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Abstract.—In northwestern Italy, traditional rice cultivation using permanent flooding has been replaced by 
cultivation that uses a reduced water depth and a shortened submersion period. Prey availability for the numerous 
herons and egrets using this intensive rice cultivation region changed as well, with a diminution of amphibians and 
an increase of crayfish (Procambarus clarkii) and oriental weatherfish (Misgurnus anguillicaudatus). The prey intake 
in 2014 was compared with data available for 1987 for the three most common species of waterbirds that forage in 
the paddies. Total biomass intake by Grey Herons (Ardea cinerea) feeding in the paddies decreased from 28 g dry 
mass/min in 1987 to 7 g in 2014, and by Black-crowned Night-Herons (Nycticorax nycticorax) from 8 g to 5 g, while 
the intake by Little Egrets (Egretta garzetta) remained similar (12 and 13 g in 1987 and 2014, respectively). The 
observed levels of prey intake allowed breeding Grey Herons to meet their energy needs by feeding exclusively in 
the rice paddies in 1987, but not in 2014. The other two study species could not meet their daily requirements for 
successful breeding by feeding in the paddies only, either in 1987 or 2014. Yet the three species bred successfully 
in the study area, and their reproductive output remained stable both in 1987 and 2014. Successful breeding was 
probable by the three species foraging in other habitats, such as rivers, small natural wetlands and irrigation canals, 
in the region. Received 15 February 2017, accepted 30 May 2017.

Key words.—Ardea cinerea, Black-crowned Night-Heron, Egretta garzetta, energy budget, food intake, Grey Heron, 
Little Egret, Nycticorax nycticorax, rice.
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Rice paddies can act as a valuable sub-
stitute for natural wetlands, especially in 
the Mediterranean Basin where the semi-
natural wetlands have been reduced to only 
10-20% of their historical area (Finlayson et 
al. 1992). This is particularly true for her-
ons and egrets that obtain a large portion of 
their food resources from agro-ecosystems 
worldwide (Elphick et al. 2010). The inten-
sive rice cultivation region in northwestern 
Italy hosts a large number of breeding Grey 
Herons (Ardea cinerea), Little Egrets (Egretta 
garzetta) and Black-crowned Night-Herons 
(Nycticorax nycticorax). During 1980-1990, 
these breeders obtained the bulk of their 
prey from the extensive network of irrigation 
canals and the rice paddies that were culti-
vated according to the traditional practice 
of permanent flooding from April to August 
with water depths from 10 to 30 cm (Fasola et 
al. 1996). This situation changed after 1995 
when new and varied cultivation practices 
were adopted over large portions of the rice 
cultivation region to reduce costs for water 
purchase and management. Presently, most 

paddies are cultivated with dry seeding, and 
flooding has been shortened to May-August 
with water depths of only a few cm, with a 
prolonged period when the paddies remain 
muddy but without surface water (Ferrero 
2007; Angelini et al. 2008; Romani 2008). A 
change also occurred after 1995 in the prey 
types available to the herons and egrets in 
northwestern Italy. During 1980-1990, am-
phibians were one of the staple prey species, 
but their numbers decreased sharply after 
1995 and new allochthonous prey species 
appeared in the diet (Fasola and Cardarelli 
2015).

Under the hypothesis that reduced flood-
ing and changes in prey availability may have 
affected the suitability of the paddies for her-
ons and egrets of northwestern Italy, the ob-
jectives of our study were to: 1) describe the 
prey intake of Grey Herons, Black-crowned 
Night-Herons and Little Egrets foraging in 
the rice paddies that were subjected to the 
changes in cultivation practices (a shorter 
May-August flooding period and shallower 
water depth); 2) assess the changes since 
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1987 in the suitability of the paddies of 
northwestern Italy as foraging habitat for the 
three study species; and 3) evaluate wheth-
er the three study species could meet their 
food demands during breeding by foraging 
exclusively in the rice paddies cultivated us-
ing current methods.

MEthods

Study Area

We recorded foraging success at two study areas in 
1987 and at five areas in 2014, scattered throughout 
the region of intensive rice cultivation in northwestern 
Italy (Table 1; Fig. 1). One of the areas was the same for 
both study periods, but the second 1987 area could not 
be resampled because of changes in land use in 2014. 
Therefore, during 2014 we were compelled to adopt 
new study areas within the relatively uniform region of 
rice cultivation, where the paddies cover large portions 
of the landscape. Each study area was within a flight dis-
tance of 5-10 km from one to three heronries.

In 2013-2014, we replicated the field techniques 
used from 1985 to 1988 to investigate the foraging ecol-
ogy of the three study species, so as to allow a compari-
son between the two study periods. The original data 
for 1985 (Fasola 1986) and for 1987 and 1988 (M. Fa-
sola, unpubl. data) were clumped and are hereafter re-
ferred to as “1987” data. The 1987 data were re-analyzed 
together with the new data for 2013-2014, which also 
were clumped and are hereafter referred to as “2014” 
data. The aim of assessing the long-term changes in 
the average foraging success justifies clumping the re-
sults for subsequent years into the two periods “1987” 
and “2014” spaced across three decades. The possible 
inter-annual differences were taken into account in the 
models.

Data Collection

Each study area was surveyed throughout the day-
light hours, from 06:00 to 19:00 hr, once per week from 
3 May to 22 June in 1985, 1987 and 1988, and from 7 
May to 30 June in 2013 and 2014. This was when the 
proportion of nests with chicks was at its peak in the 
nearby heronries. We approached each adult bird that 
was actively foraging and in breeding plumage. Focal 

birds did not increase distance from the observer or ap-
pear to change behavior. A focal observation was per-
formed on each bird by a single observer from a car at 
a distance from 30 to 80 m (the maximum distance of 
the birds in the paddies from our path). All observed 
focal birds were foraging in flooded or semi-flooded 
rice paddies that had been temporarily drained for cul-
tural operations and maintained a partial water cover. 
In most cases, focal observations were conducted for 10 
min (n = 532, 90.5% of observed birds) using spotting 
scopes (20-60x); in a few preliminary trials, sampling 
lasted more than 10 min (n = 56, 9.5% of observed 
birds). During each observation we recorded number, 
type, and size of captured prey. When visual identifica-
tion of small prey type was dubious, their identity was 
confirmed at the end of each observation by net sam-
pling at the spot where the focal bird had been feeding. 
Prey size was estimated in the field as a proportion of 
bird bill standard length, and was later calculated from 
the mean bill length values: 120.3 mm for Grey Heron 
(Cramp and Simmons 1977), and 72.4 mm for Black-
crowned Night-Heron and 90.4 mm for Little Egret 
(measured on 12 and 16 individuals of both sexes, re-
spectively, captured within our study area from 1989 to 
2014). One of the observers collected records in each 
study year. All observers attended training sessions at 
the beginning of each year to ensure consistency in prey 
identification and size estimation.

For each focal bird observation, we calculated the 
intake of each prey type as biomass (g, dry mass/min). 
Biomass reflected the nutritional value more accurately 
than the number of items because the different prey 
types ranged in size over several orders of magnitude. 
We assigned a mass value to each captured prey item 
by using one of the three following estimates (details 
in Fasola and Cardarelli 2015). For small to medium 
size prey that had been identified to species or to the 
categories of Table 3, we assigned a mean mass based 
on a large sample of individuals of the same taxon; 
these prey samples were either obtained in the paddies 
after the focal observations or obtained whole from re-
gurgitations by nestlings of the same heron and egret 
species within our study area and were then dried in 
an oven at 60 °C until a constant weight was obtained. 
For fish and other large prey, whose length had been 
recorded during the focal observations, we assigned the 
mass calculated from length-mass relationships, which 
were obtained from publications on the local fauna or 
calculated from sample specimens collected in the rice 

Table 1. Study areas within the region of intensive rice cultivation in northwestern Italy.

Municipality Study Year(s) Coordinates of the Area Center Total Surface Area of Rice Paddies (ha)

1 Zerbolò 1985, 2014 45° 12ʹ 38.4ʺ N 9° 01ʹ 36.1ʺ E 636
2 Galliavola 1987-1988 45° 04ʹ 44.4ʺ N 8° 49ʹ 22.8ʺ E 681
3 Mosezzo 2013 45° 26ʹ 32.8ʺ N 8° 30ʹ 28.2ʺ E 939
4 Ronsecco 2014 45° 14ʹ 52.8ʺ N 8° 14ʹ 24.0ʺ E 321
5 Morsella 2014 45° 16ʹ 15.6ʺ N 8° 49ʹ 22.8ʺ E 134
6 Vespolate 2014 45° 19ʹ 26.4ʺ N 8° 37ʹ 04.8ʺ E 634
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paddies during our study. The remaining unidentified 
small items were assigned a combined total mean dry 
mass based on all of the small items identified for the 
same heron species.

Data Analysis

We divided the foraging herons and egrets into 
two categories based on capture success: “successful” 
individuals that captured > 0 prey and “non successful” 
individuals that did not capture any prey during the 10-
min focal observation. Differences in the percentage 
of successful and non-successful individuals between 
1987 and 2014 were tested by Chi-square with Yates cor-
rection, or by Fisher’s exact test when the number of 
observed animals was small (Fisher 1922; Yates 1934; 
Crawley 2007).

The difference in the number of captured prey 
items between the two study periods was compared for 
each prey category separately, using Generalized Linear 
Mixed Models (GLMMs) with a Poisson distribution 
and a log link function. The Poisson distribution is 
typically used for count data, and the log link function 
ensures positive fitted values. When necessary, we cor-
rected for overdispersion of the data using a negative 
binomial distribution, that is again used for integers, 
non-negative data, when the variance is larger than the 
mean (Zuur et al. 2009). The study period was fitted as 
a fixed categorical factor (two levels: 1987 vs. 2014), 

while the site and the year of sampling were fitted as 
random factors to incorporate the dependency among 
observations carried out in the same site and in subse-
quent years. Log of the duration of the focal observa-
tions in minutes was used as an offset to account for the 
different length of each observation (Zuur et al. 2013). 
We compared the parsimony of the models with and 
without the year of sampling using the Akaike informa-
tion criterion (AIC), and we removed the factor when 
the model was not improved (Burnham and Anderson 
2002). For the infrequent prey (number of records < 
15), and particularly for those that were not recorded in 
one of the two study periods, it was not possible to run 
the models due to the small number of records. The dif-
ference in the total biomass intake per minute from rice 
paddies between 1987 and 2014 was tested by Linear 
Mixed Effects (LME) models with the same structure 
of GLMMs described earlier. The biomass intake data 
were normalized by square-root transformation. All 
statistical analyses were performed using the statisti-
cal software R (R Development Core Team 2016), and 
the supplementary packages “car” (Fox and Weisberg 
2011), “nlme” (Pinheiro et al. 2016) and “lme4” (Bates 
et al. 2015).

Energy Budget Estimates

Energy consumption and food demands of free-liv-
ing birds can be predicted from body mass (Carey 1996; 

Figure 1. Study areas (gray circles, numbers as in Table 1) sampled for foraging success of Grey Herons, Black-
crowned Night-Herons and Little Egrets in northwestern Italy. Dotted line: region of intensive rice cultivation; open 
circles: heronries; black lines: major rivers.

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



 Changing suitability For hErons 347

Blem 1999). We calculated the Basal Metabolic Rate 
(BMR) for our three study species using the equation 
for non-passerines: BMR (in kcal/bird/day) = 0.522 
* M (body mass in g) ^ 0.735 (Kendeigh et al. 1977). 
For M, we used the values of 1,433 g for Grey Heron 
(Cramp and Simmons 1977), 580 g for Black-crowned 
Night-Heron and 505 g for Little Egret. The Daily En-
ergy Expenditure (DEE) is the sum of BMR plus the 
energy needed for physiological processes, muscular 
work, and tissue production; for DEE, we used the esti-
mate of 3.6 * BMR, a value recorded in various species 
of breeding birds in the wild and over extended periods 
(King 1974; Blem 1999; Hodum and Weathers 2003). 
In addition to its own DEE, a breeding adult also needs 
to meet further demands from its nestlings. Therefore, 
we estimated the peak demands of a nestling from the 
equation for Peak Daily Metabolized Energy (PDME), 
which scales with body mass at fledging: PDME (in kj) = 
5.01 M (in g) ^ 0.782 (Weathers 1992), using observed 
M values for Black-crowned Night-Heron nestlings at 
fledging in our study area (Prigioni et al. 1985). We ob-
tained the number of nestlings from data on breeding 
success recorded at several heronries within our study 
area (Fasola 1998; E. Cardarelli, unpubl. data); the val-
ues for each study period, calculated as the mean of a 
sample of 19-53 nests for each species and year, were: 
2.3 chicks/nest (1987 and 2014) for Grey Herons; 2.5 
chicks/nest (1987 and 2014) for Black-crowned Night-
Herons; and 3.5 (1987) and 3.3 chicks/nest (2014) for 
Little Egrets. The energetic value of each prey category 
was measured by bomb calorimetry of samples collected 
within our study areas (Table 2). A metabolized energy 
coefficient equal to 82.5% of the energetic value was 
adopted so as to account for digestive and assimilation 
efficiency (Causey 1999).

Finally, we calculated the amount of prey that a 
breeding adult Grey Heron, Black-crowned Night-Her-
on and Little Egret should collect to meet the peak daily 
energy expenditure for itself and its brood during nest-
ling growth, using the above estimates of energy need, 
the mean number of chicks/nest in 1987 and in 2014, 
and the mean energetic content of prey taking into ac-
count the different proportion of prey types captured 
in 1987 and in 2014, as well as assuming a balanced bi-
parental care (Fasola 1984; Hafner et al. 2002).

rEsults

In 1987, we studied 142 focal individu-
als foraging in flooded paddies, recording 
1,235 prey captures and identifying 85% of 
the prey. In 2014, we studied 446 focal birds 
and recorded 3,832 prey captures, of which 
44% could be identified. The proximity of 
large heronries with several hundred breed-
ing pairs made it unlikely that we would have 
repeatedly observed the same individuals, 
although some double counting could have 
occurred. We used only adult birds in breed-
ing plumage for our sample, but we might 
have included a few non-breeders.

Prey Type

The prey types in 2014 differed consider-
ably from those in 1987 (Table 3). The pri-
mary difference was that new prey species ap-
peared in 2014. The mole cricket (Gryllotalpa 
sp.) and two allochthonous species, the Loui-
siana crayfish (Procambarus clarkii) and the 
oriental weatherfish (Misgurnus anguillicauda-
tus), invaded our study area after 1990. In ad-
dition, worms and small crustaceans belong-
ing to the genus Triops were more frequent 
in 2014, while frogs and tadpoles were less 
frequent. The larvae of large aquatic insects 
were not recorded in 2014, although smaller 
larvae could have been present among the 
non-identified small prey (Table 3).

Food Intake

The proportion of successful individuals 
that had captured at least one prey during 

Table 2. Energy content of the main prey categories. The values are the mean of three samples, each made by one 
item for larger prey, or by a composite of several individuals for worms, arthropods and tadpoles.

Prey Category Dry Prey (kJ/g)

Worms (Lumbricidae) 20.40
Louisiana crayfish (Procambarus clarkii) 15.31
Other aquatic arthropods 19.27
Mole cricket (Gryllotalpa sp.) 20.89
Other terrestrial arthropods 21.68
Oriental weatherfish (Misgurnus anguillicaudatus) 20.50
Other fish 20.16
Tadpoles of green frog (Pelophylax kl. esculentus) 11.74
Adult green frogs (Pelophylax kl. esculentus) 22.69
Snakes (Natrix sp.) 23.10
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focal observation decreased from 1987 to 
2014 for Grey Herons (82% in 1987 vs. 55% 
in 2014) and for Black-crowned Night-Her-
ons (71% in 1987 vs. 43% in 2014). These 
values differed significantly for both species 
(χ2 = 6.33, df = 1, P = 0.007 and χ2 = 13.45, 
df = 1, P < 0.001, respectively). However, for 
Little Egrets the proportion of successful in-
dividuals was the same in both periods, 92% 
(χ2 = 0.001, df = 1, P = 0.98).

The capture rate by the three studied 
species (Table 4; Fig. 2) differed significantly 
between 1987 and 2014 for the main staple 
prey, even if at the edge of significance in 
some cases. Frogs were captured at slower 

rates in 2014 by the three species, particu-
larly by Grey Herons and Little Egrets. The 
same tendency is also evident for tadpoles. 
On the contrary, the capture rate of fish was 
higher in 2014, especially for Little Egrets. 
The total biomass intake was much lower in 
2014 than in the previous period for both 
Grey Herons and for Black-crowned Night-
Herons, while it was similar for Little Egrets 
(Table 5).

Energy Budget

The total amount of prey that a single in-
dividual needed to meet the collective Peak 

Table 3. Prey captured in rice paddies by the three study species during the two study periods. Values are percent-
age of occurrence of each taxon. Insects and amphibians are metamorphosed, if not otherwise specified.

Prey Category

Grey Heron
Black-crowned 
Night-Heron Little Egret

1987 2014 1987 2014 1987 2014

Worm (Oligochaeta) 0.00 9.93 28.44 39.30   6.63  10.01
Crustacean (Notostraca, Triops cancriformis) 17.14 32.35 3.06 0.96 2.51  10.59
Crustacean (Louisiana crayfish, Procambarus clarkii) 0.00 0.00 0.00 0.32 0.00  0.06
Insect (mole cricket, Gryllotalpa sp.) 0.00 1.47 0.00 3.19 0.00  0.03
Insect (undetermined) 0.29 0.00 0.00 0.00 0.00  0.00
Insect larvae (undetermined) 27.71 0.00 0.00 0.00 0.18  0.00
Fish (oriental weatherfish, Misgurnus anguillicaudatus) 0.00 11.03 0.00 2.56 0.00  2.37
Fish (undetermined) 0.29 0.00 0.00 0.32 0.36  0.34
Adult green frog (Pelophylax kl. esculentus) 7.71 4.04 11.01 10.54   8.06  0.52
Tadpole of green frog (Pelophylax kl. esculentus) 36.29 16.18 47.40 16.29 61.29  14.78
Newt (Salamandridae, Triturus carnifex) 0.00 0.00 0.31 0.00 0.36  0.00
Snake (Colubridae, Natrix sp.) 0.29 0.00 0.00 0.00 0.00  0.00
Undetermined 10.29 25.00 9.79 26.52 20.61  61.29
Total number of items 350 272 327 313 558 3,247
Total number of focal individuals 33 91 62 171 47  184

Table 4. Estimates (± SE) of intercept and covariate coefficients for the GLMMs comparing prey captured by the 
three studied species in 1987 and 2014. A separate model was run for each prey type (df always equal to 1); inter-
cept estimate represents prey captures in 1987 while covariate estimate represents prey captures in 2014.

Species Prey Types Intercept  (± SE) Covariate  (± SE) χ2 P

Grey Heron Frog -3.16 (0.9) -2.31 (1.2) 3.57 0.059
Tadpole -1.06 (1.1) -2.92 (1.6) 3.35 0.067
Fish -6.34 (1.3) 2.33 (1.3) 3.05 0.081

Black-crowned Night-Heron Frog -2.95 (0.6) -1.17 (0.7) 2.72 0.099
Tadpole -1.59 (1.8) -4.32 (2.2) 3.71 0.054
Worm -1.95 (0.7) -0.54 (0.8) 0.41 0.52

Little Egret Frog -2.51 (0.6) -2.28 (0.8) 8.88 0.003
Tadpole -0.11 (0.7) -1.45 (0.8) 3.46 0.063
Fish -5.5 (0.9) 2.23 (1.0) 5.18 0.023
Worm -3.06 (1.2) -0.10 (1.4) 0.01 0.943
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Daily Energy Expenditure for reproduc-
tion was estimated for Grey Herons at 207 g 
(1987) and 216 g (2014) dry mass/day, for 
Black-crowned Night-Herons at 104 g (1987 
and 2014) dry mass/day, and for Little Egrets 
at 115 g (1987) and 112 g (2014) dry mass/
day. From these food requirements and from 
the observed values of prey intake (Table 5), 
we calculated the time needed by a bird for-
aging only in the flooded paddies to satisfy 
its peak daily requirement for itself plus its 
brood. One breeding Grey Heron would 
have satisfied its requirement by foraging 

for 12 hr per day in 1987, while the dimin-
ished prey intake was largely insufficient to 
meet requirements in 2014 when 51 hr per 
day would have been necessary. The intake 
by Black-crowned Night-Herons was already 
insufficient to meet the daily requirements 
in 1987 when one bird would have to for-
age for a non-sustainable 22 hr per day, and 
it was even more insufficient in 2014 when 
35 hr would have been required. Only the 
relatively higher prey intake by Little Egrets 
could have allowed individuals to meet the 
daily requirements of a breeder by foraging 
for 16 hr per day in 1987 and for 14 hr per 
day in 2014.

disCussion

The prey intake of Grey Herons and 
Black-crowned Night-Herons foraging in 
the rice paddies declined sharply from the 
1987 study period to the 2014 study period. 
With such low levels of prey intake, success-
ful breeding by Grey Herons foraging in 
paddies only was not possible in 2014. For 
Black-crowned Night-Herons, the foraging 
conditions had already been deteriorating 
since 1980, when they could meet their dai-
ly requirements for breeding by foraging 
in the paddies of the same study area for 
8 hr/day due to a higher prey intake (22 
g dry mass/day during daytime) (Fasola 
1984). Breeding Black-crowned Night-Her-
ons could not have met their requirements 
by feeding in paddies only, neither in 1987 
nor in 2014, even taking into account that 
the species can forage both during day and 
night on the same prey types (Fasola 1984). 
Only the Little Egrets had a prey intake 
that might have allowed successful breed-
ing, both in 1987 and in 2014, although the 
required effort (foraging for 16 hr and 14 
hr per day, respectively) could hardly have 
been sustainable for this species that forag-
es only during daytime, which in our study 
area lasts from 14 to 15 hr in May and June 
during the peak nestling period. A similar 
result was found by Sizemore and Main 
(2012) in the Everglades, Florida, USA, 
where Little Blue Herons (E. caerulea) for-
aging in rice paddies could meet their ener-

Figure 2. Capture rate (mean number of captured 
items/min ± 95% CI) in the two study periods (white 
bars for 1987, gray bars for 2014) for the prey types 
whose capture rate differed at P < 0.1.
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gy requirements while Great Egrets (Ardea 
alba) could not.

Despite declined prey intake, the repro-
ductive output of our study species in 1987 
and in 2014 remained the same (Fasola 1998; 
E. Cardarelli, unpubl. data). We believe this 
is related to a higher food intake from habi-
tats other than the paddies, such as rivers, 
small natural wetlands and the extended 
network of irrigation canals that carry the 
water from the rivers to each paddy. We ob-
served large numbers of herons and egrets 
feeding in these habitats, but it was not pos-
sible to record their prey intake. The impor-
tance of foraging habitats other than the 
paddies is supported by a comparison of the 
prey captured in the paddies with the nest-
ling diet recorded in a parallel study (Fasola 
and Cardarelli 2015) on the same species, 
in the same study area, and during a similar 
period (2013). Some staple prey were much 
more frequent in the nestling diet (Fasola 
and Cardarelli 2015) than in the intake from 
the paddies. Such differences were particu-
larly large for the Louisiana crayfish (Black-
crowned Night-Heron: 12.7% in chick diets 
vs. 0.03% from foraging in the paddies only; 
Little Egret: 18.7% in chick diets vs. 0.1% 
from foraging in the paddies only), the 
oriental weatherfish (Black-crowned Night-
Heron: 14.8% in chick diets vs. 2.6% from 
foraging in paddies only; Little Egret: 10.0% 
in chick diets vs. 2.4% from foraging in pad-
dies only), the mole criket (Black-crowned 
Night-Heron: 14.3% in chick diets vs. 3.2% 
from foraging in paddies only; Little Egret: 
7.3% in chick diets vs. 0.03% from foraging 
in paddies only), and fish other than the 
weatherfish (Black-crowned Night-Heron: 
5.8% in chick diets vs. 0.3% from forag-
ing in paddies only; Little Egret: 5.2% in 
chick diets vs. 0.3% from foraging in pad-
dies only). Moreover, Fasola and Cardarelli 

(2015) found that the availability of meta-
morphosed amphibians and tadpoles in 
the paddies was lower in 2013 than in the 
preceding three decades. These differences 
imply that in 2014 Louisiana crayfish, orien-
tal weatherfish, mole cricket, and some fish 
were obtained from habitats other than the 
rice paddies. A higher prey intake in these 
other habitats might have allowed the suc-
cessful breeding that was recorded in our 
two study periods.

The suitability of rice paddies in north-
western Italy as foraging habitat for breed-
ing herons and egrets has sharply decreased 
during the past four decades due to changes 
in cultivation practices and concomitant 
changes in prey types. However, the repro-
ductive output of the three study species re-
mained similar, probably because the breed-
ers are able to compensate the lower prey 
intake from paddies by foraging in other 
habitats (irrigation canals that are part of 
the agro-ecosystem, the few seminatural 
wetlands, and the rivers). The paddies con-
tinue to be used by many foraging herons 
and egrets despite the diminishing prey in-
take especially for Grey Herons and Black-
crowned Night-Herons.

The number of colonies and the total 
number of nests of herons and egrets in 
northwestern Italy had markedly increased 
during the period from 1975-1995 thanks 
to climatic factors and a diminished human-
induced mortality (Fasola et al. 2010). After 
2000, the trend was reversed, with a decrease 
in the number of nests of all the species ex-
cept for the Cattle Egret (Bubulcus ibis), a 
partially terrestrial feeder (Fasola 2017). 
This decreasing trend might have been af-
fected by the changes in prey type (Fasola 
and Cardarelli 2015) and by the diminished 
prey intake that was documented by the pres-
ent study for the paddies that are now cul-

Table 5. Mean biomass intake (in g dry mass/min ± SE) from rice paddies for the three studied species during 1987 
and 2014, and significance of the differences (df always equal to 1).

1987 2014 F P

Grey Heron 0.28 (0.14) 0.07 (0.01) 13.8 0.014
Black-crowned Night-Heron 0.08 (0.01) 0.05 (0.01) 1.88 0.229
Little Egret 0.12 (0.01) 0.13 (0.01) 0.19 0.683
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tivated throughout northwestern Italy with 
shortened submersion and shallow water. 
Another change in the cultivation practices 
that is decreasing the suitability of the pad-
dies for waterbirds comes from the recent 
spread of turned irrigation without submer-
sion throughout the cultivation cycle from 
April to September. Ranghetti et al. (2016) 
estimated that the paddies in northwestern 
Italy remained completely dry during May 
and June in increasing proportions, from 
very small surfaces in 2000 up to 33% of the 
total surface area of paddies in 2014.
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