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Black Tern Chlidonias niger distribution is related to
wet land distribution (Forcey et al. 2014, Maxson et al.
2007, Steen & Powell 2012) and, in the breeding
season, also with floating matter distribution (Hickey &
Malecki 1997, Steen & Powell 2012, Weller & Spatcher
1965).

The Black Tern population has strongly declined
since the early 1900s, both in West Europe (Tucker &
Heath 1994, Hötker & van der Winden 2005, Birdlife
International 2015, van der Winden & van Horssen
2008) and in North America (Nisbet 1997, Peterjohn &
Sauer 1997, Sauer et al. 2014). This decline coincided
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The population of Black Terns in The Netherlands strongly declined in the
period from 1950 to 1980. In recent years numbers have been more stable. The
supply of artificial nest platforms has successfully attracted breeding Black
Terns, and 80% now breed on platforms. In this paper we describe the develop-
ment in numbers and breeding success of a Black Tern population in The
Netherlands over the period 1982–2015, where ample nest platforms have
been supplied over time. Using this database we question whether we can
increase the breeding population by supplying platforms. We are uncertain
whether tern numbers responded to an increase in nest platforms, or whether
researchers responded to an increase in tern numbers by putting out more nest
platforms. We analyse (1) settlement and breeding success in relation to
nesting substrate, (2) the covariation between breeding numbers and platform
numbers over time and space, and (3) the density dependence of settlement
and breeding success. Against this background we analyse whether the annual
change in platform numbers is followed by a change in tern numbers, as would
be expected if there was a causal link between the two. We show that in our
study area reproduction on artificial platforms was higher than on natural
substrate and that the tern population in the whole study area increased over
the study period. This increase in numbers was associated with an increase in
the number of platforms, as expected when platforms affect tern numbers.
Settlement in the first year after introduction of the platforms was higher, but in
later years there was no correlation between annual change in the number of
platforms and annual change in the number of breeding pairs. We did not
detect a decline in the number of fledglings produced per pair with increasing
tern breeding density. In conclusion, although the general pattern suggests
positive effects of platform numbers on tern numbers, we are strictly speaking
not able to show that supplying nest platforms caused the increase in the local
Black Tern population over the study period. The answer awaits large scale
experiments with control areas and individually marked birds to quantify
survival and dispersal.   
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with habitat deterioration: primarily loss of wetland
and fragmentation of the habitat, partly through
regrowth of trees in tern breeding areas (Chapman
Mosher 1986, Naugle 2004, Shuford 1999). Deter -
mining the exact habitat changes that caused the
decline is not simple, because such changes are multidi-
mensional and not easily quantified (Forcey et al. 2014,
Steen & Powell 2012). One factor that is likely to play a
role locally is low clutch survival due to inferior nest
substrate and lack of suitable nesting sites (van der
Winden 2000, Shealer et al. 2006, but see van der
Winden & Kleefstra 2007).

Black Terns have also declined in The Netherlands,
but breeding numbers stabilised from 1980 onwards
(Haverschmidt 1933, van Turnhout et al. 2010). This
may have been related to the supply of artificial nest
platforms to enhance breeding numbers (in The
Nether lands at least 80% of the population is now
breeding on artificial nest platforms; van Turnhout et
al. 2010).

Nest platforms may play a number of roles in
enhancing breeding numbers of Black Terns. Increasing
the number of suitable nest places may attract breeding
birds and may enhance individual breeding success
(Alvo et al. 1998, Faber 1992, Heemskerk 2012,
Shambaugh 1996), possibly due to fewer problems
with flooding (Shealer et al. 2006). By increasing
nesting success, platforms may also enhance local
recruitment of breeding birds. The general idea is that
platforms are likely to have a positive effect on Black
Tern numbers, especially in suitable breeding wetland
with little nesting opportunity.

In this paper we ask whether nesting platforms are
causally involved in the determination of breeding
Black Tern numbers. If this is the case we may expect:
(1) a positive correlation between the number of
breeding pairs and the number of supplied nesting plat-
forms, (2) that an annual increase in platform numbers
in early spring is followed by an increase in the number
of breeding terns in that area later that year, and (3)
that nesting platforms positively affect breeding
success. However, tern conservationists may have
increased the number of platforms in response to an
increase in the number of terns, causing similar
patterns to emerge. We will therefore describe the
increase in terns and platforms in detail; and when
examining causality, pay particular attention to how
tern numbers react to an increase in the number of plat-
forms between years, because platforms are laid out
before the terns return to breed.

Because breeding populations have locally increas ed
in a number of areas, we also ask whether density

dependent effects on settlement and breeding success
occur, to shed light on potential mechanisms limiting
local Black Tern numbers.

METHODS

Study species
Black Terns breed together in small colonies prefera bly
in wetlands (Baggerman et al. 1956, Cooper &
Campbell 1997). The terns build their nest on floating
vegetation or mud banks, and nowadays also on artifi-
cial floating platforms. Black Terns generally lay two to
three eggs that both parents incubate (Glutz von
Blotzheim & Bauer 1987, Goodwin 1960, Servello
2000). In the colonies considered in this study, a pair
produced on average 0.99 fledglings per year (SD =
0.20, n = 16 years). Black Terns spend 2–3 months in
The Netherlands and then migrate to Africa. Young
birds often remain in Africa for their first summer,
before returning to breed in north west Europe
(Haverschmidt 1978).

Study area
Observations started in 1982 in De Utrechtse Venen
with the aim of protecting local Black Tern populations,
and since 1984 were included in the Sovon monitoring
program (Boele et al. 2016) and intensified from 1998
onwards (by LMH; Heemskerk 2012) in cooperation
with the farmers collective ‘ANV De Utrechtse Venen’.
De Utrechtse Venen (52.05°–52.13°N, 4.49°–4.59°E;
Figure 1) predominantly consists of peat grassland used
for livestock grazing: with elongated grassland parcels
(often several 100 m long and around 50 m wide)
intersected by ditches (2–20 m wide and not very deep:
0–60 cm). The area was historically divided into seven
adjacent sub-areas (Figure 1). We kept the identity of
the areas in the analysis, because the increase over time
in breeding numbers and platforms differed between
areas.

The water level was stabilised by the Water Author -
ity. The habitat is different from most breeding habitats
(Maxson et al. 2007, Naugle et al. 2000) which consist
of more natural wetlands (Bergman et al. 1970, Weller
& Spatcher 1965, Glutz von Blotzheim & Bauer 1987,
Teixeira 1979).

We estimated the surface area of the study area
using the program MapSource (Garmin) to be around
80 km2. The seven sub-areas differed in size, in the
density of platforms and in the density of breeding
birds (Table 3).

ARDEA 104(3), 2016240



Tinbergen & Heemskerk: BLACK TERN POPULATION TRENDS AND NESTING PLATFORMS

Nest platforms
Farmers and volunteers joined forces to lay out plat-
forms and measure the settlement and reproductive
success of the terns (Heemskerk 2012). In Demmerik,
the first platforms were placed in 1996 and in 1999 all
breeding birds there bred on these artificial sites. From
2000 onwards, platforms were available in all seven
adjacent areas (Figure 2B). In Kockengen, platforms
were already available before 2000, but we lack exact
data on the number of platforms for that period. We
therefore excluded Kockengen from the analysis of the
effect of platform introduction on the change in the
number of breeding pairs.

The platforms measured 40×50 cm and consisted
of various materials, were anchored in the ditch by a
line with a stone and placed by the end of April (Figure
3). The platforms protruded by at the most 2 cm from
the water to make access from the water easier for the
young, and were provided with vegetation on top: as
nesting material and for better concealment. They were
placed in groups of around eight per location and
collected again in August. At each location platforms
were placed 1–4 m from the edge of the ditch and sepa-
rated by approximately 5–10 m along the side of the
ditch. The positions of the locations were registered
using a hand held GPS (Garmin GPS 60). Different
groups of platforms were at least 50 m apart.

Counts of breeding birds
Breeding birds were counted from 1982 in Demmerik,
and from 1990 onwards in the other six areas (Figures
1, 2A). We have counts of breeding birds over this
whole period; therefore, we can analyse how breeding
populations changed as the number of nest platforms
increased (Figure 2B).

INTENSITY OF THE OBSERVATIONS AND THE DATA SETS

The early data are based on various counts collected in
the Sovon database (1982–1999; Boele et al. 2016),
and partly collected by one of us (LMH). In these years
observations were less intensive. We do not believe that
this difference generated the observed increase in the
tern population over time because the Black Tern is a
conspicuous species that, especially during the time of
pair formation, is not easily overlooked (see Bagger -
man et al. 1956) and because LMH has frequented the
study area over the whole period. In addition, the farm-
land habitat in our study population is easily accessible
and thus easier to survey than natural wetlands.

Nevertheless, we concentrated our formal analysis
on the years that observations were more intensive
(named ‘the detailed data set’ consisting of the data of
1995–2015 for Demmerik, 1998–2015 for Donkereind
and 2000–2015 for the other five areas). Over this
period 27 colonies that used natural breeding sites
were detected out of the total 479 registered breeding
colonies.

In this period the intensity of observations was
consistent: around once a week the nest platforms were
checked, thus making the estimates of breeding
numbers and nest survival comparable between areas.
With respect to natural nests, we believe that detection
probabilities may be lower than for nests on nest plat-
forms; but once detected, redetection probability is
similar. Therefore, when comparing reproductive
success between natural nests and nest platforms we
used Mayfield estimates of hatching success (Mayfield
1975; Shealer et al. 2006, and see below).

Settlement and reproductive success
During the weekly checks (starting at the end of
April–beginning of May), the colonies were approached
resulting in breeding birds leaving their nest. The eggs
or young were counted per nest on the basis of visual
inspection, if needed using binoculars, from the side of
the ditch. Care was taken to disturb the birds as little as
possible by minimizing the time spent near the colony
allowing the parents to return quickly. We counted
birds that had started to lay eggs before 10 June as a
breeding pair unless it was likely to be a repeat clutch.
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Figure 1.Map of the study area with the sub-areas indicated.      
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Figure 2. Trends in (A) the number of breeding pairs and (B) the number of nest platforms supplied in the different sub areas over
the years in the whole dataset. The number of breeding Black Terns did not increase in Demmerik and hardly did so in Bovenlanden
and Rietveld. In the remaining four sub areas (Donkereind, Kockengen, Kamerik and Zegveld) the number of breeding birds did
increase over time.     
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Late broods were defined as broods that started egg
laying after 10 June when most of the first clutches
have hatched. Broods were recorded as replacements
when a new clutch was found one to two weeks after
an earlier clutch failed, up to a distance of 4 km in the
study area (Bailey 1977). Replacement and late broods
were not included in the estimate of breeding popula-
tion numbers. These methods are not perfect because
we did not individually mark parents or offspring, but
we judge the error to be small relative to the natural
variation in breeding success observed.

Per brood, hatching success was defined as 1 when
at least one egg hatched and 0 if the clutch did not
hatch. In the period with young, the presence of hidden
young was based on mobbing birds. The fledged young
were counted after three weeks when they no longer
hide, but fly away when the colony is visited. The sum
of the number of fledged young from early and late
broods per colony divided by the number of breeding
pairs was used to calculate the number of young
fledged per pair, which is an important parameter to
judge population growth potential.

To compare hatching success and offspring produc-
tion between natural sites and artificial nest platforms,
we calculated apparent hatching success for a sub 
sample of nests in the same year and area to control for
temporal and spatial variation. For comparison the data
for all other platforms where no natural nests occurred
in the vicinity are also given.

Mayfield corrections
Using Mayfield’s method we estimated the daily nest
mortality rate by dividing the number of nest losses by
the number of days the nests were observed. We calcu-
lated the number of nest days between first detection
(detection day included) and hatching or disappear-
ance. To adjust for gaps in the daily observations we
added half of the days minus one (the day the nest
disappeared) between the two last checks when the
nest disappeared during that period (Beintema &
Muskens 1987, Mayfield 1975). In addition, the number
of eggs at the first nest check that the nest contained
eggs was added to the number of nest days because
laying an egg takes at least one day. This correction
could not be done for eggs predated before detection
and therefore introduces a small bias. The incubation
period was taken as 21 days (Bergman et al. 1970,
Haverschmidt 1945) to calculate survival for a breed -
ing pair from laying of the first egg until hatching.
Daily nest survival was then estimated as (1 – daily
mortality rate) and hatching success as (daily nest
survival) to the power 21.

Sample sizes of the number of nest days ranged
from 324 (1995) to 5514 (2013) per year and were
over 1033 from 2000 onwards. From 1995–1999, when
the fraction of natural nests was high and the nest visits
less frequent, the mean annual Mayfield estimates of
hatching success (survival from egg laying till hatch -
ing) differed somewhat from the mean annual apparent
estimate of hatching success (0.56 vs 0.66). From 2000
onwards they were rather close (0.76 vs 0.78). Since
observation intensity was high and com parable over
the populations, estimates based on apparent survival
only need small corrections to arrive at real nest
survival estimates.

The unit: individuals or colonies?
In the natural situation Black Terns tend to breed in
colonies (Baggerman et al. 1956, Maxson et al. 2007).
In our study area platforms were offered in groups of
on average 8.3 ± 2.8 platforms (±SD, n = 924, range
2–30, years 2000–2015). The latter might constrain the
possible settlement places, given that, in current times
the terns hardly use natural breeding sites. Of these
groups of platforms 49% was occupied by tern colonies
of on average 5.7 ± 3.5 (±SD, n = 451) pairs that
initiated a clutch. Within a year terns strongly aggre-
gate on specific platforms, resulting in a significantly
more aggregated distribution than random (frequency
distribution of actual numbers of terns breeding per
colony of ten platforms compared to the expected
number of terns per ten platforms based on a binomial
distribution of the same number of terns over the avail-
able platforms, Kolmogorov-Smirnov One Sample Test,
D = 0.509, n = 352, P<0.001). Individual terns thus
do not act as independent units. The breeding popula-
tion can therefore best be described by both the
number of colonies and by the colony size. However,
data are not available for all years at the colony level.

Statistics
We extracted annual numbers of breeding pairs and
platforms from the database for seven areas over the
whole observation period. The annual counts were
used as independent data points since no autocorrela-
tion in the count data for each area could be detected
on the basis of acf-plots in R (Venables & Ripley 2002).

In the detailed data set we analysed variation in the
log numbers of breeding birds per area and the log
number of available platforms in relation to year as
well as the association between the log number of
breeding pairs and the log number of platforms (all
natural logs). Over this period we used year as an
explanatory variable and did not include polynomial
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terms because we judged the trend over time as nearly
linear. To decide whether the slopes with time differed
between areas we used mixed Poisson models with a
logarithmic link function and random slopes for statis-
tical tests. Graphs and parameter estimates of the fits
and the slopes of the breeding pairs on platform
numbers are given for a Gaussian model with random

slopes, to facilitate interpretation of the coefficients for
the different areas.

In the analyses based on colonies as the unit, we
found severe overdispersion in the mixed models. To
correct for overdispersion we used quasi-Poisson regres-
sions to explain variation in the settlement probability,
the hatching success and the success per pair, aggre-

ARDEA 104(3), 2016244

Fraction of clutches hatched Fledged per pair

First clutches Late clutches
Mean n Mean n Mean SEM n

Natural nests 0.508 71 0.545 25 0.583 0.112 71
Platforms paired to natural nests 0.863 48 0.735 21 1.023 0.120 48
All other platforms 0.822 424 0.622 214 0.922 0.036 424
Overall 0.805 543 0.622 260 0.887 0.034 543

Table 1. Estimates of apparent hatching success and the number of fledged young per pair for natural nests, for platforms paired to
natural nests and for all other platforms. Also the overall mean is given (n = number of platforms, SEM = standard error of the
mean).         

Figure 3. A Black Tern breeding colony in De Utrechtse Venen, halfway may 2014, with a pair of Black Terns on a nest platform in
the inset. A number of platforms can be distinguished. The edges of the ditches are mown less frequently to enhance tern feeding
opportunities (photos: L.M. Heemskerk and G. Hiemstra (terns)).     
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gated per area-year group (n = 111). Settlement
 probability was analysed as the number of breeding
pairs controlled for the number of platforms laid out
per area per year. Hatching success was analysed
explaining the number of successful nests (nests with at
least one hatchling) per area per year with the number
of breeding pairs per area per year as a covariate (thus
excluding colonies without breeding birds). Success per
pair was analysed as the number of fledged young per
area per year controlled for the number of breeding
pairs (= number of first broods) per area per year.

To detect density dependence, we calculated the
density (breeding pair/km2) for each of the areas for all
years > 1999 (n = 106). We constructed a quasi-
Poisson model explaining variance in the summed
colony offspring production with the density for that
area in that year (pair/km2) and the summed number
of breeding pairs as explanatory variables. To give an
overview of the current population strength and repro-
duction, we give average population parameters for the
last six years in Table 3.

Statistical analyses were done in R (R Core Team
2015) and SPSS (IBM 2015).

RESULTS

Platforms vs natural breeding sites
Natural sites were used in the vicinity of 5.6%
(27/479) of the observed colonies on platforms.
Controlled for differences between years, average
hatching success for first broods was lower for natural
nests than for nearby nests on platforms (Poisson
regression with offset ln(breeding pairs), Wald c21 =
15.93, P< 0.001) and did not differ between first
broods on platforms with and without nearby natural
nests (Wald c21 = 0.323, P = 0.57; Table 1). For late
broods, the difference between nest categories was not
significant (Poisson regression with offset ln(late
broods), platform type effect: Wald c22 = 0.925, P =
0.63). The number of fledglings per pair was lower for
natural nests compared to nearby nests on platforms
(quasi-Poisson regression of per site mean number of
fledglings with offset ln(breeding pairs): Wald c21 =
19.05, P<0.001), also controlled for year differences:
confirming that natural nests on average have lower
fledgling production than nest platforms. The number
of fledglings per pair did not differ between platforms
with and without nearby natural nests (Wald c21 =
1.19, P = 0.28). Comparison of the Mayfield estimates
with the uncorrected apparent estimates of hatching
success revealed that apparent estimates of hatching

success overestimate survival by a factor of 1.20 in
natural nests and 1.02 on platforms. Using the Mayfield
estimates of hatching success, we estimate mean real
fledgling production per pair as 0.49 for natural nests
and 1.00 for the paired platform nests, assuming that
all fledglings were located.

Trends in numbers over time
BREEDING BIRDS

Trends over time in the number of breeding birds
differed significantly between areas (detailed dataset,
random slopes Poisson model, inclusion of random
slopes c22 = 152.2, P<0.001; Figure 4A). Demmerik,
Bovenlanden and Rietveld were most stable in
numbers, while in Donkereind, Kockengen, Kamerik
and Zegveld breeding numbers increased over time.
Variation in the number of breeding birds seems to be
higher in the recent years (Figure 2A) but this is not
significant (regression on the absolute values of the
residuals of the regression of ln(breeding pairs) on year
× area, t = 1.31, P = 0.19).
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Figure 4. The number of breeding pairs and the number of plat-
forms supplied increased over the years (detailed dataset).
Fitted trends over the years are shown in (A) the number of
breeding pairs and (B) the number of platforms supplied in the
different sub areas. Trends differ between areas. Lines are fits
calculated from a mixed Gaussian random slope model (statis-
tics were performed on a Poisson based model, see text). The
thick line represents the grand mean.      



NEST PLATFORMS

With respect to the number of nest platforms, the trend
over time differed less between areas (Figure 2B). In all
areas the number of platforms increased over time, but
numbers tended to level off in Rietveld and Demmerik
most pronouncedly. The increase of the number of plat-
forms over time did differ between the areas (detailed
data set, random slopes Poisson model, inclusion of
random slopes c22 = 61.04, P<0.001; Figure 4B).

COVARIATION BETWEEN THE NUMBER OF BREEDING BIRDS

AND PLATFORMS

The relationship between log breeding pairs and the log
number of platforms did differ between the sub-areas
(detailed data set, random slopes Poisson model, inclu-
sion random slope c22 = 37.3, P< 0.001; Figure 5).
Overall the number of breeding pairs increased with
the number of platforms (grand mean 0.19 breeding
pairs per platform added) but the increase differed per
sub-area (Table 2). In Demmerik the number of
breeding birds was independent of the number of plat-
forms, in Bovenlanden and Rietveld we found a
moderate positive relationship, while in the other four
areas there was a more pronounced positive relation-
ship between breeding pairs and platforms.

Do platforms cause changes in breeding bird
numbers?
Comparing the annual increase of the number of
breeding birds with the annual change in the number of
nest platforms shows that in the first year after intro-
duction tern numbers on average increased (change in
breeding numbers in the first year is 10.2 pairs more
than in the 8 years before and 7 years after the first
year, controlled for year and area, Wald c21 = 9.96,
P = 0.002; Figure 6). This was true for five out of six
areas (Kockengen not included, see methods). Over the
whole period the mean annual change in breeding birds
per area was positively, but not significantly related to
the annual change in platform numbers (beta = 0.091,
Wald c21 = 1.19, P = 0.28). When each area was ana -
lys ed separately there was virtually no association for
five out of six areas, but a strongly positive association
for Zegveld (beta = 0.60 Wald c21 = 14.6, P<0.001).

Trends in breeding success
CURRENT SITUATION

To illustrate the variation in density and breeding
success between the different areas we present average
estimates of a number of relevant parameters over the
last six years: 2010–2015 (Table 3). The numbers of
breeding colonies per area differed by a factor of 4.9

and the density of colonies differed by a factor of 28.5
between areas, while the number of breeding pairs per
colony was relatively constant (Table 3). Settlement, in
terms of pairs per square kilometre, differed hugely
between the sub-areas. The number of colonies per
area was not related to the surface of the areas but co-
varied rather with the number of platforms per area. 

BREEDING SUCCESS OVER THE YEARS

We analysed the area specific trends over time (years)
in breeding success on the summed values for the avail-
able area-year combinations (n = 106) in a quasi-
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Figure 5. Association between the number of breeding pairs and
the number of platforms supplied in the different sub areas over
the years (detailed data set). The association differs between
areas. Lines are fits from a mixed Gaussian random slope model
for each of the areas (statistics were performed on a Poisson
based model, see text). The thick line represents the grand
mean.      

Estimated number  
of breeding pairs

Intercept Slope for 100 platforms

Grand mean 11.17 0.1898 30.1
Per sub-area
1 Demmerik 30.04 –0.0013 29.9
2 Donkereind 11.50 0.3725 48.7
3 Bovenlanden 6.15 0.0646 12.6
4 Kockengen 15.81 0.2474 40.6
5 Kamerik 4.56 0.1856 23.1
6 Zegveld 2.22 0.2931 31.5
7 Rietveld 7.89 0.1268 20.6

Table 2. The association between the number of breeding pairs
and the number of platforms. Outcome of a random slopes
regression model allowing for area specific intercepts and
slopes. A Gaussian distribution was assumed to facilitate inter-
pretation of the coefficients. Significance of the random slopes
model was tested using a Poisson GLMM (see text).          
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Poisson regression. The probability of hatching success
(at least one chick hatched) did not systematically
change over time (Wald c21 = 0.635, P = 0.43, con -
troll ed for area) and this trend did not differ between
the areas (interaction area × year: Wald c26 = 9.93,
P = 0.13). There was a near significant difference
between the areas (Wald c26 = 12.54, P = 0.051). The

number of fledglings per breeding pair (first and repeat
broods summed) did not decrease over time (Wald
c21 = 2.535, P = 0.11; Figure 7) and this trend did not
differ between areas (interaction area × year: Wald
c26 = 5.94, P = 0.43). Also, there was no difference
between the areas (Wald c26 = 6.52, P = 0.37).

PLATFORM OCCUPATION RATE OVER THE YEARS

We selected the places with potential breeding colonies
(n = 924 sites) for the analysis of the occupation rate
and grouped them according to year-area combinations
and analysed the number of breeding birds per number
of available platforms per area year combination in a
quasi-Poisson regression. The fraction of occupied
colonies decreased over time (Wald c21 = 16.70,
P< 0.001) and this trend differed between the areas
(interaction area × time, Wald c26 = 76.95, P<0.001,
less pronounced for Kamerik, Zegveld and Rietveld).
The early years had higher occupation rates. This

247

–8

–10

–5

5

20

15

–15

10

12 14 1610–6 –2–4 2 64 8
years from the start of platforms addittion

de
cr

ea
se

in
cr

ea
se

A

B

–10

–5

5

20

15

–15

10

de
cr

ea
se

in
cr

ea
se

0

0

Figure 6. The annual change in numbers of platforms (A) and
breeding birds (B) from one year to the next. The first year that
platforms increased an increase in breeding birds followed:
suggesting that the increase in platforms caused the increase in
breeding birds, but no correlation existed in later years (bars
indicate SEM).      

Pairs per colony
Hatching

Fledgling/pair
Number of Surface 

Area Mean SD success Mean SD breeding pairs area (km2) pairs/km2

Demmerik 7.08 3.64 0.79 0.80 0.64 26.7 4.7 5.67
Donkereind 5.24 3.23 0.86 0.95 0.72 51.0 2.6 19.62
Bovenlanden 4.24 2.58 0.71 0.83 0.78 8.2 16.8 0.49
Kockengen 5.50 2.98 0.87 0.96 0.73 60.2 26.8 2.25
Kamerik 6.07 3.74 0.77 0.89 0.71 27.0 18.3 1.48
Zegveld 4.88 3.94 0.76 1.10 0.79 28.7 12.1 2.37
Rietveld 4.85 2.90 0.74 1.05 0.80 13.2 2.3 5.73

Table 3. The average number of Black Tern pairs per colony, mean hatching success and the average number of fledglings produced
per pair (fledglings of first and repeat clutches summed) and the surface of the area and the density for the seven areas over the
period 2010–2015.         

0.0

0.4

0.8

1.2

1.6

2000 2003 2006 2009 2012 2015
year

fle
dg

lin
gs

/p
ai

r

Figure 7. The mean number of fledglings produced per breed -
ing pair did not decrease over time although numbers of
breeding pairs for the whole area increased strongly over time
(detailed data set 2000–2015, bars indicate SEM).      



means that there was a stronger growth in potential
breeding sites (groups of platforms) than in occupied
breeding sites, suggesting an increase in nesting space
over time that differed between the areas.

DENSITY DEPENDENCE

Breeding density increased over time, but not in all
areas, and differed between areas in the later years
(Figure 4, Table 3). There was a very weak trend for the
number of fledglings produced per pair to decline with
breeding bird density (quasi-Poisson regression on the
summed values per year and area, controlled for area,
beta = –0.021, Wald c21 = 2.535, P = 0.111, n =
106). We can conclude that breeding success was
rather stable over space and time.

DISCUSSION

Based on our description of the development of the
Black Tern population and its breeding success we will
discuss the evidence that nest platforms do play a causal
role in determining Black Tern breeding numbers and
breeding success. In this discussion we concentrate on
factors acting in the breeding season, realising that the
determination of breeding population size may very
well have its origin in the wintering areas. 

Nest platforms versus natural nest sites: breeding
success
The reproductive success (fledglings per pair) in this
study was around two times higher on nest platforms
than in natural breeding sites (Heemskerk 2012, this
study) and for that reason it is not surprising that terns
would prefer to breed on platforms. Higher reproduc-
tive success on nest platforms has also been reported by
other studies (Shealer et al. 2006, van der Winden et al.
2004, Shambaugh 1996). Note that van der Winden et
al. (2004) rely partly on the same dataset as we present
here. One could imagine that higher reproductive
success eventually leads to a higher local breeding
population. However, the ‘better’ or more experienced
birds may be more likely to breed on platforms: perhaps
causing the difference in reproductive success between
platforms and natural nests to be more related to bird
quality than the use of platforms. This would be consis-
tent with the pattern that nests on platforms had larger
eggs (Shealer et al. 2006). Yet, everything else being
equal, higher reproductive success on platforms will
increase offspring production. Whether this leads to
higher recruitment in the breeding population (at least
with a time lag of 2–3 years) remains unexplored,

largely because we lack data on survival and dispersal
of individual birds.

Did platforms cause the number of breeding terns
to increase?
Can we prove that the increase in platform numbers
indeed did cause the larger breeding population? In
Demmerik the number of breeding terns was relatively
constant, while the number of nest platforms increased
(Figures 2A, 2B). Yet the terns all switched to breed on
the platforms. Apparently the nest platforms were
preferred over natural sites. One reason for this may be
that the platforms are available early in the season in
contrast to natural breeding places. But their natural
breeding locations may have disappeared too. The
decline of Water Soldier Stratiotes aloides (Glutz von
Blotzheim & Bauer 1987) or other vegetation, like
floating rhizomes of nymphaeids or floating algae beds,
may have played a role here (Koerner & Marxmeier
2005, van der Winden et al. 2004). In Demmerik there
is no indication that the available breeding opportuni-
ties limited breeding numbers in the long run. In the
other six areas the number of breeding terns was more
or less positively related to the number of platforms
(Figure 5) suggesting that in these areas breeding
opportunities early on, when platforms were provided,
may have been limiting.

Because the aim was to protect the terns, platforms
were placed on sites where one of us (LMH) expected
the terns to be successful. This was based on field
knowledge of the occurrence of the terns and their
normal breeding habitat choice. And when successful,
perhaps platform positions were more likely to be
continued. This mechanism determined the distribu-
tion of the platforms over the study area in interaction
with the choices of the terns, and in the long run the
platform distribution will tend to reflect the distribu-
tion of the breeding terns. Because of this mutual
dependency between tern site choice and platform
provisioning, we cannot convincingly prove from our
data that the provisioning of platforms caused the
increase in the tern numbers. A different reason for the
increase of the tern population, like a better winter
survival, would also have caused an increase in the
number terns (and the number of platforms).

We used an alternative approach to detect whether
the increase in platforms caused an increase in tern
numbers. We studied how the annual change in plat-
form numbers related to the change in the breeding
population. Because the platforms were supplied before
the terns returned, an increase in the terns in the same
season would indicate causality. The pattern (Figure 6)
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indeed shows that in the first year after introduction
tern numbers increased, but not in the years thereafter.
This effect was also experienced in other study popula-
tions (Vossmeyer 2007). We did not find a correlation
between the annual increase in breeding numbers and
the annual increase in platform numbers over the years
in six out of seven areas. There was a positive correla-
tion only in Zegveld. We conclude that platforms did
play a causal role in the increase in the number of
breeding terns, be it in most areas convincingly only in
the first year after introduction. Yet in Zegveld, popula-
tion changes were correlated to changes in platform
numbers. Perhaps birds from the population nearby
(but outside our study area) moved to Zegveld when
the platforms became available.

We conclude that on the short term platforms posi-
tively affect the number of breeding birds. This short
term effect is likely based on birds shifting their
breeding location in response to platform availability.

Possible experiments to prove the effect of
platforms on breeding numbers
To prove whether or not tern numbers will increase
when we provide more platforms, experiments are
needed to show the causal effect of platforms on the
number of breeding terns. There are numerous options
for experiments of which we will discuss two:

PLATFORM REMOVAL

Take platforms away and see whether the breeding
population declines. In such an experiment one could
reduce the number of platforms in half of the areas in
spring before the terns return and measure the number
of breeding pairs in all the areas in the breeding season.
It is important to realise that there are possible short
term (settling of the available tern population) and
long term effects (higher reproduction and return of
the young birds to the natal area). Although scientifi-
cally interesting, a platform reduction experiment
would be counterintuitive to a conservationist. Yet, are
we sure what would happen? Do we expect the breed -
ing numbers to decline locally or would the terns
switch back to breed on natural vegetation? Can terns
still breed in natural nesting sites? Will the reproduc-
tive success be lower on the natural nests? Would the
terns disperse to other platforms? Or even to other
areas outside the study area? For such an experiment it
would be essential to have individually marked birds
and, if we wanted to measure long term effects,
including the fate of the young produced and their
establishment as breeding birds, it would become a
very big project.

PLATFORM ADDITION

Probably less risky and therefore more practical in
terms of tern protection, is to choose a number of new
study areas of potential tern habitat. Create six to ten
experimental blocks in non-adjacent suitable tern
habitat. Erect platforms in half of the blocks and not in
the others. Register the breeding terns in all blocks
every year. If platforms cause breeding numbers to
increase, we expect higher breeding numbers in the
areas with platforms. One interesting aspect mentioned
is that platforms are generally available earlier than
natural vegetation for nesting. This in itself may lead to
differences in laying dates between the experimental
populations. Depending on whether the early bird has
advantages this may have profound consequences,
depending on the local food situation, but also on
possible competition between young later in life.
Individually marking birds would also be essential here
to interpret the results.

The choice of the potential breeding habitat is
essential for a successful platform addition experiment.
Do we have enough knowledge to distinguish potential
tern habitat? In other words, what ecological factors
predict settling and breeding success? Or are all poten-
tial breeding sites occupied by the terns? Can we
discern negative effects of tern numbers on their
breeding success, suggesting that the terns reach
carrying capacity (Newton 1998)?

No evidence for density dependence
We did not find evidence for density dependence in
reproduction. Over time the numbers of nest platforms
have increased faster than the numbers of terns,
resulting in a decline in the occupation rate of the plat-
forms. Thus, the number of platforms was not likely to
be limiting for the terns in later years. Once settled, the
terns had a similar chance to produce a hatchling. There
was a tendency for a decline in the number of fledglings
per pair over the course of the years, but this decline
was not significant. We also found a decline in the
number of fledglings produced per pair with breed ing
bird density, but this was also not significant. These data
do not suggest that the numbers of breeding terns are
limited because of density dependence in reproduction.

Will the breeding population persist?
Over the years, effects on settlement probability and
reproductive success interplaying with survival and
dispersal will affect the population dynamics of the
terns and thus the trend in their numbers. In our popu-
lation we measured only two aspects of this whole
complex: the reproduction in terms of fledglings per
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breeding pair and the number of breeding pairs over
the years. Using a model approach, Servello (2000)
studied the effect of variation in adult and subadult
survival, the moment of first reproduction and the
intensity of reproduction on the growth rate of a hypo-
thetical Black Tern population in the USA. On the basis
of his sensitivity analysis it becomes clear that variation
in adult and subadult survival has a great impact on the
population growth rate. We largely lack information on
survival and the age of first reproduction, and certainly
on variation in these parameters, making it a gamble to
predict reproductive rates at which the population will
be stable. Nevertheless, at the average parameters of
different American studies, and adult survival rates
ranging from 0.83–0.91 (based on data from different
tern species), Servello (2000) expects the population to
be stable at the production of 0.7–1.1 fledglings per
pair. A different study based on the European data and
the assumption that the Northwest European popula-
tion is closed (van der Winden & van Horssen 2008),
but not including a sensitivity analysis, estimated that
0.85 fledglings per breeding pair per year would
explain the slight increase in the population. The
production of our population amounts to an annual
mean number of fledglings per pair of 0.99 ± 0.20
(±SD, n = 16 years) and this figure is in the range
consistent with the observation that our population has
increased over this time period. Potentially, this
increase was the result of attracting terns from other
areas, as it is thought that numbers in The Netherlands
stabilised from 1980 onwards (van Turnhout et al.
2010). Clearly actual survival and dispersal estimates
are essential to develop our knowledge of the popula-
tion dynamics of the Black Tern and obtaining these
should therefore have high priority. 

Concluding remarks
The available evidence suggests that Black Terns prefer
to breed on nest platforms and that platforms improve
reproductive success and thereby increase the breeding
population; however, to prove the positive effect on
tern breeding numbers is not straightforward. We advo-
cate finding out whether supplying nest platforms
cause the population to increase using proper controls
in experiments with adding more platforms; this would
also aid conservation strategies. Ideally such an experi-
ment would include a ringing program to estimate
survival and dispersal of both adults and offspring to
judge the effect of platform addition. We realise that
knowledge of what habitats are suitable for breeding
terns is also essential. We did not detect strong density
dependence, and from that perspective we expect that

more terns should be able to live in the study area. Yet
in some areas ample platforms are available, but the
population did not increase. Perhaps we should spend
more effort finding out whether this has local causes: to
find out where adding platforms may be useful.

Even if providing more artificial nest platforms
enhances Black Tern population size we should ques-
tion whether it is advisable in the long run. When
young terns learn that breeding takes place on artificial
platforms, the population may become completely
dependent on artificial platforms. This would hamper a
return to a more natural situation if and when circum-
stances permit. Also, artificial platforms may be more
sensitive to predation than natural nesting sites,
because their visibility is high. With increasing numbers
of predators like harriers and large gulls this may pose
a problem. These are all reasons to produce artificial
platforms that approach the appearance of natural
nesting sites as much as possible. Conservation meas-
ures should also consider supplying better natural
nesting habitat, possibly by dredging ditches less thor-
oughly to give young terns the opportunity to return to
their natural breeding sites.
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SAMENVATTING

De Nederlandse populatie van de Zwarte Stern Chlidonias niger
is tussen 1950 en 1980 sterk in aantal afgenomen, maar heeft
zich na die tijd gestabiliseerd. Sinds 1980 hebben door vogelbe-
schermers uitgelegde nestvlotjes zoveel broedende sterns
aangetrokken dat tegenwoordig ongeveer 80% van de populatie
op vlotjes broedt. In het Groene Hart van Holland heeft LMH
sinds 1982 de populatieontwikkeling van de Zwarte Stern gere-
gistreerd. In samenwerking met de boeren van de Agrarische
Natuurvereniging ‘De Utrechtse Venen’ zijn bovendien vlotjes
uitgelegd. De bezetting en het broedsucces op zowel natuurlijke
nestplaatsen als vlotjes is door boeren en vrijwilligers gere-
gistreerd. Naar aanleiding van een presentatie van LMH op de
workshop ‘asking questions’ georganiseerd door JMT op het
congres van de Nederlandse Ornithologische Unie in januari
2015 hebben JMT en LMH de handen ineengeslagen en een
database samengesteld op basis waarvan in dit artikel een
analyse van de aantalsontwikkeling van de Zwarte Stern in De
Utrechtse Venen wordt gepresenteerd. Doel is, naast een
beschrijving van aantalsontwikkeling en broedsucces, na te
gaan wat de rol van de uitgelegde vlotjes hierbij is geweest.
Over het algemeen wordt aangenomen dat vlotjes een positief
effect op het aantal broedparen hebben, maar het kan ook zo
zijn dat de beschermers juist reageren op een toename van de
sterns. Als er meer sterns komen, leggen ze meer vlotjes uit. Op
die manier kan ook een andere factor dan de vlotjes de toename
van sterns veroorzaakt hebben. Over het gehele onderzoeksge-
bied vonden we een positieve relatie tussen het aantal broed-
paren en het aantal vlotjes, maar berekend voor de deelge-
bieden apart bleek er in drie van de zeven gebieden geen of
slechts een zwakke relatie te zijn. Kennelijk zijn ook andere
factoren van belang. Geïnteresseerd geraakt in de rol van de

vlotjes hebben we ook gekeken of een jaarlijkse toename van
het aantal vlotjes een toename van het aantal broedparen
veroorzaakt heeft. Dit was alleen het geval in het eerste jaar na
het uitleggen van de vlotjes. Hoewel we evidentie hebben dat
het broedsucces op vlotjes hoger is dan op natuurlijke plekken,
zijn aanwijzingen dat het aantal vlotjes werkelijk het aantal
broedende sterns heeft bepaald beperkt. Vooral de effecten op
een wat langere termijn, wanneer de jongen als broedvogels
terugkomen, kunnen we aan de hand van onze gegevens slecht
kwantificeren. Willen we daarachter komen, dan zullen we
grootschalige experimenten moeten doen in geschikt habitat
van de Zwarte Stern door in een deel van de gebieden vlotjes
neer te leggen en in een ander deel niet. Door broedsucces te
meten en zowel jongen en ouders te ringen en later terug te
vinden, kunnen we zien of vlotjes werkelijk het aantal Zwarte
Sterns bepalen. Om een idee te krijgen of er nog meer sterns
dan nu in het terrein kunnen broeden, hebben we gekeken of de
populatiedichtheid lokaal een negatief effect op het broedsucces
heeft gehad. Dat effect bestaat niet. Onder hogere dichtheden
produceren de sterns niet meer of minder vliegvlugge jongen
per paar. In de loop van de jaren is er ook geen duidelijke
afname van de jongenproductie met het toenemen van de
aantallen sterns te zien geweest. De Zwarte Sterns produ-
ceerden gemiddeld rond 0,99 jongen per paar, een aantal
waarvan men denkt dat dit voldoende moet zijn om de popu-
latie in stand te houden. Wat het broedsucces van de sterns
bepaalt, is echter nog geenszins duidelijk. Analyse van variatie
in broedsucces kan hierop in de toekomst mogelijk meer licht
werpen en ons helpen bij het creëren van habitat waar de
Zwarte Stern het goed doet.
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