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Abstract. The otter (Lutra lutra) in Romania uses a wide range of habitats: highland and lowland lakes, rivers 
and streams, as well as marshes, riparian forests, delta and coastal areas. These habitats lead to a high 
variability of otter’s prey. From December 2012 until July 2014, diet of Eurasian otter was studied based on 
spraint analysis in Putna-Vrancea Natural Park (n=118 samples) and Lower Siret Valley Natura 2000 Site 
(n=56 samples), south - east Romania. The Percentage of Occurrence (PO), Relative Frequency of Occurrence 
(RFO) and Percentage Frequency of Occurrence (PFO) were calculated. Fish (PO = 56.1%) and amphibians 
(PO = 22.5%) were the primary diet components of otters in Putna-Vrancea, while in Lower Siret Valley, fish 
(PO = 36.7%) and crayfish (PO = 32.6%) formed the mass of the diet. Fish consumption was all seasons high 
in Putna-Vrancea, except in winter. In Lower Siret Valley, the highest fish consumption was in the autumn 
and the lowest in the summer. In Putna-Vrancea, amphibians were more frequently become part of the diet in 
the spring, while in Lower Siret Valley were during the summer. Crayfish were the primary elements of 
otters’ diet from Lower Siret Valley in the summer, while in Putna-Vrancea remains of crayfish were not 
discovered in the spraints. The results indicate that the otters’ feeding ecology was influenced by 
environmental factors of the ecosystems where the otters live, such as altitude, climate and different prey 
fauna.  
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Introduction 

 
Eurasian otter (Lutra lutra) is an opportunistic car-
nivore that feeds on a whole range of prey (Jen-
kins et al. 1979, Wise et al. 1981, Conroy et al. 
2005) and the contribution of each prey group to 
otter’s diet is significantly influenced by habitat’s 
type (Sulkava 1996, Jedrzejewska et al. 2001, 
Brzeziński et al. 2006). Ability of L. lutra to adapt 
to a wide variety of wetland habitats in Romania 
determines a high variability of prey in its diet. 

The L. lutra has one of the largest population 
distributions in the world (Kruuk 2006). Its range 
extends from the cool damp climate of west Ire-
land to the humid tropical forests of Asia, and 
from the hot dry lands of North Africa to the cold 
lands of northern Russia and Finland (Chanin 
2013). The Eurasian otters’ habitat has a wide 
range of ecosystems: highland and lowland lakes, 
rivers and streams, marshes, riparian forests, del-
tas and coastal areas (Mason & Macdonald 1986). 
All these habitat types result in a high variability 
(both temporally and geographically) of the food 
items that the otters’ diet is composed of, includ-
ing fish, crayfish, amphibians, mammals, birds 
and insects. The diet composition of otters living 

by ponds or on rivers has been extensively studied 
in all the regions of Europe at different geographi-
cal latitudes (Erlinge 1967, Mason & Macdonald 
1986, Carss 1995, Kruuk 1995, Jedrzejewska et al. 
2001, Lanszki et al. 2003, Gorgadze 2013). How-
ever, the otters’ diet in Romania is still poorly 
known (Bouroș 2014). The few works from Roma-
nia that refer to otters’ diet are general and do not 
take into account the geographical and habitat 
variability of the prey resources (Ionescu & 
Ionescu 1994, Murariu & Munteanu 2005).  

These papers show that otter in Romania is 
predominantly piscivourous predator: 78% of ot-
ters’ diet is composed of fish, and only 8% of 
frogs, 6% of mammals and 8% of invertebrates 
(crustaceans, moluscs, insects). Furthermore, Mu-
rariu & Munteanu based on stomach content 
analysis, claimed that apart from fish, which are 
the main prey taxa, otter also feeds on frogs, cray-
fish, aquatic insects and worms, but did not spec-
ify the percentage of   their occurrence in the ot-
ters’ diet (Ionescu & Ionescu 1994, Murariu & 
Munteanu 2005). 

The otter is one of the few European carni-
vores that have developed the ability to hunt both 
in water and on land (Parry et. al 2011), therefore  
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their diet is composed of a wide variety of prey 
species. 

Information on otters’ diet composition is one 
of the most important aspects of species ecology, 
as it allows us to evaluate otters’ prey selectivity. 
This information is mandatory to understand the 
factors limiting their populations; and to assess in-
ter- and intra-specific competition, so that a long-
term strategy for conservation and management of 
the Eurasian otter can be developed. 

The objective of this study is to compare the 
otters’ diet composition in two study areas of 
south-eastern Romania with different environ-
ments – lower plains and mountains. They have 
major differences in terms of vegetal cover and 
fauna, imposed by both the relief and the climatic 
factors.  

 
 

Materials and methods 
 

Study area 
The otters’ diet was studied in two geographic units in 
southeastern Romania: Vrancea Mountains and Lower 
Siret Plain. The study was conducted in the upper basin 
of Putna river and the lower basin of Siret river, which 
are part of two protected areas known as Putna-Vrancea 
Natural Park and Lower Siret Valley NATURA 2000 Site 
respectively. The two protected areas have high impor-
tance for otter conservation, both being designated, 
among other species and habitats, for Lutra lutra. 

Putna-Vrancea Natural Park is located in the north-
east of Vrancea County (Long. 26.503436 Lat.45.921461) 
and covers an area of 382.13 km², with an altitude ranging 
from 435 m a.s.l. in the valley of the Putna River to over 
1785 m a.s.l. in Goru Peak (Chiriac et. al. 2009) (Fig. 1). 
The average temperature in the area is around 8.5 ºC and 
the average annual rainfall is 600 mm. The area is located 
in the alpine biogeographic region. 

The main river from the surveyed area is Putna, 
which collects all the streams in the Natural Park and 
forms a narrow west-east oriented valley. The water-
courses are characterized by a torrential flow with rapid 
shallow waters. The highest flow rate is recorded in late 
spring (44%) and early summer (30%) when there is a 
substantial increase in flow, resulting in significant 
floods. The multi-annual flow of Putna river measured at 
hydrometric station Lepșa, at 21 km from its sources is 
1,83 m³/s, and in Tulnici when it leaves the park area is 
4,58 m³/s (Chiriac et. al. 2009).  

The riparian forests are composed mainly of grey al-
der (Alnus incana), black alder (A. glutinosa) and willow 
(Salix spp.). Such vegetation covers are formed on soils 
rich in alluvial deposits that are periodically flooded each 
year. 

Putna-Vrancea Natural Park fauna is typical of tem-
perate mountain area. The mountain biota fauna in part 
consisted of large carnivores (brown bear, lynx and wolf) 

and their prey species. In this region there are also other 
small and medium-sized carnivores such as: Lutra lutra, 
Felis silvestris, Canis aureus, Vulpes vulpes, Meles meles, 
Martes martes, Mustela putorius, M. nivalis, M. erminea, etc. 
There are also small mammals (rodents and insectivores) 
that may become food preferences of the otter. 

Herpetofauna of the area consists mostly of: Bombina 
variegata, Bufo bufo, Ichthyosaura alpestris, Lissotriton mon-
tandoni, L. vulgaris, Pelophylax ridibundus, Rana temporaria, 
Salamandra salamandra, Triturus cristatus, Anguis fragilis, 
Coronella austriaca, Lacerta agilis, L. viridis, Natrix natrix, 
Podarcis muralis, Vipera berus and Zootoca vivipara. 

Fish fauna is not rich and is generally composed of: 
Salmo trutta fario, Oncorhynchus mykiss, Cottus gobio, C. 
poecilopus, Eudontomyzon danfordi, Phoxinus phoxinus, Ne-
machilus barbatulus, Thymallus thymallus, Barbus meridion-
alis petenyi, Gobio uranoscopus, Alburnoides bipunctatus and 
Lota lota. Crayfish is absent from the Natural Park. 

The second surveyed area, Lower Siret Valley 
NATURA 2000 Site, is located in the north-east of the 
Romanian Plain (Long. 27.342499 Lat.45.772777), in the 
lower sector of Siret river, between the towns of Galați 
and Adjud (Fig. 1). The surface of the Community Impor-
tance Site is 250.81 km² and the Special Protection Area is 
364.92 km² with an altitude varying from 0 m to 302 m 
(Brînzan 2013). 

The area has a temperate continental climate with ex-
cessive tendencies, with very cold winter, determined by 
the Siberian anticyclone, and very hot and dry summer, 
due to continental air masses influenced by the high lev-
els of solar radiation. The average air temperature in the 
area is around 9.3 ºC (north) and 11,1 ºC (south), and the 
average annual rainfall is between 465 mm and 533 mm. 

The annual average flow of the Siret river registered 
in the northern part of the site at Adjudu Vechi is 144 
m³/s and in the southern part at Şendreni hydrometric 
station is 250 m³/s.  

The site is dominated by a vegetation characteristic 
of riparian forest, with a great diversity of tree species, 
strongly influenced by the existence of secondary water 
courses derived from Siret and Putna rivers, but are fed in 
more than 50% by the groundwater aquifers. The average 
annual temperature of the water in these streams is much 
higher than that recorded on Siret river. The area is lo-
cated in the steppe and continental biogeographic region. 

The fauna of Lower Siret Valley is specific to the fol-
lowing habitats from this region: transition forests, de-
ciduous forests, lakes, rivers, marshes, sandy beaches, 
water reservoirs, bogs, grasslands, dry natural grasslands, 
arable land and permanent crops. 

Mammal fauna of Lower Siret Valley is composed 
mainly by mustelids such as: Lutra lutra, Meles meles, 
Martes foina, Mustela putorius, M. nivalis, M. erminea etc. 
and other carnivores: Felis silvestris, Canis aureus, Vulpes 
vulpes, etc.  

The Lower Siret Valley is also a Special Protected 
Area for birds; there is a high diversity of birds in this re-
gion with more than 150 species. 

The main species of herpetofauna that live in this 
area are: Rana ridibunda, R. esculenta, R. dalmatina, Bufo 
bufo, Pelobates fuscus, Hyla arborea, Emys orbicularis, Lacerta 
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Figure 1. Study area. (Red: Putna Vancea Natural Park, 
blue: SCI Lower Siret Valley, purple: SPA Lower Siret 
Valley, green: Nationaly designed protected areas) 

 
 
viridis, L. agilis, Natrix natrix and N. tessellata. 

The Lower Siret Valley is very rich in ichthyofaunal 
diversity, some of the main fish species found here are: 
Abramis ballerus, A. brama, A. sapa, Acipenser ruthenus, Al-
burnoides bipunctatus, Alburnus alburnus, Anguilla anguilla, 
Aspius aspius, Barbus barbus, B. petenyi, Blicca bjoerkna, 
Carassius carassius, C. gibelio, Chondrostoma nasus, Cobitis 
danubialis, C. taenia, Ctenopharyngodon idella, Cyprinus car-
pio, Esox lucius, Eudontomyzon danfordi, Gobio albipinnatus, 
G. kessleri, G. obtusirostris, Gymnocephalus cernuus, G. 
schraetzer, Hypophthalmichthys molitrix, H. nobilis, Idus idus, 
Lampetra planeri, Lepomis gibbosus, Leucaspius delineatus, L. 
leuciscus, Lota lota, Misgurnus fossilis, Neogobius fluviatilis, 
Orthrias barbatulus, Pelecus cultratus, Perca fluviatilis, Phox-
inus phoxinus, Proterorhinus marmoratus, Pseudorasbora 
parva, Pungitius platygaster, Rhodeus sericeus amarus, Ro-
manogobio kessleri, R. vladykovi, Rutilus carpathorossicus, Sa-
banejewia aurata, S. balcanica, S. vallachica, Scardinius 
erythrophthalmus, Silurus glanis, Squalius cephalus, Stizoste-
dion lucioperca, Tinca tinca, Vimba carinata, Zingel streber 
and Z. zingel (Battes et al. 2005). 

In the Lower Siret Valley there is only one species of 
crayfish, Astacus leptodactylus and it is frequently con-
sumed by otters. 

Riparian forest vegetation is strongly affected by the 
construction of dams, floods and forestry. Most of the 
floodplain forests are planted with hybrid and alien spe-
cies that do not respect the natural structure, where trees 
are planted in equidistant rows.  

The most important riparian habitats are the alluvial 
forests with Alnus glutinosa and Fraxinus excelsior, the 
groves with Salix alba and Populus alba, alluvial meadows 
grasslands with Cnidion dubii, riparian mixed for-
ests of Quercus robur, Ulmus laevis and Ulmus mi-
nor, Fraxinus excelsior or Fraxinus angustifolia, and muddy 
banks with Chenopodion rubri and Bidention (Brînzan 
2013). 

 
Spraint collection and analysis 
The otters’ diet was studied from December 2012 to July 
2014 from otters’ spraints (n=174) collected in Putna-
Vrancea (n=118, Fig. 2) and Lower Siret Valley (n=56, Fig. 
3). The spraints collection was done on the entire surface 

of the two protected areas throughout all seasons be-
tween the altitudes 455-985 m (average: 761 m) in Putna-
Vrancea and 7-76 m (average: 22 m) in Lower Siret Valley. 
 

 
 

Figure 2. Spraint collection locations in Putna-Vrancea 
Natural Park. 
 
 

 
 

Figure 3. Spraint collection locations in Lower Siret Val-
ley. 
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Only the fresh and intact spraints were collected and 
placed in paper envelopes, labeled with the following in-
formation: date, time, observer, geographic coordinates 
and watercourse name. 

The spraints were individually soaked in a metal 
container containing 1/3 water and 2/3 detergent for 1-3 
days to a week. Spraints were washed through 0.5 mm 
mesh sieve in order to remove any remaining mucus and 
dirt from the particles. Clean spraint remains were dried 
and sorted. The spraints content was examined using a 
magnifier and a microscope (10 X). 

Spraint remains were sorted into nine groups: 
Mammalia, Aves, Reptilia, Amphibia, Pisces, Crustaceea, 
Insecta, Gastropoda and Plantae. Number and percentage 
of species groups that were present in the spraint were 
noted.  

The percentage of occurrence (PO %) of each prey 
group was plotted against each spraint and secondly 
against all spraints. The relative frequency of occurrence 
per prey item was also calculated (Conroy et al. 2005) by 
dividing the total occurrence of a particular species by the 
total occurrence of all prey items and expressing it as the 
relative frequency of occurrence (RFO%) calculated as:  

 

groupsprey  all of soccurrence of Sum

100 x groupprey  a of soccurrence ofNumber 
  % RFO 

 
 

Percentage frequency of occurrence (PFO %) was cal-
culated using the following formula: 

 

samplein  spraints ofnumber  Total

100  x groupprey  particular a containing spraints ofNumber 
  % PFO 

 

The Levin’s index (Levins 1968) was used to calculate 
the values for niche breadth, applied to the proportions of 
food items consumed by otters. The equation is: 

 




2

1
  B

ip  
 

where B is the Levins measure of niche breadth and 
pᵢ is the proportion of each food category consumed by 
otters. 

These measures were standardized on a scale from 0 
to 1 by using the formula:  

 

1

1-B
  BA 

n  

 

where Bᴀ is the standardized niche breadth, and n is 
the total number of food items consumed by otters. 

The Mann-Whitney U Test was used to compare data 
of otter diet composition (PO%) recorded for the two dif-
ferent study areas. The SPSS Statistics 17 and Microsoft 
Excel were used for processing and analyzing the data 
obtained. 

 
 

Results 
 

Fish in both surveyed areas composed the mass of 
otters’ diet: Putna-Vrancea Natural Park (PO = 
56.1%, RFO = 34.9%, PFO = 89.0%) and Lower 

Siret Valley (PO = 36.7%, RFO = 36.2%, PFO = 
67.9%). Amphibians also had an important contri-
bution (PO = 22.5%, RFO = 24.9%, PFO = 63.6%) in 
Putna-Vrancea, while in Lower Siret Valley the 
crustaceans (PO = 32.6%, RFO = 24.8%, PFO = 
46.4%) were more important.  

The nine food categories from the otters’ ana-
lyzed spraints differed significantly between the 
two study areas. There was statistically a highly 
significant difference between the two study areas 
in consumption of Aves (U = 2596, p < 0.001), 
Amphibia (U = 1569, p < 0.001), Insecta (U = 2427, 
p < 0.001) and Crustaceea (U = 1770, p < 0.001). A 
statistical significant difference was observed con-
cerning the consumption of Pisces (U = 2434, p = 
0.005) and Mammalia (U = 2640, p = 0.009). No 
significant difference was observed in consump-
tion of: Reptilia (U = 3222.5, p = 0.406), Plantae (U 
= 3117.5, p = 0.217)) and Gastropoda (U = 3117.5, p 
= 0.217), (Table 1). 

 
Table 1. Statistical analysis of prey remains in spraints 

from Putna-Vrancea Natural Park and Lower Siret Val-
ley (percentage of occurrence - PO %, relative frequency 
of occurrence - RFO%, percentage frequency of occur-
rence -PFO %, B = Levins measure of niche breadth, BA 
= Levins standardized niche breadth, U - Mann-
Whitney U Test, p – P-value, N = number of analyzed 
spraints). 

 

Putna Vrancea 
Natural Park 

Lower Siret 
Valley 

Mann-
Whitney 
U Test Categories 

PO
% 

RFO
% 

PFO
% 

PO
% 

RFO
% 

PFO
% 

U p 

Mammalia 17.7 15.3 39.0 12.1 8.6 16.1 2640 0.009 
Aves 0.0 0.0 0.0 14.1 9.5 17.9 2596 0.001 
Reptilia 2.2 1.7 4.2 0.1 1.0 1.8 3222,5 0.406 
Amphibia 22.5 24.9 63.6 2.8 5.7 10.7 1569 0.001 
Pisces 56.1 34.9 89.0 36.7 36.2 67.9 2434 0.005 
Crustaceea 0.0 0.0 0.0 32.6 24.8 46.4 1770 0.001 
Insecta 1.8 18.6 47.5 0.4 10.5 19.6 2427 0.001 
Gastropoda 0.0 0.0 0.0 0.02 1.0 1.8 3224,5 0.418 
Plantae 0.3 3.0 7.6 1.1 8.6 16.1 3117,5 0.217 
B 4.081 4.826 
Bᴀ 0.365 0.478 
N 177 56 

 

 
 

The food niche breadth (B) was lower in 
Putna-Vrancea (4.081) compared to Lower Siret 
Valley (4.826). The Levins measure of niche 
breadth (B), suggests that the otters from Lower 
Siret Valley have a broader dietary niche than ot-
ters from Putna-Vrancea. The standardized niche 
breadth (Bᴀ) suggests that the otters from Lower 
Siret Valley (Bᴀ = 0.478) have almost 25% higher 
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niche breadth than that of the otters from Putna-
Vrancea (Bᴀ = 0.365). The results obtained from 
Putna-Vrancea show that in habitats with a low 
diversity of fish and other prey species, otters’ diet 
is not only less varied than in rich habitats, but 
also much more stable. On upland and mountain 
rivers and streams, otter food niche breadth was 
relatively low. 

A high difference in otters’ diet was observed 
within seasons in the two surveyed areas. In the 
spring a highly statistically significant difference 
was observed between the two study areas in con-
sumption of Aves (U = 236.5, p = 0.002), Amphibia 
(U = 84, p < 0.001) and Crustaceea (U = 107.5, p < 
0.001). Also during the summer a highly statisti-
cally significant difference between the two study 
areas in consumption of Aves (U = 413, p < 0.001), 
Mammalia (U = 332.5, p < 0.001) and Crustaceea 
(U = 236, p < 0.001) was observed. During the au-
tumn only one highly statistically significant dif-
ference was observed between the two study areas 
in consumption of Amphibia (U = 28, p < 0.001) 
(Table 2 Fig. 4, Fig. 5). No samples were collected 
during winter in Lower Siret and therefore no sta-
tistical test was performed. 

Fish consumption was high all year-round in 
 

Table 2. Statistical comparison of the seasonal variation of 
prey remains in spraints between the study areas (U - 
Mann-Whitney U Test, p – P-value). 

  

Winter Spring Summer Autumn Categories 
- U p U p U p 

Mammalia - 251 0.193 332,5 0.001 86 0.757 
Aves - 236,5 0.002 413 0.001 76 0.215 
Reptilia - 301 1.000 522,5 0.247 88 0.555 
Amphibia - 84 0.001 425,5 0.089 28 0.001 
Pisces - 202,5 0.067 351,5 0.015 85 0.749 
Crustaceea - 107,5 0.001 236 0.001 68 0.116 
Insecta - 217 0.029 376 0.048 91 0.951 
Gastropoda - 301 1.000 541,5 0.419 88 0.555 
Plantae - 272 0.225 546,5 0.779 80 0.291 
 
 

Putna-Vrancea, increasing from PO = 45.1% in 
winter to PO = 59.9 % in autumn, while in Lower 
Siret Valley fish was preferred in spring (PO = 
33.9%) and autumn (PO = 46.8%). The highest dif-
ference concerning the fish consumption between 
the seasons in the two study areas, was registered 
in summer (U = 315.5, p = 0.015) but was not sta-
tistically significant (Table 3, Fig. 4, Fig. 5). Main 
fish species that composed the bulk of the otter 
diet in Putna-Vrancea were: Salmonidae (Salmo 
trutta fario) and Cyprinidae (Phoxinus phoxinus, 
Gobio uranoscopus, Cottus gobio). In the Lower Siret 

 
 
 
 

    
 
 

   
 

Figure 5. The seasonal variation 
of otter’s diet in Lower Siret 
Valley. 

Figure 4. The seasonal variation 
of otter’s diet in Putna Vrancea 
Natural Park. 
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Table 3. The seasonal variation of prey remains in spraints from Putna-Vrancea Natural 
Park and Lower Siret Valley. 

 

Putna Vrancea Natural Park  PO% Lower Siret Valley PO% Categories 
Winter Spring Summer Autumn Winter Spring Summer Autumn 

Mammalia 20 7 24.9 29.5 - 7 0 25.3 
Aves 0 0 0 0 - 17.1 18.8 8.4 
Reptilia 4.4 0 3.1 0 - 0 0 0.2 
Amphibia 32.1 36.4 14.4 10.5 - 0 7.7 0.6 
Pisces 45.1 54.6 55.3 59.9 - 33.9 26.4 46.8 
Crustaceea 0 0 0 0 - 37.7 46.4 18.1 
Insecta 4.3 1.2 1.7 0.1 - 0 0.6 0.5 
Gastropoda 0.2 0 0.01 0 - 0 0 0.04 
Plantae 0 0.5 0.2 0 - 4.3 0.1 0 

 
 

Valley the fish species highest diversity availabil-
ity made otters more prone to prey on various 
species of ichtyofauna such as Cyprinidae (Rutilus 
rutilus, Cyprinus carpio, Barbus barbus, B. petenyi, 
Phoxinus phoxinus, Leuciscus leuciscus, Squalius 
cephalus, Abramis brama, Aspius aspius, Carassius 
gibelio, Romanogobio kesslerii), Percidae (Perca fluvi-
atilis),  Esocidae (Esox lucius), Anguillidae (An-
guilla anguilla). 

Amphibians (mainly Pelophylax ridibundus and 
Rana temporaria) were consumed in Putna-Vrancea 
more frequently during winter (PO = 32.1%) and 
spring (PO = 36.4%), but in Lower Siret amphibi-
ans (mainly Rana ridibunda, R. esculenta, R. dalmat-
ina and Hyla arborea) were consumed mostly in 
summer (PO = 7.7%). A significant statistical dif-
ference between study locations concerning am-
phibian consumption was recorded in spring (U = 
84, p < 0.001) and autumn (U = 28, p < 0.001). 

Crayfish (Astacus leptodactylus) was an impor-
tant prey resource for otters in Lower Siret Valley, 
while in Putna-Vrancea this food source is lacking. 
Crustaceans were eaten more often in summer 
(PO = 6.4 %) and spring (PO = 37.7%), while in au-
tumn the consumption decreased (PO = 18.1%). 

Mammals were consumed frequently in au-
tumn (PO = 29.5 %) and summer (PO = 24.9 %) in 
Putna-Vrancea, while in Siret river they were con-
sumed mostly in autumn (PO = 25.3%). The 
mammals consumed in Lower Siret Valley were 
mainly: Arvicola terrestris, Neomys fodiens and 
Spermophilus citellus while in Putna-Vrancea the 
mammal prey species consumed by otters were 
Neomys fodiens, Microtus arvalis and Apodemus syl-
vaticus (Table 3, Fig. 4). 

Remains of birds were found only in Lower 
Siret Valley in late spring (PO = 17.1%) and sum-
mer (PO = 18.8%). Most of the birds’ remains 
found in spraints were wetland birds (Fig. 5).  

Reptile (Natrix natrix) remains were identified 
in samples only in the winter (PO = 4.4%) and 
spring (PO = 3.1 %) in Putna-Vrancea, while in 
Lower Siret were found only in autumn (PO = 
0.2%). 

Plants (grass, conifer needles) and insects were 
found occasionally and in very small quantities, 
and were probably consumed with other preys 
rather than as food itself. 

The role of the non-fish prey components 
(Amphibia, Crustacea, Aves and Mammalia) of 
the diet were significant during all seasons, when 
the consumption of fish decrease was offset by 
other food resources. 

There was an altitudinal variation regarding 
the feeding habits of the otters. Fish consumption 
is inversely proportional with the altitude in 
Putna-Vrancea, while Lower Siret has no altitud-
inal correlation. At low altitudes, 400–600 m, the 
fish consumption is PO = 79.75% while at 600–800 
m it reduces to PO = 57.06% and at high altitudes 
800–1000 m the fish prey in otters’ diet is only PO 
= 56.1%.  When the altitude is increasing the per-
centage of fish remains in the otters’ spraints de-
creases. The amphibian consumption was directly 
proportional with the altitude in Putna-Vrancea 
(400–600 m – PO = 3.12%, 600–800 m – PO = 
20.84%, 800–1000 m – PO = 21.37%) and also in 
Lower Siret (> 20 m – PO = 0.41%, 20 – 40 m – PO 
= 4.64%, <40 m – PO = 8.37%).  Furthermore, the 
mammals’ remains found in otter spraints in-
creased in direct proportion with the altitude in 
Putna-Vrancea (400–600 m – PO = 3.75%, 600–800 
m – PO = 18.71%, 800–1000 m – PO = 17.96%), 
compensating for the lack of fish resources at 
higher altitudes (Fig. 6). 

The percentage of crayfish’s (>20 m – PO = 
37.72%, 20–40 m – PO = 26.67%, <40 m – PO 
=25.23%) and aves’ occurrence (>20 m – PO = 
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Figure 6. Altitudinal variation in otter’s diet in Putna-
Vrancea Natural Park. 

 
 

 
 

Figure 7. Altitudinal variation in otter’s diet in Lower 
Siret Valley. 

 
 

4.62%, 20–40 m – PO = 22.05%, <40 m – PO = 
34.13%) in otter spraints seem to be also influ-
enced by the altitude in the Lower Siret Valley 
(Fig. 7). 

Even if in the Lower Siret Valley, the altitude 
differences are not highly variable, there was a 
correlation identified between altitude and con-
sumption of prey species by otters. 

 
 

Discussion 
 

Some disadvantages of using this diet analysis 
method were identified during this study.  It was 
time-consuming, non-random samples were col-
lected, which were interrelated and in addition 
there was a problem detecting some prey group 
categories, such as mollusks. Other challenges 
could appear when only the soft parts of the prey 
were eaten, and when the importance of several 
food items are over- or under-estimated. (Mason 
& Macdonald 1986, Carss & Parkinson 1996, Lan-
szki et al. 2015).  

Even if there are certain disadvantages in us-
ing this method, the results obtained provide true 
and fair information of the otters’ diet. Studies that 
have used a more accurate method of studying ot-
ters’ diet, such as the post mortem analysis of 
stomach and rectum content have shown that the 
composition of the otter stomach and rectum con-
tent did not differ significantly, on the basis of the 
main prey taxa between the wet weight data of 
stomach and rectum contents (Lanszki et al. 2015).  

The current study showed that in Putna-
Vrancea, fish and amphibians are the main diet of 
the otters there, while in Lower Siret Valley, fish 
and crayfish were the major prey categories. Fish 
consumption was quite stable throughout the year 
in both study areas. Amphibians were generally 
consumed in cold season (winter and spring) in 
Putna-Vrancea, while fish was more important in 
spring and autumn in both surveyed areas.  

Many studies have recorded a significant de-
crease in fish consumption by otters in the sum-
mer season (Erlinge 1967, Webb 1975, Chanin 
1981, Brzeziński et al. 2006, Bauer-Haáz et al. 
2014). This between seasons difference is ex-
plained by higher energetic costs for hunting on 
more rapid fish in warmer water and the availabil-
ity of alternative slow prey sources like crayfish, 
mammals and birds during warm season (Kyne et 
al. 1989).  

In this study, the abundance of the amphibi-
ans during the spring highly influenced the diet of 
the otter. During the breeding season, amphibians 
use spawning sites and can be easily found by ot-
ters because of the noise, high activity and density. 
In autumn and summer, frogs and toads are 
mainly found away from water in mountainous 
habitats of Putna-Vrancea and were much less 
prominent in the diet. Even during the winter am-
phibians were available for otters. Otters know 
where frogs hibernate and search for them in 
those areas, like in ponds, in mud, on banks and in 
the bottom of watercourses (Sulkava 1996). In 
Romania, during the winter there are usually 
warmer periods when amphibians move from 
their hibernating sites, and can be found numb at 
the bottom of the lakes and rivers and are thus be-
came easy prey for otters (Brzeziński et al. 2006). 
During field work signs of otter predation were 
observed at amphibian spawning or hibernation 
sites. Holes dug by otters near the river banks in 
search for hibernating reptiles were found. 

The most important differences in otters’ diet 
in south-eastern Romania were the consumption 
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of crayfish and birds between the mountainous 
rivers of Putna-Vrancea and lowland rivers of 
Lower Siret. In Putna-Vrancea these prey groups 
were not part of the otters’ diet, but in Lower Siret 
Valley crayfish and birds bring a significant con-
tribution to otters’ nutrition. In Putna-Vrancea the 
crayfish species are missing and water birds 
(ducks, swans, storks) are using this area only dur-
ing the short bird passage periods. Crayfish were 
eaten by otters more often during summer and 
spring, but in autumn (the mating season of cray-
fish) the consumption drops. Field observations 
revealed that if the crayfish is abundant, it consti-
tutes an important food resource for otters. The 
literature review demonstrates that this is not par-
ticularly specific for this region, but it was discov-
ered in other European regions as well. (Erlinge 
1967, Jedrzejewska et al. 2001). In the regions with 
high density of crayfish, otters even preyed on 
them more than fish, especially in spring-summer, 
as observed in this study and in other studies: Ire-
land (Kyne et al. 1989), Georgia (Pavlov & Kiris 
1960), Russia (Kucherenko 1976), Spain (Adrian & 
Delibes 1987) and Poland (Jedrzejewska et al. 
2001). 

Bird predation was higher in late spring and 
summer when bird density is larger and juveniles 
are more exposed. Most of the birds consumed by 
otters were waders. 

Through this study a higher presence of bird 
(PO = 14.1% in Lower Siret) and mammalian re-
mains (PO = 17.7% in Putna-Vrancea) were found 
in the otter spraints, compared to other studies 
from Europe. Only a few European studies of ot-
ters’ diet recorded higher percentage of occurrence 
of birds and mammals (Jedrzejewska et al. 2001). 

Also, an altitudinal influence of the otters’ 
feeding habits was observed. Amphibians bring a 
larger contribution to otters’ diet on mountain 
streams, and was much reduced on the main val-
leys or lowland rivers. A significant increased con-
tribution to otters’ diet was recorded mainly on 
streams over 800 m, which do not provide enough 
fish resources. In this study, the contribution of 
frogs to otters’ diet is higher on small streams. 
Other studies conducted in inland waters specifi-
cally smaller water sources from Europe, also 
found an increasing importance of frog prey in ot-
ters’ diet. These were found in southern Sweden 
(Erlinge 1967), in central Finland (Sulkava 1996), 
in Belarus (Sidorovich 1997) and in Poland (Jedr-
zejewska et al. 2001). However, the fish consump-
tion was smaller in high altitudes and there was 

the need to compensate with other trophic re-
sources such as amphibians or mammals. The 
highest fish consumption was recorded on the 
main river valleys under 600 m in mountain re-
gion. 

Large rivers have generally various fish com-
munities (more than 50 fish species are found in 
Lower Siret Valley, while in Putna-Vrancea there 
are less than 15 fish species) and crayfish (Astacus 
leptodactylus is the only species found in Lower 
Siret, while in Putna-Vrancea crayfish is absent). 
In Lower Siret, amphibians were rarely found in 
the otters' spraints, probably due to the high di-
versity or density of fish species and crayfish from 
the lowland study area. The opportunistic behav-
ior of otters’ feeding habits was also observed in 
many dietary studies from Europe, particularly 
was noticed when both crayfish and fish were in 
low density or not available, otters changed their 
diet principally to amphibians and secondarily to 
mammals and birds. (Sulkava 1996, Jedrzejewska 
et al. 2001, Brzeziński et al. 2006). 

In this study, the food niche breadth was 
lower in mountainous aquatic habitats (Putna-
Vrancea) compared to lowland aquatic habitats 
(Lower Siret Valley). Otters preyed on seven 
groups of species in the mountains and on nine 
groups in the lowlands. 

Finally, as in many other otter dietary studies 
from Europe, on the rivers from Putna-Vrancea 
and Lower Siret, alternative prey remains like in-
sects, reptiles, gastropods and plants were occa-
sionally found in spraints and have little impor-
tance in the diet, which is less than 5 %.  

According to this study, the otter appeared 
notably as a predator specialized in food resources 
such as fish, crayfish, amphibians, wetland birds 
and aquatic mammals taken from aquatic habitats. 
Even if occasionally, it consumed terrestrial 
mammals such as Spermophilus citellus, Microtus 
arvalis and Apodemus sylvaticus. 
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