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Abstract
Knowledge of the relationships between food habits and habitat is crucial for the assessment of habitat quality for birds. The 
present study investigated the diet and reproductive success of Little Bitterns Ixobrychus minutus nesting on cyprinid fish 
ponds, an important breeding habitat of this species in central and eastern Europe. Being subject to different management 
practices, fish ponds provide food resources of uneven availability for this small heron. Prey items regurgitated by nestlings 
were examined, and breeding success was estimated on monoculture ponds stocked either with small fish (of a size suitable 
for feeding nestlings) or large fish (unavailable to Little Bitterns and adversely affecting their non-fish prey), on abandoned 
ponds dominated by small fish but with large fish also present, and on angling ponds dominated by large sport fish but har-
bouring significant numbers of small fish as well. A total of 1356 prey items from 78 broods were identified. Although Little 
Bitterns exhibited dietary flexibility in response to the contrasting availability of prey on their nesting ponds, the bulk of 
the nestlings’ diet consisted of fish. The size of fish brought to the nest increased significantly with brood age, showing that 
parents adjusted the prey size to the gape constraints of their young. The chick production determined for 73 broods did not 
differ with respect to pond management, but the dietary composition indicated that to compensate for food shortages, birds 
nesting on ponds containing mainly large fish made foraging flights to food-richer ponds. The abundance of small-sized fish 
prey may be a factor limiting the breeding success of small- and medium-sized predatory waterbirds and should be taken 
into consideration in management strategies of habitats dominated by fish.
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Zusammenfassung
Nahrungsökologie und Reproduktionserfolg der Zwergdommel Ixobrychus minutus in unterschiedlich bewirtschafteten 
Teichbiotopen
Die Beziehungen zwischen Ernährungsgewohnheiten und Lebensraum bei Vögeln zu kennen, ist für die Beurteilung 
der Qualität eines Habitats von entscheidender Bedeutung. In der vorliegenden Studie wurden die Ernährung und der 
Fortpflanzungserfolg von Zwergdommeln Ixobrychus minutus untersucht, die in Karpfenteichen, einem wichtigen Bruthabitat 
dieser Art in Mittel- und Osteuropa, nisten. Da Fischteiche unterschiedlich bewirtschaftet werden, bieten sie dieser kleinen 
Reiherart unterschiedlich verfügbare Nahrungsquellen. Die von den Nestlingen erbrochenen Reste von Beutetieren wurden 
untersucht und der Bruterfolg bei Teichen mit Monokulturen eingeschätzt, die entweder mit kleinen Fischen in für die 
Jungvögel geeigneter Größe oder mit großen Fischen bestückt waren, die für die Zwergdommel zu groß waren und somit einen 
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Einfluss darauf hatten, welche Art Nahrung außer Fischen die Vögel zu sich nahmen. Ferner wurden aufgelassene Teiche mit 
überwiegend kleinen, aber auch einigen großen Fischen berücksichtigt wie auch Angelteiche, in denen große Sportfischarten 
dominierten, aber auch eine beträchtliche Anzahl kleiner Fische vorhanden war. Insgesamt wurden 1356 Beutereste aus 
78 Bruten berücksichtigt. Obwohl die Zwergdommeln ihre Ernährung flexibel an die unterschiedliche Verfügbarkeit von 
Beutetieren in ihren Nistteichen anpassten, bestand der Großteil der Nahrung der Nestlinge aus Fisch. Die Größe der Fische, 
die zum Nest gebracht wurden, nahm mit dem Alter der Brut signifikant zu, was zeigt, dass die Eltern die Größe der Beute 
an die Größe der Schnabelöffnung ihrer Jungen anpassen. Die Produktion von Jungen, wie sie für 73 Bruten ermittelt wurde, 
unterschied sich nicht in Hinblick auf die Teichbewirtschaftung, aber die Nahrungszusammensetzung deutete darauf hin, dass 
die Vögel, die in Teichen mit überwiegend großen Fischen nisteten, Futterflüge zu nahrungsreicheren Teichen unternahmen, 
um einen möglichen Nahrungsmangel auszugleichen. Die Menge an kleinen Fischen in einem Teich kann ein Faktor sein, 
der den Bruterfolg kleiner und mittelgroßer räuberischer Wasservögel einschränkt und sollte deshalb bei Überlegungen zum 
Bewirtschaftungsmanagement von Fischteichen berücksichtigt werden.

Introduction

The recent anthropogenic degradation of aquatic and wetland 
ecosystems has reduced the availability of natural breeding 
habitats of many bird species, resulting in strong declines 
in their populations (Dudgeon et al. 2006; Ma et al. 2010). 
Waterbirds often colonise man-made habitats, so effec-
tive species protection strategies require an understanding 
of both species’ breeding requirements and the distinctive 
features of such habitats. Since food resources are a factor 
limiting breeding performance in many birds (Martin 1987), 
the first step is to acquire insight into the links between spe-
cies’ feeding habits and the resources that a particular habitat 
offers. Open fish ponds, often constructed to the detriment 
of natural wetlands, provide vast and attractive breeding 
areas for birds (Cheng et al. 2022). However, fish culture 
practices, such as specific fish stocking strategies, determine 
the abundance and diversity of prey for waterbirds (Hor-
váth et al. 1992; Haas et al. 2007; Kloskowski 2011, 2012). 
The principal aim of aquaculture is the rapid production 
of large marketable fish, but this constrains suitable forag-
ing and breeding habitats of many waterbirds (Kloskowski 
et al. 2010; Kloskowski 2012). Fish, though typically more 
profitable prey than invertebrates or amphibian larvae (Jack-
son 2003), can interact with birds as competitors capable 
of strong indirect effects (Kloskowski 2011; Nummi et al. 
2016; Maceda-Veiga et al. 2017). Hence, although piscivo-
rous birds appear to benefit from the presence of fish, the 
habitat selection and breeding success of generalist avian 
predators can be adversely affected by fish, especially when 
the latter attain a size protecting them from avian predation 
(Kloskowski 2012; see also Eriksson 1986).

The Little Bittern Ixobrychus minutus (L., 1766), the 
smallest member of the family Ardeidae in Europe (Cramp 
and Simmons 1977), is one of the least studied herons on 
this continent (Voisin 1991; Pardo-Cervera et al. 2010). In 
response to the decline of natural wetlands in many parts 
of its range, the species has shifted to human-modified 
habitats (Cramp and Simmons 1977; Keller et al. 2020). 

The majority of the central and eastern European popula-
tion breed on open fish ponds, traditionally used for cypri-
nid culture (Švažas et al. 2000; Tomiałojć and Stawarczyk 
2003). Like most herons, the Little Bittern is considered 
an opportunistic predator (Voisin 1991), but its small body 
size (adult body mass 120–140 g, bill length 44–53 mm, 
body mass at hatching 9–12 g; Cramp and Simmons 1977; 
Pardo-Cervera et al. 2010) imposes a significant constraint 
on prey size selection. Research to date shows that it feeds 
mainly on fish, but amphibians and macroinvertebrates also 
make up a considerable proportion of its food. Nevertheless, 
its dietary composition has not been directly related to prey 
abundance or reproductive success (Vasvari 1929; Moltoni 
1948; Holmes and Hatchwell 1991; Melikyan 2008; Kayser 
2010; Pardo-Cervera et al. 2010; Flis and Gwiazda 2018; 
but see Trnka 2020).

In species whose chicks are entirely dependent on paren-
tal feeding, a critical challenge to the parent birds is to meet 
the time-progressive nutritional and energy demands of 
their young. Parents can supply prey of increasing size as 
the chicks grow (e.g. Stienen et al. 2000; Hampl et al. 2005) 
or increase the frequency of nest visits (Bryan et al. 1995; 
Campos and Lekuona 1997). In fact, many studies show a 
positive correlation between chick age and the size of deliv-
ered prey items both in herons (e.g. Moser 1986; Campos 
and Lekuona 1997) and in other waterbirds (e.g. Kloskowski 
2004; Fernández Ajó et al. 2011). Other research, however, 
indicates that herons, which feed their offspring by regur-
gitation, largely avoid the necessity of adjusting prey size 
by provisioning partially digested food (Owen and Phillips 
1956; Kushlan 1978; Kim and Yoo 2012).

The aim of this study was to investigate the food habits 
and food-related breeding success of Little Bitterns on man-
aged ponds varying in prey availability. We predicted that 
the dietary composition of nestlings would differ between 
ponds, depending on the size structure of their fish popula-
tions. We also predicted that pond management practices 
would influence the species’ breeding success, this being 
greater on ponds containing small fish and also rich in 
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non-fish prey, and lower on ponds with fish size structures 
biased toward sizes unsuitable for Little Bitterns. Moreover, 
we aimed to track parental feeding strategies, such as prey 
size adjustment to nestling size and potential changes in the 
dietary contribution of fish, the dominant food component, 
with the growth of the young birds.

Study area and methods

Study system

The field work was conducted during the 2014–2017 breed-
ing seasons on ponds aggregated in four irregular clusters 
(water area 15–185 ha) scattered at distances of 10–80 km 
from each other around the city of Lublin, eastern Poland 
(51° 00′–51° 27′ N, 22° 15′–23° 22′ E). Within the clus-
ters, the nearest adjacent ponds were often separated only 
by levees about 8–10 m wide (Fig. 1). The lake-like ponds 
were inundated with water from precipitation or from adja-
cent rivers. The surface area of the ponds occupied by Little 
Bitterns ranged from 0.2 to 26.9 ha. The ponds varied in 
size and in emergent vegetation cover, but all of them had a 
similar morphometry, such as the pond profile or mean depth 
(about 0.9–1.3 m).

To assess the relative abundance of macroinvertebrates, 
small fish and amphibians in the ponds, submerged activity 
traps were used. These were made from 1-L plastic cylinders 
with funnels 100 mm wide at the large end and 23 mm wide 
at the narrow end (Nieoczym and Kloskowski 2015; see 
also Hyvönen and Nummi 2000). Ten such traps were set in 
each sampled pond for 48 h between 17 June and 5 July, the 
peak hatching period of the Little Bitterns in the study area 
(median first-egg hatching date: 30 June). The traps were 
deployed horizontally at least 10 m apart, around the entire 

perimeter of the pond, at the interface between the emergent 
vegetation and the open water (excluding shoreline areas 
devoid of vegetation), where Little Bitterns were frequently 
observed to forage. Data were collected between 2003 and 
2014, so most of the ponds (except the abandoned ponds 
where trapping was carried out exclusively in 2014) had 
been sampled in the years preceding the research on the diet 
and breeding success of Little Bitterns. However, assuming 
that the fish stocking management practices were the same 
(see below), prey availability was highly consistent from one 
year to another in the ponds because the abundance of mac-
roinvertebrates and amphibians in them was predominantly 
contingent on the fish status (fish size structure and density) 
of the pond (Kloskowski 2011; Nieoczym and Kloskowski 
2015). Data on numbers and size structures of the stocked 
fish, along with information on the abundance of other, wild-
grown species in the ponds, were provided by the local fish-
eries (Table 1). The body size at which a fish becomes safe 
from the gape-limited Little Bittern varies, depending on 
the fish body depth and the swallowing capacities of the 
chicks. In our study, 95% of the fish consumed by nestlings 
were estimated to be < 90 mm of the total length (longitudo 
totalis, LT; see Results), the value approximately defining 
the swallowing constraints of 7–10-day-old hatchlings.

The study ponds were assigned to four types, irregu-
larly interspersed within the pond aggregations, including 
semi-extensive monoculture Carp ponds (cf. Horváth et al. 
1992) drained each autumn and replenished with water in 
spring. (1) Monoculture ponds with young fish (hereaf-
ter ‘monoculture small-fish ponds’): They were stocked 
with Common Carp Cyprinus carpio fry at an individual 
body weight of 1–3 mg throughout May, and within a few 
weeks, the young fish attained a size suitable for consump-
tion by birds (individual weight of about 3–7 g at a LT of 
40–70 mm by the end of June). Given the low biomass 

Fig. 1  Schematic map, based on an aerial photograph, of the pond cluster in Garbów (51°21’N, 22°19’ E) with the highest number of monitored 
Little Bittern nests from the four pond clusters studied. The inset shows the location of the study sites in Poland
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density and the weak trophic impact of the young Carp, 
abundant macroinvertebrate and amphibian resources were 
available in these ponds (Table 1). (2) Monoculture ponds 
containing large, 1-year-old or 2-year-old Common Carp 
(‘monoculture large-fish ponds’), stocked almost imme-
diately after ice-melt (typically March–April). Even the 
younger age cohorts (1-year-old), with individual lengths 
of 110–130 mm LT (body mass about 30–40 g) at stock-
ing in early spring and achieving 160–170 mm LT (about 
70–90 g) at the end of June, had by far outgrown the size 
range available to Little Bitterns. Moreover, large Carp can 
suppress aquatic insects and amphibians via both trophic and 
non-trophic effects (Kloskowski 2011). Screens at the water 
inlets prevented the intrusion of nuisance fish in both types 
of monoculture ponds, but the large-fish ponds in particular, 
which had been filled earlier in the season, contained small 
numbers of small-sized wild fish. (3) Abandoned ponds that 
belonged to local fish farms, but were left unstocked and 
hosted diverse and abundant populations of fish available to 
Little Bitterns, mainly Prussian Carp Carassius gibelio and 
Topmouth Gudgeon Pseudorasbora parva. Older individu-
als of large-sized species (including Common Carp) were 
occasionally observed as well; however, the abundance of 
large fish appeared to be limited by infrequent draining and/
or by winterkill, and the ponds supported significant popu-
lations of macroinvertebrates and amphibians (Table 1). (4) 
Recreational angling ponds stocked with a variety of large-
sized fish (mainly Common Carp, Tench Tinca tinca but 
also piscivorous Pike Esox lucius and Wels Silurus glanis); 
young, small-sized fish of these species were also stocked 
on occasion. The large-sized fish were invulnerable to Little 
Bitterns and could, moreover, adversely impact the non-fish 
prey of birds. However, rich supplies of small non-cultured 

fish (mainly Sunbleak Leucaspius delineatus and Topmouth 
Gudgeon) were present in the ponds (Table 1). As they were 
considered a food resource for piscivorous sport fish, they 
were not stopped from entering the ponds. Moreover, the 
angling ponds were not drained for winter, which facilitated 
their colonisation and the reproduction of wild-grown fish.

Stable water levels during the breeding season generally 
prevented nests from being flooded or from being destroyed 
by terrestrial predators during periods of drought. We can-
not rule out local differences in predation risk between the 
pond clusters; however, owing to their spatial aggregation 
(Fig. 1), the ponds of all four types, interspersed within the 
clusters, were subject to similar predation pressure. Hence, 
we assumed that the four types of ponds differed in food 
resources for birds with respect to fish management but did 
not very much in other ecological characteristics that might 
limit Little Bittern reproduction.

Nest visits and breeding success

The ponds were searched for nests at least twice during 
each season, in late May–early June and in early July. 
In late July–early August, a third census was carried 
out on the ponds with the highest nest densities. We 
were unlikely to find every single nest on all the ponds; 
moreover, the whole area of emergent vegetation on a 
few of the larger ponds was not completely surveyed dur-
ing each search. Nests were located by wading through 
the emergent vegetation, marked using GPS, and subse-
quently revisited at 5-day intervals during incubation and 
at 2–3-day intervals after egg hatching. Hatching dates 
were determined on the basis of direct observations of 
freshly-hatched chicks or back-calculated using growth 

Table 1  Abundance of macroinvertebrates, fish and amphibians in differently managed pond habitats

‘Small fish’ were size available for Little Bittern chicks (< 90 mm LT), ‘large fish’ exceeded ingestion capabilities of chicks (LT >  > 90 mm). 
Abundances are classified as high, medium or low because information on individual prey groups was obtained in different ways. Data on non-
fish prey and small fish other than Common Carp were collected using activity traps and are presented as means ± SE (g wet weight) per 10 
traps. Information on stocked Common Carp and on large fish present in abandoned and angling ponds was provided by pond operators. The 
abundance of stocked Common Carp is expressed in terms of standing biomass (kg/ha−1). The fish species most commonly recorded in the 
ponds are listed. Scientific names are given in the main text

Monoculture small-fish 
ponds (N = 23)

Monoculture large-fish ponds 
(N = 23)

Abandoned ponds (N = 5) Angling ponds (N = 7)

Macroinvertebrates High
(4.3 ± 1.8 g)

Low
(0.9 ± 0.2 g)

Medium
(2.6 ± 1.0 g)

Low
(0.7 ± 0.5 g)

Amphibian larvae High
(54.1 ± 12.3 g)

Low
(2.0 ± 1.5 g)

High
(17.9 ± 8.1 g)

Low
(0.5 ± 1.5 g)

Small fish High
(Common Carp, 

50–60 kg  ha−1)

Medium
(3.6 ± 2.4 g); Sunbleak, 

Topmouth Gudgeon, Perch, 
Pike

High
(7.3 ± 2.8 g); Prussian Carp, 

Sunbleak, Topmouth 
Gudgeon)

High
(9.3 ± 3.8 g); Common Carp, 

Topmouth Gudgeon, Pike, 
Wels, Sunbleak

Large fish Absent High;
Common Carp, 200–

320 kg  ha−1

Low;
Common Carp, Prussian 

Carp, Wels

High;
Common Carp, Pike, Wels
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rates of known-age chicks from the studied population (cf. 
Pardo-Cervera et al. 2010). The number of chicks reach-
ing the  7th day of life was used as a measure of breed-
ing success, because older chicks can leave the nest and 
hide in the surrounding vegetation (Cramp and Simmons 
1977; Pardo-Cervera et al. 2010; but see Trnka 2020). As 
individual marking of chicks improved our assessment 
of their survival to independence, they were fitted with 
metal and alphanumeric colour rings from about the 7th 
day of life onwards. To facilitate individual identifica-
tion (for assessing breeding success) before the nestlings 
attained a body size appropriate for ringing, their toes 
were given a unique colour combination with a non-toxic 
permanent marker. On a less regular basis, adult birds 
were also ringed with metal and colour rings (enabling 
possible second broods to be detected), but they were not 
trapped at the nests to avoid the risk of nest desertion.

Assessment of diet

Young Little Bitterns often regurgitated food when they 
were measured or ringed. The analysis of regurgitates 
is the prevailing method for studying the diet of herons 
(Fasola et al. 1993). However, this method suffers from 
the biases typical for conventional diet analyses owing to 
the (uneven) digestion of prey items and its ‘snapshot’ 
character; nonetheless, compared to other traditional diet 
sampling techniques, it is non-invasive and digestion is 
often not advanced (reviewed in Karnovsky et al. 2012). 
Undigested vertebrates readily identifiable in the field 
were measured (to 1 mm) and left at the nest or, wherever 
possible, fed back to the chick to minimise the distur-
bance in feeding. In the case of fish, the LT measurement 
was taken, and amphibians were measured from snout 
to cloaca (longitudo corporis, LC). Remains of strongly 
digested vertebrates and all macroinvertebrates were fro-
zen for later examination. A total of 326 regurgitates from 
78 nests were analysed.

After thawing, the food items were identified under 
a stereoscopic microscope. If direct identification and 
measurements were not feasible, prey identity and size 
were determined using species-specific ‘diagnostic’ 
bones following the published literature: for fish—Horo-
szewicz (1960), Libois et al. (1987), Kloskowski et al. 
(2000) and Beyer et al. (2006); for amphibians—Böhme 
(1977); and for mammals—Pucek (1984). Taxon-specific 
keys, e.g. Nilsson (1996, 1997), were used to identify 
macroinvertebrate prey. Finally, individual prey mass 
was estimated on the basis of body length–body mass 
regressions (vertebrates) and size classes (macroinverte-
brates) (for details, see the Supplementary Information 
File: Table S1).

Statistical analyses

The numerical and biomass proportions of prey taxa in the 
diet of Little Bittern were compared between the four pond 
habitat types using the non-parametric analysis of similari-
ties (ANOSIM). We pooled all the regurgitates collected 
from a particular nest and used this as the statistical unit 
(N = 73 nests). ANOSIM provides a ranking of similarities 
between observations and ranges from –1 to + 1; positive 
values indicate bigger differences between groups than 
within groups. The p value was assessed using 9999 permu-
tations with the random, multiple classification of all obser-
vations to groups. ANOSIM allows global analysis for all 
groups as well as direct comparison in each pair of groups. 
The Bray–Curtis (dis)similarity index was used in all the 
analyses (Clarke and Warwick 2001). The analyses were run 
on two levels of prey taxa classification: (1) three main prey 
categories (fish, amphibians and macroinvertebrates), (2) 
with fish and amphibians analysed at species level, and with 
macroinvertebrates considered as a single group owing to the 
low proportion of their biomass. The Bonferroni correction 
for the p value was not applied (Moran 2003). Mammals rep-
resented by a single individual were omitted. Owing to the 
limited representativeness of samples with small numbers 
of regurgitated prey items, we excluded the few nests from 
which only 1–2 prey items were retrieved; however, to not 
underestimate large prey items that individually may have 
been whole regurgitates, we included nests with such small 
samples when the total estimated prey biomass exceeded 
10 g.

Prey diversity (Shannon–Wiener H) was calculated using 
the same dataset as for ANOSIM. Vertebrates were analysed 
at species level and macroinvertebrates at order level. H′ 
values, the exponential of the Shannon–Wiener index (Jost 
2006), were then compared between the four pond types 
using a generalised linear mixed model (GLMM) with iden-
tity link and normal error. Brood hatching date (the date of 
the first hatched nestling) was entered as a continuous vari-
able to control for potential seasonal changes in prey abun-
dance. Since regurgitates were collected opportunistically 
during multiple visits, the number of visits during which 
they were obtained was deemed a random factor to account 
for uneven sampling.

Whether the importance of fish in the diet increased with 
brood age was checked using a binomial GLMM with a 
logit link on the proportion of fish in the food of nestlings 
(N = 172; the statistical unit used was the total of all regur-
gitates collected from a nest on the same visit). The number 
of fish prey items was treated as a binomial response, and 
the total number of all prey items in the sample was the 
binomial denominator. The numerical proportion of fish 
in the regurgitates was a good proxy for biomass propor-
tion (Pearson r = 0.821; p < 0.001). Brood age (the oldest 
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chick’s age on the day the dietary remains were collected) 
and time of the season (the date of the regurgitate collec-
tion) were included as independent continuous variables. 
To evaluate whether parents caught increasingly larger fish 
as the chicks grew in size, the body length of the consumed 
fish was related to brood age using a Gaussian GLMM. The 
analysis was restricted to fish because of their importance 
in the chicks’ diet. Since the residuals of fish LT were not 
normally distributed, log-transformed data were used. To 
control for the effect of time of season, the brood hatching 
date was included as a continuous variable; the date of the 
regurgitate collection was not used because it was correlated 
with brood age (r = 0.206; p < 0.001). Pond management 
type was included as a categorical factor in the GLMMs 
on the proportion and individual size of fish in the diet, and 
brood identity was used as a random factor, since regurgi-
tates were collected during multiple nest visits.

The Little Bitterns' breeding success between the pond 
management types was compared using a Gaussian GLMM. 
Excluded were nests predated (also partially), abandoned 
or destroyed due to adverse weather conditions or human 
activities, and broods known to be second ones based on 
observations of colour-ringed birds (Filipiuk and Kucharc-
zyk 2016). Nesting pond identity and brood hatching date 
were entered as random factors.

Julian dates were used in the GLMMs, with 1 May set 
as day 1 (the onset of the breeding season). The nesting 
phenology was similar in all the study years (range of mean 
first-clutch laying dates: 28 May–2 June). The significance 
level was set to α = 0.05. Pearson’s r was applied to check 
for intercorrelations. As the number of predictors was small, 
inferences were based on full models (with all fixed terms); 
minimal significant models produced the same conclusions. 
Non-significant interactions were dropped. Data normality 
was tested using the Kolmogorov–Smirnov test. Unless 
stated otherwise, the results are presented as mean ± standard 
deviation. Computations were performed using PAST 3.14 
(Hammer et al. 2001) and GenStat 15 (VSN International).

Results

General dietary composition

Overall, the Little Bittern’s diet consisted almost exclusively 
of fish, amphibians and macroinvertebrates (a total of 1356 
identified prey items). Fish were dominant in terms of num-
bers and biomass (66.7% and 83.8%, respectively). Amphib-
ians constituted 9.5% of the prey in terms of numbers and 
11.9% in terms of biomass. Mammals were represented by 
a single Striped Field Mouse Apodemus agrarius. Although 
macroinvertebrates were taken in considerable numbers 
(23.7%), their biomass was low (only 3.9% of the total prey). 

Detailed data on the taxonomic prey composition are given 
in Table S1.

The chicks’ diet generally consisted of small prey. 
The mean individual LT of the consumed fish was 
45.9 ± 20.7 mm, the body mass was 2.5 g ± 3.9 g (N = 905), 
and the largest fish recorded was Prussian Carp (118 mm, 
31.3  g). The largest amphibian recorded was an adult 
Pelophylax frog (LC 58 mm, 20 g), but the majority of 
amphibians consumed were tadpoles and metamorphs. Mac-
roinvertebrate prey items were represented mainly by rela-
tively large-sized insects: Coleoptera, Odonata and Hemip-
tera: Heteroptera (Table S1).

Feeding ecology and breeding success relative 
to habitat management

The overall dietary composition differed in terms of numbers 
of the three main prey categories, i.e. fish, amphibians and 
macroinvertebrates (ANOSIM: R = 0.107, p = 0.003), but not 
in terms of biomass (ANOSIM: R = −0.001, p = 0.465; Sup-
plementary Information File: Table S2) between the differ-
ently managed ponds. The taxonomically more detailed anal-
ysis, with fish and amphibians considered at species level, 
revealed more obvious differences in numbers (ANOSIM: 
R = 0.262, p = 0.0001) and biomass (ANOSIM: R = 0.234, 
p = 0.0001; Table S3; see also Fig. 2).

Common Carp made up more than half of the food 
biomass (on average 53%) on the monoculture small-fish 
ponds; amphibians also made a significant contribution 
(Fig. 2). Notably, Common Carp also featured in the diet of 
nestlings from the monoculture large-fish ponds (37%), in 
which cultured Carp were of a size invulnerable to predators. 
The bulk of the diet (46%) on those ponds was composed 
of small wild-grown fish (mainly Perch Perca fluviatilis), 
whilst Prussian Carp and Topmouth Gudgeon collectively 

Fig. 2  Mean biomass contribution of prey taxa to the diet of Little 
Bittern nestlings from differently managed ponds. The numbers above 
the columns denote sample sizes (numbers of nests)
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constituted the principal prey on the abandoned and angling 
ponds (57% and 53%, respectively; Fig. 2). As the ponds 
occurred in clusters, in which differently managed ponds 
could be situated in close proximity to each other, parent 
birds were occasionally observed to visit adjacent ponds as 
well as other small water bodies (ditches and disused water 
settling tanks) in the vicinity, up to a few hundred metres 
from the nest.

The H index of food diversity ranged between 0 and 1.96 
(mean 1.18 ± 0.46). The GLMM showed no significant influ-
ence of pond type or of the time of breeding season on the 
H′ value (Table S4).

The binomial GLMM showed that the total contribution 
of all fish species to the chicks’ diet was independent of 
chick age and of the time of the breeding season, but that 
it was affected by the type of pond management (Table 2). 
The proportion of fish in the food was significantly lower 
on the monoculture small-fish ponds than on the other pond 
types (Fig. 3).

Fish prey size was strongly related to chick age—the 
older the chicks, the larger the fish they were fed (Table 3), 
although remains of a few relatively large fish (80–100 mm 
LT) were found in regurgitates collected from young 
(1–3 days old) chicks. The analysis showed no significant 
influence of pond type or of the time of the breeding season 
on the size of the prey taken (Table 3).

The overall mean reproductive output of successful nests 
(i.e. with at least one chick reaching the 7th day of life) in 
our study area was 4.71 ± 0.99 chick per brood. No signifi-
cant influence of nesting pond type on breeding success was 
found (Table 4).

Discussion

Prey composition and its determinants

In general, fish were dominant in the food delivered to young 
Little Bitterns by their parents on the studied ponds, this 
is consistent with the results of other studies (Holmes and 
Hatchwell 1991; Melikyan 2008; Pardo-Cervera et al. 2010; 
Trnka 2020). According to optimal foraging theory (Krebs 
and McCleery 1984), the high contribution of fish to the 
diet of chicks is energetically advantageous, since the nutri-
tive and energetic values of fish are relatively high (Nelson 
and Kruuk 1997; Ledwoń and Neubauer 2017) and should, 
thus, be preferred to other aquatic prey. The contribution of 
(mainly pre-metamorphosed) amphibians, energetically less 
profitable than fish (Nelson and Kruuk 1997), was clearly 
lower (but see Flis and Gwiazda 2018). However, given the 
rapid digestion rate in herons (Vinokurov 1960), regurgitate 
analysis is likely to underestimate soft-bodied prey (Fasola 
et al. 1993; Karnovsky et al. 2012) such as amphibian larvae. 
The small contribution of adult amphibians was presumably 
due to their body size often exceeding the swallowing abili-
ties of nestlings, even though anurans may feature heavily 
in the diet of adult birds (see Kayser 2010). Despite their 
high numerical proportion, the contribution of macroinver-
tebrates in terms of biomass was minimal because of their 
relatively small body size. The core of the macroinverte-
brate prey consisted of the larvae of dytiscid water beetles 
and anisopteran dragonflies, the largest aquatic insects in 
the study area; however, some of the insects recorded in 
the regurgitates (e.g. adult Hydrophilidae) were very small, 
so one cannot rule out that they were secondary prey items 

Table 2  Results of binomial GLMM relating the proportion of fish in 
the Little Bittern diet to the brood age and time of season; pond man-
agement type was included as a categorical factor

The total of regurgitates collected from a nest on the same visit was 
taken to be the statistical unit (N = 172). Standard errors of coef-
ficients are shown; for the ‘pond type’ factor, the average standard 
error of differences is reported. Monoculture small-fish ponds were 
used as the reference level. Brood identity was entered as a random 
factor. Sample sizes are shown in parentheses

Predictor F d.f p Effect SE

Brood age (days) 0.03 1, 160.1 0.867 –0.004 0.025
Date of regurgitate collection 

(days)
0.12 1, 54.5 0.731 0.003 0.008

Pond type 5.04 3, 51.8 0.004
 Monoculture small-fish 

ponds (47)
0.000 0.400

 Monoculture large-fish 
ponds (12)

1.124

 Abandoned ponds (63) 0.931
 Angling ponds (50) 1.324

Fig. 3  Back-transformed mean numerical proportions of fish in the 
Little Bittern diet as predicted by a binomial GLMM in differently 
managed pond habitats. Pairwise comparisons were based on stand-
ard errors of differences of means (SED). The average SED is shown 
(SED was not back-transformed). The asterisk denotes significant dif-
ferences between monoculture small-fish ponds and the other pond 
types (p < 0.05). Sample sizes are given in the columns. For more 
details, see Table 2
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originally ingested by predatory fish or amphibians subse-
quently taken by Little Bitterns.

The results reveal the strong influence of pond manage-
ment on the taxonomic composition of the Little Bitterns’ 
diet. However, the proportions of the main prey categories in 
terms of biomass were similar. This may indicate that Little 
Bitterns forage opportunistically, but even when alternative 
prey is abundant, the high proportion of the most profitable 
food (in this case, fish) remains fairly stable. The dietary 
contribution of cultured Common Carp was the highest on 
the monoculture small-fish ponds, obviously due to its size 
availability. On the other hand, the total proportion of fish in 
the food was the lowest there (although still clearly exceed-
ing other prey in the regurgitates), showing that non-fish 
prey was readily taken when highly abundant in the ponds. 
Non-fish prey made a markedly smaller contribution to the 
diet of nestlings on the monoculture large-fish ponds. Since 
the cultured fish were too big for Little Bitterns, small wild 
fish prevailed in their diet. The considerable dietary contri-
bution of small, young-of-the-year Common Carp (entirely 
absent from the large-fish ponds) points to a certain plas-
ticity in foraging; clearly, parents flew to other ponds for 
food, presumably because of the poor food resources of 
the large-fish ponds. These ponds, seemingly attractive to 

Little Bitterns because of the otherwise appropriate nesting 
habitat (extensive areas of emergent vegetation and water 
levels suitable for breeding), may act as an ecological trap 
resulting from shortages, unforeseen by the parent birds, of 
prey items small enough to be fed to chicks (cf. Kloskowski 
2012). Although we did not quantify the effort involved in 
searching for nests in each pond type, we found relatively 
very few nests on the monoculture ponds with large fish, 
which indicates that breeding Little Bitterns may generally 
avoid nesting on ponds strongly dominated by large fish.

As in the monoculture large-fish ponds, large fish were 
to a great extent able to reduce the abundance of prey they 
shared with birds in the angling ponds (cf. Wood et al. 
2001). However, the pond operators encouraged the pres-
ence of small wild species or young sport fish; obviously, 
these were also available to the Little Bitterns. The prey 
biomass composition of nestlings on the abandoned ponds 
was similar to that on the angling ponds, the principal prey 
being Prussian Carp and Topmouth Gudgeon (see also Trnka 
2020), although the abundance of amphibians and macroin-
vertebrates in the abandoned ponds was evidently higher. 
Prussian Carp and Topmouth Gudgeon were not intention-
ally stocked as both species are invasive in Europe (van der 
Veer and Nentwig 2015).

Pond management did not influence dietary diversity: 
this was rather unexpected, considering the effects of dif-
ferent stocking practices on prey abundance. Although we 
could not compare prey diversity amongst the pond types, 
it is likely that at lower taxonomic levels, it was generally 
similar. For example, in ponds where macroinvertebrate and 
amphibian densities were greatly diminished by large fish, 
the overall diversity was maintained by the species richness 
of small fish. The dietary diversity could also have been 
increased by parent birds making foraging trips to other 
ponds.

The dietary composition and the availability of fish prey 
lead to the conclusion that in the system studied here, con-
sisting of differently managed ponds, Little Bitterns found 
favourable provisioning conditions on the abandoned and the 
extensively cultured ponds with high abundances of small 

Table 3  Results of the GLMM 
relating the size of fish (total 
length; N = 905) fed to Little 
Bittern nestlings to the brood 
age, time of season and pond 
management type (included as a 
categorical factor)

When estimating the effects of pond type, monoculture small-fish ponds were used as the reference level. 
Brood identity was entered as a random factor. Sample sizes are shown in parentheses

Predictor F d.f p Effect SE

Brood age (days) 88.19 1, 813.1 < 0.001 0.041 0.004
Brood hatching date (days) 2.62 1, 61.3 0.110 –0.003 0.002
Pond type 2.07 3, 59.5 0.113
 Monoculture small-fish ponds (119) 0.000 0.000
 Monoculture large-fish ponds (93) –0.191 0.116
 Abandoned ponds (432) –0.222 0.093
 Angling ponds (261) –0.124 0.087

Table 4  Results of the GLMM (F3, 5.2 = 2.13; p = 0.212) relating Lit-
tle Bittern breeding success (number of 7-day-old chicks) to the pond 
management type (included as a categorical factor)

When estimating the effects of pond type, monoculture small-fish 
ponds were used as the reference level. Nesting pond identity and the 
time of season (brood hatching date) were entered as random factors. 
Sample sizes are shown in parentheses

Predictor Mean SE Effect SE

Pond type
 Monoculture small-fish ponds 

(22)
5.17 0.22 0.000 0.000

 Monoculture large-fish ponds (6) 4.65 0.38 –0.513 0.429
 Abandoned ponds (21) 4.29 0.25 –0.875 0.342
 Angling ponds (24) 4.63 0.21 –0.534 0.305
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fish. Pond management targeting anglers appears to be able 
to provide sufficient food resources, too, despite competition 
from large sport fish (see also Trnka 2020). However, this 
study assessed the dietary composition, not the total biomass 
or amount of energy delivered to nestlings. The high propor-
tion of fish in the diet does not rule out poor food conditions 
in which fish, though being the most accessible prey, are 
actually scarce. Consequently, the considerable dietary pro-
portion of highly profitable prey does not preclude chicks 
from being undernourished (see: Lõhmus and Väli 2004; 
Kloskowski et al. 2021). Overall, fish ponds appear to offer 
attractive breeding habitats for Little Bitterns. Despite the 
widespread use of managed habitats (Keller et al. 2020), this 
small heron is unlikely to come into conflict with human 
economic interests, because its gape limitation restricts any 
impact to the earliest stages of fish production. In outdoor 
pond cultures, the natural mortality of young fish is usually 
high (Lorenzen 1996) and does not imply serious financial 
losses. Moreover, the exploitation of undesirable wild fish 
invading aquaculture ponds, such as Prussian Carp and Top-
mouth Gudgeon in our system, may go some way to com-
pensate for potential damage to cultured fish (cf. Ashkenazi 
and Yom-Tow 1996).

Breeding success

The predicted differences in breeding success between ponds 
differing in management practices were not observed. The 
results are likely to have been biased by parental foraging 
beyond the nesting pond, which may have enabled the Little 
Bitterns to compensate for the scarcity of prey in the ponds 
dominated by large fish. Foraging flights beyond the nest-
ing area can be an important component of the provisioning 
strategy of parent Little Bitterns in sub-optimal habitats (see 
Pezzo and Benocci 2001), but they are energetically disad-
vantageous and increase the risk of predation on the foraging 
parents as well as on the less closely attended broods (Eberl 
and Picman 1993). The costs of nesting in food-poor habitats 
are relatively easily reduced when habitats differing in prey 
availability are spatially aggregated, i.e. when foraging trips 
to other habitat patches do not require long flights, as was 
the case in this study, where ponds of different types were 
interspersed and close to each other. Overall, the production 
of Little Bittern chicks on cyprinid fish ponds seems to be 
high (see also Cempulik 1994; Trnka 2020), but compari-
sons with other habitats are difficult owing to the different 
measures of reproductive success applied (e.g. Martínez-
Abraín 1994; Pardo-Cervera et al. 2010; but see Holmes 
and Hatchwell 1991). Data on the Little Bittern’s breeding 
success are usually limited to the 1st week post-hatching, 
whereas the chicks' energy demands continue to grow in 
the period when they are able to leave the nest. Thus, the 
competitive effect of large fish may be more pronounced in 

the later stages of chick growth, affecting the near-fledging 
young which are starting to forage on their own whilst they 
are still confined to the natal pond. The inexperienced young 
may be particularly vulnerable to the scarcity of small prey 
items: compared to adults, juvenile herons are known to 
exploit smaller prey (Papakostas et al. 2005).

Age‑dependent provisioning strategy

As the chicks grow, the parents have to meet the increasing 
energy demands of their offspring. According to the central-
place foraging theory, provisioning large prey (relative to 
the chicks’ ingesting ability) reduces the time and effort 
needed for foraging and also the frequency of nest visits, 
and thus maximises the predators’ net energy gain (Orians 
and Pearson 1979). Selective provisioning of small prey to 
hatchlings at the early brood stage can be challenging (Reim-
chen and Douglas 1985); however, the energetic costs of the 
effort required to capture sufficient amounts of small prey 
are mitigated in herons by their ability to deliver multiple-
prey loads (Orians and Pearson 1979). Alternatively, the pre-
digestion of large-sized prey rather than its size adjustment 
can help to overcome constraints posed on parent herons 
by the gape limitation of their nestlings (Owen and Phillips 
1956; Kushlan 1978; Voisin 1991). Feeding partly digested 
food to chicks is advantageous, especially when small-sized 
prey is scarce, but the process of digestion can be energy- 
and time-consuming, which may reduce the feeding fre-
quency (Moser 1986). The presence of some exceptionally 
large-sized prey items in the hatchlings’ diet indicates that 
pre-digestion facilitated parental provisioning, but the Lit-
tle Bitterns obviously adjusted the prey size to the ingesting 
ability of their chicks by progressively increasing the size 
of the prey delivered. The proportion of fish in the diet did 
not change either with chick growth or with the progress of 
the season, although seasonal changes in food composition 
of nestlings have been documented in other herons (Fasola 
et al. 1993; Delord et al. 2004).

In conclusion, differing nestling diet compositions in 
response to management-induced variation in pond prey 
communities are indicative of foraging plasticity in the 
Little Bittern (see also Trnka 2020). Nevertheless, in fish-
dominated habitats, chick provisioning depends mostly on 
fish, and small-sized fish may be a critical prey resource 
during the early brood stage as parents adjust the prey size 
to the growth-related ingesting capabilities of their young. 
Some of the habitats offered by cyprinid ponds do not meet 
the breeding requirements of piscivorous birds because 
of the shortage of size-available prey. However, cyprinid 
farms are typically heterogeneous clusters of ponds stocked 
with different-age cohorts (Horváth et al. 1992), and birds 
nesting on food-poor ponds have good access to the diverse 
food resources of adjacent ponds. Given the widespread 
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anthropogenic degradation of natural wetlands, traditional 
cyprinid culture in ponds can offer important substitute habi-
tats where Little Bitterns are capable of attaining a high 
level of reproductive success. Similarly, management tar-
geting Little Bittern protection in habitats in which fish are 
not commercially cultured and harvested should, apart from 
maintaining a stable water level and vegetation cover (e.g. 
Voisin 1991; Pardo-Cervera 2010), ensure abundant prey 
small enough for consumption at the brood stage. It may 
also be necessary to counteract the establishment of fish 
species capable of attaining large sizes. We recommend a 
network approach to the conservation of complex wetland 
areas, in which different-quality habitat patches, including 
both managed and unmanaged waters, irrespective of their 
individual quality, are aggregated and affect the attractive-
ness of adjacent patches (Resetarits et al. 2005). Given the 
Little Bittern’s foraging mobility (Pezzo and Benocci 2001), 
patches suitable for nesting yet with poor food resources may 
be still attractive and successfully occupied, provided that 
prey-rich sites are situated close by.

Supplementary Information The online version contains supplemen-
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