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Eurasian otters, top predators of freshwater ecosystems, are food limited; thus, spe-
cies conservation plans should consider local food resources. We used spraint (faecal) 
analysis to assess diet of otters inhabiting a river in the Polish Carpathians. Although 
elsewhere in their range otters feed mostly on fish, in our study area amphibians were 
equally important prey (43% of all prey occurrences, 54% of estimated biomass of 
consumed prey). Amphibians dominated in the otter diet in winter and spring, and 
occurred as often as fish in autumn. Only in summer was amphibian occurrence 
marginal. Typically, two factors explain seasonally high consumption of amphibians: 
limited fish availability and availability of amphibians gathered to spawn or hibernate. 
However, factors such as energetic costs of hunting may also cause seasonal changes 
in otter feeding behavior. Low water temperatures might increase the energetic cost of 
fishing in cold seasons and force otters to seek an alternative prey. This study raises the 
possibility that amphibian declines could negatively affect otters in cold, mountainous 
regions.

Introduction

The Eurasian otter (Lutra lutra) is a top predator 
of freshwater ecosystems. Otters occur through 
most of Europe, Asia, and North Africa and are 
found in various semi-aquatic habitats, including 
lake shores, rivers, small streams, sea coast, and 
even irrigation ditches. Water pollution caused 
massive otter declines in Europe in the latter 
half of the 20th century (Kruuk 2006). Despite 
their successful recent recovery in many areas 
(Conroy & Chanin 2002), otters are still con-
sidered a species of conservation concern by 
the European Union (Council Directive 92/43/
EEC). Currently, beside water pollution, one 

of the most serious threats to otters is decline 
of their food resources (Kruuk 2006). Fish, the 
primary prey of otters (Mason & Macdonald 
1986, Chanin 2003, Kruuk 2006) are negatively 
affected by over-fishing, pollution and other 
human caused disturbances (Stone 2003).

Under some conditions alternative prey, usu-
ally crustaceans and amphibians may be con-
sumed (Jędrzejewska et al. 2001, Clavero et 
al. 2003). The share of these alternative prey 
items in the diet varies regionally and seasonally 
(Adrian & Delibes 1987, Weber 1990, Sidorovich 
et al. 1998, Clavero et al. 2005, Brzeziński et al. 
2006). Recent studies indicate that the food niche 
of otters is affected by habitat structure and sta-
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bility. Fish dominate in the otter diet in complex 
and stable habitats — water bodies with diverse 
microhabitats and small changes in water level. 
These habitats typically host sizable fish popula-
tions. Conversely, in simple or variable habitats, 
fish availability is often limited (e.g., due to ice 
cover or droughts) and otters temporally increase 
predation on alternative prey (Clavero et al. 
2003, Clavero et al. 2008, Remonti et al. 2008, 
Ruiz-Olmo & Jiménez 2009). Because otters are 
known to be food-limited (Kruuk & Carss 1996, 
Ruiz-Olmo et al. 2001, Kruuk 2006), knowledge 
of their feeding habits has practical importance 
for conservation of the species. Our objective 
was to assess the seasonal variation in otter use 
of fish and alternative prey, particularly amphib-
ians, in a habitat where both fish and amphibians 
were available. The study was one component 
of the research begun in 2008 into otter ecology 
and population genetics in the Bieszczady Moun-
tains, region of the Carpathian Mountains.

Material and methods

Study area

The study was conducted along the Wołosaty 
stream in the Bieszczady Mountains, southeast-
ern Poland (22°40´E, 49°08´N). The study area 
lies in the temperate continental climate zone 
and is characterized by cold winters and mild 
summers. The average temperatures in July and 
January are 17 °C and –3 °C, respectively. The 
annual precipitation is 900–1100 mm (Nowosad 
1995). Precipitation peaks in July, when 150–
170 mm falls as rain, and is minimal in January, 
when 70 mm falls, usually as snow (Winnicki & 
Zemanek 2003).

The Wołosaty is a medium size stream 
(28 km long) with stony bed and fast current. The 
majority of the drainage basin (118 km2) is pro-
tected within Bieszczady National Park, which 
is part of the “East Carpathians” International 
Biosphere Reserve. Stream flow peaks in April. 
There are two annual periods of low flow from 
September to October and again from January 
to February. The stream never dries up but does 
partially freeze over in winter. Banks are over-
grown with trees, primarily alder (Alnus incana) 

and beech (Fagus sylvatica). At the upper end of 
the study area (700 m a.s.l.), the stream is 10 m 
wide and about 0.2 m deep, whereas at the lower 
end (540 m a.s.l.) it is 20 m wide and 0.3 m deep. 
Locally, depth may reach 1.5 m.

The Wołosaty stream contains 13 fish species. 
The most numerous are Alpine bullheads (Cottus 
poecilopus), brown trout (Salmo trutta), and 
minnows (Phoxinus phoxinus) (Kukuła 1999). 
In terms of biomass, brown trout predominate. A 
rough estimate of fish biomass in the studied sec-
tion of the Wołosaty is about 3–4 g m–2 (Kukuła 
1995). The most common amphibians in the 
study area are yellow-bellied toad (Bombina 
variegata), common frog (Rana temporaria), 
and common toad (Bufo bufo) (Głowaciński et 
al. 1995). The noble crayfish (Astacus astacus), 
also potential prey for otters, occurs only in the 
lower part of the stream (Kukuła 2000).

From our observations, we know that the 
Wołosaty is intensively used by otters in all 
seasons. Along the numerous small tributaries 
of the main stream, otter tracks and spraints are 
present up to 800 m a.s.l. (own unpubl. data). 
The Wołosaty’s drainage basin is surrounded by 
extensive areas of forested mountains, where 
many similar size or smaller streams, offer com-
parable habitats for otters.

Field sampling and spraint analysis

We assessed otter diet by analysing spraints 
(faeces). Otter spraints are easy to find, as they 
are typically deposited on prominent rocks or 
logs. Spraints were collected along 10 sampling 
transects (Fig. 1). Transects, each about 0.2 km 
long, were located near bridges or other easily 
accessible sites. The upper transect was placed 
10 km from the stream’s source, with the lowest 
at the stream’s mouth; the distance between 
transects was approximately 1.5 km. We col-
lected spraints from February 2008 to Novem-
ber 2009. Based on the time of collection, we 
assigned them into one of four seasons: spring 
(April–May), summer (July–August), autumn 
(October–November), and winter (January–Feb-
ruary). Spraints were stored in paper envelopes 
labeled with date, name of transect and GPS 
coordinates. Prior to the analysis, spraints were 
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soaked in water with detergent, washed through 
a 0.5 mm sieve, and air dried. Prey remains 
were assigned to six categories: fish, amphib-
ians, mammals, birds, insects, and crayfish. Iden-
tification of items was based on characteristic 
features such as shape and color of bones, shape 
of teeth, or the presence of feathers, fur, or parts 
of exoskeletons.

We expressed diet composition in two ways. 
Firstly, we calculated the relative frequency of 
occurrence [RFO = (number of occurrences of a 
given prey category)/(number of all occurrences 
of all prey categories) ¥ 100]. This method 
may over-estimate the importance of small but 
frequently occurring prey categories and under-
estimate the importance of larger prey with small 
bones to flesh ratio (Carss & Parkinson 1996, 
Ciucci et al. 1996, Jacobsen & Hansen 1996). 
Despite its drawbacks, RFO is commonly used 
to estimate diet composition as it gives a rea-
sonable picture of the relative importance of 
prey groups in the diet (Erlinge 1968, Carss 
& Parkinson 1996, van Dijk et al. 2007). It is 

also the simplest method of fecal analysis and 
permits comparison of diet composition across 
the many studies which employ this method. 
Because of the caveats associated with the use 
of RFO, we also expressed diet composition as a 
percentage of biomass [PB = (biomass of a given 
prey category)/(biomass of all prey) ¥ 100]. This 
method avoids the main limitations of the RFO, 
as it takes into account both the weight of the 
prey remains and the proportion of indigestible 
matter specific to a given type of prey (Litvaitis 
2000, Jędrzejewska et al. 2001). The biomass 
of prey is estimated by multiplying the weight 
of prey remains by a corresponding coefficient 
of digestibility. The coefficients are typically 
obtained through feeding experiments with cap-
tive animals by calculating the ratio: (weight of 
prey eaten)/(dry weight of its remains in scats). 
We used the following coefficients: fish: 25, 
amphibians: 18, rodents: 9, birds: 12, crayfish: 
7 (Fairley et al. 1987), and insects: 5 (Lockie 
1961). All analyses were conducted separately 
for each season and sample transect.

Fig. 1. Locations of sam-
pling transects along the 
Wołosaty stream, south-
eastern Poland, where 
otter spraints were col-
lected in 2008–2009. Area 
below 800 m elevation 
constitutes potential otter 
habitat.
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Fig. 2. The relative frequency of occurrence (RFO) 
of prey groups in Eurasian otter (Lutra lutra) spraints 
from the Wołosaty stream (Poland); RFO = [(number 
of occurrences of a given prey category)/(number of 
all occurrences of all prey categories) ¥ 100], number 
of spraints = 284, number of prey items = 431; error 
bars represent 95% confidence intervals for binomial 
sampling distribution.

Statistical computations were performed and 
figures created with the program R (R Develop-
ment Core Team 2009). As suggested by Carss 
and Parkinson (1996), we present RFO values 
together with 95% confidence intervals for bino-
mial distribution.

Results

We collected and analyzed 284 spraints. Spraints 
were frequently encountered at all transects. 
Amphibians and fish were dominant and 
equally important prey of otters, constituting 
43% and 42% of all prey occurrences, respec-
tively (Fig. 2). Similarly, in the biomass analysis 
amphibians accounted for 54%, and fish 44% of 
estimated prey biomass.

There was a clear seasonal pattern in otter 
diet (Fig. 3). In winter and spring, the frequency 
of occurrence of amphibians (RFO = 54% and 
59%, respectively) was significantly higher than 
that of fish (32% and 22%, χ2 = 35.1, df = 3, p 
< 0.001). The pattern was similar for percentage 
of biomass (amphibians PB = 66% and 69%, 
fish PB = 33% and 28%, χ2 = 156, df = 3, p < 
0.001). Conversely, fish were the staple diet of 
otters (RFO = 80%, PB = 93%) in summer, when 
amphibians occurred only occasionally (RFO = 
9%, PB = 5%). In the autumn, both prey groups 
contributed equally to the diet (RFO about 40% 

Fig. 3. (a) The relative frequency of occurrence of amphibian and fish remains, and (b) the estimated percentage 
of biomass of main groups of prey in Eurasian otter (Lutra lutra) spraints from the Wołosaty stream (Poland) across 
seasons. Number of spraints: winter: 65, spring: 55, summer: 61, autumn: 103.
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and PB about 50% each). As expected, the impor-
tance of minor prey items, particularly insects, 
was overestimated by the RFO method relative 
to the PB method. Insects accounted for 10% 
of prey occurrences but only for 0.4% of prey 
biomass. They usually constituted a minor part 
of spraint (i.e., one or two individual insects) 
and only two spraints were entirely composed of 
insect remains. Insects are often found in spraints 
but it is difficult to distinguish whether they were 
eaten by otters or were incidentally ingested 
(Mason & Macdonald 1986). Most of the insects 
we detected were stonefly (Plecoptera) larvae, a 
common prey of brown trout and alpine bullhead 
(Holmen et al. 2003, Hesthagen et al. 2004), so it 
is probable that the insects were ingested together 
with fish alimentary tracks. Mammals, birds, and 
crayfish represented together only 5% of prey 
occurrences, and 1% of prey biomass. We did not 
find any spatial pattern in prey occurrence across 
the river length.

Discussion

The importance of amphibians

The high frequency of amphibians in the otter 
diet is the most striking finding of our research. 
Although elsewhere otters feed mainly on fish 
(Mason & Macdonald 1986, Chanin 2003, 
Kruuk 2006), in our study area, amphibians were 
equally important prey. Amphibians dominated 
in the otter diet in winter and spring and contrib-
uted equally with fish in the autumn. Summer 
was the only season when amphibians were con-
sumed less frequently than fish.

Intensive otter predation on amphibians and 
the seasonal switch in otter diet are typically 
explained by two factors, which are not mutually 
exclusive. Firstly, otters may switch from fish, 
the preferred prey (Erlinge 1968), to an alterna-
tive food if fish availability is seasonally limited 
(Clavero et al. 2003). For example, otters in 
northeastern Scotland travelled 3.5 km overland 
to a marsh where they could prey on hibernat-
ing frogs when winter fish became unavailable 
(Weber 1990). Otters in central Finland (Sulkava 
1996) also increased their use of amphibians in 
winter when fish density declined in rivers at 

the same time that ice-cover on lakes prevented 
otters from entering the water. Secondly, during 
cold seasons amphibians, gathered in shallow 
streams to hibernate or spawn, are a readily acces-
sible food source. In many areas, increased preda-
tion on amphibians coincides with amphibians’ 
spawning and hibernation periods (Weber 1990, 
Clavero et al. 2005, Britton et al. 2006). However, 
other factors may contribute to seasonal changes 
in otter feeding behavior. Otter prey choice and 
rate of predation upon alterative prey may depend 
on the balance in energy gain and expenditure 
associated with fishing versus hunting of alter-
native prey. This balance is affected not only 
by prey abundance, but also by factors such as 
prey congregations, prey mobility, seeking time, 
energetic value of prey, and energetic costs of 
hunting of a given prey. Low water temperatures 
in cold seasons increase the energetic costs of 
fishing and might cause otters to minimize time 
in this activity. Using captive otters, Kruuk et al. 
(1994) experimentally demonstrated that the main 
energetic cost of fishing results from the need to 
maintain body temperature at low water tempera-
tures. If otters find fishing in cold water — par-
ticularly at a time of lower fish availability — to 
be energetically inefficient, they would be likely 
to seek alternative prey. Hunting groups of hiber-
nating frogs in small, shallow tributaries is likely 
less energetically demanding than fishing. The 
low calorific value of amphibians relative to fish 
(Nelson & Kruuk 1997) could be counteracted by 
the fact that when an aggregation of amphibians is 
found, they constitute a substantial meal. Catch-
ing birds or mammals would generally be more 
difficult and less profitable.

A few authors have reported relatively intense 
seasonal predation on amphibians by Eurasian 
otter inhabiting small woodland rivers, montane 
streams, and lakes that completely freeze over 
(Harna 1993, Sulkava 1996, Sidorovich et al. 
1998, Jędrzejewska et al. 2001, Brzeziński et al. 
2006, Remonti et al. 2008, Smiroldo et al. 2009). 
However, the frequency of amphibians in otter 
spraints in our study area is the highest reported 
for temperate climates (Table 1). In fact, this is 
one of the first reports of otters seasonally using 
amphibians at higher rates than fish. Other stud-
ies report that Eurasian otters consume amphib-
ians at relatively high rates (~30%–40%), but 
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with only one exception (Jędrzejewska et al. 
2001), otters use of fish exceeded their use of 
amphibians in all seasons. Together, these stud-
ies highlight the importance of amphibians for 
otter populations living in habitats with rela-
tively low fish availability.

Conservation implications

The relatively pristine habitats in the Carpathian 
Mountains host stable otter populations that may 
be important for the species’ persistence. These 
populations could serve as a source for rec-
olonization of lowland populations following a 
catastrophic event (e.g., accidental river pollu-
tion). Immediately, the presence of quality, high-
elevation habitats likely serves to maintain con-
nectivity between otters on the north and south 
sides of the range.

Given that otters typically prefer fish when 
fish are available, the presence of large amounts 
of amphibians in the diet may indicate that 
habitat is sub-optimal. Based on a literature 
review, Chanin (2003) suggests that otters can 
survive and breed if the biomass of fish is above 
10 g m–2. In many streams permanently inhab-
ited by otters in the Bieszczady Mountains, fish 
biomass is as low as 2–3 g m–2 (Kukuła 1995). 
Otters in these and other locations with similarly 

low fish biomass may depend on amphibians 
for survival. Effective otter conservation will 
require a more complete understanding of the 
spatial and temporal dynamics of prey switching 
by otters and the effects of alternative prey, par-
ticularly amphibians, on otter survival and repro-
duction. Informed by such research, local prey 
populations might be effectively manipulated 
to improve the quantity, quality, and temporal 
availability of otter food resources. For exam-
ple, otter conservation plans might incorporate 
activities to support amphibian populations such 
as protecting amphibian spawning and hiber-
nation sites. Additionally, such research would 
shed light on the possible impacts of amphibian 
declines (Stuart et al. 2004) on otter populations.
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