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BODY MASS FLUCTUATIONS AND MORTALITY IN COMMON

TERN Sterna hirundo CHICKS DEPENDENT ON WEATHER AND

TIDE IN THE WADDEN SEA

PETER H. BECKER & RUDOLF SPECHT

ABSTRACT In three Common Tern colonies in the German Wadden Sea the
relationships between mortality, body mass of chicks, weather and the tide
dependent change in the daily span of time favourable for feeding (TFO
DH) were studied. On the island Oldeoog weather fluctuations between years
were more pronounced and wind-speed as well as minimum-temperatures
were higher than at the coastal colonies. Mortality of chicks was not
significantly different between the colonies, but on Oldeoog chicks
underweight were more frequent. In all colonies chick mortality was
negatively correlated with minimum-temperature and positively with wind
speed; a positive relation to rain was found only on the coast. Multiple
regressions indicate that mortality depended mainly on minimum
temperature, further on rain or wind-speed as well as on Oldeoog on the
percentage of underweight chicks. This parameter correlated positively with
wind-speed at Oldeoog and Augustgroden, and negatively with TFO-DH on
Oldeoog only. The results confirm the direct dependence of chick mortality
on weather and the indirect effect of wind-speed on chick body mass.
Moreover on Oldeoog, chick body mass was linked with TFO-DH.

Institut fUr Vogelforschung, An der Vogelwarte 21, D-2940 Wilhelmshaven
15, FRG.

INTRODUCTION

The availability of food decisively can influence
growth and mortality of the young and hence breed
ing success of birds (e.g. seabirds: Tschanz 1979,
Barrett et al. 1987, Anker-Nilssen 1987, Furness
1987). Food availability and foraging success of
marine birds are not only subject to yearly variations
in abundance of prey but also to seasonal changes
due to environmental factors such as weather and
tide (e.g. Birkhead 1976, Dunn 1975). The breeding
success of Common Terns (Sterna hirundo) on the
Wadden Sea coast, too, varies substantially from
year to year. This is due mainly to the influence of
climate and food availability (Becker et al. 1985,
Becker & Finck 1985, Becker 1990). Seabirds of
small size as terns in particular react sensitively to
shortage of food (Furness 1987). In the case of the
Common Tern, food availability can diminish to
such an extent that undernourishment and mass
mortality of chicks occur (Becker & Finck 1985).
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According to Dunn (1975) the growth rate of
Common Tern chicks on the British North Sea
coast is influenced by wind and rain and not by the
tide, though during the hours preceding low tide
the parents return more often to the colony carrying
food (Dunn 1972, 1975). Tide-dependent frequency
of foraging flights was also observed by Boecker
(1967) and Mes & Schuckard (1976) in the Wadden
Sea, where conditions of life are characterized
particularly by the tides. The dependence of the
Common Tern's foraging success on the tides is
confirmed by recent studies of incubation shifts
and feeding rates (Becker & Frank 1988, Frank
1991, Frank & Becker 1991).

In this paper we examine if and in what way,
apart from climatic conditions the tides can in
fluence body mass and mortality of Common Tern
chicks in the Wadden Sea.
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Table 1. The number of checks and chicks checked
and weighed during one check per studied site and year.
N = max. number of chicks alive at the previous check
+number ofchicks hatched after the previous check (Nw

number weighed, n = number of checks).

STUDY AREA, METHODS AND
DEFINITIONS

Sites and years of study
The three Common Tern colonies studied are

situated on the Lower Saxonian Wadden Sea coast
(Fig. 1). Detailed information on these sites as well
as on the breeding and feeding biology of these
colonies is given in other papers (Becker & Finck
1985, 1986; Becker et al. 1985, 1987; Becker &
Anlauf 1988a, b). Data used for the present paper
were collected in 1983 (Augustgroden, Oldeoog),
1984 - 1986 (all three sites) and 1987 (Wilhelms
haven). Each site was studied during four years
(Table 1). .

Body mass and mortality of chicks
Fenced clutches were checked every other day

(Becker & Finck 1986). In a few cases checks were

site

Oldeoog

Wilhelmshaven

Augustgroden

year N Nw n

83 219 33 14
84 184 28 12
85 121 66 12
86 128 109 17

84 35 6
85 130 81 11
86 81 33 14
87 61 38 12

83 143 75 12
84 85 53 10
85 148 98 7
86 96 55 17

Fig. 1. Map of the studied Common Tern colony sites
at the Jade Bay, Lower Saxon Wadden Sea

Because of intersite and interyear differences in
chick growth rates it was necessary to develop a

No body mass records at Wilhelmshaven in 1984.

postponed for an extra day owing to bad weather.
Newly hatched chicks were ringed, aged (chicks
found for the first time were aged 1 d ± 1 d) and
weighed - as also during the subsequent checks
when alive - with a Pesola spring balance (l00 g,
300 g) to the nearest g. The fate of chicks was
registered until fledging. We differentiated
between chicks lost to predators or flooding and
chicks found dead in the fenced areas, in most cases
due to the influence of weather and food situation
(see Becker & Finck 1985, 1986). In this analysis
only the last mentioned chick losses were included
in the calculation of mortality.

The mortality (m, attributable to conditions of
weather and food availability) during the chick
rearing period was calculated by: m = N chicks
found dead x 100 (N chicks alive at the previous
check + N chicks hatched after the previous check).
Only checks with at least 10 chicks were included.
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nr 9 II 33 46 66 63 54 65 50 36 26 17

Weather and tide
The site-specific times of low and high tide

originate from tables of the Deutsches Hydrogra
phisches Institut. With the exception ofwind-speed
(b, see below) the data were obtained from Deut
scher Wetterdienst, Wangerooge- weather station
(for Oldeoog, 8 km away) and Wilhelmshaven
weather station (for Wilhelmshaven and August
groden,1O and 20 km away, respectively). For
comparison with mortality and body mass
deviations the following characteristics of weather
and tide were expressed as mean values for the two
or in some cases three days before a check.
- TFO-DH: "Tidal foraging optimum - daylight
hours". According to Mes & Schuckard (1976),

Frank & Becker (1991) and Frank (1991), the for
aging optimum in the Common Tern in relation to
tide was found to be during the 4 hours before low
tide in the Wadden Sea. Due to their length tides
shift from day to day, and the TFO can occur once
or twice per day during daylight hours (see Fig.2,
that is about 4 - 8 h per day).
- rain: mm/day.

method independent of such variations. To obtain
information on the seasonal variations in chick
growth rate, we calculated for each check the
deviation of chicks' body mass from the age
specific body mass derived from the site- and year
specific growth curve of all chicks alive. The
growth curves themselves will be analysed in a
separate paper. Chicks 4 - 18 d old and checks with
at least 9 chicks recorded were included in these
calculations. Thus the no. of weighed chicks and
the no. of checks used in the calculation of body
mass deviations are lower than the corresponding
no. included in mortality calculations (see Tables
1,2, Fig. 2). The percentage of chicks 1 g or more
below mean body mass is given and carried
forward into further data evaluations. With X2

tests we tested for each check if the no. of chicks
below and above the mean mass values
corresponded to a supposed equal distribution.
Numbers of checks and maximum numbers of
chicks per check and weighed chicks per check are
given in Table 1.
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Fig. 2. Results from the Common Tern breeding
season on the Wadden Sea island Oldeoog in 1985 (Fig.
1). n\ = no. of live chicks weighed; n2 = no. of chicks.
Only in two checks (June 27 and July 7) was the
percentage of chicks under mean body mass not
significantly different from an equal distribution. This
percentage correlated well with mortality (no. of checks
= 12; r = 0.80, P < 0.01; r = 0.53, P < 0.05), with TFO
DH (r = -0.61, P < 0.05; r= - 0.32, n.s.) and with Tmin

(r = -0.72, p < 0.01; r = -0.31, n.s.), the mortality with
Tmin' too (r = -0.87, P < 0.001; r = -0.33, n.s.).
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Table 2. Variation between years in parameters (x±sd and range in brackets; wind per day in Beaufort: median,
range) characterizing the weather of the 2 d before a check (= n) and in chick mortality at Oldeoog. Mass dev.:
percentage of the no. of checks with a significant number of chicks deviating negatively from the age-, year- and
site specific body mass mean. p- values according to Kruskal & Wallis test.

wind-speed mortality mass dev.
year rainfall Tmin per day during TFO

(mm) (0e) (Beaufort) (Knots) (%) (%)

1983 (n=14) 0.7±l.la 12.9±2.Sa 3 16.6±5.2 3.5±3.5 0
(0.0-3.8) (9.4-18.4) (2-S) (10.5-28.5) (0.0-14.2) (n=8)

1984 (n=12) 2.9±2.7 1O.4±0.9a,b 4a 18.4±7.8 20.8±23.4b 60
(0.0-9.4) (9.2-12.S) (3-6) (7.0-34.0) (0.0-63.2) (n=5)

1985 (n=12) 4.6±4.2a 11.2±1.7 3a 15.9±6.1 9.6±9.9c 42
(0.0-13.5) (7.0-12.9) (2-5) (9.7-32.5) (1.4-33.9) (n=12)

1986 (n=17) 2.0±4.1 12.7±1.8b 3 14.2±4.6 1.l±1.3b,c 14
(0.0-16.4) (9.3-15.7) (3-4) (8.8:24.8) (0.0-4.3) (n=14)

p <.01 <.01 <.01 n.s. <.001 <.05

a (p < .OS), b,c (p < .001) years with a letter in common differ significantly according to Nemenyi 's multiple com-
parison.

- Tmin: daily minimum-temperature in cC, mea
sured at 2m.
- wind-speed: (a) mean per day in Beaufort. Al
though wind-speed (e.g. in knots/h) and Beaufort
units are correlated logarithmically, the correlation
can be regarded as nearly linear over the observed
range of daily fluctuations (± 1 - 2 Beaufort). So
we calculated the mean per day (3 values, 8.30 h,
15.30 h, 22.30 h, C.E.S.T.). Although giving only
a rough estimation of wind-speed the values were
correlated well with the wind-speed during TFO
DH in knots: Oldeoog r = 0.75, p < 0.001 (data
from 4 years, n = 55), see also Fig. 2; Wilhelms
haven r= 0.63,p < 0.001 (n = 43); Augustgroden
r= 0.30, p < 0.01 (n = 46). (b) mean during TFO
DH (see above) in knots (continuous registration
on Oldeoog by the Wasser- und Schiffahrtsamt
Wilhelmshaven and, at Wilhelmshaven, by the
Wasser- und Wirtschaftsamt, used for Wilhelms
haven and Augustgroden).

Statistics
The level of significance is p :5: 0.05. Mainly

nonparametric tests were used (several x2-tests, H
test ofKruskal & Wallis, Nemenyi's multiple range
test, Dunn's contrast test; Lienert 1973, Sachs
1984). For the correlations of weather-, tide- and
biological variables nonparametric Kendall's rank
correlation coefficients were used (Table 4). The
values of this coefficient are not directly
comparable to Pearson's r as e.g. the rank corre
lation coefficient of Spearman. However, the
statistical test procedure is more advantageous than
in the last mentioned coefficient (Lienert 1973). In
a few cases, for purposes of comparison Pearson's
r is given in addition . As the weather variables
often correlate significantly with one another, we
made stepwise multiple regression analyses with
mortality and the percentage of chicks under mean
body mass as dependent variables. See Table 5 for
the independent variables. In a third model (b, see
Table 5) mortality was supposed to depend on the
percentage of underweight chicks,too. To achieve
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SPSS/pC+ software in most statistical procedures
(Norusis, 1986).

Table 3. Site-specific mean values of weather and chick parameters during the breeding seasons 1984-1986. See
Table 2 for further details. p- values according to Kruskal & Wallis test. See Table 2 for interyear differences on
Oldeoog. At Wilhelmshaven and Augustgroden no significant interyear differences were found 1984-1986.

wind-speed mortality mass dev.
colony rainfall Tmin per day during TFO

(mm) (0C) (Beaufort) (Knots) (%) (%)

Oldeoog 3.0±3.9 11.6±1.9 3 15.7±6.0 9.4±15.8 32
(n=41) (0.0-16.4) (7-15.7) (2-6) (7.0-34.0) (0.0-63.2) (n=3l)

Wilhelmshaven 2.8±3.0 11.0±2.4 2 11.5±3.3 5.4±8.3 01

(n=31) (0.0-8.9) (6.3-16.4) (2-4) (4.8-19.5) (0.0-40.0) (n=19)

Augustgroden 2.5±3.3 10.3±2.6 2 11.4±3.3 5.2±9.4 8
(n=34) (0.0-12.4) (4.3-15.8) (1-3) (4.5-20.4) (0.0-52.3) (n=25)

p n.s. <.05 <.001 <.001 n.s. 0.01

I only in 1985 and 1986

normality, arcsin-loglO transformation were ap
plied on mortality. We present here the models
including wind-speed (b) in knots (see method
section); the calculations based on loglO of wind-
speed (a) produced corresponding results. We used

Table 4. Kendall's coefficients (r) of the relation between weather parameters and mortality (mort) as well as the
percentage of chicks under the mean body mass (mass dev.) at the three study sites. TFO-DH = tidal foraging
optimum-daylight hours. Data from 1983-1987. (cf. Figs. 3 & 4)

para- site n rainfall Tmin wind-speed TFO-DH
meter per day during TFO

Oldeoog 55 0.17 -0.30** 0.15 0.23* -0.07

mort Wilhelms- 43 0.23* -0.24* 0.24* 0.28* -0.08
haven
August- 46 0.26* -0.25* 0.39** 0.03 -0.02
groden

Oldeoog 39 0.17 -0.17 0.21 0.31 ** -0.31 **

mass Wilhelms- 31 -0.17 0.19 -0.16 -0.10 -0.18

dev. haven
August- 34 0.17 0.09 0.28* 0.14 0.06
groden

* p < 0.05, ** p < 0.01.
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Table 5. Stepwise multiple regression analysis of mortality (log 10 of arcsin-transformed values) with
environmental factors, year (model a) and with the percentage of chicks under mean body mass included in model
b as independent variables. The colony site is incorporated as variable in the totals. A variable not included is marked
by -. In significant independent variables, the coefficient of determination (R2), the sign of the regression slope and
the significance of the change ofF due to adding the variable are shown. In addition, multiple regression coefficients,
F-values with significance, and the percentage of the variance explained by the model are presented. Old.= Oldeoog,
Wilh. = Wilhelmshaven, Augn. = Augustgroden, mass dev.% = % chicks under mean body mass.

model a model b
(inclusive mass dev.%)

mortality
with

%mass dev.

wind-speed

Old.
(n=52)

0.163**

Wilh.
(n=42)

Augn.
(n=46)

0.067***

total
(n=140)

Old.
(n=39)

0.153*

Wilh.
(n=31)

Augn.
(n=34)

total
(104)

0.049**

-0.227*** -0.088* -0.122** -0.139*** -0.339*** -0.173* -0.088* -0.168***

rainfall

TFO-DH

0.186** 0.026* 0.266**

year

colony site

-0.100** -0.083* -0.120** -0.127*** -0.087* -0.118* -0.093***

multiple r

F

% of variance
explained by
-sign. var.
-all var.

0.573

11.95***

33%
38%

0.578

6.37**

33%
38%

0.654

10.47***

43%
47%

0.600

18.94***

36%
37%

0.760

16.00***

58%
58%

0.416

6.08*

17%
29%

0.687

8.97***

47%
52%

0.657

18.77***

43%
44%

*p<0.05,**p<O.Ol,***p<O.OOl.

RESULTS

Weather conditions during the chick rearing
period

At the colony sites Oldeoog and Wilhelms
haven significant annual variations in the climatic
parameters were found. At Wilhelmshaven only
the year 1987 differed significantly from the
previous years: it was characterized by minimum
temperatures lower (p < 0.01) and by a larger

amount of rain than in 1986 (p < 0.05). On Oldeoog
the differences between years in weather were
more pronounced (Table 2): during our studies with
respect to weather two favourable seasons - 1983
and 1986 - alternated with two bad ones in 1984 and
1985. These last mentioned years were characteriz
ed by more precipitation, lower temperatures and
greater wind-speeds, especially in 1984. At
Augustgroden no significant inter-annual varia
tions were found.
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In each year on the mainland coast the colonies
initiated clutches earlier than those on Oldeoog
(Becker et al. 1985). Consequently hatching began
on May 31 at Augustgroden, on June 6 at
Wilhelmshaven and on June 12 on Oldeoog - 12 d
later than at Augustgroden. The mean dates of
checks with chicks present during the three years
of study with data from each site were June 28
(Oldeoog), June 23 (Wilhelmshaven) and June 17
(Augustgroden).

Intersite differences are shown in Table 3 com
prising the three years 1984 - 1986 with data present
from all studied sites. No intersite differences were
found in the amount of rain. Corresponding to the
earlier onset of hatching and to the more inland
location of the coastal colony sites, the minimum
temperatures were lower there than on Oldeoog
(Table 3 and Dunn's rank sum multiple compari
son, p < 0.05). Wind-speed was significantly
higher on Oldeoog than at the two sites on the
mainland coast (Table 3 and Dunn's test,
Oldeoog/coastal sites, p < 0.001). Considering
single years this difference in wind-speed between
Waddensea island and mainland coast was
significant in three of the four years of study (p <
0.0l).

Mortality and body mass deviations in chicks
On Oldeoog mortality and frequency of checks

with chicks deviating in body mass negatively
from the mean values (site, year and age specific)
corresponded to the weather conditions (Table 2):
During the relatively cold, wet and windy seasons
of 1984 and 1985, mortality and frequency of mass
deviations were significantly greater than in the
two other years (cf. Becker & Finck 1985). At
Wilhelmshaven and Augustgroden no significant
interyear variations were detected.

Over the three breeding seasons 1984 - 1986
mortality was slightly higher on 01deoog, but did
not differ significantly between colony sites (Table
3). Negative body mass deviations of chicks, how
ever, were much more frequent on Oldeoog than
on the mainland coast (Table 3).

Relationships between chick condition, weather
and tide

Figure 2 shows the seasonal variation of the
studied variables during the breeding season 1985
on Oldeoog. Strong correlation existed between the
frequency of chicks under mean body mass and the
chick mortality: during p.eriods with many chicks
relatively low in mass most young died. As to bio
logical and weather variables, mortality as well as
chicks under mean body mass did correlate with
minimum-temperature, and the chicks under mean
body mass also with TFO-DH (see the correspond
ing curves in Fig. 2). The years of study other than
1985 on Oldeoog, however, did not reveal such
clear relationships between chick mass deviations
and tides. But except 1983, the highest frequencies
of chicks below mean body mass coincided with
low values ofTFO-DH (see Fig. 4).

The correlations including the data from the
four years 1983 - 1986 on Oldeoog are given in Table
4, and examples are plotted in the Figs. 3 and 4.
The meteorological factors correlating well with
chick mortality were minimum-temperature and
wind-speed (Table 4). The mortality was also
significantly related to the percentage of chicks
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Fig. 3. The percentage of Common Tern chicks under
mean body mass in relation to wind-speed during TFO
(knots) on Oldeoog. The chick rearing periods 1983 
1986 are specified by the symbols (open circles = 1983,
filled circles = 1984, filled squares = 1985, open squares
= 1986). No. of checks = 39, r = 0.52, p < 0.001; r =

0.31, p < 0.01. cf. Table 4.
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Fig. 4. The percentage of Common Tern chicks under
mean body mass in relation to the tide dependent change
in the daily span of time favourable for feeding (TFO
DR) on Oldeoog. The chick rearing periods 1983 - 1986
are specified by the same symbols as in Fig. 3. No. of
checks = 39, r = -0.36, p < 0.05; T= -0.31, P < 0.01. cf.
Table 4.

under mean body mass (r= 0.31,p < 0.01, n = 39).
The last mentioned variable varied significantly in
relation to wind-speed (Fig. 3) and TFO-DH (Fig.
4).

The colonies in Wilhelmshaven and August
groden display similar correlation coefficients
(Table 4):in both colonies mortality depends on the
climatic variables, but the frequency of the chicks
under mean body mass relates only to wind-speed
at Augustgroden. As on Oldeoog, mortality of
chicks increased with stronger winds on the coast,
even though here wind-speed was lower than on
the island.

In the case of the colonies on the mainland
coast, chicks under mean body mass and mortality
were not correlated significantly as they were on
Oldeoog (Wilhelmshaven r = -0.14 n.s., n = 31;
Augustgroden =0.23, 0.05 <p < 0.1, n =34). In
contrast to Augustgroden and Oldeoog, the corre
lation coefficients in Wilhelmshaven between rain,
wind parameters and underweight chicks were
negative (Table 4, n.s.).

A multiple regression analysis of the percent
age of chicks under mean body mass on the en
vironmental variables wind-speed, minimum
temperature, rain, TFO-DH and year revealed sig
nificant results only on Oldeoog: 38 % of the

variation of the frequency of underweight chicks
was explained by wind-speed (R2 = 0.276,
p < 0.001) and TFO-DH (R2 = 0.104, p < 0.05;
multiple r = 0.616, F = 11.0, p < 0.001, n = 39),
confirming the results ofTable 4: On Oldeoog, both
variables were related to the chick's body mass.

The multiple regression analysis of mortality
on the environmental factors, year and colony site
shows, that minimum-temperature was the vari
able contributing significantly to the variation of
mortality at each site and explained most of it on
Oldeoog and in the total (Table 5). In addition
significant parts of the variation in mortality were
accounted for by wind-speed (Wilhelmshaven),
precipitation (Augustgroden) and by the yearly
differences. Including the percentage of the chicks
under mean body mass in the equation (model b,
Table 5), on Oldeoog and in total this variable prov
ed to be significant in addition to minimum
temperature and year. In comparison with model
a, however, wind-speed was no longer significant,
indicating that wind influences chick mortality
mainly through the body mass of the chicks (see
above).

DISCUSSION

At all three colony sites the climatic f:....:tors wind
speed, rain and minimum temperature were cor
related with the mortality of the chicks, confirming
observations and results of other studies of terns
(e.g. Pettingill 1939, Palmer 1941, Hawksley 1957,
LeCroy & Collins 1972, Dunn 1975, Becker &
Finck 1985). These factors directly affect parti
cularly the younger chicks which need brooding,
and especially the third hatched young (Langham
1972, Becker & Finck 1985). On Oldeoog signifi
cant interyear differences in weather were connect
ed with heavy fluctuations in chick mortality and
fledging success (cf. Becker & Finck 1985). In
contrast to this in the colony sites on the mainland
coast, the interyear variability in weather during
the chick rearing period was much lower.

The multiple regression analysis indicates that
minimum-temperature was the weather factor
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important for chick survival at all sites. But also
the other weather variables were related to chick
mortality indicating that this can be influenced by
each single climatic factor. However, it may be true
that their effects increase in combination. So in the
Wadden Sea area stormy periods are often ac
companied by rain and low temperatures. The daily
tide-dependent time favourable for foraging (TFO
DH), however, did not correlate with mortality at
either coastal colony site.

The viability of the young also indirectly de
pends on the weather conditions, as these influence
the foraging success of the parent terns and thus
body mass and growth rate of the brood (e.g. Pet
tingilll939, Hawksley 1957, Boecker 1967, LeCroy
& Collins 1972, Lemmetyinen 1972, 1973, LeCroy
& LeCroy 1974, Dunn 1975, Feare 1976, Becker &
Finck 1985). On Oldeoog the percentage of chicks
deviating from the age- and year-specific body
mass showed frequent seasonal fluctuations in
years characterized by unfavourable weather con
ditions, and correlated significantly with mortality.
These body mass deviations were dependent on
wind-speed (higher than on the mainland coast)
and on the daily length of the tide- related time
period offering the best feeding opportunities. On
the Wadden Sea island these two environmental
factors obviously influenced the vitality of chicks
by affecting the food provisioning of the adults.

Dunn (1975), Taylor (1983) and Sellin (1983)
also showed wind-speed to be important for the
feeding success of terns. In the Wadden Sea, Com
mon Terns can be observed fishing even at wind
speeds of more than 25 knots (Boecker 1967). On
Oldeoog the feeding rate of Common Terns de
creased at wind-velocities of 20 knots upwards
(Frank 1991). Our paper confirms the effect ofwind
on body mass of Common Tern chicks (Dunn
1975).

Although the tide influenced the frequency of
adult Common Terns returning from their feeding
flight on the Scottish North Sea coast, the growth
rate of chicks did not depend on this factor (Dunn
1975). In some seasons this was the case in the
Wadden Sea, however, where the incubation shifts
and the body mass of adults after feeding and the

feeding rate of chicks are also tide dependent
(Becker & Frank 1988, 1989, Frank 1991, Frank &
Becker 1991). Thus during days with a short daily
period favourable to foraging due to the tidal cycle
relative to daylight, chick body mass can fall short
of the season's mean values. This seems to happen
especially during seasons with unfavourable
weather and food shortage as was the case in 1984
and in 1985 (Becker et al. 1987, Frank 1991). During
periods with insufficient food provisioning and
consequently low body mass of the chicks, the
direct effects of weather can be amplified thereby
increasing chick mortality - extremely in 1984 on
Oldeoog, when several negative factors coincided
and nearly all chicks died: the Common Terns
fledged 0.1 chicks per pair (Becker & Finck 1985,
Table 2). In years with good weather conditions,
however, when body mass deviations and mortality
of chicks were low - as in 1983 and 1986 - 1.5 and
1.6 chicks/pair fledged, respectively (Table 2,
Becker 1990).

The calculations of the seasonal deviations of
chicks' body mass from the site- and year-specific
growth curve allow the comparison of this
parameter among sites and years. The above
mentioned associations between TFO-DH and
chick body mass deviations became obvious on
Oldeoog in 1984 and 1985 only (Table 2, Fig. 2,4).
But taking the Oldeoog totals over all four seasons
studied, in addition to the effects of wind-speed on
body mass the influences of the tides were found
to be significant (Table 4, Fig. 4).

Why, however, are these influences not so
pronounced in the colonies on the mainland coast?
To start with, the wind-speed critical for the terns'
foraging success is much higher in the Wadden Sea
than on the coast. Secondly, during chick rearing
the climatic fluctuations among the years are more
pronounced on the island. And thirdly, the birds
breeding on the coast feed inland on limnetic food,
in addition to taking marine prey (Becker et al.
1987), thereby reducing their dependence on the
tide-influenced food sources. As a result coastal
Common Terns have a higher feeding frequency
(Frank 1989) and are able to keep their feeding rate
more or less constant relative to variations in food
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supply (e.g. by the tides), as opposed to the birds
nesting on Wadden Sea islands (Frank 1991). These
seem to be the reasons of the fact, that in Common
Tern chicks hatched on the mainland coast body
mass deviations in connection with environmental
factors were rare in comparison with young on the
islands, and that chick mortality did not correlate
with body mass fluctuations.
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SAMENVATTING

Het verband tussen de kuikensterfte, het kuikengewicht,
het weer en het tij (bepalend voor tijdsduur van
foerageren) werd bestudeerd bij Visdieven. Een kolonie
op het Duitse waddeneiland Oldeoog werd vergeleken
met twee kustkolonies. Op Oldeoog waren de weers
verschillen tussen de jaren groter, woei de wind harder
en was de minimumtemperatuur hoger dan in de kust
kolonies. Er was geen aantoonbaar verschil in sterfte,
wei waren de kuikens op Oldeoog lichter in gewicht. Bij
statistische analyse bleek dat de sterfte vooral afhangt
van de minimumtemperatuur en daamaast van regen en
windsnelheid. Op Oldeoog speelt ook het aandeel van te
lichte jongen een ro!. Dit aandeel van naar verhouding
te lichte jongen is positief gecorreleerd met de wind
snelheid op Oldeoog en Augustroden, negatief met de
aan het tij gebonden optima1e foerageerperide op
Oldeoog.


