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ABSTRACT

LIECHTY, J.S., MINOR, A.K., NEPSHINSKY, M. & PIERCE A.R. 2017. Apparent survival of Royal Tern Thalasseus maximus and
Sandwich Tern T. sandvicensis at Isles Dernieres Barrier Islands Refuge, Louisiana, USA. Marine Ornithology 45: 83–88.
The Isles Dernieres Barrier Island Refuge (IDBIR) in Louisiana constitutes a major colonial waterbird breeding site but is also subject to
tremendous rates of land loss and habitat degradation. Restoration projects have been undertaken to sustain breeding waterbird populations
on IDBIR, including Royal Terns Thalasseus maximus and Sandwich Terns T. sandvicensis. However, very little is known about the
population dynamics of these species in the Gulf of Mexico. The objective of this study was to determine the apparent survival rate and
breeding-site fidelity for Royal and Sandwich terns at IDBIR. A capture-mark-resight experiment of breeding adult terns was conducted
during 2012–2016, and adult survival rates were estimated using the Cormack–Jolly–Seber model in program MARK. Adult Royal Terns
(n = 283) and adult Sandwich Terns (n = 285) were color-banded over a four-year period, with 36% percent of Royal Terns and 23% of
Sandwich Terns observed as returnees to IDBIR at least once in a subsequent breeding season. Apparent annual adult survival estimates
were 0.68 for both Royal and Sandwich terns, indicating some breeding-site fidelity but also a degree of emigration or higher-than-expected
mortality rates. Given that populations at IDBIR increased during the study period, we suspect emigration rather than high mortality rates as
the reason for our low apparent survival estimates. These results support the hypothesis that waterbirds breeding in unstable habitats typically
demonstrate weaker breeding-site fidelity, but further research is needed to determine factors affecting dispersal.
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INTRODUCTION
Louisiana’s barrier islands are important breeding grounds for
many species of waterbirds, including Royal Terns Thalasseus
maximus and Sandwich Terns T. sandvicensis (Spendelow & Patton
1988, Visser & Peterson 1994, Raynor et al. 2013). Although
all barrier islands are highly dynamic environments, coastal
Louisiana is experiencing greater rates of land loss than any other
marine coastline in the United States (Penland et al. 2005). Rapid
deterioration of barrier islands in Louisiana has negatively impacted
waterbird populations through declines in breeding-habitat quality
(Walter et al. 2013), breeding success (Walter et al. 2013), and
breeding-bird abundance (Raynor et al. 2013). Many restoration
projects have been undertaken to stabilize barrier islands (Khalil &
Lee 2006, Khalil et al. 2013), and the majority of seabird breeding
colonies in Louisiana now depend on restoration efforts (Visser &
Peterson 1994). In addition to habitat restoration, conservation of
waterbirds also depends on understanding their breeding ecology
and population dynamics.
Historically, coastal Louisiana supported 16% of the US breeding
population of Royal Tern and 77% of Sandwich Tern (Spendelow
& Patton 1988), with both species being of conservation concern
in Louisiana (Lester et al. 2005). In the United States, Royal
and Sandwich terns breed in densely packed, mixed-species
colonies on barrier islands of the Atlantic Coast and Gulf of
Mexico. Relative to other terns (e.g., Common Terns Sterna
hirundo, and Roseate Terns Sterna dougallii), very little is known

about the demographics of these species, including breeding-site
fidelity, natal dispersal, and survival rates, particularly in the
Gulf of Mexico (Shealer et al. 2016, Buckley & Buckley 2002).
Information on adult survival in Royal Terns is limited to one
study in California (Collins & Doherty 2006); Sandwich Tern
survival has been studied only in Europe (Møller 1983, Green
et al. 1990, Robinson 2010). The long-lived nature of these
species makes demographic studies paramount in understanding
population trends and viability (Weimerskirch 2002).
Colonial waterbirds often demonstrate breeding-site fidelity,
returning to a location at which they had previously bred. Breeders
returning to previous colonies are thought to gain an advantage
through familiarity with local resources and threats (McNicholl
1975, Greenwood & Harvey 1982). Populations of birds breeding in
unstable habitats, such as barrier islands, typically show weaker site
fidelity (McNicholl 1975, Switzer 1993, Renken & Smith 1995).
In Louisiana, suitable breeding sites are limited (Visser & Peterson
1994), which may influence site fidelity. Understanding the degree
of breeding-site fidelity demonstrated by waterbirds in coastal Gulf
of Mexico is vital to population management at a regional level and
has important consequences for prioritizing restoration sites.
Apparent survival is a useful metric for determining site fidelity,
as it identifies the percentage of breeders that are retained in the
population and the percentage that are lost (either to emigration
or mortality). Understanding apparent survival rates of Royal and
Sandwich terns in the Gulf of Mexico will help to anticipate how
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populations may respond to changes to breeding-habitat quality
and to develop which conservation strategies are appropriate. The
objective of this study was to determine apparent adult annual
survival and breeding-site fidelity for Royal and Sandwich terns
breeding in Louisiana.
METHODS
Study area
The Isles Dernieres Barrier Island Refuge (IDBIR) is a chain of
barrier islands in Terrebonne Parish, Louisiana (29°03′N, 90°57′W
to 29°05′N, 90°36′W; Fig. 1). A product of Mississippi River
deltaic processes, IDBIR forms a barrier between the BaratariaTerrebonne Estuary to the north and the Gulf of Mexico to the
south. IDBIR comprises low-elevation islands that are subject to
wash-over and has experienced rapid rates of land loss (McBride &
Byrnes 1997). To stabilize the islands, restoration projects such as
sediment applications, rock breakwaters, sand fences, and plantings
have been implemented. IDBIR hosts over 20 species of breeding
waterbirds, including thousands of Royal and Sandwich terns
(Fontenot et al. 2012, Raynor et al. 2013). Royal and Sandwich
terns nested on East Raccoon Island throughout the study period
(2012–2016). Additionally, both species nested on West Raccoon
Island in 2012, 2014, and 2015, and on Trinity Island in 2016; as
well, Royal Terns nested on Wine Island in 2014.

Banding and resighting
Adult Royal and Sandwich terns were captured from breeding
colonies on East and West Raccoon Islands by hand or using dip nets,
during late incubation and early chick-brooding (between 21 May
and 18 June), when they strongly defend their young chicks. All terns
were banded with a US Geological Survey aluminum band and three
plastic color bands in unique combinations to create field-readable
marks. Plastic color bands were sealed with acetone and heat-sealed
with a portable battery-powered soldering iron. Field-readable color
band combinations eliminated the need for physical recapture; and
we refer to recaptures and resightings collectively as “re-encounters.”
All breeding colonies on IDBIR were surveyed approximately
once per week during the breeding season (April through July) in
2013–2016 to locate previously banded individuals. Using 8 × 42
binoculars and 20–60× spotting scopes, observers surveyed terns
loafing near colonies, brooding eggs in colonies, and feeding and
guarding chicks in crèches. Due to the difficulty of spotting banded
terns within the large, densely packed colonies, many resightings
were of birds loafing near the periphery of the colony area. These
individuals were assumed to be local breeders.
Statistical analysis
Adult annual survival was modeled using program MARK version
8.0 (White & Burnham 1999). The Cormack–Jolly–Seber (CJS)

Fig. 1. Location of Isles Dernieres Barrier Island Refuge, Louisiana.
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used for model selection (Burnham & Anderson 2002). Models
with a ΔQAICc > 2 were considered to have minimal support and
were excluded (Burnham & Anderson 2002).

model for open populations was used to estimate apparent survival
and re-encounter probability (Lebreton et. al 1992). The CJS model
estimates survivorship better than simple return rates because it
estimates detection probabilities, thus accounting for unobserved
individuals. CJS results cannot distinguish between mortality and
emigration out of the study site, thus it is termed “apparent” or
“local” survival. During the study period, colonies were established
on East Raccoon Island and West Raccoon Island. As these colonies
were close to each other (~2 km), and many of the observations
were of birds loafing near colonies, they were treated as one site for
modeling purposes.

RESULTS
A total of 568 breeding adult Royal and Sandwich terns were
banded during 2012–2015, with 167 individuals re-encountered at
IDBIR during a subsequent breeding season (Table 1). Observed
return rates were 36% for Royal Terns and 23% for Sandwich
Terns. Tern encounter data used to model apparent survivorship of
adults demonstrated moderate overdispersion (Royal Tern ĉ = 1.51,
Sandwich Tern ĉ = 1.76), and the adjusted ĉ values were used in
model selection and estimates of variance.

This study had five encounter occasions (each breeding season
from 2012–2016), including the initial year of banding with four
intervening periods. Model parameters included apparent survival
(Φ) and detection probability (p). Both parameters were allowed to
vary across time (t) or remain constant (.), resulting in four models
for each tern species. The variance inflation factor (ĉ) was used
to indicate overdispersion and was identified using the median ĉ
function in MARK. Akaike’s Information Criteria corrected for
small sample size with quasi-likelihood adjustment (QAICc) was

The top-supported model for Royal Terns held survival constant,
with detection probability varying among years (Φ(.) p(t); Table 2).
Estimated apparent annual survival was 0.68 (95% confidence interval
[CI] 0.54–0.80), and annual detection probability ranged from 0.13 to
0.54 (Table 3). The second model (Φ(t) p(.)) had a ΔQAICc of 0.985
but Φ 2014 was poorly estimated (1.00 ± 0.00 standard error [SE]),
so we focused on the estimate of survival from our top model. The
top-supported model for Sandwich Terns also held apparent survival
constant, with detection probability varying among years (Φ(.) p(t)).
Apparent survival for Sandwich Terns was similar to that for Royal
Terns (0.68, 95% CI 0.39–0.87), and annual detection probabilities
ranged from 0.06 to 0.37. The remaining Sandwich Tern survival
models all had minimal support (ΔQAICc > 2).

TABLE 1
Encounter histories for banded adult Royal Terns and
Sandwich Terns at Isles Dernieres Barrier Island Refuge,
Louisiana, 2012–2016
Species
Royal Tern

Sandwich Tern

Year
banded

Year of next re-encounter
No.
banded 2013 2014 2015 2016

2012

97

2013

100

2014

61

2015

25

2012

80

2013

100

2014

78

2015

27

15

17

0

2

38

8

2

17

1

One Royal Tern captured at IDBIR in May of 2012 was previously
banded at a different location. According to the North American
Bird Banding Laboratory (www.pwrc.usgs.gov/BBL), the tern was
originally banded as a chick on 24 June 1986 in North Carolina.
At the time of recapture at IDBIR in 2012, this Royal Tern was 26
years old. Additionally, one Royal Tern adult banded in 2013 was
found dead at a fishing camp in a salt marsh 23 km north of IDBIR
on 5 May 2014 and reported to us through the North American Bird
Banding Laboratory. The finder could not determine any cause of
death. This is the sole report of mortality that we have received
concerning terns banded in this study.

1
10

11

1

0

25

6

0

7

6

85

0

TABLE 2
Modela rankings for Royal Tern and Sandwich Tern adult survival and detection probability
at Isles Dernieres Barrier Island Refuge, Louisiana, 2012–2016
Species
Royal Tern

Sandwich Tern

a
b
c
d

Model

ΔQAICc

AICc weights

Kb

QDeviance

Φ(.) p(t)

0c

0.516

5

21.126

Φ(t) p(.)

0.985

0.316

5

22.111

Φ(t) p(t) (global)

2.246

0.168

7

19.237

Φ(.) p(.)

18.713

0.000

2

45.962

Φ(.) p(t)

d

0.721

5

12.636

Φ(t) p(t) (global)

3.303

0.138

7

11.786

Φ(t) p(.)

3.342

0.136

5

15.978

Φ(.) p(.)

10.753

0.005

2

28.848

0

Model parameters are survival (Φ) and detection probability (p) that are either variable among years (t) or held constant (.).
Number of model parameters.
QAICc score 421.802.
QAICc score 246.681.
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DISCUSSION
Although only 36% of Royal Terns and 23% of Sandwich Terns
were re-encountered as returning to breeding colonies at IDBIR,
CJS modeling, which accounted for imperfect detection probability,
estimated annual apparent survival at 0.68 for both species.
Detection probabilities were higher for Royal Terns than Sandwich
Terns, with the highest detection probabilities for both species
recorded in 2014, when we could spend more time looking for
banded terns than in any other year. As we found no biological
rationale for a difference in survival among study years, but did
have differing levels of resighting experience and effort among
years, the models with constant survival and time-dependent
detection probability appeared appropriate.
The 68% apparent survival rate of Royal Tern adults at IDBIR
is notably lower than the 95% rate found by Collins & Doherty
(2006) in California, the only published estimate for Royal
Terns. Possible reasons for the difference in estimates include
the much larger size of breeding colonies in our study as well
as the unsurveyed colonies nearby. Additionally, there may be
differences in site fidelity, survival rates, or both, between the
two populations, due to differences in habitat stability or breeding
success. Maness & Emslie (2001) suggest that Royal Tern site
fidelity could be 80% to 94% regionally, but do not describe how
site fidelity was estimated. The Royal Tern captured in 2012 that
was originally banded in 1986 represents one of the oldest known
Royal Terns, at 26 years of age (Lutmerding & Love 2016). This
individual also demonstrates that Royal Terns do not necessarily
breed in their natal colonies and that there is some degree
of dispersal between the Gulf of Mexico and Atlantic Ocean
populations (see Coulson 2016).
Sandwich Terns are thought to show low rates of site fidelity (Veen
1977), but no data are available for North American populations.
The 68% annual survival rate of Sandwich Tern adults in Louisiana
is on the low end of European estimates, which range from 70%
to 90% (Møller 1983, Green et al. 1990, Robinson 2010). Annual
survival rates of Sandwich Terns during their first three years are
thought to range from 36% to 74 % (Robinson 2010), but estimates
specific to North American populations are needed, as European
Sandwich Terns may represent a distinct species (Efe et al. 2009).

Estimates of apparent survival confound permanent emigration and
mortality; thus, we cannot ascertain true survival rates for these
species. In both species, our estimates of apparent survival are
lower than expected survival rates for Sternidae, which are typically
estimated at 0.80–0.95 (Ledwoń et al. 2013). We suspect that
emigration from IDBIR to alternative breeding sites is responsible
for the lower survival estimates.
Apparent survival is a function of study site size (Marshall et al.
2004), meaning that apparent (or local) survival might increase if
additional colonies near IDBIR were included. Although breeding
sites in Louisiana are limited (Visser & Peterson 1994), there are
colonies in southeastern Louisiana other than those we investigated
(Fontenot et al. 2012, Shealer et al. 2016). The closest Royal
and Sandwich tern colony to the IDBIR is on Timbalier Island,
approximately 38 km from IDBIR. We surveyed the approximately
150 breeding terns on Timbalier Island in 2016, but no banded
Royal or Sandwich terns were detected. The other main breeding
colonies of Royal and Sandwich terns in Louisiana are on the
Chandeleur Islands (Fontenot et al. 2012, Shealer et al. 2016),
approximately 200 km from IDBIR. Logistic constraints prevented
us from surveying these sites, but emigration of our banded terns to
these breeding colonies is possible.
Royal and Sandwich tern colonies in Louisiana commonly show
annual variability in number of breeding pairs. For example, the
breeding population on IDBIR varied from a low of 9 273 pairs to
a high of 22 070 pairs during the 2008–2011 period (Raynor et al.
2013, Pierce, unpubl. data). Given the low reproductive potential
and high mobility of these species, we attribute this variability to
individuals shifting between breeding colonies rather than to drastic
changes in survival or recruitment in the breeding population. Terns
may demonstrate weaker site fidelity to specific breeding colonies,
but demonstrate a stronger level of fidelity to the region, as seen
with interior Least Terns Sterna antillarum (Renken & Smith 1995).
Although Royal and Sandwich terns demonstrate some site fidelity
in the Gulf of Mexico, factors influencing dispersal (e.g., breeding
success, habitat instability, food resource availability) remain
unknown and need to be studied. Strong levels of site fidelity can be
maladaptive if populations remain unwilling to move sites as habitat
quality deteriorates (e.g., Southern & Southern 1982, Cooch et al.
1993, Ganter & Cooke 1998).

TABLE 3
Parameter estimates from top Cormack–Jolly–Seber models for Royal and Sandwich tern annual adult survival
and detection probability at Isles Dernieres Barrier Island Refuge, Louisiana, 2012–2016
Species
Royal Tern

Sandwich Tern

Parameter

Estimate

SE

95% CI

Apparent survival

0.682

0.067

0.539–0.797

2013 detection probability

0.235

0.070

0.125–0.397

2014 detection probability

0.545

0.087

0.376–0.704

2015 detection probability

0.301

0.074

0.178–0.462

2016 detection probability

0.132

0.053

0.058–0.274

Apparent survival

0.676

0.134

0.386–0.874

2013 detection probability

0.187

0.080

0.075–0.392

2014 detection probability

0.367

0.115

0.180–0.604

2015 detection probability

0.130

0.060

0.049–0.297

2016 detection probability

0.059

0.042

0.014–0.217
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CONCLUSION
This study provides the first information on site fidelity
and apparent survivorship of Royal Terns in the southeastern
United States, where the vast majority of US Royal Terns
breed (Buckley & Buckley 2002). Additionally, this study
provides the first survival estimates for Sandwich Terns outside
of Europe. Although Royal and Sandwich terns returned to
breed on IDBIR, we also speculate that there is some breeding
dispersal, which supports McNicholl’s (1975) hypothesis that
site fidelity is weaker in unstable habitats. True (rather than
apparent) survival rates remain difficult to ascertain but have
important consequences for lifetime reproduction in species
with low annual fecundity. Understanding true survival rates
and movement between breeding colonies is critical to assess
population status and viability. Continued monitoring of adult
survival and breeding productivity, as well as estimates of
juvenile survival rates and natal site fidelity, are needed for
a better understanding of population dynamics of these two
species. In Louisiana, long-lived species such as terns are likely
to experience drastic changes to breeding sites throughout their
lives, and conservation efforts should include the protection and
restoration of multiple islands, not just current colony sites.
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