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Long term trends and breeding parameters of Gull-billed Tern
Gelochelidon nilotica in three Italian coastal sites

Marcello Grussu!®, Francesco Scarton?, Emiliano Verza®, Roberto G. Valle*

Abstract - Between 2001 and 2018 colonies of Gull-billed Tern
were monitored in large wetland complexes of Veneto (lagoon of
Venice and the Northern Po Delta) and Sardinia (western and southern)
regions. Most of the colonies settled in man-made structures such as
islets, levees, dams, located inside fish farms, fish ponds and salt pans.
Laying took place around half May until early June (Veneto), with eggs
occurring in the nests until half July (Sardinia). Colonies had 3-230
pairs, with several instances of isolated pairs; colonies were mono- or
plurispecific, with other Charadriiformes. The number of eggs per clutch
was 2.6+0.6 (N=111, 1 SD) in the Venice lagoon, 2.6+0.6 (N=182) in
the Po delta, 2.3+0.70 (N=1007) in Sardinia; hatched eggs were 2.2+0.6
(N=111), 2.0+£0.7 (N=182) and 1.7+0.67 (N=40) per nest, respectively.
The most important cause of breeding failure was due to flooding of
nesting sites, due to the rapid increase of water levels inside fish farms
and salt pans. During the 2001-2018 years, the Gull-billed Tern nested
regularly in Sardinia, whereas in the Po Delta the first nesting occurred
in 2001 and in the lagoon of Venice in 2008. The whole population
ranged between 34 and 417 pairs until 2017 (223.6+113.4, N=17), with
a sudden increase up to almost 1,000 pairs in 2018; the overall trend is
of strong increase (p<0.01), with an annual rate of 10.5%.

Key words: breeding, long-term survey, fish farms, salt pans,
Lagoon of Venice, Po Delta, Sardinia.

Riassunto - Tendenze a lungo termine e parametri di riproduzione
della Sterna zampenere Gelochelidon nilotica in tre siti costieri ita-
liani.

Tra il 2001 ed il 2018 sono state monitorate le colonie di Sterna
zampenere presenti nelle zone umide sarde e venete. Le colonie erano
in gran parte insediate su strutture artificiali quali isolotti e argini,
all’interno di valli da pesca, saline o stagni, con copertura vegetale da
rada a molto elevata. La deposizione si ¢ verificata principalmente nella
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prima meta di maggio, fino all’inizio di giugno (Veneto) e con uova pre-
senti fino a meta luglio (Sardegna). Le dimensioni delle colonie erano
comprese tra 3 e 230 coppie, con diversi casi di coppie singole. Le
colonie erano sia monospecifiche che associate ad altri laro-limicoli. Le
covate erano costituite da 2.6+0.6 uova (N=111) in laguna di Venezia,
2.6+0.6 uova (N=182) nel delta del Po veneto, 2.3+0.70 uova (N=1007)
in Sardegna. Il numero di pulcini sgusciati per nido ¢ risultato pari a
2.2+0.6 (N=111: laguna di Venezia), di 2.0+£0.7 (N=182, delta del Po) e
di 1.7+0.67 (N=40, Sardegna). La principale causa di insuccesso ripro-
duttivo ¢ da attribuirsi alla sommersione dei siti, a causa di repentini
aumenti dei livelli idrici entro valli da pesca o saline. La popolazione
nelle tre aree di studio ¢ rimasta complessivamente compresa tra 34 ¢
417 coppie nel 2001-2017 (223.6+113.4) con un drastico incremento
fino a quasi 1000 coppie nel 2018. Nel complesso il trend della popola-
zione ¢ di forte incremento (p<0.01), con un tasso annuo del 10.5%.

Parole chiave: Sterna zampenere, Delta del Po, Laguna di Venezia,
nidificazione, valli da pesca.

INTRODUCTION

The Gull-billed Tern Gelochelidon nilotica (Gmelin,
1789), hereafter GBT, has a cosmopolite distribution,
with five subspecies recognized in the most recent re-
view (Gochfeld et al., 2017). The European population,
belonging to the nominal subspecies, has been recently
estimated at 8,000-9,200 pairs in the 27 countries of the
European Community (European Topic Centre on Biolo-
gical Diversity, 2019) and at 16,600-21,200 pairs when
considering the whole European area delimited to the east
by the Urals (BirdLife International, 2019). According to
recent estimates (Birdlife International, 2015) the species
is considered as “increasing” over the last decade, thus
being regarded as a “Lower Risk” in the European Red
List of breeding birds.

In Italy, mostly due to the small extension of its ne-
sting area, the GBT is considered as “Near Threatened”
in the recent Red List (Peronace ef al., 2012). The first
confirmed nesting event dates back to the 1950’s, with
a few pairs found in the Valli di Comacchio wetlands
(N Italy: Brandolini, 1950). In the following years the
national population steadily increased up to 550 pairs
in 2002, scattered among the coastal wetland complex
of the western Emilia-Romagna, in Apulia and Sardinia
as well, with a very few pairs nesting inland, far from
the coast (Nardelli et al., 2015; Brichetti & Fracasso,
2018). In the last decade the GBT continued to increase
its nesting area, colonizing at first the northern sector
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of the Po Delta (meaning the one included in the ad-
ministrative borders of the Veneto region: Verza, 2015)
and after then settling in the Lagoon of Venice, which is
nowadays the most northerly Italian nesting site (Valle
etal.,2017).

The breeding biology of GBT has been studied in de-
tail at several sites: North (Sears, 1978; Molina & Erwin,
2006; Windhofter et al., 2017) and central America (Pa-
lacios & Mellink, 2007); Middle (Barati et al., 2012) and
Far East (Wang et al., 2010); North Africa (Radi et al.,
2011); Russia (Barbazyuk, 2005); Scandinavia, Black Sea
and Mediterranean (Sénchez et al., 2004a). Quite diffe-
rently, in Italy its breeding biology is still poorly known:
if the trophic ecology (Fasola ef al., 1989a and 1989b;
Bogliani et al., 1990) and habitat selection (Fasola & Ca-
nova, 1991 and 1992) were studied in detail, other aspects
remain almost unknown.

The aim of this paper is thus that of increasing the
knowledge of particular aspect of its breeding biology, as
well as of long-term trends (2001-2018) of three popula-
tions nesting in the NE and SW Italy. Moreover, several
considerations relevant to their conservation status and
resulting from two decades of field observations have be-
en expressed in the following pages.

STUDY AREA AND METHODS
The study area is made of three well-defined sites (Fig.
1):

1) the lagoon of Venice: a 55,000 ha lagoon, the lar-
gest around the Mediterranean, with 4,000 ha of saltmar-
shes islets, around 35,000 of shallow bottoms and about
twenty fish farms, covering an additional 9,000 ha (Day
etal., 2019);
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2) the northern Po Delta, i.e. the surface of the delta
extending from the Adige river mouth in the north to the
Po di Goro river mouth in the south: it encompasses shal-
low lagoons, fish farms, river courses and large reclaimed
areas used for agriculture (Scarton et al., 2018);

3) the western and southern Sardinian wetlands, na-
mely: a) the Oristano Gulf/Sinis peninsula (from Porto
Mandriola/Capo Mannu in the N (40°02°N, 8°23’E) to
Stagno di San Giovanni in the S (39°41°N, 8°32°E), b) the
Sulcis wetlands along the SW Sardinia coast, from Porto-
scuso in the N (39°11°N, 8°23’E) to the Porto Pino coa-
stal pond in the S (38°57°N, 8°37’E); ¢) the Golfo di Ca-
gliari wetlands, from La Maddalena/ Capoterra in the W
(39°09°N, 9°01’E) to the Quartu pond in the E (39°13°N,
9°13’E). Overall, this site includes several shallow water
coastal ponds and lagoons, along with some saltpans still
in use.

In all these three sites regular surveys of nesting wa-
ders and seabirds have been made by the Authors of this
work across the last three decades (see Scarton & Valle,
2015; Scarton et al., 2018; Grussul995; Grussu & Grup-
po Ornitologico Sardo, 2017). For the Lagoon of Venice
and the northern Po Delta data collection for GBT began
in 2001, year of its first nesting event; in Sardinia, it dates
back to the ’80s. In 2017-2018, the Authors co-ordinate-
ly made specific field activities in GBT colonies for this
work.

Surveys were made by the Authors visiting each colo-
ny at least twice during the breeding season (May-July),
counting all the nests containing eggs and/or chicks (appa-
rently occupied nests: see Steinkamp et al., 2003). Num-
ber of pairs has been considered equal to that of counted
nests; we recognize this statement may not be always cor-
rect (Frederick et al., 2006). In 2017-2018, in the Lagoon
of Venice an unmanned aerial vehicle (drone) was used
to reduce disturbance to the colonies during the surveys
(Valle & Scarton, 2018).

Visits to the colonies were limited to the minimum ti-
me needed to collect data, and always in absence of heavy
rains or high tides. Data were collected by RV and FS in
the Venice lagoon; EV in the Po Delta; MG in Sardinia.
For each study site, we recorded the number of breeding
pairs and colonies, other nesting species and the habitat
type used; data on the breeding phenology, nesting site
selection, nesting success (number of hatched and fledged
young per nest) and possible threats observed in the field.
Area and percentage of vegetation coverage of colonies
sites, consisting mostly in islets, mounds and levees, were
also measured; the elevation of the colony site above the
water level was also visually estimated during field vi-
sits. Morphological characteristics of colonies sites were
compared with those of other, non-used sites occurring in
aradius of 500 m. For randomly selected nests, habitat se-
lection was studied recording substrate type (sand, mud,
vegetation debris, etc.); vegetation coverage was visually
estimated; distance from the edge of the colony site, from
the nearest nest, from conspecific and other species nests
was also measured (Valle & Scarton, 1999). For each
GBT selected nest, the same parameters were measured in
another, randomly selected point in a radius of 5 m (Valle
& Scarton, 1999).

To calculate trends across the 2001-2018 years, we
used TRIM (TRends and Indices for Monitoring data),
which is a program used to determine species’ population
trends; it allows for missing counts using estimation, and
yields yearly indices and standard errors using Poisson
regression (version 3.53: Pannekoek & van Strien, 2005).
Trends were not calculated for the Venice Lagoon, given
the very few years with breeding records. The multiplica-
tive trend estimate (trend value) in TRIM is converted in-
to one of the following categories to facilitate its interpre-
tation further: strong increase - moderate increase - stable
- uncertain - moderate decline -steep decline. According
to Voriisek et al. (2008), since complete counts were avai-
lable it has been selected the Time Effects Model options,
with “over dispersion” set to “off” mode and “serial cor-
relation” set to “on” mode.

Data are expressed as mean = SD; significance of com-
parisons were checked using the Mann-Whitney U-test,
using the SPSS software. A probability level <0.05 has
been considered significant.

RESULTS
Lagoon of Venice

In this site the GBT probably nested for the first time
in 20006, in a fish farm (Panzarin, pers. comm.); the first
confirmed event dates to 2008, with other nesting records
in 2009, 2011 and 2013-2015, always inside fish farms.
Outside fish farms, the GBT nested only once, with a sin-
gle pair found in a mixed colony with Common Tern Ster-
na hirundo and Little Tern Sternula albifrons, located in a
dredge island, i.e. an artificial, intertidal island made with
the use of sediments dredged from lagoon channel (Scar-
ton et al., 2013). In 2018 two colonies, one with 228 and
the other with 58 pairs, were located inside two fish farms
at 8 km one from the other (Figs. 2 and 3).

The largest colony hosted also a few pairs of Com-
mon Redshank Tringa totanus, while the smallest was in-
side a mixed colony, with Common Tern (172 pairs) and
Common Redshank (18 pairs). The largest GBT colony
occupied 15 mud mounds, each one hosting 15+23 nests
(median=10, range=1-93) and located inside a large, shal-
low brackish basin used for non-intensive fish rearing;
the overall mound surface was 464 m? (mean=31+21;
median=24; range=7-87).

The distance of the mounds from the mainland was
0.8 km at a minimum. Nest density was 0.4+0.3 nests/m?
(median=0.3; range 0.1-1.1).

The 15 mounds used by GBT were significantly (Fig.
4) smaller and higher above the water level than non-
occupied mounds occurring in the 500 m radius (N=47:
Fig. 4). On the contrary, bare ground % or vegetation
coverage % did not differ (Fig. 4). At mounds used by
birds, the vegetation coverage was due to alophylous and
nitrophylous species (Sarcocornia fruticosa, Suaeda ma-
ritima, Salicornia veneta): around a sample of 111 nests,
vegetation coverage in a square meter surrounding each
nest was 94+13% (min-max: 13-100%). As a consequen-
ce, nesting pairs made a cup using small vegetation stems;
only in the few bare areas GBT made a small depression,
without any lining material.
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Fig 2 - Number of Gull-billed Tern pairs nesting in the three study sites.
Some data for the Lagoon of Venice are not visible for scale reasons
(see text). / Numero di coppie di Sterna zampenere nidificanti nei tre
siti di studio. Alcuni dati per la Laguna di Venezia non sono visibili per

motivi di scala (vedi testo).
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Fig. 4 - Colony site selection of Gull-billed Terns in the Lagoon of
Venice in 2018. MeantSD; Mann-Whitney U-test. *) p<0.05; ***)
p<0.001. / Selezione del sito della colonia di Sterne zampenere nella
Laguna di Venezia nel 2018. Media £+ SD; U-test di Mann-Whitney. *)
p <0,05; ***) p <0.001.

Nesting distance from the surrounding water was
0.2440.17 m (min-max: 0-0.7 m, N= 111); the intraspeci-
fic distance was 0.8=1.4 m (0.2-15.0, N=111). In 2018 the
mean number of eggs per nest was 2.6+0.6 (median=3;
min-max=1-4; N=111); laying began in the second deca-
de of May and hatching during the first half of June. In
a sample of 111 nests, hatched chicks were on average
2.2+0.6 (range: 0-4), while the fledged young were on
average 1.4.

Non-systematic observations suggest that the most im-
portant feeding areas for adults were fish farm ditches,
with brackish or fresh water, and large fields used for agri-
cultural use close to the colonies, but sometimes up to 8
km faraway. We never observed GBT feeding in the large,
lagoon basins, despite these were at close distance from
the colonies.

Northern Po Delta

Here GBT began to nest for the first in 2001, inside
a fish farm (Fracasso et al., 2003). Since that year, the
nesting population grew up, using each year several fish
farms. Between 2001 and 2017 the mean number of nest-
ing pairs was 212+138 (range: 40-380; median: 208; data
for 2004, 2005 and 2006 years not included, since only
estimates for each colony are available).

Each year the number of colonies was 2.3%1.5 (range:
1-5; median: 2, N=41). In 2018 a dramatic increase was
observed in the number of breeding pairs, but not in that
of colonies: 653 pairs were in three colonies (Figs. 2 and
3). The mean dimension of the colonies was 86483 pairs
(median: 67; range: 1-380; N=35, years 2004-2006 not
included). The GBT nested always inside fish farms, us-
ing mounds or small levees, only occasionally saltmarsh
islets. Vegetation coverage in the first two types of nesting
sites was very low, mostly due to Salsola soda and to a
few Phragmites australis stems. Colony sites were in the
centre of large, brackish basins, thus being quite far from
the surrounding inlands where several potential predators,
such as Red Fox Vulpes vulpes, Weasel Mustela nivalis,
Cat Felis catus, Norway Rat Rattus norvegicus lived.

Nesting occurred most of the time in mixed colonies,
with Mediterranean Gull Larus melanocephalus (mini-
mum interspecific nest distance: 2 m), Common Tern (2.4
m), Little Tern (4.6 m), Kentish Plover Charadrius alex-
andrinus (8.2 m), Pied Avocet Recurvirostra avosetta (1.2
m), Black-winged Stilt Himantopus himantopus (1.8 m),
Common Redshank (0.7 m), Collared Pratincole Glareola
pratincola (9 m). Laying occurred mostly in the first half
of May, but in some years it could extend until the begin-
ning of June; this was the case when replacement clutches
were made, after the loss of nests due to strong meteoro-
logical events. Sites used by the GBT to nest had a vegeta-
tion coverage ranging from 0% until almost 100%.

Nests appeared to be built in different ways, according
to the elevation above water level of the sites: when built
on bare-ground elevated sites, nests were often without
any lining material. At lower-elevation sites, nests con-
sisted of a cup lined with vegetation stems, and were built
both on the bare ground and on the top of alophylous veg-
etation.
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Density of nests at 16 sites ranged between 0.01 and
0.85 nests/m?, with a mean of 0.31 (x0.27, N=16).Sites
used by the GBT to nest (N=16) were not significantly dif-
ferent from non-used sites (N=46) if area, % of vegetation
coverage or bare ground are considered (Mann-Whitney
U-test: Fig 5). Differences in the height above the water
level was at the threshold of significance, with occupied
sites lower than non-occupied sites (Fig. 5). Examples of
the different colony sites used by GBT are shown in Figs.
6and 7.

Number of eggs/nest was on average 2.6+0.6 (medi-
an: 3; min-max: 1-4; N=182), while the dimensions were
48.2+1.6 x 34.6+0.8 mm (min-max: 45.2-52.6 and 33.2-
36.7 mm, respectively; N=23). In 2018, number of hatched
eggs per nest was 2.0+£0.7 (range: 0-4, median: 2).

The feeding area includes mostly brackish or fresh-
water ditches and small channels, along with agricultural
fields, close to the colonies; nevertheless, an observation
of eight adults foraging at 27 km from the nearest colony
suggests the feeding range could be longer.

The trend observed for the GBT breeding population
in the Northern Po Delta is shown in Fig. 2; with TRIM, it
is classified as “strong increase”, p<0.01, with an annual
rate of +14.3%.

Sardinian wetlands

Until the beginning of the XX century, the GBT was
considered as rare in Sardinia (Lepori, 1882; Arrigoni de-
gli Oddi, 1929). The first individuals, probably summe-
ring, were noticed in the *60s in the Stagno di Molentar-
gius/Cagliari and in the Gulf of Oristano (Walter, 1964;
Mocci Demartis, 1973). The first confirmed nesting was
observed in 1971, with two pairs breeding in the saltpans
of Cagliari (Schenk, 1976). Nesting continued in the same
sites in the following years, with 13 pairs in 1975, 25 in
1976 (Schenk, 1976), 90 in 1980 (Massa & Schenk, 1983)
and 111 in 1984 (Fasola, 1986). After that, nesting took
place at 1-2 sites in wetlands around Cagliari (saltpans of
Cagliari and Quartu; coastal pond of Molentargius), with
a total population ranging from a few tens of pairs to 127
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pairs. Other important, single nesting sites were found in
1995 (115-130 pairs), in 1990 (118-123 pairs) and 2000
(102-120 pairs).

A second complex of nesting sites lays in the Gulf of
Oristano (western Sardinia). Here the first nesting event
dates back to 1986, when a colony with 25 pairs settled in
the Sale Porcus costal pond (Gustin, 1988; Grussu, unpu-
blished). In the following years, nesting occurred regularly
until the end of the XX century, but only occasionally sin-
ce then. Here, colonies frequently moved among the sites,
such as coastal ponds of Sale Porcus, s’Ena Arrubia, Santa
Giusta, and those surrounding the Laguna di Cabras, most
likely due to frequent changes in the water levels in the
basins, where colony sites were used the previous years.

Overall, in the Gulf of Oristano nesting during the
1986-2018 period took place in 25 years (75.8% of the ye-
ars); the population ranged between 3 and 135 pairs, with
a maximum observed in 1991 in the coastal pond of Sa-
le Porcus. The other years with high number of breeding
pairs were 1990 (90-100 pairs in the s’Ena Arrubia coastal
pond), in 1988 (90-92 at two sites), in 1996 (70-90 at one
site), in 2015 (62-85 at two sites), in 1993 (70-80 at three
sites), in 2003 (75 at one site) and in 2016 (80 at one site).

The last complex of nesting sites is in the Gulf of Pal-
mas (southwestern Sardinia), where after the observations
of summering birds, in 1991 from 2 to 3 pairs began to
nest in Mullargia coastal pond. Until 1999 nesting took
place regularly at three different sites (coastal ponds of
Mullargia; saltpan and lagoon of Sant’Antioco) with a
maximum of 31 pairs in 1994. After that year, only a few
summering birds were observed, without any proof of
confirmed nesting. The results for the Sardinian GBT ye-
arly counts are shown in Fig. 2; the trend estimated with
TRIM for the 2001-2018 years is of “moderate increase”,
with an annual rate of +3.6%.

Colonies were located either on islets covered with
saltmarsh vegetation or in bare muddy/sandy islets, oc-
curring inside coastal ponds, lagoons and saltpans; nests
were made from just a few cm from the water level up to
almost 1.70 m. In 1989, a colony with 38 pairs used small
islets covered with Ficopomatus enigmaticus. Colony di-
mensions ranged between 3 and 135 pairs, with several
cases of isolated pairs: the mean was 11430 pairs in the
Gulf of Palmas (range=1-30; N=15), 28420 in the Gulf
of Cagliari (range=1-89; N=63); 42+26 (range=3-135;
N=22) in the Gulf of Oristano.

Colonies were usually multispecific, with other ne-
sting waders and seabirds such as Slender-billed Gull,
Common Tern, Little Tern, Pied Avocet, Black-winged
Stilt, Kentish Plover; less frequently, given their small
Sardinian populations, with Common Redshank, Black-
headed Gull Chroicocephalus ridibundus, Mediterranean
Gull and Collared Pratincole. It may also nest in the same
islets used for nesting by Yellow-legged Gull Larus mi-
chahellis and Flamingo Phoenicopterus roseus.

Nests were often built on the bare ground or on low
vegetation (Halimione sp., Salicornia sp., Limonium sp.),
without lining material or sometimes with material found
close by: shells, pebbles, pieces of dry mud, twigs, leaves
of Posidonia oceanic and Typha sp.; wooden chips; small
bones of gulls (probably Slender-billed Gull), feathers
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(Larus sp., Flamingo, Cormorant Phalacrocorax carbo),
mummified chicks of Slender-billed Gull; small salt ag-
glomerates.

Nests of GBT were located 2-7 m apart one from the
other, only occasionally at shorter distance (5 nests in 3
m?). In mixed colonies, some nests of GBT were made
close to those of other species, to a minimum of 5 cm
from a Slender-billed Gull nest; generally, distances were
nevertheless higher, up to 8 m.

Colony sites were used from the beginning of May; the
earliest laying took place in the first decade of this month
(earliest date of nests with eggs: 11 May), until the half
of July. After that, replacement clutches may be laid until
the half of July. Number of eggs per nest was 2.3+0.70
(N=1007: Tab. 1). The first chicks were observed at the
beginning of June (earliest date: 4 June).

Only few data are available on reproductive success:
2.11+0.6 chicks/nest were observed in a sample of nine
nests, and 1.61+0.6 chicks/nest in a sample of 31 nests.
Predations of GBT chicks/eggs were observed, caused by
Yellow-legged Gull and Hooded Crow Corvus cornix; a
colony of 40 pairs was displaced by a growing colony of
Flamingo, nesting in the same islet.

Regarding the feeding habitats, adults were observed
hunting in areas close to the colonies, such as small wetlan-
ds, cultivated fields and rice fields up to 4-5 km far away.

DISCUSSION AND CONCLUSIONS

Several aspects of the breeding biology of GBT were
similar among the three study sites. In particular, colony
sites were almost always represented by islets, mounds
and levees, made with sediments coming from dredging

activities performed in the close surroundings; this type of
sites was already recorded in other studies, both in Italy
(Fasola & Canova, 1991) and abroad (Eyler et al., 1999;
Sanchez et al., 2004b). Only occasionally, the species
used saltmarsh islets, covered with thick vegetation, or
other highly vegetated sites. Nevertheless, at the artificial
sites which were commonly used, the vegetation coverage
was extremely variable, ranging from almost 0 on small
or very small sites (i.e. <50 m?), up to about 60% in the
larger sites.

Both at Venice lagoon and northern Po Delta sites,
patches of vegetation surrounding the nests were used by
chicks to find shelter from sun light and to hide from a
possible aerial predator, as observed when a drone was
used in the surveys (Valle & Scarton, 2018). This con-
firms previous findings of some other studies, which ob-
served a positive association between vegetation coverage
and reproductive success (Barati et al., 2012); neverthe-
less, Windhoffer et al. (2017) found opposite results at
North Carolina colonies. A trade-off between possibility
of chick concealment but also of terrestrial predator oc-
currence must be hypothesized regarding the role of veg-
etation around the nests.

Despite we recognize our number of samples was
low, the estimated reproductive success at our study sites
seems adequate to maintain a self-sustaining population;
Eyler et al. (1999) considered that for this purpose 1-1.2
young were needed, since these values were found in the
closely related species Roseate Tern Sterna dougallii. In
the scientific literature, values of 1.35 fledged young/
pair (Brichetti & Fracasso, 2006) were reported for Ital-
ian sites, while Moller (1975, in Cramp, 1985) found 1.48
young in a Danish site. At the opposite, Eyler et al. (1999)

Tab. 1 — Clutch and brood size of Gull-billed Terns in Sardinian wetlands. / Dimensione delle covate di Sterna

zampenere nelle zone umide sarde.

Gulf of Cagliari Gulf of Oristano Gulf of Palmas Total
No. of nests

No. of eggs
1 112 57 5 174
2 203 138 24 365
3 218 207 32 457
4 5 3 2 10
5 - - 1 1
Nests checked 538 405 65 1007
Mean eggs/nest 2.21 2.39 2.49 2.36
No. of chicks
1 15 1 16
2 13 6 19
3 3 2 5
Nests checked 31 9 40
Mean chicks/nest 1.61 2.11 1.7
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observed that a success of 0.5-0.7 fledged young/pair was
not enough to maintain a GBT population in coastal Vir-
ginia (USA).

In both the northern Adriatic sites the good reproduc-
tive success observed in 2017-2018 was probably due to:
low nest predation caused by mammals or birds; favour-
able meteorological conditions during the nesting season,
without heavy rains or storms; negligible occurrence of
fish farm management works, such as rise of water lev-
els inside the basins or islets reshaping, in the May-June
months. This was due in part to the active cooperation of
fish farm managers, who were instructed about the impor-
tance of preserving the colony sites in those months. It is
thus crucial, for a species that commonly uses man-made
structures to nest (see Molina & Erwin, 2006 in the USA;
Radi et al., 2011 in Morocco; Sadoul, 2016 in France) a
strong cooperation among conservation bodies and pri-
vate owners.

About predation, only in the Sardinian sites gulls and
crows were observed several times eating eggs or chicks,
but it is not possible to assess the real impact of these
events on the reproductive success of GBT.

The population nesting at our three study sites showed
overall an increase of 10.1 % (p<0.01: strong increase)
between 2001 and 2018, but with different dynamics. In
the two northern Adriatic sites, where the species began to
nest in 2001, the GBT showed a marked increase between
2015-2018, rising from 250 pairs to more than 900, most-
ly due to the arrival in 2018 of a large number of adults.
Generally, GBT has been regarded as a low-fidelity breed-
er, due to the often ephemeral and unpredictable nature of
its preferred colony sites (Cramp, 1985; Molina & Erwin,
2006; Windhoffer et al., 2017), despite sometimes the

species shown at the opposite a remarkable breeding site
fidelity (Sanchez ef al., 2004b). In any case, the lack of
observations of ringed or otherwise marked birds do not
allow us to know where the adults arrived in 2018 came
from; we can only remark that in the same year the French
Mediterranean breeding sites showed a peak of occur-
rence of GBT (Pin, 2018), whereas in the very last years
the species disappeared from a formerly important breed-
ing sites such as the Danube Delta (Marinov et al., 2019).
This suggests that important displacements of breeding
adults is taking place in the whole Mediterranean, but si-
multaneous and coordinated supra-national surveys are
needed to confirm this hypothesis.

The Sardinian population did not follow the same trend
of the northern Adriatic sites; while being in moderate in-
crease over the long-term period (2001-2018), it shows
a decrease between 2015 and 2018. The environmental
conditions of the wetland sites used by GBT apparently
did not seem to deteriorate, thus the decrease of the spe-
cies must be due to other driving factors.

Overall, in 2018 the three study sites hosted about
1,000 pairs, a value much higher than the 543-551 pairs
breeding in 2002, the last year for which an Italian es-
timate is available (Nardelli et al., 2015). Recently the
GBT nested in the southern Po Delta (Emilia-Romagna
region) and occasionally in Sicily and Apulia (Brichetti &
Fracasso, 2018). Given the chronic absence of a nation-
wide monitoring program, despite the species is included
in the Annex I of the Birds Directive 147/09/EC, it is not
possible to make statements about the size and trend of
the whole Italian population, with obvious negative ef-
fects on the forthcoming Italian Report on the Birds Di-
rective implementation.

Fig. 6 - Differences in colony site morphology and colony structure:loose colony on bare-ground site (a, with an Avocet in the fore
ground), and dense colony on highly vegetated sites (b, c). All the pictures were taken by drone. / Differenze nella morfologia del
sito della colonia e nella struttura della colonia: colonia lassa su suolo nudo (a, con un avocetta in primo piano) e colonia densa su siti
altamente vegetati (b, c). Tutte le foto sono state scattate da drone.
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Fig. 7 - Dense colony on a bare-ground colony site (a). In b, a close-up of the same colony is shown, where nests with eggs were
counted with a drone. / Colonia densa su un sito con terreno nudo (a). In b, viene mostrato un primo piano della stessa colonia, dove i
nidi con le uova venivano contati con un drone.

Nevertheless, we can compare the data we collected
over almost twenty years with the findings of Gustin
et al. (2016), who analysed the conservation status
of the Italian birds and set a minimum viable popula-
tion (MVP) for GBT of 570 pairs, for the Italian con-
tinental population, and of 200 pairs for the Sardinian
one. These values were reached, and exceeded, only
in 2018 in the Italian peninsula, while they were never
reached in Sardinia over the 2001-2018 period, despite
both populations were showing a long-term increas-

ing trend. This could probably cast some doubts about
the applicability of the above reported MVP values for
guiding conservation actions for this species. Flather
et al. (2011) already warned against an acritical use
of MVP in conservation planning; despite a detailed
analysis of this topic is well beyond our expertise, we
want to underpin the crucial importance of collecting
field data with cooperative efforts and during long-term
monitoring, an issue particularly important for colonial
breeders such as the GBT.
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