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Purple Heron diet in northern Spain.
Differences between feeding areas
and between sampling methods
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Abstract - Purple Heron (Ardea purpurea) diet was analysed by observing foraging adults in rivers and rice-
fields in northern Spain and by taking food samples from nests (pellets, food remains and spontaneous regur-
gitates). Diet composition varied between feeding areas (fish were the most abundant prey in rivers and cray-
fish Procambarus clarkii in ricefields) and sampling methods (direct observations underestimated the
importance of insects and overestimated crustaceans and amphibians). The Purple Herons in the study area
seemed to have adapted their diet to a new trophic resource (the crayfish) recently introduced in the study

area.

Introduction

The diet of the Purple Heron Ardea purpurea has been
thoroughly analysed in several European countries
(Vasvari 1930, 1938, Owen and Phillips 1956, Amat
and Aguilera 1978, Moser 1984, Rodriguez and
Cafiavate 1985, Fasola er al. 1993, Campos and
Lekuona 1997). These studies underline the geograph-
ical variation in diet although fish are almost always
the main prey. Nonetheless, there are few recent stud-
ies on the diet of the Purple Heron. These are impor-
tant since aquatic ecosystems have undergone impor-
tant changes in recent decades (Pearce and Crivelli
1994, Peirce et al. 1998) and change prey availabili-
ty. A plentiful trophic resource may tend to be
consumed in greater quantities, thereby varying the
composition of the diet.

On the other hand, prey profitability in the Purple
Heron influences prey selection (Campos and
Lekuona 2000) and, therefore, diet composition.
During the breeding season this behaviour probably
affects the time that herons use to forage to capture
prey for nestlings.

All these aspects point out the need to precisely deter-
mine the composition of the Purple Heron diet. The
most common methods to study ardeid diet are i)
direct observations of foraging birds, ii) pellets analy-
sis, iii) analysis of nestling regurgitates, and iv) analy-
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sis of stomach contents. Each method presents advan-
tages and disadvantages (Carss 1997). Depending on
the experience of the observer, direct observation of
the birds can bring about a bias in the size of the
captured prey (Bayer 1985, Cezilly and Wallace
1988). Pellets analysis makes it difficult to evaluate
the importance of some types of prey or their size
(Draulans et al. 1987) due to different prey digestion.
Nestling regurgitate analysis has undoubtedly been
the most common method although differential diges-
tion of prey can notably reduce its precision (Guillén
et al. 1994). Stomach content analysis normally
requires the death of the animal and is not common in
ardeids (Ruiz 1985).

In this study we aimed to clarify the composition of
the Purple Heron diet in a little studied area (northern
Spain). In addition, we analysed whether the results
varied with the type of feeding area or methodology
used to take the data.

Methods

The study took place in the Ebro river valley in north-
ern Spain, whit eight colonies of Purple Heron in
1994, and a total of 242 breeding pairs (Bergerandi et
al. 1995). For this study we only used those at
Valdelafuente (42°05°N, 1°40’W) with 94 pairs and
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Escudera (42°16’N, 1°42°W) with 38 pairs, since their
main feeding areas were rivers (Ebro, Aragén and
Arga rivers) and ricefields (Campos and Lekuona
pers. obs.). The ricefields were flooded at the end of
April with water from the Ebro river, using motors that
did not allow fish to pass. For this reason, no fish was
available in the ricefields.

The feeding data were obtained using two methods:
a) direct observations on foraging adult birds in rivers
(n=125) and ricefields (n =43). All observations were
during the breeding season (May-July) in 1994 (rivers)
and 1995 (ricefields), at a distance of < 100 m, with a
x 20-60 telescope, between 0700 h and 1900 h GMT.
For each bird we noted the number, type and size of
captured prey. The prey were grouped into seven
types: mammals, birds, reptiles (only the snake Narrix
spp.), amphibians, fish, crustaceans (only crayfish
Procambarus clarkii) and insects. Prey size was calcu-
lated for crayfish and fish in relation to the length of
the heron’s beak (12.5 cm, Cramp and Simmons
1977), to establish three size classes: small (1-12.5
cm), medium (12.5-25 cm) and large (25-37.5 cm).
b) Collection of food samples from the 33 nests. In June
we collected pellets, spontaneous regurgitates from
nestlings and other food remains in the Valdelafuente
colony. The prey were included in the same broad taxo-
nomic groups as the direct observations. Fish were
classified using the pharyngeal bones and scales, and
their size was calculated from the regressions of total
length and bone length (or scale) from C. de la Riva and
R. Miranda (1994, unpublished data).

Prey biomass (g wet weight) was obtained a) for
mammals, reptiles, amphibians and insects according
to the average weight of similar-sized specimens
captured in the study area (see also Campos and
Lekuona 1997), b) for fish, according to length-weight
regressions of other samples captured in the same area
(Lekuona and Campos 1997), c) for crayfish we used
the equation W = 3,28-107-L.29039 (n = 70, 12 = 0.827,
P < 0.001) where W was the weight (g) and L the
length (mm) measured from the rostrum tip to the
telson, obtained from specimens collected in the feed-
ing areas of herons.

To assess the species and size of fish in the foraging
areas we performed electric fishing in June 1994 at
two points along the Ebro River and two more along
the Aragén River. All four sites were in areas where
we had previously observed Purple Herons forage.
The trophic selection of the fish species was deter-
mined using the Wi Savage index (Savage 1931): W;
= Uy/D;, where U; = u;/u,, with ui being the observed
number of units used from resource i and u, the total
number of resources used, and D; = d;/d,, where di is
the number of units available in the environment of the
resource i and d, the total availability of resources.

Values greater or less than | indicate positive or nega-
tive selection, respectively. This index can be
compared using a chi-square test with one degree of
freedom (for more details see Manly ez al. 1993).
The trophic diversity H’ was calculated using the
Shannon index, H’ = —Xp; In p;, where p; is the rela-
tive frequency of each taxonomic group i in the diet.
The equitability was calculated using the formula E =
H'/H’ .« (Pielou 1975), where H’ is the trophic diver-
sity and H’ .. is InS, where S is the number of species
or taxonomic groups. E varies between 0 (maximum
stenophagia) and 1 (maximum euriphagia). We arbi-
trarily considered that when E > 0.60, the diet tended
to be euriphagia, and when E < 0.40, the diet tended
towards stenophagia.

The frequencies of the different prey groups were
compared between different areas and between analy-
sis methods using the G test (Sokal and Rolhf 1969),
as commonly done in this type of study.

Results

Diet composition

Numerically, the main prey of Purple Herons in rivers
were fish and insects, while in ricefields fish were
absent from the diet and crustaceans and amphibians
dominated (Table 1). In nests, insects were the most
abundant prey followed by fish and it was the only
place where we found birds (n = 7, all passerines) in
the diet. The variations in diets in rivers vs ricefields
vs nests were statistically significant (G = 1578.8, 14
df, P> 0.001), all pairwise comparisons being highly
significant.

With regards to biomass, fish were 94.1% of the total
inrivers (Table 1), which caused a sharp stenophagia
(E=0.17). On the contrary, in ricefields the diet tend-
ed towards euriphagia (E = 0.69) due to the elevated
percentage of crustaceans and amphibians as well as
mammals (10%). In nests, fish were the most impor-
tant prey with an equitability of E = 0.42.

When all the sample types were considered together
(rivers, ricefields and nests) the numerical percentages
of fish, insects and crustaceans were almost identical
(Table 1), but fish dominated in biomass (59.4%) as
opposed to crustaceans and amphibians (17.4% and
12.4%, respectively). Thus, Purple Herons in the study
area tended towards euriphagia diet, both in number
(E=0.79) and biomass (E = 0.63). The trophic diver-
sity also increased gradually from rivers to ricefields
and nests.

Since fish were the main prey in rivers and nests, we
compared their frequencies in nests (the only place
where we were able to classify to the species level)
and in electric fishing (Table 2). The herons positive-
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Table 1. Percentage of the number (n) and biomass (B, g wet weight) of Purple Heron prey from rivers, ricefields and nests in the

Ebro river valley, northern Spain. H’: trophic diversity (Shannon’s

index). E: equitability.

Rivers? Ricefields Nests Total
n B n B n B n B

Mammals - - 4.1 10.1 8.1 8.5 3.3 5.4
Birds - - - - 2.7 1.8 0.4 0.4
Reptiles 0.5 0.2 0.6 0.5 3.8 1.4 1.1 0.6
Amphibians 2.1 1.4 28.6 35.6 0.4 0.2 15.1 12.4
Fish 67.5 94.1 - - 23.1 79.0 26.8 59.4
Insects 29.0 3.8 16.9 4.2 53.8 ST 26.8 4.4
Crustaceans 0.9 0.5 49.8 49.6 8.1 34 26.5 17.4
Total prey items 573 13,113 835 10,067 260 7,367 1,668 30,547
H’ 0.77 1.17 1.32 1:52

E 0.48 0.17 0.73 0.69 0.68 0.42 0.78 0.63

2 According to Campos & Lekuona (1997)

Table 2. Percentages of fish species found in the Ebro river (electrofishing) and in
nests of Purple Heron. H': diversity (Shannon’s index), E: equitability. W;: Savage’s

index of trophic selection.

Fish species Electrofishing Nests W,
Chondrostoma toxostoma 53.9 30.0 0.56
Barbus graellsii 30.7 333 1.08
Gobio gobio 5:7 8.3 1.46
Phoxinus phoxinus 4.6 - -
Cyprinus carpio 2.1 11.7 5:.57*
Micropterus salmoides 1.1 34 3.09
Carassius auratis 1.0 8.3 8.30*
Barbatula barbatula 0.7 - -
Tinca tinca 0.1 - -
Cobitis paludicola 0.1 - -
Rutilus arcasii - 5.0 -
Total fishes 911 60
H’ 1.23 1.66
E 0.53 0.85

¥ Pig D10

ly selected for Carps, Cyprinus carpio, and Crucian
Carps, Carassius auratus, of which 91.6% (n = 12)
were between 12.5-25 cm long. Another four species
were consumed according to their abundance in the
river (French Nase, Chondrostoma toxostoma, and
Graell’s Barbel, Barbus graellsii, were the most abun-
dant), and another four were absent from the diet,
possibly due to their scarcity in the river (Tench, Tinca
tinca and Red Roach, Rutilus arcasii), or to their
benthic habits (Stone Loach, Barbatula barbatula and
Spined Loach, Cobitis paludicola). Fish diversity and
equitability were higher in the nest sample than in
electric fishing.

Diet variation according to sampling method

The numerical composition of the diet varied signifi-
cantly (G = 269.7, 7 df, P < 0.001) with the sampling
method (direct observations vs food samples). With
respect to the nest data, direct observations (rivers
plus ricefields) underestimated the importance of
insects (21.8% vs 53.8%), and overestimated crus-
taceans (29.9% vs 8.1%) and amphibians (17.8% vs
0.4%).

In biomass, on the contrary, direct observations over-
estimated the importance of amphibians (16.3% vs
0.2%) and crustaceans (21.8% vs 3.4%), and underes-
timated fish (53.2% vs 79.0%).
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Discussion

The diet of the Purple Heron in our study area was
based on fish, as observed elsewhere (Owen and
Philips 1956, Moser 1984, Fasola et al. 1993, etc.).
Nonetheless, our herons consumed a lot of crayfish
(26.5%), which is unusual in other European coun-
tries, including Spain. Crayfish were introduced in
Spain in 1974 (Admetlla and Carrasco 1997), but were
absent from the Purple Heron diet until 1983 (Amat
and Aguilera 1978, Gonzdlez-Martin ef al. 1992), and
made up 4% of its prey in 1984 in a study in the
Guadalquivir marshes (Rodriguez and Cafiavate
1985). This suggests that the Purple Heron has adapt-
ed its feeding regime to a new and abundant trophic
resource. Similar adaptations have been observed in
other ardeids (Fasola er al. 1993, Peris et al. 1995),
which confirms that they are opportunistic predators,
using trophic resources according to availability.

The percentage of the most abundant fish species
(French Nase and Graell’s Barbel) in the nest samples
were similar to those in rivers, which supports the
opportunistic character of the Purple Heron.
Nonetheless, herons positively selected for middle
sized carps and crucian carps, the most profitable for
other ardeids of similar size (Moser 1986), and the
most captured in other regions (Rodriguez and
Cafiavate 1985). In June, when the nest samples were
collected, the Purple Heron nestlings were > 20 days
old (Campos and Lekuona 1997), already capable of
swallowing prey of this size (Moser 1986). This could
be an advantage for adult herons since they canfeed
nestlings with more profitable prey.

In our study area, diet equitability was high.
Euriphagia is proper of generalist species, and not for
specialists (Sherry 1990). Heron diet can vary among
colonies (Campos 1990, Fasola er al. 1993) and they
can behave as opportunists to obtain food. This
suggests that, in the areas where the diet equitability is
greater, they have a greater variety of available prey.
This can favour the best body condition for herons and
a greater reproductive success (Newton 1998). Indeed,
during our study period the breeding population of
Purple Herons was increasing (Bergerandi et al. 1995).
With regards to the sampling methods, they provoked
a bias in the diet composition analysis (Gonzdlez-
Solis et al. 1997). In the following years (1994 and
1998), diet composition obtained using the same
method (nestling regurgitate analysis) was similar in
our study area and in Camargue, France (Thomas et al.
1999). However, in the same places and years, differ-
ent methods provided different results. Thus, it is
necessary to unify the sampling criteria before trying
to establish a model for the geographic variation of
diet (Carss 1997).

Our data demonstrate that there were differences
between the percentage of types of prey consumed per
foraging adult (rivers and ricefields) and in nest
remains. This suggests that adults feed nestlings with
the same prey they consume but in different propor-
tions. Before this study we knew that prey brought to
the nest varied in size depending on nestling age
(among others, Moser 1986), but did not know about
the variation in the percentage of the types of prey.
The differences found in the diet of amphibians and
insects may be explained by two observations: a)
amphibians are digested more quickly than insects in
the digestive tract of adult herons (Vinokurov 1960,
Voisin 1991), and b) probably some adult herons in
our sample only foraged in rivers and not ricefields, so
that the proportion of the prey types in the nests were
different from those noted by direct observation.
Indeed, adult herons were more abundant in rivers
than in ricefields in our study area (pers. obs.).
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