated in the tissue of the otter prey species. With water quality
standards now in place and chemical use in society more regulated, the amount of
contaminants in the environment has decreased considerably (Bedford 2009), but otters still
remain threatened by habitat loss and road killings (Naturvårdsverket 2006, ArtDatabanken
2019b). In Sweden, otter populations are scattered and the total number of individuals is not
likely to exceed 3000 (ArtDatabanken 2019b). A regional inventory of Halland County from
2007 found no signs of otter in Trönningeån, but otter presence was confirmed in
Genevadsån, a parallel stream about 5 kilometers to the south (Bisther 2008). In 2014, another
regional inventory noted otter presence in the stream Fylleån, just to the north, and also found
signs of otter presence in the lower part of Trönningeån. Including reports from citizens, there
have been a number of sightings of otter in the Trönningeån catchment in the last decade
(Artportalen 2019). Presence of otter in the entire stream system could indicate successful
recolonization and confirm improved ecological status of the catchment.
With many conservation efforts for freshwater systems and the species that
inhabit them underway, little is currently known about effects on amphibian populations in
newly constructed or restored wetlands in comparison with amphibian ponds. As many
conservation efforts are restricted by limited funding, it is crucial to know which types of
conservation measures are the most effective. The aim of this study is to address the
effectiveness of the LIFE GoodStream project in relation to current and expected effects on
amphibian populations and otter presence in the Trönninge stream system.
The study questions are:
1. Is there a difference in amphibian presence between newly created amphibian ponds and
constructed or restored wetlands?
2. Are there signs of otter presence in Trönningeån, and if so, what does it mean for future
management?

4

Materials and methods
Study area
Trönningeån begins in the lake Knorrasjön, and reaches the Kattegatt Sea just 11 kilometers
from its source (VISS 2009). The catchment area is approximately 33 km2 and consists of
agricultural land (50%), forest (42%) and urban areas (8%) (Goodstream 2019). There are two
larger streams next to Trönningeån, Fylleån just to the north and Genevadsån just to the south.
Before the GoodStream project started, the water quality in Trönningeån was poor with high
levels of nitrogen, phosphorous and mercury and showed signs of eutrophication. Biodiversity
and connectivity in the system was also suffering from the draining of minor bodies of water
and wetlands in the fields adjacent to the stream (VISS 2009). Since then, ecological status
has improved from poor to moderate, but the chemical status of the water is still not
acceptable (VISS 2016).

Amphibian survey method
In order to compare current and expected colonization success between wetlands and
amphibian ponds, a visual survey of amphibians was carried out according to standard survey
method for T. cristatus (Malmgren et al. 2005) as it is common practice in surveying other
amphibian species as well (Lundberg 2014, Gelland Boström 2018). Survey locations
included seven wetlands and 12 amphibian ponds (Figure 1), out of the ones restored and
constructed by the GoodStream project between 2016 and 2017 (Table 1). The amphibian
ponds are all small (25-50 m2) and ephemeral, while the wetlands are generally larger
(approx. between 0.06-0.9 ha) and contain water throughout the year. Surveys took place after
sunset on six occasions during the month of April 2019. Surveys did not take place during
rainy or windy weather, as those weather conditions negatively affect visibility. Amphibian
ponds and wetlands were visited in random order on each survey occasion. The survey was
conducted by walking the shoreline of a wetland or amphibian pond with torches (38 lumens,
40 m visibility) and head lamps (Black Diamond Spot 300 lumens, 80 m visibility). One
person counted individuals and the other kept notes and double-checked sightings. All
amphibians that could be identified unfailingly were counted. The brown frogs R. temporaria
and R. arvalis were only counted as a group (frogs), since these are very difficult to identify
correctly in the field without catching them. Species-specific mating calls of the two species
were recorded when possible. Signs of reproduction (all stages; eggs, larvae, juveniles) were
also recorded, along with sightings of known amphibian predators. Sections where the
shoreline was impassable or a clear view was blocked by dense vegetation or other objects,
were excluded from the survey. For every location, notes were taken on time and duration of
survey, weather conditions, water level, visibility (light penetration), presence of algae
(surface cover in %) and surrounding habitat type. The total length of shoreline surveyed for
each type of object (wetland or amphibian pond) was estimated by stride length. Data
collected was analyzed by IBM SPSS statistical software (version 24). The total number of
identified amphibians was summarized separately for amphibian ponds and wetlands for each
study site ID and survey occasion. This number was then divided by the total shoreline length
for each individual study site ID. These numbers were then used for the statistical analysis.
The Kolmogorov-Smirnov test was used to establish normality of distribution (P < 0.05), and
then the Mann-Whitney U-test was used to look at the difference between wetlands and
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amphibian ponds by analyzing average number of amphibians per surveyed meter of shoreline
per object. This was done twice, once for all amphibian ponds and all wetlands, and then once
again without including the restored wetlands (WL-3, WL- 7) in the analysis.
Table 1. Survey sites for amphibians. AP = amphibian ponds, WL = wetlands.

Location
Jonstorp

Established Object ID
2017
WL-1, WL-2,
AP-10, AP-11,
AP-12

Långeby

2017

WL-3, AP-1,
AP-2, AP-3

Stjärnarp

2017

WL-7, AP-9

N. Stjärnarp 2016

WL-4, AP-4,
AP-5, AP-6

S. Stjärnarp

WL-5, AP-7,
AP-8, WL-6

2016
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Site description
Located NW of the source of
Trönningeån. Characterized by heavily
grazed pastures (horses/cows) with
ponds in deciduous forest.
Adjacent to stream with pastures and
forest fragments nearby. WL-3 is
approximately 10 years old and was
restored in 2017.
AP-9 is located in beech forest, and
WL-7 is a restored wetland (2017) in
open park-like surroundings with large
trees.
AP-4 to 6 are located on the forest edge.
WL-4 is located on an open
grassland/field.
AP-7 to 8 are located close to the forest
edge. WL-5 to 6 are located on open
grassland. Shoreline of wetlands largely
covered in reeds.
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Figure 1. Map of study sites for wetlands and amphibian ponds.

Otter survey method
To establish otter presence, a visual dryland survey was carried out based on standard survey
method (Bisther & Norrgran 2002, Bisther & Arrendal 2017) in Trönningeån. All otter
markings were recorded (spraint, tracks, dens, sightings) along with their coordinates. Surveys
were done during the day, on two occasions in April 2019. The survey was conducted by
walking along the shoreline in 200 m sections on both sides of the stream. If one side was
inaccessible or the stream was less than 1 m wide, surveying of both sides proceeded from the
most accessible side. The survey included the area between the immediate shoreline and the
highest point of stream flow. Survey locations along the stream were selected using land
cover maps by their potential for otter markings and included bridges, sections with
connecting tributaries and other sites where the stream channel is interrupted. In total, the
survey included 19 locations (Figure 2) distributed along the 11 kilometers of Trönningeån,
from its source Lake Knorrasjön to its mouth just south of Halmstad (VISS 2009). Spraints
that were judged to most likely be from American mink Neovison vison were excluded. For
every site, notes were also taken on time and duration of survey, weather conditions, water
level and width, surrounding habitat characteristics and potential disturbance factors. To
strengthen the probability of otter sign detection, all tracks and spraints were photographed
and judged by experienced tracker Juha Rankinen via e-mail.

Figure 2. Map of sites for otter inventory.
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Results
Amphibian survey
The wetlands showed a significantly higher count of individual amphibians per surveyed
meter of shoreline (U = 965.0, P = 0.001, Figure 3). The range of values between the different
study site ID:s was very high as well, ranging between 0 and 29 amphibians in amphibian
ponds and 1 and 73 in wetlands for a single visit. The distribution of individuals between the
different study sites therefore varied greatly, with study site WL-3 in the Långeby location
(Figure 1) always giving very high values for several species (Figure 5). Of the amphibian
ponds, AP-1 in the Långeby location also showed the highest values. In contrast, amphibian
ponds AP-3 (Långeby), AP-10, AP-11, AP-12 (Jonstorp) constantly had zero findings. Of the
wetlands, WL-1 and WL-2 (Jonstorp) had the lowest values. Looking at the results from the
analysis which did not include the restored wetlands, the newly constructed wetlands still had
a slightly higher count of individual amphibians per surveyed meter of shoreline (U=808.0,
P=0.035, Figure 4).
Reproduction was noted in eight amphibian ponds (AP-1, AP-2, AP-3, AP-4,
AP-5, AP-7, AP-8, AP-9) and in all of the wetlands except for one (WL-7). As the survey
occasions progressed, many eggs were lost, and larvae were only recorded in WL-4 (Stjärnarp
N). In several study sites low water levels caused the eggs to dry out. Juveniles were found in
six of the amphibian ponds (AP-4, AP-5, AP-6, AP-7, AP-8, AP-9) and in three of the
wetlands (WL-1, WL-2, WL-7). The total count of amphibians over the six survey occasions
was 115 in the amphibian ponds and 591 in the wetlands. For the amphibian ponds a total of
1947 meters of shoreline was surveyed, and for wetlands the total was 6618 meters.
The most commonly found species was B. bufo in both amphibian ponds and
wetlands (Figure 6). T. cristatus and L. vulgaris were more frequently found in wetlands than
amphibian ponds, with especially high numbers in WL-3 (Långeby). T. cristatus was always
spotted in WL-3 in high numbers (max. N = 44), and on one occasion in WL-4 (N. Stjärnarp ,
N = 1). Of the amphibian ponds, T. cristatus was only found in AP-1 (Långeby, max. N = 2)
and AP-4 (N. Stjärnarp, N = 1). The brown frogs R. arvalis and R. temporaria as a merged
group were more frequently found in the amphibian ponds than in the wetlands (Figure 6),
although mating calls of both species were only recorded in the wetlands.
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Figure 3. Average number of amphibians per surveyed meter of shoreline in wetlands
and amphibian ponds, including restored wetlands, ±SD. The wetlands show a significantly higher value.
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Figure 4. Average number of amphibians per surveyed meter of shoreline in wetlands
and amphibian ponds, not including restored wetlands, ±SD. The wetlands show a significantly higher value.

10

0,40

Av. no. individuals/meter

0,35
0,30

0,25
0,20
0,15
0,10
0,05

Study site ID
Figure 5. Average number of amphibians per surveyed meter of shoreline in wetlands and
amphibian ponds, ±SD. AP = amphibian ponds, WL = wetlands.

0,15

Av. no individuals/meter

Amphibian ponds

Wetlands

0,10

0,05

Figure 6. Average number of individuals per species per surveyed meter of shoreline in
amphibian ponds and wetlands, ±SD. AP = amphibian ponds, WL = wetlands.
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Predatory fish (Esox lucius) was noted in two of the wetlands (WL-4, WL-6)
and leeches (Hirudinidae) were spotted in four of the wetlands (WL-3, WL-4, WL-6, WL-7).
Signal crayfish Pacifastacus leniculus was recorded on one occasion WL-3 (Långeby). Water
fowl was present in all wetlands, and therefore also in the vicinity of all the amphibian ponds.
Regarding vegetation, most of the wetlands had well established aquatic and shoreline
vegetation while the amphibian ponds generally lacked vegetation. In contrast, in ponds AP-7
and AP-8 (S. Stjärnarp), common cattail Typha latifolia had become established. Green algae
in small amounts was noted in several of the amphibian ponds and wetlands, but covering a
considerable extent (>50%) of the surface of the amphibian ponds in the Jonstorp location
(AP-10, AP-11, AP-12). Six of 12 of amphibian ponds (AP-2, AP-3, AP-6, AP-10, AP-11,
AP-12) showed poor visibility mainly due to dark and muddy water. Three of the seven
wetlands also had poor visibility (WL-1, WL-2, WL-7). Several amphibian ponds (AP-1,
AP-4, AP-5, AP-7, AP-8, AP-9) and wetlands (WL-3, WL-4, WL-6) were recorded to have
clear water and good visibility throughout the duration of the survey period. Water levels
fluctuated in the majority of all study objects, with especially drastic changes in AP-10, AP11, AP-12 and WL-4 (N. Stjärnarp). Several amphibian ponds also showed notably low water
levels in the beginning of the study (AP-3, AP-7, AP-8). Rain was recorded in the beginning
of the survey period, and then not again until the end of the survey, leaving three whole weeks
without precipitation. Therefore, only two out of six survey occasions had rain in the days
prior to survey. Survey temperatures ranged between 3-14°C.

Otter survey
Signs of otter presence were detected in the entire Trönningeån. Out of 19 locales, spraints
were found in nine, with tracks also found in two of those nine sites (Figure 7). While spraints
in the upper part of the stream were unmistakably not fresh, spraints found near the mouth of
the stream were still wet. Spraints were found on rocks in four locations, and under bridges in
five. Clear tracks were found in two locations, both in sand underneath bridges. The majority
of otter signs were found in or just outside the village of Trönninge, in locations with many
recorded potential disturbances. Habitat characteristics along the stream ranged from
agricultural land, pastures, and wetlands, small patches of deciduous forest to urban and near
industrial. Most sections of the stream that were surveyed, showed high levels of disturbance
from human activities. No precipitation was recorded prior to or during the survey. Water
level did not exceed normal flow.
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Figure 7. Sites for otter inventory with crosses at locations where signs of otter presence were found.

Discussion
Current and expected effects on amphibian populations
The purpose of this study was to explore the current and expected effects of the restoration
and construction of wetlands and amphibian ponds on amphibian populations in the
Trönninge catchment, and specifically to evaluate if there was a difference in amphibian
presence between these measures. Our results show that at this stage, the wetlands showed the
overall highest count of individual amphibians per surveyed meter of shoreline, indicating that
the colonization process was more prominent in the wetlands than in the amphibian ponds.
While colonization of newly constructed habitats can occur rapidly within the first years after
establishment (Rannap 2009, Ashpole 2018), amphibian populations are known to fluctuate
greatly from year to year (Pechmann et al. 2001) so our numbers are in no way sufficient to
predict future changes to the amphibian populations currently present. The rate of
colonization for created objects depends on the various life history strategies of the species
(Hartel et al. 2011, Drayer & Richter 2016) and the fact that species tolerate habitats in
different ways (Cushman 2006). We did not find signs of colonization or breeding in all of
our study objects, and since they were constructed within the last three years, patterns of
amphibian occurrence could still change. In addition, since the field study was conducted
during only half of the breeding season, it is possible that our results would have been
different if surveys had been performed throughout the month of May as well (Bina 2015).
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While we used a presence/absence type of survey, it is not always a good measure of success
(Karlsson et al. 2007, Calhoun et al. 2014). Many methods are focused on looking at
reproductive success and juvenile survival instead, often by using invasive methods such as
netting and pitfall traps (Petranka et al. 2003, Karlsson et al. 2007, Rannap et al. 2009). We
chose to do a visual survey as it is less invasive, and while we did not do any egg counts,
notes were taken on presence of reproduction to assess the functioning of the various study
objects as suitable breeding habitat. When doing a presence/absence survey, there is always
the risk of false absence (Rannap et al. 2009), and we did experience problems in certain
locations due to vegetation, low visibility and behavior. For example, the brown frogs
appeared to be more sensitive to light than the common toads, and often disappeared into the
water before they could be counted and identified with certainty. In some locations, we
therefore got zero or low values, despite being able to clearly hear mating calls from both R.
temporaria and R. arvalis. A higher number of brown frogs were recorded in the amphibian
ponds, but it is likely that we have cases of false absence in the wetlands since the frogs were
clearly heard but not found, due to the fact that in some wetlands the shoreline vegetation
made a full visual survey difficult. Despite these problems, looking at amphibian occurrence
as a measure of habitat quality can still be of value (Hartel et al. 2011).
Few studies compare the effectiveness of wetlands versus amphibian ponds.
However, there are studies which emphasize the importance of each measure separately, and
several that compare anthropogenic measures with natural wetlands (Pechmann et al. 2001,
Drayer & Richter 2016). For example, Drayer & Richter (2016) looked at the differences
between natural and constructed fish-free wetlands, and found that species richness appeared
to be similar. The results of our two analyses show the importance of restoration, as the two
restored wetlands in this study (WL-3, WL-7) performed better than the newly constructed
objects, especially the large wetland in Långeby (WL-3). In our opinion, all restorative
measures essentially strive to mimic natural conditions and functions. Recreating natural
conditions and achieving similar species composition as an original system is difficult, even
as basic requirements for amphibian colonization and breeding success have largely been
identified (Nyström et al. 2002, Calhoun et al. 2014, Drayer & Richter 2016, Semlitsch 2015).
The most challenging aspect is arguably replicating water bodies with a non-permanent
hydrology (Drayer & Richter 2016). Hydroperiod (length of time a body of water actually
holds water) directly affects breeding success, and thus determines which species can persist
in a habitat (Nyström et al. 2002, Semlitsch et al. 2015). Along with predator absence
(Knutson et al. 2004, Buxton et al. 2012), hydroperiod appears to be a key characteristic
determining amphibian population viability (Baker & Halliday 1999, Calhoun et al. 2014,
Semlitsch et al. 2015, Drayer & Richter 2016, Ashpole et al. 2018). While our overall results
indicate that amphibians use the wetlands most successfully, reproduction in some of our
study sites may ultimately be stalled because of predator presence and a too variable
hydroperiod. Therefore, we suspect that some of the wetlands in our study could potentially
become ecological traps. For example, it is known that T. cristatus favors permanent water
bodies to breed due to slow larval development (Gustafson et al. 2011, Hartel et al. 2011), but
this is tricky as those habitats can become populated by fish and other predators (Hartel et al.
2011, Semlitsch et al. 2015). The wetlands in this study do provide suitable breeding habitat
for amphibians, and both reproduction and colonization were more pronounced in the
wetlands than in the amphibian ponds. During the course of this study many egg clusters
appeared to become lost however, and no larvae were noted at the end of the study except for
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in one wetland. For instance, in WL-4 in N. Stjärnarp, egg clusters were undeniably lost due
to the extreme fluctuations in water level, and possibly also because of predatory fish and
water fowl presence.
For the wetlands and ponds in this study to be confirmed successful, the aquatic
habitat needs to be suitable throughout the whole breeding cycle of the amphibians and allow
enough time for larval development and metamorphosis. It is therefore difficult to draw any
valid conclusions on long-term success. Colonization rates and population viability can also
differ greatly between different species (Hartel et al. 2011). In our study B. bufo appeared in
much greater numbers than the other species (Figure 6), both in wetlands and amphibian
ponds, which correlates to the results of many other studies (Baker & Halliday 1999,
Semlitsch & Bodie 2003). As generalists, toads disperse more easily than other more sensitive
species (Semlitsch & Bodie 2003), and they are not as sensitive to predators since their larvae
are slightly toxic (Bina 2015). On the other hand, the two newt species in this study are very
sensitive to fish and other predators in their habitat (Baker & Halliday 1999, Gustafson et al.
2011). T. cristatus was only found in greater numbers in WL-3 (Långeby) which to our
knowledge was free from predatory fish, which relates to the findings of Baker & Halliday
(1999) and Gustafson et al. (2011). L. vulgaris showed the opposite pattern, as it was recorded
in great numbers in WL-4 (Stjärnarp-N) in which predators were present. It is important to
note that the sheer presence of these individuals does not mean that the species is reproducing
successfully (Karlsson et al. 2007).
Furthermore, colonization of habitat is connected to patterns of both dispersal
and migration. Semlitsch (2007) argues that it is important to separate these two concepts,
defining migration as the seasonal movement of adult individuals between their terrestrial
habitat to their aquatic breeding habitat and dispersal as the movement of individuals from
their natal ponds to new breeding ponds. Since many adult amphibians show high site fidelity
to their breeding ponds (Petranka et al. 2003, Buxton et al. 2017), dispersal is often slow and
depends on the juveniles (Cushman 2005, Semlitsch 2007, Calhoun et al. 2014). We recorded
several juveniles or young adult individuals in both wetlands and amphibian ponds, indicating
ongoing dispersal as individuals appear to be moving between the different objects. Noting
signs of dispersal could suggest the beginning of a working network of habitats, which in the
long run could prevent extinctions of local populations (Karlsson et al. 2007). The biphasic
life cycle of amphibians and their seasonal migration patterns suggest that conservation
efforts should include both terrestrial and aquatic features (Rannap et al. 2009, Ashpole et al.
2018), so that connectivity between different bodies of water can be maintained (Peterman et
al. 2018). Semlitsch & Bodie (2003) emphasize protecting core habitat, which in essence
means establishing terrestrial habitat buffer zones around bodies of water. This could include
ensuring sufficient canopy cover and shoreline vegetation (Calhoun et al. 2014, Drayer &
Ricther 2017). The GoodStream project has worked on improving terrestrial habitat, for
example by planting trees and attempting to create overwintering sites for amphibians.
Moreover, the project is based on a landscape scale approach, as it strives to improve the
overall ecological quality of the Trönninge catchment (GoodStream 2019). Working on a
landscape scale is discussed as essential in many conservation studies (Cushman 2006, Loman
& Lardner 2006, Rannap et al. 2009, Sawatzky et al. 2019), but some argue that it is more
important to look at smaller spatial scales, and specifically the quality of individual ponds
(Petranka et al. 2003, Knutson et al. 2004). Knutson et al. (2004) highlight that it is easier to
conduct a project and to manage conservation measures on a landscape scale, but their own
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study points out the importance of smaller scales in amphibian conservation projects. In our
opinion, when working with fairly common species a landscape scale approach may be
sufficient, but in conservation measures aimed at endangered and red-listed species a smallscale approach is probably more fitting.
Additionally, when looking at the small scale of the measures in this project,
pond quality is an important factor. We noted different attributes of our study objects that
affect pond quality, such as visibility, presence of algae, and vegetation. Our results suggest
that ponds with muddy water or surfaces with large amounts of algae were avoided by all of
the amphibian study species. For example, the amphibian ponds in Jonstorp (AP-10, AP-11,
AP-12) showed up empty throughout the entire survey period. A similar pattern was found by
Rannap et al. (2009) in a study from Estonia, where the common spadefoot toad avoided
ponds with muddy and unclear water or with excessive algae coverage. Eutrophication and
low oxygen concentrations are common results of high amounts of algae in small bodies of
water, and can have negative effects on overall water quality (Loman & Lardner 2006,
Calhoun et al. 2014). In agricultural landscapes, grazing livestock can also affect pond quality
by nutrient loading from excretion, trampling vegetation and degrading shorelines (Knutson et
al. 2004). The poorly performing objects in Jonstorp were surrounded by pasture, and in our
opinion, pond and wetland quality seemed to be negatively affected by the presence of
livestock. Knutson et al. (2004) advice fencing around ponds to limit nitrogen inputs in areas
with significance to amphibians. As mentioned above, different species tolerate the same kind
of habitat in various ways, and Loman & Lardner (2006) found that the brown frogs in our
study are not particularly sensitive to agricultural inputs of nitrogen compounds. In any case,
we did not sample water quality or measure nitrogen levels in our objects, and can therefore
only speculate on this matter.
Regarding vegetation, most of the wetlands in our study had well established
aquatic and shoreline vegetation, while the amphibian ponds generally lacked vegetation. This
could be another reason why the wetlands over all performed better than the ponds,
as especially submerged vegetation is an important factor for breeding success (Baker &
Halliday 1999, Knutson et al. 2004, Rannap et al. 2009). In Långeby, AP-1 had different types
of established submerged vegetation and was also one of the highest scoring ponds. In
contrast, vegetation can sometimes become a negative habitat characteristic, for instance, in
cases where common cattail Typha latifolia have become established (Rannap et al. 2009). In
our study, this was the case in both amphibian ponds in Stjärnarp S, AP-7 and AP-8 (Figure
1). These ponds were both very small, and had considerable amounts of Typha latifolia
growing in them, and throughout the survey scored low. Unless some vegetation is removed
from these ponds, we predict they will become overgrown, as these were also very shallow.
Several other ponds in this study also had notably low water levels in the beginning of the
study, which is worrying and may affect the function of these ponds as breeding habitat. It is
possible that these ponds need further excavation in order to ensure a sufficient hydroperiod.
In our opinion, the amphibian ponds in this study clearly miss certain attributes that could
have improved their performance. Most of the wetlands appear to be functioning in a superior
way in regards of both water quality and vegetation.
To summarize, the wetlands performed better than the ponds regarding presence
of amphibians in both analyses. The ten-year-old restored wetland in Långeby (WL-3, Figure
1) consistently scored high, illustrating that restoration of naturally occurring water bodies
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should always be the first choice. Creation of new ponds and wetlands should always be the
last option (Calhoun et al. 2014). However, if properly designed, creating amphibian ponds
may be the most effective conservation measure for amphibians in the long run, as they are
species-specific, predator-free and show considerable promise for amphibian colonization and
success. Subsequently, our study provides insight to the difficulties with anthropogenic
measures in replicating natural habitats and processes. Future effects will ultimately depend
on the continued management and monitoring of these ponds and wetlands. While short-term
monitoring can be of value (Petranka et al. 2003), tracking population development over
longer periods of time is the only way to determine population viability and the success of
conservation measures such as the GoodStream project (Pechmann et al. 2001, Vasconcelos
& Calhoun 2006, Calhoun et al. 2014, Ashpole et al. 2018).

Otter presence and ecological status
Based on the findings in this study, otters are most likely present in the whole Trönningeån.
Tracks and spraints were found along the whole stream, despite the time of survey not being
according to standard recommendations, which suggest surveys are performed in the fall
(Bisther & Norrgran 2002, Bisther & Arrendal 2017). On the other hand, spring surveys for
otter signs do occur (Hallegren & Blank 2010, Romanowski et al. 2013). Since there was not
any precipitation directly prior to survey, conditions for spraint and track detection were close
to ideal. To our best knowledge, the spraints included in our results are all otter. Some
spraints were excluded because of difficulties to distinguish origin, which could have been
American mink Neovison vison. The first regional inventory of Halland County from 2007
found no signs of otter in Trönningeån (Bisther 2008), and the second one from 2014
(Artportalen) showed presence of otter only in the lower parts of the catchment. As part of
larger regional surveys, these two inventories were most likely not as detailed as the survey
performed in this study. Therefore, it is difficult to say with certainty that otter was not
present in the whole stream system prior to the time of this study. False negative results are
generally a weakness of these types of survey methods, as spraints may be lost to
deterioration or not all located (Parry et al. 2013). Spraint surveys do not provide any
information on population size and density, but can be sufficient for determining presence or
absence (Parry et al. 2013, Hong et al. 2018). Most otter surveys occur on a much larger scale
though, and the standard survey method is developed for regional surveys. Since this was a
small-scale survey, and to improve the probability of otter sign detection, a more detailed
survey of the catchment was performed by increasing the number of survey sites. According
to Parry et al. (2013) this is one of two ways of improving detection probability, the other way
being to perform repeat visits to each site, which was not possible within the scope of this
study.
Since the LIFE GoodStream project strives to improve the ecological status of
the Trönninge catchment, any sign of present improvement is of interest. Presence of otter as
an indicator of good ecological status is however under debate. Since otters are sensitive to
habitat degradation, but also show signs of comeback under improved conditions, they can act
as good indicators of environmental conditions (Ruiz-Olmo et al. 1998). Ruiz-Olmo et al.
(1998) found that otter presence overlapped with highly sensitive macroinvertebrate fauna,
and suggested the connection to habitat quality. Another study found a correlation between
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fish species richness, macroinvertebrate fauna and otter presence (Holland et al. 2018), but
like others found it difficult to determine the direction of the relationship (Hong et al. 2018).
Also, biological factors may not be the only aspect indicating otter presence or absence.
According to Scorpio et al. (2016) hydro-morphological characteristics may be just as
important. Their study found that otters preferred rivers with limited modifications to the river
channel, where natural exchanges of sediment and water was allowed to occur between the
river and floodplain, as well as upper and lower parts of the river (Scorpio et al. 2016). Otters
occurred where the naturalness of a river was preserved, such as transport of sediment and
nutrients, connectivity between channel and floodplain, channel dynamics, etc. Nonetheless,
the results of this study indicate somewhat the opposite, as most spraints and tracks were
found in urbanized environments and near very busy roads. Also, within the Trönninge
catchment, only minor stretches of the stream actually provide any natural habitat conditions.
Several studies have found that otters can colonize urbanized landscapes, which signifies that
they can adapt to human interference and being close to roads, residential and agricultural
areas (Cho et al. 2009, Marcelli et al. 2012). Otters show surprising adaptability in both
habitat selection and food choice (Marcelli et al. 2012, Kloskowski et al. 2013). While
Trönningeån may not be prime otter habitat, the results of this study suggest that otters could
still be using it. Our results cannot show that otters are resident in the stream, but a couple of
studies have shown that otters can indeed use small rivers as their main habitat (Cho et al.
2009, Scorpio et al. 2016). Others claim otters are more likely to be occasional visitors and
use small rivers primarily as feeding grounds (Romanowski et al. 2013). With this in mind, it
is possible that the otters present in Trönningeån may have come from the previously
colonized streams of Fylleån and Genevadsån, suggesting a positive spill-over effect.
Consequently, because of their adaptiveness to sub-optimal habitats, otter presence may not
necessarily indicate good ecological status, but could lead to improved ecological status of an
area in the future (Holland et al. 2018, Hong et al. 2018). In the last report from VISS (2016)
the status was still only moderate, so presence-absence data should perhaps not be considered
a reliable indicator of habitat quality as otters appear to be able to select and adapt to various
habitats (Romanowski et al. 2013).
Whether or not otters are resident in Trönningeån, the GoodStream project is
due to end in 2021, leaving many management questions for the stream system open. While
habitat regeneration of this character is very important to attract otters, it is also crucial to
understand what their specific habitat requirements are. According to Scorpio et al. (2016)
management needs to take into account the river morphology and limit incisions to the
channel, as well as reduce the human use of floodplains. There should not be any cultivation
in riparian zones (Scorpio et al. 2016). Several studies emphasize the importance of varied,
natural riparian vegetation for otters, as it provides resting places and hiding spots (Cho et al.
2009, Marcelli et al. 2012, Bedford 2009). Creating or re-establishing river conditions with
natural banksides along with rocks should also be a priority (Cho et al. 2009). In addition,
improved water quality and a reduction in cultivated land adjacent to the stream should also
favor otter colonization (Marcelli et al. 2012). The GoodStream project has worked with
engaging the landowners to achieve more sustainable agricultural practices, which in the long
run should lead to better chemical status of the stream (GoodStream 2019). Future
management should take otter presence into consideration, since the overall aim of the
GoodStream project correlates to management goals for otter conservation, which should
allow otters to reproduce and feed in a stable habitat (Ruiz-Olmo & Jiménez 2008,
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GoodStream 2019). In this aspect, many of the measures taken in the GoodStream project up
until today, such as restoring the stream channel to natural conditions, creating wetlands and
ponds, removing dispersal barriers and planting trees, could very well already have provided
benefits for otters possibly using the catchment. The results of this study do suggest that otters
are already using the stream, and even if presence of otter may not be a suitable indicator of
good ecological status or vice versa, presence of otter anywhere is good for biodiversity as it
is a globally threatened species and a top predator (Estes et al. 2011, Shelton et al 2018,
ArtDatabanken 2019b).

Concluding remarks
This study has addressed the effectiveness of the LIFE GoodStream project in relation to
current and expected effects on amphibian populations and otter presence in the Trönninge
catchment. Thanks to the conservation measures taken within the GoodStream project, new
habitat for the diverse semiaquatic species in this study have been established. Although
colonization seems to be slow and further management is needed for long-term success, these
species now have a chance to survive in the future, even in the highly anthropogenic
agricultural landscape of Trönninge.
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