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CORMORANTS PHALACROCORAX CARBO WINTERING
IN THE LAGOON OF VENICE, ITALY

ABSTRACT: Regular censuses have
been carried out in the Lagoon of Venice
to assess the size and trend of the local win-
tering population of the cormorant. Fortnight-
ly surveys were made at the beginning and
middle of each month, from October until
April. A clear bimodal pattern of presence for
the cormorants wintering in the Lagoon was
noticed: peak counts were always noted at the
beginning of December and in mid-March.
The drop in the number of birds recorded

mid-way through each study period is prob-
ably related to low temperatures. The cold
drives a lot of fish, preyed on by the cormor-
ants, into deeper waters of the Adriatic Sea.
Besides, every year the areas in which ex-
tensive fish-farming is practised were frozen,
preventing the cormorants from using them as
feeding grounds.
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1. INTRODUCTION

At 50 000 ha, the Lagoon of Venice
(45°11°-45°35° N, 12°07°-12°38’ E) is
one of the largest coastal wetlands of the
Mediterranean and the northernmost one
where large numbers of cormorants Pha-
lacrocorax carbo (nearly 2000 birds in
1993) settle in the winter. Both of these
reasons convinced us that it was an inter-
esting site to study wintering cormorants.
Morcover, a large part of the Lagoon
(8800 ha) was dammed and is currently
used for fish-farming (Fig. 1); in the tidal
part only traditional fishing is practised.
The Lagoon is divided, therefore, into
two different feeding habitats, where the

[31]

possible impact of cormorants on human
activities can substantially differ. The
arca has not yet been used by cormorants
for breeding.

The general pattern of the seasonal
occurrence of cormorants has recently
been described on the basis of regular
counts carried out between 198889 and
1991-92 (Cherubini et al. 1993).
Figures obtained during an additional sea-
son (1992/1993) are presented here, as
well as a more general description of the
feeding ecology and habits of cormorants
in the area.
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ADRIATICO

Fig. 1. The Lagoon of Venice. Dammed ponds where extensive fish—farming is practised (hatched
areas), salt-marshes and mudflats (dotted areas) and night roosts of cormorants (stars) are shown

2. METHODS

Detailed investigation of the scasonal
variations of the size of Venice cormorant
population were carried out during the
periods 1988/1989-1990/1991 by orga-
nizing fortnightly counts, at the beginning
and middle of each month (October—
April).

To investigate the effect of the tem-
perature on the size of the cormorant
population, we sclected the five central
counts of each scason (mid-December to

Fig. 2. Selected counts of cormorants carried out
in the Lagoon of Venice from 1988 to 1993

mid-Fcbruary), and plotted bird numbers
against mean air temperatures during 2
weeks before each value was recorded.
To avoid the effect of yecar-to-year vari-
ation in the population size, bird numbers
were expressed as a percentage of the
maximum of the five counts in each
winter.

The dict composition and its vari-
ation under different climatic conditions

Fig. 3. The relationship between cormorant
population size and avecrage air temperature.
Bird numbers are expressed as a percentage of
the maximum scasonal count. Numbers in the
cllipses are the means of the two count group
scparated by the temperature of +2.5 °C
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were studied by selecting a small roost
containing birds which feed in the open
lagoon only. Pellets were collected on
three dates in the winter of 1991-92, after

setting a net under an electricity pylon
where 50-80 birds used to spend the
night. Only otoliths were examined, from
a total of 93 pellets.

3. RESULTS

3.1. POPULATION SIZE

Fig. 2 shows the results of the regular
counts conducted over the 5 seasons from
1988/89 to 1992/93, with a count for
January 1988 also. It is clear that the
population has increased, as seen over
most of the European range (van Eer-
den and Zijlstra 1991). The maxi-
mum count so far (2500) was obtained
early in 1992-93. Even such high counts,
however, are not spectacular when the
size of the site is taken into account and
compared with the densities recorded at
smaller coastal wetlands in central or

southern Italy. Thus, in the Lagoon of
Venice, the maximum density of cormor-
ants was 0.05 ha™' in December 1992,
while in the main wetlands of Tuscany,
Latium and Sardinia densities between
0.4-1.2 indiv. x ha™! were recorded as
long ago as January 1987 (Baccetti
1988). Also, in considering only areas
where fish—farming is practised, a hypo-
thetical maximum of 0.28 indiv. x ha‘l,
which is still lower than the values re-
corded in central Italy.

3.2. CLIMATIC CONDITIONS

Every winter, we observed a bimodal
pattern of occurrence of wintering cor-
morants, without any significant dif-
ference among the winters (Kendall t-test,
p < 0.01). Strong peaks were always re-
corded in carly December and in mid-
March, while a sharp reduction in num-
bers was observed mid-way through each
winter (cf Cherubini etal. 1993). Ex-
cluding peak figures which are probably
determined by a dynamic presence of mi-
grants, we still observed much variation
between mid-December and  mid-Fe-
bruary. Minimum values were not re-
corded at the same time in all three win-
ters (mid-December and mid-January in
1988/89; mid-January in 1989/90; carly
February and mid-February in 1990/91),
suggesting a direct and short-term effect

of climatic conditions rather than any link
with more regular parameters.

A threshold situation seems to fall
between +2 and 43 °C, as below this in-

terval bird numbers suddenly drop by

Fig. 4. Diet composition of cormorant,

expressed as the number of individuals preyed

upon. Numbers express percentages for each

taxa. Dicentrarchus labrax (0.2%) and Sparus
auratus (0.1%) are not shown
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30%, while no important variations can
be observed at higher or lower tempera-
tures (Fig. 3). The two groups of counts
separated by the value of +2.5 °C are sig-
nificantly different (Mann-Whitney test,
p = 0.003), averaging respectively 65.9%
and 96.5% of the highest count in the
season.

Below a mean temperature of
+2.5 °C all the fish-farming areas freeze,
as the water salinity is lower than in the
open lagoon and tidal movements are
prevented by dams. The extent of farmed
area equates, approximately, to 16% of
the whole lagoon. Their importance for
cormorants, then, does not seem propor-
tional to the surface area, as they are
apparently able to affect drastically at

least 30% of the population. It has to
be considered, however, that severe
weather may also effect food availability
throughout the lagoon, driving fish into
deeper and warmer waters of the Adriatic
Sea.

So far, it has been impossible to esti-
mate the importance of the different parts
of the lagoon for feeding cormorants, for a
variety of reasons (e.g. access to the fish-
farming areas is difficult because they are
private and fenced). Recording flight di-
rections to and from night roosts did not
offer very clear results, as the position of
main roosts does not always allow ob-
servers to discriminate between open la-
goon and fish-farming areas (Fig. 1).

3.3. FEEDING ECOLOGY

The overall diet is portrayed in Fig.
4. Atherina boyeri and gobies Gobiidae
comprised 86.3% of the diet and a few
(6.4%) mullets Mugilidae from unman-
aged stocks seem the only prey with some
potential commercial value. Also, in the
Lagoon of Venice, as well as in many
other wintering sites, the bulk of the diet
is composed of only a few taxa (c.f. Bol-
dreghini et al. 1997, Eerden and
Munsterman 1986,Sara and Bac-
cetti 1993,Suter 1991).

During the winter, under improving
climatic conditions (Table 1), the com-
monest full-winter prey Atherina boyeri
seems to reduce in importance to the cor-
morants, in favour of larger-sized prey
species: this might determine the decrease
in number of preyed individuals per pel-
let, shown in Table 1. Mullets coming in
from the Adriatic, and gobies emerging

from winter burrows, apparently become
more available at this time. It has to be
added that four pellets, all from the
January sample, contained almost exclu-
sively shrimps Palaemon sp. The diet
composition (considering fish only) dif-
fered significantly among the three
months (cZ, p < 0.000001).

Unfortunately, we know relatively
little about cormorant diet from inside the
fish-farming areas, where more economi-
cally important fish species are reared.
From the analysis of very few pellets col-
lected in January 1990 (average tempera-
ture +2.7 °C) at a roost formed by birds
coming from such areas (Table 2), quite a
subtle difference seems to exist with the
diet of open-lagoon feeders. More bass
Dicentrarchus labrax and mullet are of

course taken but still Atherina and gobies
are the commonest prey.




Table 1. Monthly variation in the diet composition of cormorants feeding in open-lagoon situations in the Lagoon of Venice.
Average air temperatures were calculated for the two weeks before each sample was collected. Fr = recovery frequency;
i/p = individuals per pellet

Date 3 January 22 February 15 March Totals g
Temperature #2.7 °C +45 °C +73 °C g
Pellets 24 38 31 93 z-
Fish N %' Fr ifp | Na 5% & B Silpal FNa. & % F - ip | N % Fr ilp &
Atherina 681 673 087 284 | 257 362 055 68 | 29 60 052 09 | 967 438 062 103 o?
Gobiidae 232 229 071 97 | 340 479 076 90 [ 365 753 081 11.8| 937 425 076 101 E:jr
Mugilidae 2928 2037712 | 33 103 06T AN 4G R BB 13 | 142 64 053 is %
Platichthys 56+ 53 042 223 | 26 C37° 0 T @FAGIRE I8 032 0 18 L 120 54 05 13 s
Dicentrarchus 0 0.0 0.00 0.0 1= 01° 008 - GO A4S GES e 01| 3 02 00 " ;
Sparus G 00 -000 00 | 17 ‘01> 603> 602150 K 00F 000 bo'l 1 01 001 D E‘
Indet 192 34 021 05 | 12 “LY: Q16 039 S 180 noe D3 a5 16 D3 Dd

Totals 1012 100.0 422 | 710 100.0 18.7 | 485 100.0 15.6 | 2207 100.0 23.7

Se
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Table 2. Diet composition of cormorants feeding in fish-farming areas. Average temperature
of January 1990 is shown. Fr = recovery frequency; i/p = individuals per pellet

Date January 1990

Temperature FZHE

Pellets 14

Fish N %o Fr i/p
Atherina 106 65.0 0.43 7.6
Gobiidae 27 16.6 0.29 1.9
Mugilidae 14 8.6 0.64 1.0
Platichthys 0 0.0 0.00 0.0
Dicentrarchus 10 6.1 0.07 0.1
Sparus 1 0.6 0.07 0.1
Indet 5 31 0.07 0.4
Totals 163 100.0 11.6

4. SUMMARY

Regular censuses have been carried out in
the Lagoon of Venice to assess the size and trend
of the local wintering population of cormorant
during three winters: 1988/89-1990/91. Fort-
nightly surveys were made at the beginning and
middle of each month, from October until April.
It is described the distribution of cormorants in
the study area (Fig. 1). A clear bimodal pattern
of presence for the cormorants wintering in the
Lagoon was noticed: peak counts were always
noted at the beginning of December and in mid-
March, while in January and February the popu-
lation size fell to about 50% of the maximum

5. "POLISH

Regularne liczenia kormoranéw zimuja-
cych nad Zatoka Weneckg prowadzonc byly w
latach 1988/1989-1990/1991. Liczenia odbywa-
1y sig od paZdziernika do kwictnia na poczatku i
w polowie kazdego miesigca. Opisano rozmiesz-
czenie ptakéw na badanym obszarze w réznych
okresach zimy (rys. 1). Stwierdzono dwa szczy-
ty liczebnosci — na poczatku grudnia i w polowie
marca. W pozostatych okresach liczebno$¢ pta-
kéw spadata o okoto 50% w stosunku do liczeb-
nosci najwyzszych (rys. 2). Wahania liczebnosci
kormoranéw wydajg si¢ by¢ zwigzane ze zmia-
nami temperatury. Spadek liczebno$ci kormora-
néow obserwowany w Srodku kazdej zimy jest
prawdopodobnie zwigzany z nastgpujacym w

scasonal values (Fig. 2). The drop in the number
of birds recorded mid-way through each study
period is probably related to low temperatures
(Fig. 3). The cold drives a lot of fish, preyed on
by the cormorants, into deeper waters of the Ad-
riatic Sca. Besides, every year the areas in which
extensive fish-farming is practised were frozen,
preventing the cormorants from using them as
feeding grounds.

To study food contents 93 pellets collected
during winter 1991/1992 were analysed. The re-
sults of this analyzis are shown in Tables 1 and 2
and on the Fig. 4.

SUMMARY

tym okresie obnizeniem temperatury (rys. 3). Je-
go przypuszezalng przyczyng jest emigracja ryb
z wyzigbionych ptytkich wéd Zatoki do gleb-
szych i cieplejszych wod Adtriatyku. Dodatko-
wg przyczyng moze by¢ takZe zamarzanie wody
na terenie farm rybackich co uniemozliwia kor-
moranom Zerowanie.

W celu zbadania sktadu pokarmu zimuja-
cych ptakéw przeprowadzono analizg 93 wyplu-
wek, zebranych zimg 1991/1992 na noclegowi-
sku liczacym 50-80 ptakow. Sklad pokarmu
kormoranéw  zZerujgcych na wodach Zatoki
w réznych micsiagcach przedstawia tab. 1 i rys. 4.
Sklad pokarmu ptakéw Zerujacych na terenie
farm rybackich charakieryzuje tab. 2.
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