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Little Tern Sterna albifrons largely uses coastal wetlands with shallow water
where small fish can be easily found (Cramp and Simmons 1983). Diet is
dominated by small fish but it can also take some invertebrates namely
crustaceans or insects. Chicks are semi-nidifugous and are fed by both parents
(Cramp and Simmons 1983). In the last decade the species has undergone marked
declines in several areas, and most studies have concentrated efforts on the factors
influencing breeding success (Holloway 1993) also in saltpans (Catry et al. 2004).
Saltpans are characterized by the occurrence of low water levels, high salinity
values and drying periods, but water level can be manipulated to provide
protection for eggs and nestlings, and to ensure food availability (Britton and
Johnson 1987). Portuguese saltpans have been highly affected by human pressure
that has caused habitat disturbance (Rufino & Neves 1992). Several
anthropogenic pollution sources have been identified in Portuguese wetland areas,
and high mercury concentrations have been observed in Tagus estuary (Figueres
et al. 1985) and Aveiro coastal lagoon (Pereira et al. 1998). Mercury is a highly
toxic heavy metal, it bioamplifies in the food web and seabirds represent good
bioindicators of mercury pollution (Monteiro and Furness 1995). Feathers
represent the major elimination pathway for accumulated mercury in soft tissues,
mercury levels in feather correlate with body burdens (Furness et al. 1986) and
mercury in feathers is almost entirely in the form of methyl-mercury (Thompson
et al. 1989a,b). The study of mercury dynamics in chicks revealed several
advantages in the study of mercury contamination (Lewis and Furness 1991,
Monteiro and Furness 2001), and the value of chick feathers has been
demonstrated in particular (Becker et al. 1993b). Because chicks are confined to a
limited area during a period of time, their contamination can be easily accessed
and related with environment. Mercury contamination has been monitored for
Little Terns breeding in the western Baltic Sea (Thyen et al. 2000) but no data
have been reported for the species contamination in other areas. Intra-specific
variation for Little Tern chicks was studied in the present work. Age, brood and
colony related effects are discussed here in particular.

MATERIALS AND METHODS

Several saltpans of south-west Europe wetlands Sado estuary, Tagus estuary,
Aveiro coastal lagoon were included in the study area (Figure 1). Body feathers
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were sampled from live Little Tern chicks during 2000, 2001 and 2002 breeding
periods. Blood samples were also collected from large chicks during 2001 and
2002 simultaneously to feather collection. Feathers were kept in polyethylene
bags. Blood were preserved in 1ml tubes at -20°C. The standard biometric
variables ‘Head plus Bill’ length and Wing length were measured (Svensson
1992). Body weight was measured using a spring balance reading to the nearest
gram. Wing length was considered as the main biometric variable (Norman 1992)
and chicks were classified into two arbitrary size classes, ‘small” chicks (Wing
length <70 mm) and ‘large’ chicks (Wing length >70 mm). Samples were
analysed for total mercury concentration by Cold Vapour Atomic Absorption
Spectroscopy. Samples were digested in a water bath at 70 °C for 6 hours by
addition of concentrated H,SO4. KMnO4 5% was added and the solution kept at
70 °C for another 2 hours. The KMnOy, in excess was reduced with NH20OH.HCl
20%. Reproducibility was assessed by successive measurements with the same
sample (Miller and Miller 2000). Relative standard deviations of around 5% were
found. Accuracy of the method was monitored analysing the reference material
TORT-2 (NRCC, Canada) and it was within 10% of the reference value. The limit
of detection defined as twice the standard deviation of triplicate analysis at very
low concentrations (Saltzman et al. 1983) was 0.01 pg Hg. The goodness of fit to
Normal Distribution (Kolmogorov-Smirnov one-sample tests) and the
homogeneity of variance assumption were checked. Parametric tests were applied
(Zar 1984). All statistical tests used the Statistica software package StatSoft 1995
and were performed with 5% as threshold for significance.
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Figure 1. Portuguese coastal wetlands in the study area.
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RESULTS AND DISCUSSION

Linear measurements of chick size showed significant positive correlation
between biometric variables ‘Head plus Bill" and Wing length (Pearson r = 0.89,
p<0.05). Considering relationships between these variables and the weight both
showed approximately linear relationships rather than cubic ones. Significant
positive correlation was observed for ‘Head plus Bill’ length with weight (Pearson
r = 0.96, p<0.05) and Wing length with weight (Pearson r = 0.93, p<0.05).
Significant negative correlations were observed between ‘Head plus Bill’ length
and total mercury concentration in feather for A. Vedros in 2000 breeding period
(Pearson r = -0.65, p<0.05), for Vaia (Pearson r = -0.65, p<0.05), Mourisca
(Pearson r = -0.63, p<0.05) and Rosario (Pearson r = -0.86, p<0.05) in 2001
period, and for Mourisca (Pearson r = -0.70, p<0.05) and Vau (Pearson r = -0.46,
p<0.05) in 2002 period. Significant negative correlations were also observed
between Wing length and mercury levels in feather for Rosario (Pearson r = -0.50,
p<0.05) in 2001 period, and for Mourisca (Pearson r = -0.54, p<0.05) and Vau
(Pearson r = -0.49, p<0.05) in 2002 period. Significant positive correlation was
observed between blood and feather for mercury levels (Pearson r= 0.75,
p<0.001). Mercury levels were respectively 0.17+0.08 and 4.07+1.42 ng g fw.
Mercury levels in blood were not correlated with biometry (Pearson r, p>0.05).

Table 1. Total mercury concentration (g g™ f.w.) in feather of Little Tern chicks
from ‘small’ and ‘large’ size classes in different sites and years.

2000 2001 2002

Site ‘small’ ‘large’ ‘small’ ‘large’ ‘small’ ‘large’

Vaia' 52413 | 4.0£1.1 | 5.4+1.5 | 4.3+1.1 3.9+0.9
n=3 n=13 n=35 n=8 n=9

Mourisca' ‘ 4.0+£02 | 3.4+0.1 | 10.8+8.2 | 4.1£1.0
n=3 n=10 n=13 n=15

P. Torto' 11.6+6.0 | 1.9+0.1
n=4 n=3

P. Sado' 54403 | 2.240.2
n=3 n=3

Mitrena' 7.945.1 | 5.0£0.9
n=4 n=7

Rosario? 5.8+1.5 | 3.140.5 | 10.4+£1.9 | 2.7+0.9
n=7 n=11 n=3 n=3

Vau® 7.0£0.9 | 5.5+1.1
n=5 n=8

A.Vedros® | 6.743.5 | 4.2+1.2
n=9 n=4

Passa’ 4.9+2.4

n=15

Legend: 'Sado estuary, “Tagus estuary,ﬁveiro coastal lagoon. Values refer to
average, standard deviation and sample size.
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Significant differences were found for total mercury concentration in feather
between ‘small’ and ‘large’ chicks for Rosario in 2001 (¢ student test, ¢ = 6.21,
p<0.05) and for P.Torto during 2002 (z test, t =4.37, p<0.05), with higher levels in
‘small” chicks (Table 1). When analyzed separately for each size class, a
significant negative correlation was observed between ‘Head plus Bill” length and
mercury concentration in feather (Pearson r = -0.81, p<0.05) for ‘small’ chicks in
Rosario in 2001 breeding period. No significant differences were observed
between broods of ‘large’ chicks in the studied colonies (one-way ANOVA,
p>0.05), but significant differences were found between broods of ‘small’ chicks
in Mourisca colony in 2002 period (one-way ANOVA, F(3,4)= 7.53, p<0.05).
Mean mercury concentrations in feather varied between 6.1 and 25.1 pg g™ f.w.
for broods of ‘small’ chicks in Mourisca colony (Table 2). Significant differences
were observed between 2001 and 2002 for mercury concentration in feather of
‘small” chicks in Rosario colony (¢ test, = -3.8, df = 8, p<0.01) and between
2000, 2001 and 2002 periods for mercury concentration in feather of ‘small’
chicks in Vaia colony (one-way ANOVA, F(2,6)= 5.6, p<0.05). Significant
variation was observed between colonies for mercury concentration in feather of
‘large’ chicks during 2001 (one-way ANOVA, F(7,55) = 4.2, p<0.01) and 2002
(one-way ANOVA, F(2,24) = 5.3, p<0.05) periods. The highest mean mercury
value in feather of ’large’ chicks was observed for Vau colony in 2002 period
(Table 1). No significant differences were found between colonies for ‘large’
chicks in 2000 period (¢ test, p>0.05). No significant inter-colony variation was
found for mercury concentration in feather of ‘small’ chicks in 2000 period (¢ test,
p>0.05), and in 2001 or 2002 periods (one-way ANOVA, p>0.05).

Table 2. Total mercury concentration (ug g™ f.w.) in chick feathers of Little Tern
broods in different sites and years.

Brood 2000 2001 2001 2002 2002 Vau®
Vaia' Mourisca' Rosario®> |* Mourisca'
Brood 1 3.9+0.4 3.9+0.1 3.1+0.7 15.7+4.2 7.3£0.2
n=3" n=2" n=3"° n=3? n=3"°
Brood 2 3.9+0.4 3.9+1.0 2.9+0.2 10.8+1.1 6.8+0.7
n=3" n=3"° n=3"° n=3*? n=3"°
Brood 3 4.2+0.6 3.1+0.1 4.6+0.2 25.1£6.9 4.3+0.8
n=3" n=3" n=3"° n=3? n=3"°
Brood 4 3.7+0.4 2.9+0.3 6.1+0.8
n=3" n=3"° n=2?
Brood 5 2.7+£0.2 2.9+0.1 3.3+0.2
n=2" n=3" n=3"
Brood 6 2.8+0.3
n=3"
Brood 7 4.6£0.6
n=3"

Legend: 'Sado estuary, “Tagus estuary, “Aveiro coastal lagoon, *small’ chicks
®Jarge’ chicks. Values refer to average, standard deviation and sample size.
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Intra-specific variation of mercury contamination in chicks can be influenced by a
variety of factors such as egg contamination, hatching order or chick age. Chick
age has shown to be an important factor since it is highly related to others such as
dietary intake, body mass increments and feather growth (Monteiro and Furness
1995). Several patterns were referred in published studies about age related
effects. In some cases age did not correlate with mercury contamination (Stewart
et al. 1994). In others contamination decreased (Wenzel et al. 1996, Goutner and
Furness 1997) or increased (Becker et al. 1993a, Stewart et al. 1997) with age. In
the present study mercury levels in feathers were tested for age related effect
using ‘Head plus Bill’ length and Wing length, and significant negative
correlations were observed with both variables. Differences observed between
size classes confirmed correlations between chick biometry and mercury levels.
Age related effect is expected to depend on the balance between mercury inputs
by food intake and large body mass increments during chick growth. Although
mercury burden can increase in the chick body, its concentration can be reduced
by rapid increasing body mass in chicks and that can be referred as a dilution
effect (Becker et al. 1994). Little Tern chicks undergo large mass and skeletal
increments during a small time period as revealed by the relation between
biomery and weight. Fledging period occupies 19-20 days after hatchling (Cramp
and Simmons 1983). Large increments observed in chick weight during this
period can represent a strong dilution effect which can explain the negative
correlations reported in the present study between mercury levels and chick
biometry. The present results also showed that brood related effect was not
significant for ‘large’ chicks in Mouriscas and Rosario colonies, which suggested
that brood origin is not important for older chicks. On the contrary, mercury levels
varied significantly between broods for ‘small’ chicks in Mouriscas colony which
indicated that brood origin can be important for younger chicks. Moreover colony
related effect was observed for ‘large’ chicks. On the other hand no significant
variation was observed between colonies for ‘small’ chicks. Inter-year differences
were significant but it was not so well marked as spatial one. Spatial variation has
been observed for Black-winged Stilt in these wetlands (Tavares et al. 2004).

We suggested that inter-colony variation for mercury level in older chicks can
result from inter-site differences in the environmental contamination. Mercury
uptake through food ingestion is usually considered to be the main process
determining mercury contamination in fledglings (Becker et al. 1993a,b). Results
from brood related variations also seem to indicate that mercury levels in growing
chicks became independent of factors such as egg contamination. Other studies
have shown that egg contamination represents about 20% of the female
contamination during a limited period before egg laying, and that egg mass
represents only 2-8% of a completely grown chick, which explains why the egg
contamination is considered to be a negligible factor in the fledgling
contamination (Monteiro and Furness 1995). Instead the mercury uptake, the
dilution effect and also the feather growth seem to be the main factors
determining mercury concentration in feather for fledglings (Becker et al. 1994,
Goutner and Furness 1997). In the present study the mercury uptake entering the
chick body did not balance the dilution effect in most colonies. Even when young
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chicks revealed high mercury levels, mercury contamination in old chicks was
significantly lower. It was the case of P. Torto colony which revealed the highest
mean mercury level in feather for ‘small” chicks. On the contrary the proximity to
localized pollution sources can enhance mercury loads entering in the chick body
that partly balances the dilution effect. Mourisca colony in 2001 and Vaia colony
in 2000 and 2001 revealed similar levels between ‘small” and ‘large’ chicks, but
the levels in ‘small’ class remained the lowest. Probably because the mercury
inputs were not enough to mask completely the dilution effect as revealed by the
negative correlation obtained for age related effect. The well-marked age related
effect reported for Little Tern chicks suggested that dilution effect is the main
factor determining the mercury contamination in large chicks.
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