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Abstract We present the first-ever survival estimates of

the Whiskered Tern Chlidonias hybrida, based on the

analysis of capture–recapture data (403 adults and 1,484

chicks ringed) collected between 1993 and 2011 in an

increasing breeding population in southern Poland. Data

were modelled using multistate models with an unobserv-

able state, accounting for the period during which young

terns remain at their winter quarters. Model-averaged pre-

breeding and breeding survival were estimated to be 0.54

[standard error (SE) 0.28] and 0.80 (SE = 0.05), respec-

tively. All models were in agreement that the relative

proportion of breeders was nearly zero in the second cal-

endar year, increasing to reach values close to 0.8 in the

fifth calendar year, which confirms the observation of a

much delayed maturation of the Whiskered Tern. Our data

indicate that most Whiskered Tern start to breed about

1 year earlier than members of genera Sterna and Ony-

choprion. However, the precision of the estimates for the

parameter describing the transition probability from the

unobservable pre-breeding to the observable breeding state

was extremely poor; therefore, these estimates should be

treated as tentative until more data are collected. The three

best-supported models indicated significant annual varia-

tion in recapture probability. The results also suggested that

forced exchange of breeding colonies is frequent in the

study area; consequently, a large proportion of birds ringed

as chicks are breeding in colonies other than their respec-

tive natal colony. This exchange is best explained not by

the trapping and ringing activity but by human manage-

ment of the environment, such as water level changes in

dam reservoirs and carp Cyprinus carpio farming at fish

ponds, both of which result in breeding habitats becoming

unstable and periodically unavailable, possibly forcing

birds to change breeding sites.
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Zusammenfassung

Überlebensraten von Weißbartseeschwalben (Chlido-

nias hybrida) in Süd-Polen vor und nach der ersten Brut

Wir zeigen hier die ersten Überlebensschätzungen von

Weißbartseeschwalben (Chlidonias hybrida), basierend auf

Fang-Wiederfang Daten (403 adulte und 1484 Küken), die

zwischen 1993 und 2011 in einer wachsenden Brutpopu-

lation im südlichen Polen aufgenommen wurden. Wir

modellierten die Daten in einem Zustands-Modell (mul-

tistate model) mit einem unbeobachteten Zustand zur

Modellierung des Zeitraums, in dem die jungen Seesch-

walben in ihrem Winterquartier sind. Die über die Modelle

gemittelte Überlebensrate bis zur ersten Brut lag bei
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80-680 Gdańsk, Poland
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0,54 ± 0,28 (SE), während sie danach 0,80 ± 0.05 betrug.

Alle Modelle stimmten darin überein, dass der relative

Anteil von Brütern im zweiten Kalenderjahr nahezu Null

beträgt, danach bis zum 5. Kalenderjahr auf 0,8 ansteigt.

Dies bestätigt die sehr verzögerte Geschlechtsreife bei

Weißbartseeschwalben. Unsere Daten deuten weiter darauf

hin, dass die meisten Weißbartseeschwalben etwa ein Jahr

früher anfangen zu brüten, als Vögel der Gattrungen Sterna

und Onychoprion. Die Präzision der Parameter zur Be-

schreibung der Übergangswahrscheinlichkeit vom unbe-

obachteten vor-Brut zum beobachteten nach-Brut Zustand

war allerdings extrem schlecht, und sie sollten als vorläufig

betrachtet werden, bis mehr Daten erhoben wurden. Drei

am besten unterstützte Modelle zeigten eine signifikante

jährliche Variation in der Wiederfangwahrscheinlichkeit.

Die Ergebnisse deuten auch darauf hin, dass regelmäßig ein

erzwungener Austausch zwischen den Brutkolonien im

Untersuchungsgebiet stattfindet. Daher brütet ein großer

Anteil von Vögeln, die als Küken beringt wurden, in

anderen als ihren Geburts-Kolonien. Dies erklärt sich nicht

durch Fang und Beringung, sondern durch menschliches

Umweltmanagement: Wasserstandsänderungen in Stauseen

und Karpfen (Cyprinus carpio)-Zuchten in Fischteichen

machen Bruthabitate unzuverlässig und zeitweilig unver-

fügbar, was Vögel dazu gezwungen haben könnte, die

Brutorte zu wechseln.

Introduction

The survival rate in any animal population is a joint

product of variations in the rates of birth, death and

movements of individuals (Lebreton et al. 1992). Each bird

population has a specific pattern of age- and/or sex-related

survival that may further depend on multiple factors: year,

weather conditions, place of birth, parasite and predatory

pressures, food supply, individual condition and individual

heterogeneity (Nichols et al. 1990; Spendelow et al. 1995,

2002; Lebreton et al. 2003; Monticelli et al. 2008b; Bra-

asch et al. 2009; Monticelli and Ramos 2012). Demo-

graphic data of long-lived birds with delayed maturity

show that survival probability differs between age-classes.

Pre-breeding survival (defined as the probability of sur-

viving the time before accession to reproduction) is most

frequently lower than survival after the individual has

reached breeding age (Massey et al. 1992; Spendelow et al.

2002; Lebreton et al. 2003; Collins and Doherty 2006;

Szostek and Becker 2012). The lower survival rate of pre-

breeding birds relative to adult birds is a consequence of

the higher mortality of inexperienced young birds

(Spendelow 1991; Lebreton et al. 2003). Adult and pre-

breeding survival are among the key parameters affecting

population dynamics (Lebreton et al. 1992). Consequently,

estimation of these parameters is of particular importance

for assessing population dynamics, understanding life-his-

tory parameters and, ultimately, for managing populations

(Perrins et al. 1993; Williams et al. 2002).

Terns (subfamily Sterninae) are characterised by high

adult survival (annual rates often around 0.90), a long

lifespan (usually 10–20 years), low fecundity (usually one

brood per year with 1–3 eggs), delayed maturity and

faithfulness to their breeding sites (Cramp 1985; We-

imerskirch 2002; Braby et al. 2012). Tern species breeding

in temperate latitudes migrate long distances to reach winter

quarters, where immature birds spend from one to a few

years, depending on the species, before their first return to

the breeding area (Gochfeld and Burger 1996). They usually

do not start breeding upon their first visit to the breeding

area. Breeding site fidelity is usually high (around 90 %),

but depends on the site, predation rate, disturbance and

distance to other colonies (Spendelow et al. 1995; Lebreton

et al. 2003; Devlin et al. 2008, Braby et al. 2012). Cases of

distant breeding dispersal (200–400 km) have also been

reported (Spendelow et al. 2010). As in most birds, natal

dispersal among terns occurs with a greater probability than

breeding dispersal (Greenwood and Harvey 1982; Spende-

low 1991; Lebreton et al. 2003).

In terns, survival, lifespan and dispersal rates are known

mainly for the well-studied species belonging to genera

Sterna, Sternula and Thalasseus, and very little is known

about the survival rate in the marsh terns (genus Chlido-

nias). Marsh and non-marsh terns differ in their preferences

for a breeding habitat (Cramp 1985; Gochfeld and Burger

1996). Marsh terns belonging to the genus Chlidonias nest

on water plants and inhabit shallow, frequently small res-

ervoirs, such as inland marches, fish ponds and flooded

meadows, that commonly dry out during the breeding

season; consequently, they may be unpredictable in terms

of their suitability as a breeding habitat. Other tern species

breed mainly in more predictable (or stable) habitats, such

as coasts, islands or artificial nesting platforms. Due to

their relative high dependency on the availability of their

unstable nesting habitat, marsh terns generally tend to be

more nomadic than non-marsh terns. In dry years, species

like the White-winged Black Tern Ch. leucopterus may

undertake massive movements from areas with an unfa-

vourable breeding habitat to other distant areas—probably

even hundreds of kilometres (e.g. Ławicki et al. 2011). For

these reasons it is far more difficult to collect the capture–

recapture data necessary to estimate survival for marsh

terns than for other genera: of the 30 papers addressing tern

survival, only two refer to the genus Chlidonias (Shealer

2007; van der Winden and van Horssen 2008, see also

Table 4), with survival rate in one study (van der Winden

and van Horssen 2008) estimated from a population model,

without using capture–recapture data.
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In study reported here we focused on the survival of the

Whiskered Tern Ch. hybrida—a marsh tern species whose

population has declined in Europe since the 1970s, but

which has recovered beginning in 1990, with clear

increases in central and eastern parts of the continent

(BirdLife International 2004). It has been colonising Polish

inland areas for the last three decades: the first breeding

was noted in the 1960s (Tomiałojć and Stawarczyk 2003),

while in 2007 the population size reached around 1,500

pairs (Komisja Faunistyczna 2008). We have studied the

largest and constantly increasing local population in

southern Poland for 19 consecutive years to obtain the first-

ever estimates of apparent survival for this species and

have compared these estimates with published data for

other tern species. We also addressed another issue that has

remained unknown for the Whiskered Tern: the age of first

breeding.

Materials and methods

Study area and field methods

Data were collected in the Upper Vistula River Valley

(southern Poland), an area of approximately 1,400 km2

with numerous carp pond complexes and two dam reser-

voirs [Goczałkowice Reservoir (3,200 ha), Łąka Reservoir

(400 ha); Fig. 1]. Carp ponds in the study area are grouped

into over 70 complexes (total area approx. 6,000 ha);

individual complexes are separated by several kilometres

of land, where villages, pastures, arable land and small

forests can be found. Each fish complex usually contains

from a few to dozens of ponds. The area of each complex

varies from 10 to 500 ha (mean 90 ha).

The presence of Whiskered Tern breeding colonies on a

given reservoir depends mainly on the availability of plants

on which they build nests. Birds frequently change ponds

within and among complexes and dam reservoirs in

response to changing conditions, caused mostly by carp

farming or a variable water level, respectively. Therefore,

for clarity and simplicity, we assumed that all birds nesting

at a given fish pond complex and at a respective dam

reservoir in any given year formed one ‘colony’, even if

distances between groups of nests were highly variable.

Such defined ‘colonies’ were named after the fish pond

complex or dam reservoir. Birds were trapped mainly in

two areas—at the Goczałkowice Reservoir (49�550N,

18�500E) and on the eight carp pond complexes located

between the Wola Ponds (49�540N, 19�290E) and Tomice

Ponds (49�530N, 19�280E) (Fig. 1).

The number of breeding Whiskered Terns in the Upper

Vistula River Valley increased from over 30 pairs in 1993

to about 700 in 2011 (Komisja Faunistyczna 1994; ML, JB,

unpublished data). Over this period, birds bred at 32

locations (range 1–15 per year, mean 8). On average, about

40 % of the Polish population of the species bred in the

Upper Vistula River Valley over the study period. While

emigration and immigration between the study population

and other populations must play a role, we assume that

their impact is currently moderate or low (although the

Fig. 1 Water bodies in the

Upper Vistula River Valley

where the Whiskered Tern were

captured during the study period

(1993–2011). Fish pond

complexes: 1 Spytkowice

Kępki, 2 Spytkowice, 3 Przeręb,

4 Bugaj, 5 Rudze, 6 Tomice,

7 Zaborze, 8 Wola. Dam

reservoirs: 9 Goczałkowice

Reservoir
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rapid increase in the number of breeding pairs in the 1990s

in this area must have been largely driven by immigration

from Eastern Europe; Betleja 2003) for the following rea-

sons. Firstly, the high availability of suitable habitat (even

if not at the same pond complexes or dam reservoir) and

plentiful food make the area very attractive to the species,

compared to almost waterless surroundings. Secondly, the

distance to the closest breeding colonies at the Świerkla-

niec Reservoir (50�250N, 18�580E; max. 30 breeding pairs;

Komisja Faunistyczna 2003) and Turawa Reservoir

(50�430N, 18�070E; max. 50 breeding pairs; Komisja Fau-

nistyczna 2002) is about 50 and 100 km, respectively,

while the distance between the most distant colonies in the

Upper Vistula Valley is approximately 50 km; distances

between breeding colonies are usually only a few kilome-

tres (Fig. 1). One Whiskered Tern ringed as a chick at the

Turawa Reservoir was trapped while breeding in the Upper

Vistula River Valley (ML, unpublished data), but none of

the birds ringed in the Upper Vistula River Valley were

found breeding elsewhere (though this is likely a result of

the scarcity of studies on the species).

The size of each colony ranged from several to more

than 150 nests. The Whiskered Tern has a long breeding

season, with colonies established from early May to early

August. Fieldwork was conducted each year between 1993

and 2011 (19 years) during the entire breeding season.

Trapping was not carried out in all of the study years

(Electronic Supplementary Material (ESM) Tables 1, 2)

nor in all of the colonies; on average, trapping was per-

formed in one-third of occupied sites. In total, 403 adults

and 1,484 chicks were ringed in the breeding colonies.

Between 1993 and 1997 we only caught birds at the Go-

czałkowice Reservoir, and between 1998 and 2011 we only

caught birds at the fish ponds. This variation in trapping

activity was caused by changing numbers of breeding pairs

at particular sites. Between 1993 and 1996 the Whiskered

Tern was nesting mainly at the Goczałkowice Reservoir; in

the period 1998–2002, the whole population bred on fish

ponds in the more eastern part of the valley; finally,

between 2003 and 2006 from 6 to 65 % of breeding pairs

from the Upper Vistula Valley bred at the Goczałkowice

Reservoir. The reason for these movements was a change

in the habitat at the reservoir coupled with a population

increase. Adult birds were caught at the nest with a roof

trap or a loop trap (Betleja 2003; Ledwoń 2011). All

individuals were ringed, measured, weighed and, in some

cases, colour-marked with a dye. Chicks were ringed in the

nests or in their vicinity and were 3–21 days old (approx-

imate fledging age is 21 days) when ringed. Adults and

chicks were marked with stainless steel rings, although on

some occasions birds were also ringed with a combination

of colour rings (separate codes for different years) or a

numbered colour ring. Due to the lack of data from colour-

ringed birds, only captures of steel-ringed breeding birds

were included in survival analysis. Nests for trapping were

selected at random. No cases of metal ring losses were

noted.

During the study period (1993–2011) we estimated the

numbers of breeding pairs for all colonies in the Upper

Vistula River Valley. We usually counted nests in the

breeding colonies, and only on a few occasions did we

estimate colony size based on the number of adult birds

flying over the colony. All confirmed breeding attempts in

the period 1993–2007 were verified by the Rarities

Committee.

Trapping and ringing activity: influence on numbers

of breeding birds

To test whether trapping and ringing activity in year

t affected the probability of decline in the Whiskered

Tern’s colony in year t ? 1 (i.e., leaving the colony due to

disturbance), we applied a generalised linear model (GLM)

with logit link function to the activity and numbers data.

For each colony and each year, we measured the trapping–

ringing activity in two ways: (1) as the number of days

during which ringing visits were made to the colony in year

t and (2) as the total number of terns ringed in year

t (chicks and adults pooled). We classified changes in the

numbers for the year t ? 1 as declines when the numbers

were lower than those in year t, or as increases (no effect of

trapping/ringing activity; this category included no changes

in numbers). The trapping–ringing activity variables in a

given colony in year t were treated as predictors, likely to

affect numbers in year t ? 1; the latter was treated as a

binary response variable (declines were coded as ‘1’ and

increases as ‘0’). This analysis covered a 12-year period

(1999–2010) for which complete data on numbers were

available and included 71 colony–year ‘datapoints’ with

breeding terns; the analysis was performed using Statistica

ver. 6.0 (StatSoft 2003).

Capture–recapture modelling

Multistate (multistrata) models with an unobservable state

(Pradel and Lebreton 1999; Spendelow et al. 2002; Lebr-

eton et al. 2003; Monticelli et al. 2008b) were used to

account for the delayed maturation of young Whiskered

Terns. Most young birds stay at their winter quarters during

their first summer (2nd calendar year), similar to many

other tern species (Cramp 1985; Gochfeld and Burger

1996); observations of 2nd year Whiskered Terns in

European breeding colonies are scarce (but see Mees 1977;

Cramp 1985; Latraube et al. 2006; see also Results). In

multistate models, a young bird enters an unobservable

state (hereafter referred to as the pre-breeding state, P) after
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being ringed as a chick; it remains unobservable until it

returns to breed for the first time, when it becomes obser-

vable (hereafter referred to as the breeding state, B) and

can possibly be re-encountered as a breeder. Three

parameters are estimated under these models: survival

probability S (separate estimates for pre-breeders and

breeders, SP and SB), recapture probability p (estimated for

breeders only, pB, see also below) and transition proba-

bility w (probability of movement between the states). The

last parameter (wP-B) refers to the probability of entering

the breeding state (i.e., the probability that a bird returned

to breeding site to reproduce, conditional on survival).

Regardless of the structure of the transition parameter

implemented in a given model (i.e. constant vs. age- or

time-dependent), cumulative estimates of breeding pro-

pensity for subsequent years of life (thus for any age I) can

be computed following Pradel and Lebreton (1999), who

describe relationships between three measures of accession

to reproduction. In our study, we used the c measure, which

reflects the proportion of experienced breeders (i.e. the

proportion of birds that have already bred at least once

among all breeders of age I; Pradel 1996). An alternative

measure, bI, is easy to interpret and reflects the probability

that a breeder of age I is a first-time breeder: bI = 1 - cI

(Pradel et al. 1997). Our capture–recapture data refer only

to birds trapped at nests and thus individuals for which

breeding was confirmed (assessed with 100 % certainty).

As a consequence, estimated probabilities of accession to

reproduction (Pradel and Lebreton 1999) refer to breeding

individuals (i.e. exclude prospective ones).

To account for the unobservable state, recapture prob-

ability for Whiskered Terns in a pre-breeding state was

fixed at 0. Only transitions from the unobservable to the

observable state are allowed as breeders cannot become

non-breeders once they breed and wB-P equals 0. These

two parameters were fixed in all models fitted to the data

and are omitted in notation. For example, the model noted

asfSP
ð:Þ; S

B
ð:Þ; p

B
ðtÞ;w a¼2ð Þg is the model which accounts for

constant survival probabilities for pre-breeders and breed-

ers (but different for each group), time-dependent recapture

probability (for breeders) and two ‘age’-classes in transi-

tion probability wP-B (as time within cohort equals age). It

is important to note here that permanent emigration before

reproduction is confounded with death in this model type

and that pre-breeding survival may involve some pre-

fledging mortality because the terns were ringed as chicks

prior to fledging.

In total, 21 models were fitted to the data (Table 1). To

avoid overparameterisation, we omitted the fully parame-

terised model with time-dependence in two survival

parameters and the recapture parameter and three age

classes in the transition parameter, due to sparseness of

data (this model would have 59 parameters, while there

were 56 unique capture histories). Therefore, in our models

we allowed for time-dependence in either two survival

parameters (then recapture kept constant) or in one survival

parameter (the other kept constant) and recapture

parameter.

The goodness-of-fit (GOF) test performed in U-CARE

ver. 2.3.2 (Choquet et al. 2009) provided no evidence for

lack of fit of the general JMV model (v2 = 8.886,

p = 0.883, df = 15).

Models were ranked according to AICc (Akaike infor-

mation criterion corrected for small sample size) values.

Because the three best models had relatively high support

[DAICc (absolute change in AIC units) between the model

Table 1 Models fitted to capture–recapture data of Whiskered Tern

Chlidonias hybrida, southern Poland

Model notation AICc D AICc x K Dev

fSP
ð:Þ; S

B
ð:Þ; p

B
ðtÞ;w

P�B
a¼2ð Þg

a 446.48 0.00 0.514 24 86.82

fSP
ð:Þ; S

B
ð:Þ; p

B
ðtÞ;w

P�B
:ð Þ g 447.74 1.26 0.274 23 90.12

fSP
ð:Þ; S

B
ð:Þ; p

B
ðtÞ;w

P�B
a¼3ð Þg 448.44 1.96 0.193 25 86.73

fSP
ðtÞ; S

B
ð:Þ; p

B
ðtÞ;w

P�B
a¼2ð Þg 453.23 6.75 0.018 41 70.89

fSP
ðtÞ; S

B
ð:Þ; p

B
ðtÞ;w

P�B
a¼3ð Þg 458.80 12.32 0.001 42 70.24

fSP
ð:Þ; S

B
ð:Þ; p

B
ð:Þ;w

P�B
a¼2ð Þg 462.67 16.19 0.000 7 137.52

fSP
ð:Þ; S

B
ð:Þ; p

B
ð:Þ;w

P�B
:ð Þ g 463.00 16.52 0.000 6 139.86

fSP
ð:Þ; S

B
ðtÞ; p

B
ðtÞ;w

P�B
a¼2ð Þg 464.40 17.92 0.000 41 758.41

fSP
ð:Þ; S

B
ð:Þ; p

B
ð:Þ;w

P�B
a¼3ð Þg 464.49 18.01 0.000 8 137.32

fSP
ðtÞ; S

B
ð:Þ; p

B
ðtÞ;w

P�B
:ð Þ g 464.95 18.47 0.000 40 763.89

fSP
ð:Þ; S

B
ðtÞ; p

B
ðtÞ;w

P�B
a¼3ð Þg 466.27 19.79 0.000 42 756.31

fSP
ðtÞ; S

B
ð:Þ; p

B
ð:Þ;w

P�B
a¼2ð Þg 467.51 21.02 0.000 24 116.02

fSP
ð:Þ; S

B
ðtÞ; p

B
ðtÞ;w

P�B
:ð Þ g 468.42 21.94 0.000 40 798.61

fSP
ðtÞ; S

B
ð:Þ; p

B
ð:Þ;w

P�B
a¼3ð Þg 469.72 23.24 0.000 25 114.15

fSP
ðtÞ; S

B
ð:Þ; p

B
ð:Þ;w

P�B
:ð Þ g 473.59 27.11 0.000 23 120.07

fSP
ð:Þ; S

B
ðtÞ; p

B
ð:Þ;w

P�B
:ð Þ g 487.57 41.09 0.000 23 129.95

fSP
ð:Þ; S

B
ðtÞ; p

B
ð:Þ;w

P�B
a¼2ð Þg 488.11 41.63 0.000 24 132.54

fSP
ð:Þ; S

B
ðtÞ; p

B
ð:Þ;w

P�B
a¼3ð Þg 490.15 43.67 0.000 25 132.54

fSP
ðtÞ; S

B
ðtÞ; p

B
ð:Þ;w

P�B
a¼2ð Þg 492.02 45.54 0.000 41 107.61

fSP
ðtÞ; S

B
ðtÞ; p

B
ð:Þ;w

P�B
a¼3ð Þg 494.27 47.79 0.000 42 105.71

fSP
ðtÞ; S

B
ðtÞ; p

B
ð:Þ;w

P�B
:ð Þ g 500.21 53.73 0.000 40 113.73

AICc, Akaike information criterion corrected for small sample size;

DAICc, absolute difference in AIC units between a given model and the

best-supported model; x, AICc weight; K, number of parameters; Dev,

deviance

Note that two parameters fixed at 0 (pP and wB-P) are omitted in notation

of models to keep it simple
a The best-supported model
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with the highest rank, the second- best model and the third-

best model was B2], we calculated model-averaged

parameter esimates (Burnham and Anderson 2002). In this

procedure, estimates are calculated from all models in the

set using model-specific weights reflecting the degree of

support for the given model (i.e. the more equal the

weights, the less certainty which model is the best). Model

construction and fitting were performed using MARK ver.

5.1 (White and Burnham 1999).

Results

Survival estimates

Of the 21 models that were fitted to the data, three were

equally good (D AICc \ 2) and had effectively all support

(cumulative Akaike weight x[ 0.98; Table 1). These

three models had constant survival for both pre-breeders

and breeders and time-dependent recapture. The model

with the highest support (x = 0.514) was the one that

assumed a constant survival of both pre-breeders and adults

over time but which was different for each group, with a

time-dependent recapture probability and transition prob-

ability with two age-classes. Under this model, pre-breed-

ing survival was estimated to be 0.51 [standard error

(SE) = 0.21; confidence interval (CI) 0.17–0.84] while

breeding (adult) apparent survival was much higher and

estimated at 0.79 (SE = 0.06, CI 0.67–0.88). The second-

best model, with comparable support (x = 0.273) had a

higher pre-breeding survival estimate (SP = 0.63,

SE = 0.15) and nearly the same breeding survival estimate

(SB = 0.81, SE = 0.06) Model-averaged estimates of sur-

vival were very similar to the ones from the best-supported

model (SP = 0.54 ± 0.28 SE, SB = 0.80 ± 0.05 SE). All

three models with meaningful support had time-dependent

structure of the recapture parameter, suggesting significant

annual variation in the recapture probability of breeders.

The probability of recapture was very low and varied

between 0 and 0.09, depending on year.

Age at first breeding

During the study one bird ringed as a chick was trapped when

breeding in the third calendar year, another one in the fourth

calendar year and two birds were trapped at nests when they

were 5 years old; all remaining birds ringed as chicks were

retrapped when they were older (ESM Table 2). No birds

were trapped at nests in the second calendar year. Two

individuals of this age were observed in a breeding colony

(they were recognised by unnumbered colour rings); how-

ever they were prospectors rather than breeders.

The results from modelling supported the fact that only

few Whiskered Terns start breeding before their third cal-

endar year. Model-averaged wP-B values were 0.02, 0.25

and 0.30 in their second, third and fourth calendar years of

life. Cumulative model-averaged probabilities of being an

experienced breeder (c) were 0.03 in the second calendar

year, 0.37 in the third year, 0.62 in the fourth year, 0.77 in

the fifth year, and around 0.9 in subsequent years. The

associated values of bi (the probability that a bird is a first-

time breeder) declined with age due to an increasing pro-

portion of birds having bred prior to a given year and were

0.97 (2nd year), 0.63 (third year), 0.37 (fourth year), 0.23

(fifth year) and around 0.10 later on. The precision of the

wP-B estimates was, however, extremely poor (CIs fre-

quently ranged from 0 to 1), and the estimates are best

treated as tentative until more data are collected.

Site fidelity and natal site recruitment

Twenty-five Whiskered Tern individuals were recaptured

at least once after ringing as adults. Among these, equal

proportions were recaptured in the same and different

colonies (Table 2), indicating high turnover between col-

onies in adult birds (and, at the same time, low site fidel-

ity). Among 13 birds ringed as chicks, eight (62 %) were

recaptured in colonies other than the respective natal

colony.

Trapping and ringing activity: influence on numbers

of breeding birds

Among 71 colony-years with breeding Whiskered Terns

(the data included in the GLM) there were 39 declines and

32 increases in following years, but neither trapping nor

ringing activity significantly affected the probability of the

decline (Table 3). On average, trapping and ringing activ-

ity (i.e. numbers of visits and numbers of ringed birds)

were similar in colonies where there was a decline in the

Table 2 Breeding-site fidelity of adult Whiskered Terns in the Upper

Vistula River Valley, southern Poland, 1993–2011

Colony site

ringed

Number of ringed

birds

Colony site

recaptured

Site fidelity

(%)

Same Different

Spytkowice 100 4 2 67

Bugaj 123 7 9 44

Przeręb 44 2 1 67

Wola 12 0 1 0

Total 279 13 13 50

Only data for colonies where adults were recaptured are shown

(Fig. 1)
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year following the trapping year and where numbers were

stable or increasing.

Discussion

Adult survival

In the Whiskered Tern, as in many other terns and gulls,

adult survival among our study population was higher than

pre-breeding survival (e.g. Spendelow et al. 2002; Lebreton

et al. 2003, Monticelli et al. 2008b, Braby et al. 2011; Feare

and Doherty 2011; Braby et al. 2012). The data presented

here are the first estimates of survival for this species.

Based on our data, the survival rate of adult Whiskered

Terns (0.80) is similar to that of other tern species

(Table 4). To date, only two estimates have been published

for the genus Chlidonias, both for the Black Tern Ch.

niger. Van der Winden and van Horssen (2008) used a

population model and estimated the annual survival rate in

the Dutch Black Tern population to be 0.85. The annual

survival rate in the (declining) Wisconsin population esti-

mated by Shealer (2007), which is based on the capture–

recapture approach and thus directly comparable with our

estimate for the Whiskered Tern, is surprisingly low at

0.62. The estimate by van der Winden and van Horssen

(2008) was obtained using a different method with

numerous assumptions (i.e. closeness of the studied pop-

ulation)—thus its comparability to our estimate may be

limited.

The breeding of Whiskered Tern on particular fish pond

complexes and reservoirs in the Upper Vistula River Val-

ley depends largely on the availability of water plants—

mainly Fringed Water-lily Nymphoides peltata and Knot-

weed Polygonum sp.—on which these birds build their

nests. Because the availability of appropriate breeding

habitats varies in space and time due to carp farming and a

changing water level in the dam reservoirs, the numbers of

breeding Whiskered Terns vary accordingly. Our results

suggest high breeding dispersal rates (on a small-scale, that

is, within the Upper Vistula River Valley) may result in a

low recapture probability. Frequent habitat manipulations

lead to unpredictable (in the biological sense) spatio–

temporal disappearances and occurrences of the breeding

habitat, forcing birds to move to other ponds or allowing

them to settle in a location that was previously unsuitable.

Alternatively, the fieldwork ‘design’ may also have nega-

tively biased the recapture data: the trapping of breeders

was not performed in all colonies nor on an annual basis

(ESM Table 1). Determining the rates of emigration and

immigration requires the use of a multistate model applied

to multisite data (Nichols and Kendall 1995; Spendelow

et al. 1995; Lebreton et al. 2003), but due to limitations in

the dataset we were unable to apply this model version.

In summary, it would appear that marsh terns (genus

Chlidonias) exhibit a similar adult annual survival rate to

that of other tern species (Table 4). However, as marsh

terns depend on unpredictable breeding habitats (inland

marches, fish ponds, flooded meadows), they should exhibit

a higher degree of nomadism/emigration than ‘non-marsh

terns’ and, consequently, a lower survival rate (Robinson

and Oring 1997; Braby et al. 2012). Our data show—as do

data of other studies—that an unpredictable breeding

habitat yields low breeding site fidelity (Robinson and

Oring 1997; Southern and Southern 1982). This ‘unpre-

dictability’ in our case can be attributed mainly to human

activity.

Pre-breeding survival

The pre-breeding survival estimates presented here for the

Whiskered Tern fall in the middle of the range of estimates

known for other tern species (Table 4). However, again,

comparability between studies might be limited because

published estimates have been obtained using different

approaches. Also, variation in estimated pre-breeding sur-

vival is partly introduced by the age at which chicks are

ringed, which also varies in the different published studies.

Chicks ringed closer to fledging provide a higher estimate

of survival to recruitment than chicks ringed soon after

hatching, indicating that substantial mortality occurs

between hatching and fledging (Robinson 2010; Braby

et al. 2011). Our pre-breeding survival estimate (0.54) is

much higher than the only other estimate obtained for a

tern of the same genus—the Black Tern in Wisconsin, USA

(\0.02 %; Shealer 2007). In both our study and that of

Shealer (2007), the pre-breeding survival estimate includes

some pre-fledging mortality. In the Wisconsin study, Black

Terns suffered a high degree of nest failure due to strong

predation and a relatively low mean number of fledglings

per pair (0.5–0.8; Shealer 2007). In the Upper Vistula

Valley predatory pressure is low, allowing for high pro-

ductivity—1.9 fledglings per breeding pair on average

(Betleja 2003).

Table 3 Factors affecting the probability of decline in Whiskered

Tern colonies—results of the generalised linear model

Effect Colonies Wald v2 p

With declines

(n = 39)

Without declines

(n = 32)

Number of

visits

2.7 ± 0.7 2.3 ± 0.7 0.277 0.599

Number of

ringed terns

16.4 ± 5.2 15.4 ± 4.2 0.055 0.815

Values are given as the mean ± standard error (SE)
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Table 4 Estimates of survival rates of terns

Species Annual adult survival rate Pre-breeding survival rate Methoda References

Antarctic Tern Sterna vittata 0.91 (SE = 0.02) CMR Sagar et al. (2007)

Arctic Tern Sterna paradisaea 0.798–0.939 (range) (SE = 0.078,

0.013)

CMR Devlin et al. (2008)

Black Noddy Anous minutus 0.750 RR Tarburton (1987)

Whiskered Tern Chlidonias
hybrida

0.80 (SE = 0.05) 0.54 (SE = 0.28) CMR This study

Black Tern Chlidonias niger 0.849 0.595 LSM van der Winden and

van Horssen (2008)

0.620 \0.02 CMR Shealer (2007)

Caspian Tern Hydroprogne caspia 0.91 (0.84–0.95) 0.86 (0.75–0.93)b CMR Suryan et al. (2004)

0.84 (0.81–0.86) 0.76 (0.71–0.81)b

0.82 (SE = 0.03) CMR Collins et al. (2010)

Common Tern Sterna hirundo 0.88–0.92 (range) CMR Nisbet and Cam (2002)

0.91 (0.870–0.970) 0.35 (0.220–0.480) RR Becker et al. (2001)

0.90 (SE = 0.06) 0.28–0.36 (range) (SE = 0.09) CMR Szostek and Becker

(2012)

0.924 (female), 0.835 (male) CMR Ezard et al. (2006)

Damara Tern Sternula
balaenarum

0.88 (0.72–0.96) CMR Braby et al. (2012)

0.59 (0.48–0.69)b CMR Braby et al. (2011)

Least Tern Sternula antillarum 0.850 (0.73–0.95) CMR Renken and Smith

(1995)

0.79–0.92 (range) (0.88–0.95;

0.68–0.89)

0.03–0.16 (range) (0.01–0.05;

0.13–0.18)

CMR Massey et al. (1992)

Little Tern Sternula albifrons 0.948 (0.874–0.948) Tavecchia et al. (2005)

RoseateTern Sterna dougalli 0.901 (SE = 0.082)c CMR O’Neill et al. (2008)

0.819 (SE = 0.130)

0.85 (0.64–0.98 range) 0.38 (range 0.06–0.59) CMR Lebreton et al. (2003)

0.807 (SE = 0.033) CMR Monticelli et al. (2008a)

0.835 (SE = 0.006) CMR Spendelow et al. (2008)

0.74–0.94 (range) CMR Spendelow et al. (1995)

0.73–0.86 (range) 0.52 CMR Monticelli et al. (2008b)

0.71–0.90 (range) 0.315–0.48 (range) CMR Nisbet and Ratcliffe

(2008)

0.71–0.80 (range) 0.31 CMR Shealer et al. (2005)

0.59–0.92 (range) (0.33–0.68) (range) CMR Spendelow et al. (2002)

Black-fronted Tern Sterna
albostriata

0.88–0.92 (range) CMR Kedwell (2005)

Royal Tern Thalasseus maximus 0.95 (0.88–0.98) CMR Collins and Doherty

(2006)

Sandwich Tern Sterna
sandvicensis

0.87 (SE = 0.03) 0.32 (SE = 0.14)a CMR Robinson (2010)

0.94 (SE = 0.13) 0.25 (SE = 0.13)a

Sooty Tern Onychoprion fuscatus 0.910 (0.89–0.93) CMR Feare and Doherty

(2004)

0.767 (SE = 0.208) CMR Feare and Doherty

(2011)

Data are presented as the estimated survival rate, with either the 95 % confidence interval (CI) or SE given in parentheses

CMR, Capture–mark–recapture refers to a family of models (e.g. Cormack–Jolly–Seber); RR, return rate; LSM, least square model
a Annual juvenile survival
b Annual pre-breeding survival rate
c Wintering (not breeding)
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During the non-breeding season, Whiskered Terns from

Poland probably migrate to and winter on lakes in northern

Egypt (Cramp 1985). It remains largely unknown which

mortality factors affect young and adult Whiskered Terns in

that region, but incidental hunting and pesticides may pose

threats to the survival of the birds in their wintering grounds.

Breeding lifespan

The Whiskered Tern can be long lived; in our study the oldest

individuals were ringed as chicks in 2000 and captured as

breeding adults in 2010 (ESM Table 1). The oldest known

Whiskered Tern on which data are available was 13 years

old, and two other birds were at least 10 years old (Latraube

et al. 2006). The expected breeding (adult) lifespan calculated

from the survival estimates in our study was about 5 years

(calculated following Seber 1982), which seems to be slightly

lower than that for other tern species; however, given the

unknown size of emigration we believe this may be an

underestimation (see references in Table 4).

First time breeding

Little is known about the age of the Whiskered Tern at first

time breeding (Mees 1977; Cramp 1985; Latraube et al.

2006). The data presented here are the first—tentative—

estimates of the transition to reproduction for the species.

During our study, one bird in the third calendar year was

trapped at a nest with eggs, while the remaining trapped

breeding birds ringed as chicks were at least in their fourth

calendar year. We are unable, however, to prove that these

individuals did not breed prior to their fourth calendar year.

Two birds, identified from unique combinations of colour

rings, were found in a breeding area in their second cal-

endar year, but no breeding attempts were confirmed.

Whiskered Terns in their second calendar year were found

on breeding grounds in France, and it has been suggested

that some birds at this age could start to breed (Latraube

et al. 2006). We are unable to evaluate exactly which

fraction of Whiskered Terns in their second calendar year

could visit their breeding area as prospective breeders

because our field work focused mainly on trapping adult

birds in nests—and not on searching for birds with col-

oured rings. However, our results are consistent with data

reported on the Black Tern: in this species most birds in

their second calendar year stay at their wintering grounds,

and only a minority visit breeding areas; in their third

calendar year, birds may attempt breeding, but are rarely

successful (Cramp 1985; van der Winden and van Horssen

2008). The poor precision of the wP-B estimates prevents

us from drawing any conclusions, but all models are in

agreement in terms of the fact that the relative proportion

of breeders in their second calendar year is very low and

increases with age to reach values close to 1 (all birds are

breeders) from around the fifth calendar year onwards.

These results support the concept of a delayed maturation

of the Whiskered Tern. In general, our data indicate that

most individuals start breeding around their third and

fourth calendar year, with the proportion of experienced

breeders being 37 % in the third year, 62 % in the fourth

calendar year and 77 % in the fifth calendar year. Age–

specific breeding probabilities have also been estimated in

other tern species, indicating that most Whiskered Terns

would appear to start breeding about 1 year earlier than

members of the genera Sterna and Onychoprion (Ludwigs

and Becker 2002; Spendelow et al. 2002; Lebreton et al.

2003; Braby et al. 2011; Feare and Doherty 2011).

Trapping and ringing activity: influence on numbers

of breeding birds

Intensive trapping of birds generally might contribute to the

high emigration rate of birds. Terns disturbed by research

activity may exhibit a higher-than-natural level of nest

desertion and/emigration, or they may learn to avoid traps and

become almost non-catchable (e.g. Nisbet 1978; Kania

1992). Our results suggest that trapping and ringing activity

did not have a significant effect on the probability of decline

(in other words, the probability of decline was similar in

colonies where trapping was performed and where it was not).

Colonies of Whiskered Terns showed wide fluctuations in

numbers from year to year and frequently disappeared in the

years following seasons when no trapping and ringing were

performed. Therefore, changes in numbers would appear to

depend on human fishing management rather than on our

ringing activity. The results of the GLM confirm this: the

trapping and ringing activity did not influence the numbers of

breeding birds.
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