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Mercury load according to moulting area in primaries of the
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The effects of environmental loading on the levels ofmercury in primaries ofthe Lesser
Black-backed Gull Larusf fuscus were studied in the Gulf ofFinland in 1979-91 . The
mercury levels in the shed primaries found at the birds' breeding ground differed
according to the site of feather growth . In the primaries grown at the breeding ground
by the Baltic Sea, the levels of mercury tended to increase all through the 80s,
correlating with the mercury levels in the Baltic herring (Clupea harengus). No tem-
poral trends could be discerned in the "African" feathers . It is suggested that the
mercury load derived from the species' staple food in the Baltic nowadays contributes
more to the mercury level in moulted primaries than the load derived from food in the
African wintering grounds.

Birds get their mercury load primarily via dietary
intake (Tejning 1967). Formerly, it was com-
monly understood that the mercury level in a
feather would chiefly reflect the level in the diet
during feather growth (e.g . Johnels &Westermark
1969, Jensen et al . 1972, Lindberg &Odsjö 1983,
Lindberg et al . 1983, Solonen&Lodenius 1984),
as the bulk of the mercury is allocated to the
feathers during their growth (Tejning 1967) .
However, mercury also builds up between the
moults, and this load, stored in the body tissues,
is mobilized for deposition in the newly devel-
oping feathers when the moult begins (Gochfeld
1980, Furness et al . 1986, Braune & Gaskin

1987a) . An individual primary shows different
levels of mercury, depending on where it occurs
in the moulting sequence . The primaries shed
first show higher levels than those shed last
(Johnels et al . 1968, Gochfeld 1980, Bühler &
Norheim 1982, Lindberg & Odsjö 1983, Appel-
quist et al. 1984, Furness et al . 1986, Lewis &
Furness 1991), and this has been interpreted as a
function of (i) varying mercury levels in the en-
vironment, and (ii) the extent to which stored
mercury is eliminated from the bird's tissues to
the feathers (for a review, see Furness et al .
1986, Furness 1987, Solonen & Lodenius 1990).

Analysis of feathers collected on the moulting
grounds makes it possible to monitor the mercury
loads in birds without having to kill them . This
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presupposes approximate knowledge of the ordi-
nal numbers of the shed feathers.

We have employed this method for the Lesser
Black-backed Gull of the nominate race (Larusf.
fuscus), a form classified as "endangered" over
most of its present range in the Baltic and
Fennoscandia (Anon. 1992). It is the only true
long-distance migrant among gulls in
Fennoscandia and probably the only equatorial
migrant gull in the Northwestern Palaearctic (see
e.g . Schüz 1971, Glutz & Bauer 1982, Kilpi &
Saurola 1984). This subspecies is also known as
having a periodic stepwise moult (periodische
Staffelmauser), a pattern typical of terns, Sternidae
(Stresemann & Stresemann 1966). The stepwise
moult involves simultaneous replacement of the
remiges in two or three moult waves during the
once-a-year remigal moult. The inner 1-3 pri-
maries are moulted twice in the stepwise moult
of L. f. fuscus, but only once in the normal de-
scendent moult of other Larus gulls.

We aim to study two principal questions : (i)
have the mercury levels in L.f. fuscus increased
as a consequence of the overall pollution in the
Baltic Sea, and (ii) do the differentially moulted
primaries reflect any differences in mercury intake
between moulting areas?

2. Material and methods

2.1 . Collecting primaries

The study was conducted at the Söderskär Game
Research Station in the central northern shore of
the Gulf of Finland (60°07'N, 25°25'E) in 1980-
83 and 1986-91 . The study colony breeds on a
treeless islet with dense grass vegetation, 1 .3 ha
in size . Every year during the brood-rearing pe-
riod, the colony was visited at 1-3-day intervals
and all the primaries found in the terrain were
removed, labelled and stored in paper envelopes.

In an earlier study (Hario 1984), it was es-
tablished that 12-34% of the L. f. fuscus speci-
mens in this colony commenced their primary
moult at the breeding site and that at least 20% of
these had undergone the stepwise moult prior to
spring migration. The moulting birds shed 1-3 of
the innermost primaries at the breeding site, and
after the growth of the new primaries was com-

pleted, the moult was arrested for the migratory
period . The rest of the population (i .e . the ma-
jority) did not commence the moult at the breeding
site at all and migrated with the old feathers . In
the subsequent study years, 1985-91, the moult-
ing cohort has remained roughly the same : 9-
27% (G = 1 .21, P > 0.1) . The slight decrease in
the proportion of moulting birds (for the calcula-
tion of the proportions, see Hario 1984) may be
an artefact resulting from the increasing occur-
rence of early breeding failures in the colony .
Failed breeders remove to "clubs" on the shore-
line and on open rocks, where the wind and
waves carry the feathers into the sea as soon as
they are shed . Thus, although the searches were
conducted systematically, the shedding sites must
be considered more or less accidental, this giving
rise to highly varying sample sizes.

2.2 . Moulting pattern of shed primaries

33

The collected primaries could be grouped into
three different categories according to the wear
of the feather (as evaluated by eye) : fresh, inter-
mediate and worn . The differences stem from the
age of the feather and can be related to the
moulting pattern:

"Worn" primaries were produced by indi-
viduals that had undergone the normal descend-
ent moult, starting it in the previous summer on
the breeding grounds, interrupting it for the au-
tumn migration period and ending it on the win-
tering grounds . The "worn" primaries had thus
been used for two migration flights (autumn and
subsequent spring), i .e . both-ways trip to equa-
torial Africa, totalling 12 000-16 000 kilometres .
The age of the "worn" primaries was about one
year.

"Fresh" primaries had been grown on the
wintering grounds prior to the spring migration,
to replace the innermost worn primaries in indi-
viduals that had undergone the periodic stepwise
moult. According to the examination of museum
collections (see later), their age was about 3-4
months .

"Intermediates" were slightly more worn than
the "fresh" ones, with a less glossy surface and
the terminal band shading into dirty white in-
stead of pure white. On the other hand, they
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lacked the ragged appearance of the "worn" pri-
maries . They were in seemingly "good condition",
but it was difficult to place them in either of the
two previous categories . The reason for this is
that they had been used for only one migration
journey (spring) by individuals that had not
commenced the moult on the breeding grounds
(unlike those with "worn" primaries) and had not
undergone the stepwise moult (unlike those with
"fresh" primaries) . They had been formed in the
previous autumn upon arrival at the wintering
grounds, from October on (Stresemann & Stre-
semann 1966) and were thus roughly six months
older than the "fresh" ones and three months
younger that the "worn" ones .

In the following text, the worn primaries are
named "Baltic" primaries, the intermediates are
named "African autumn" primaries and the fresh
ones "African stepwise" primaries.

Primaries of subadult birds, recognizable by
their colouring, were discarded. The numbers of
primaries collected are shown in Table 1, ranked
according to the year of growth. In addition, all
the primaries were analysed in one wing from
each of six individuals found dead in 1990-91 in

the easternmost part of the Gulf of Finland
(60°19'N, 27°35'E) .

2.3 . Mercury analyses
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The mercury analyses were made at the Depart-
ment of Environmental Conservation of the
University of Helsinki . Total mercury in the
feathers was determined by cold vapour atomic
absorption spectrophotometry (Coleman MAS-
50), by the method described in Solonen &
Lodenius (1990) . The results are expressed as
mg total Hg/kg dry weight .

2.4. Studies on museum skins

The moulting patterns were verified using skin
collections at the Zoological Museums of Hel-
sinki, Stockholm and Copenhagen and at the
British Museum (Natural History), Tring. Of the
31 specimens ofadult L.f. fuscus taken from non-
wintering grounds in the breeding and post-
breeding seasons, 9 were at the wing-moulting

Table 1 . Mercury levels in Larus f. fuscus primaries of three different moulting patterns (see footnote) . Means ±
standard deviation based on untransformed data . n = number of analysed feathers .

The material is arranged according to the year of feather growth . Hence, the 1979 "Baltic" and "African autumn"
primaries were actually shed (and collected) in 1980, and the 1979 material does not include any "African
stepwise" primaries grown and shed in 1979 . The same applies to the 1985 material, collected in 1986, after a
two-year pause in sampling (see Material and methods) . In 1991, only "African stepwise" primaries were
available, for the same reason : "Baltic" and "African autumn" primaries for 1991 were not shed till 1992 . The
percentage of the total material accounted for by "African stepwise" primaries has not changed from 1980-83
(26%) to 1986-91 (30%) (G = 0.46, P > 0.1) .

Mean ± SD
"Baltic"

Range n
"African autumn"

Mean ± SD Range n
"African stepwise"

Mean ± SD Range n

1979 3.7±2.2 0.7 - 11 .7 21 4.6±l .7 3.0 - 7.5 5 . .
1980 4.8±1 .3 3 .6 - 6.5 4 6.8±6.0 2.5-11 .0 2 4.8±2.3 2.7- 8.5 6
1981 5.5±2.5 2.8 - 10.5 15 3.4±0.9 2.0 - 4.3 5 2.7 ± 1 .3 1 .9 - 4.9 5
1982 5.0±1 .8 2.7 - 8.6 10 3.7±0.8 2.8 - 4.7 5 4 .1 ± 1 .1 2 .8 - 5.3 4
1983 . . 4 .0 ± 1 .3 2 .7 - 6.2 6
1985 5.6±0.6 4.8 - 6.2 6 4.5±2.1 1 .2 - 7.0 7 . .
1986 6.3±3.0 2.6 - 11 .6 10 3.7±2.0 2.2 - 6.6 4 3.7 ± 3.7 1 .3 - 10.1 5
1987 7.5±2.0 5 .2 - 9.8 5 6.3±2.0 4.0 - 9 .1 9 5 .7±4.9 1 .7 - 12 .8 4
1988 . . 4 .7 ± 2 .1 2 .9 - 7.0 3 5.6 ± 1 .4 4 .1 - 8.0 6
1989 4.8±2.1 1 .8 - 8.5 12 2.4±2.8 1 .2 - 8 .1 6 4.8 ± 0.7 4 .1 - 5.6 3
1990 7.8±4.6 1 .7 - 15.2 7 6.7±3.3 1 .8 - 12.3 8 4 .1 ±2.5 1 .1 - 7.4 9
1991 . . . . 4.5 ± 1 .4 2 .4 - 5 .8 6

All years 5.3 ± 2.7 0 .7 - 15.2 90 4.7±2.6 1 .2 - 12.3 53 4.4±2.3 1 .1 - 12.8 54
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3.2 . Mercury levels in "Baltic" and "African"
feathers

The mean annual levels of mercury in "Baltic",
"African autumn" and "African stepwise" pri-
maries are shown in Table 1. There was no overall
difference between the groups (Kruskall-Wallis
test, H=4.50, P=0.1), but the "African stepwise"
primaries tended to have higher levels than the
"Baltic" ones (H = 3.91, P = 0.04) .

There seemed to be a temporal trend, ap-
proaching significance, in the mercury levels of
the "Baltic" primaries, the readings increasing
from 1979 to 1990 (rs =0.69, n=9, P=0.05), but
not in the levels of either "African" group ("Af-
rican autumn" : rs = 0.01, n = 10 P = 0.98 and
"African stepwise": rs = 0.10, n = 10, P = 0.76)
(data from Table 1) .

Fig . 1 . The lengths of primaries shed by L . f. fuscus
(filled circles) and L . argentatus (open circles) during
the breeding periods of 1980-83 . Daily means of a
total of 137 L. f. fuscus and 337 L. argentatus feathers
(from Hario 1984) .

stage (29%) and none had shed more than the
three innermost primaries. The stepwise moult
was established in four adults from the African
wintering grounds (see later) .

3. Results

3.1 . Sequence of primaries

On the breeding grounds, L.f. fuscus adults shed
only the short innermost primaries . Their se-
quence (ordinal number) could not be worked
out, but a comparison with the shed primaries of
neighbouring Herring Gulls (L. argentatus)
clearly demonstrates that only the uniformly col-
oured inner 1-3 (rarely 4?) primaries of about
equal size were shed, whereas L. argentatus ex-
tended the moult to the longer outer primaries
(with different colouration) (Fig . 1) . Had the
moult of L. f. fuscus adults also extended to the
longer outer primaries during the 3-month period
of wing moult at the breeding site, then the size
distribution ofthe collected primaries would have
approached that of L. argentatus adults .

3.3. Mercury levels in the whole wings

Of the six wings in which all the primaries were
analysed, two had "worn", two "intermediate"
and two "fresh" innermost primaries. These are
referred to as "Baltic", "African autumn" and
"African stepwise" wings in Fig. 2. In the two
former groups, the mercury levels decreased
gradually from the innermost to the outermost
primaries (Kendall rank correlation : T = 0.78, P
= 0.004 and T = 0.86, P = 0.0009) . In the "Afri-
can stepwise" group, however, the low levels in
primaries nos. 1 and 2 interfere with the serial
correlation analysis, resulting in a non-significant
distribution (T = 0.33, P = 0.25) .

4. Discussion

4.1 . Validity of the material

A possible source of error in our material is our
inability to identify the ordinal number of each
primary. One could argue that even though the
sampling units (the primaries) have been drawn
from the population quite randomly (see Meth-
ods), there is still a possibility that the "Baltic"
material contains more, say, primaries no . 1 (with
the highest mercury level, Fig. 2) and the "Afri-
can autumn" material more primaries no . 3 (lower
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at a constant rate over the years. We will there-
fore confine our further discussion to the changes
in mercury levels between years instead of trying
to establish how close our sample means are to
the population means. We also assume that the
sexes are loaded in a constant manner from year
to year (for differential loading in sexes, see
Braune & Gaskin 1987a) .

4.2 . Mercury levels in the stepwise moulted
primaries

Fig. 2. Examples of mercury levels in primaries of the
three moulting patterns of L. f. fuscus. The values in
each group are the mean mercury concentrations (mg/
kg dry weight) of the individual primary feathers (nos .
1-10) of two adult gulls found dead in the easternmost
part of the Gulf of Finland in 1990-91 .

mercury level than in no . 1) . If so, the distribu-
tions need not be skewed despite the bias in the
means. However, this would mean that we sys-
tematically, year after year (see the annual dif-
ferences in mercury levels among groups in Ta-
ble 1), missed more of the first shed 1-2 pri-
maries in the "African autumn" group than in the
"Baltic" group, and vice versa (more "Baltic"
primaries nos. 2-3 missed than "African autumn"
ones). We consider this sampling error very im-
probable, although we are not able to exclude its
possibility . However, with a mixture of first,
second and third primaries from different birds,
we feel that the variation in the mercury load
within birds could partially cancel out the effects
of the hypothesized skewed composition in pri-
mary groups.

Assuming that this sort of sampling error does,
nevertheless, exist, we feel that it should appear

Our result that the mercury concentrations de-
crease progressively from the innermost to the
outermost primaries in "Baltic" and "African
autumn" wings (Fig . 2) is in accordance with the
findings for a variety of species of Gochfeld
(1980), Furness et al . (1986) and Braune & Gaskin
(1987a, b), who considered this sequential de-
crease to result from decreasing loadings from
body tissues during the current mobilisation .

In the stepwise moult of L. f. fuscus, how-
ever, the growth of "fresh" inner primaries coin-
cides with completion of the outermost primaries
of the first moulting wave . This results in a lower
mercury load in the inner primaries, because the
primaries of the first moulting wave have re-
ceived the highest mercury load from stores in
the body tissues. This is why the "African
stepwise" group in our material shows lower
mercury levels than the two other groups . This
has less to do with differences in the dietary
intake during feather growth between the Baltic
and Africa .

We have confirmed this concurrent growth
of the two primary groups in the stepwise moult
in our examination of the museum skins in the
Stockholm, Copenhagen and Tring collections :
four L. f. fuscus adults from Central African
countries (Zaire, Nigeria, Tanzania, Ethiopia) had
the new innermost 1-3 primaries growing si-
multaneously with the outermost ones in January-
February .

In museum collections, the skins of moulting
adults of L. f. fuscus originating from the winter-
ing grounds are comparatively rare . The Strese-
manns (1966) were able to find only two such
specimens in their vast material .
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rank correlation, T = 0.54, n = 9, P = 0.040). As
herring is the staple food of L.f.fuscus in the study
area (Hario 1990), acquisition via dietary intake
is evidently responsible for the current increase
in the mercury levels of the "Baltic" primaries.

4.4 . Secondary effects of mercury

Fig . 3. Annual mean concentrations of mercury in
Larus f. fuscus "Baltic" primaries (columns) and in
Clupea harengus muscle (line) . The results for Clupea
harengus are from Haahti (1991) and from the Finnish
Institute of Marine Research (unpubl.) .

4.3 . Temporal trends in mercury levels of the
"Baltic" and "African" primaries

Apart from the two first study years, there was a
tendency forthe "Baltic" primaries to show higher
mercury levels than the "African autumn" ones,
although not statistically significantly. More in-
terestingly, there was also a suggestive upward
trend in the mercury levels of the "Baltic" prima-
ries from 1979 to 1990, the mean level in 1990
being on average twice as high as that in 1979 .
No such trend was seen in either of the "African"
groups .

The increasing levels in "Baltic" primaries fit
what is known about the gross occurrence of
mercury in the Finnish environment all through
the 80s. The mercury emission into air, water
and soil increased markedly during the 80s, as
measured from the emissions from different kinds
of industrial sources (Mukherjee 1989).

The increasing levels in the "Baltic" prima-
ries also correlate with the trend of the mercury
concentrations in the Baltic herring (Clupea ha-
rengus) in the Gulf of Finland (Fig . 3, Kendall

The mercury accumulated in the tissues of
seabirds is predominantly in organic form, the
most lethal of the compounds being methyl-
mercury (for reviews, see e.g . Dale et . al . 1973,
Furness 1987) . The digested mercury entering
the blood circulation ends up in the emerging
feather, which after having been keratinized be-
comes physiologically isolated from the rest of
the body (Voitkevich 1966), thus forming a re-
sistant depot for mercury (Appelquist et al . 1984,
Goede & de Bruin 1986). During a complete
moult, as much as 93% of the total body burden
of mercury in adult Bonaparte's Gulls (Larus
philadelphia) is distributed to the feathers (Braune
& Gaskin 1987a) . In domestic hens, the corre-
sponding figure ranged from 40 to 95% (Tejning
1967).

Unlike several other heavy metals, which de-
posit in bird feathers via atmospheric fallout as
well (Hahn et al . 1989, 1990), mercury is believed
to deposit almost exclusively via dietary intake
(e.g . Tejning 1967, Westermark et al . 1975).
Excretion is possible during the moult, when the
feather is shed, and via the excreta, and, in fe-
males, as a loss into the eggs .

The effects of the moult on the levels of
mercury in feathers and body tissues in Bona-
parte's Gull were studied by Braune & Gaskin
(1987a). Their study, based on 222 shot speci-
mens, revealed significant differences between
sexes in mercury in primaries nos. 1-5, males
having higher concentrations than females. Adult
females did not differ from second-year birds
(sexes pooled) in any of the comparisons, whereas
juveniles (first-autumn) had the lowest mercury
concentrations of all cohorts in primaries nos. 1-
5. This gives strong support for the interpretation
that the mercury loading in primaries is derived
both from stores in body tissues (female allocat-
ing a part ofit to the egg) and from dietary intake
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(juveniles having been exposed for a shorter time
than older age classes) .

We measured the mercury levels in a small
sample of eggs ofL. f. fuscus from the study area
in 1984 (detailes in Uuksulainen 1992). The lev-
els ranged from 0.11 mg/kg (wet weight) to 0.51
mg/kg, averaging 0.22±0.15 (SD, n = 11) . The
mercury levels in fresh breast muscle tissues,
liver and feathers have shown the ratio 1 :3 :7
(Westermark et al . 1975), and the content in eggs
is about 10-20% of that in the liver (Ohlendorfet
al. 1978). With the mean annual levels of the
"Baltic" primaries (5 .3), the liver would score
2.27 mg/kg and the eggs 0.22-0.44 mg/kg. The
latter values agree rather well with the levels in
our small egg sample, suggesting that the acqui-
sition of nutrients for egg formation takes place
on the breeding grounds in the Baltic . Little is
known, however, about the secondary effects of
mercury on fish-feeding birds. According to Dale
et al . (1973), reproduction in pelagic birds is not
affected at levels below 10 mg/kg (dry weight) in
the liver, whereas signs of poisoning might be
expected to appear at levels over 25 mg/kg.
Converted into dry weight (see Dale et al . 1973),
our estimated concentration in the liver is 10.4
mg/kg, which is well below the concentrations at
which symptoms ofreduced reproduction should
appear. Thecorresponding value based solely on
the 1990 levels in the "Baltic" primaries (7 .8) is
15 .4 .

As was noted, the mercury levels in the Bal-
tic environment are increasing, and the crude
amount of mercury allocated from the female
gull's body to the eggs is probably also increasing .
Ourreadings of mercury in the primaries may be
minimum figures, as part of the "Baltic" material
stems from females that had recently allocated
some of their mercury burden to eggs, prior to
feather growth (in 1984, the mean mercury con-
centration for a complete clutch of three eggs
amounted to 0.68 mg/kg) .
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Selostus : Suomenlahden selkälokkien
käsisulkien elohopeapitoisuus -saanto
muuttomatkan ääripäissä

Nimirodun selkälokki aloittaa käsisulkasatonsa
joko pesimäpaikoilla kesällä tai vasta saavuttuaan
talvehtimisalueilleen Afrikkaan samana syksynä.
Pesimäpaikoilla kasvatetut sulat (n . 1-3 sisintä
käsisulkaa) ovat seuraavana vuonna raskaasti
kuluneita ja useimmat helposti erotettavissa af-
rikkalaisista sulista,jotka ovat joko aivan tuoreita
(porrastuneesti keväällä ennen paluumuutolle
lähtöä uusitut) tai lievästi kuluneita (edellisenä
syksynä normaalissa, ns . laskevassajärjestyksessä
sulitut) .

Söderskärin pesimäyhdyskunnista talteen
poimituissa Afrikassa ja toisaalta Itämeren
alueella kasvatetuissa käsisulissa oli erilaiset
elohopeapitoisuudet vuosina 1979-91 : Itämeren
alueella kasvatetuissa sulissa oli lievästi korke-
ammat elohopeapitoisuudet kuin Afrikassa
kasvatetuissa ja lisäksi Itämeren sulissa pitoi-
suuksien suuntaus oli nouseva läpi koko tutki-
musjakson. Afrikkalaisten sulkien elohopeapi-
toisuuksissa ei ollut merkitsevää ajallista muu-
tosta. Itämeren alueella kasvatettujen sulkien
pitoisuudet korreloivat merkitsevästi silakan elo-
hopeapitoisuuksien vuosivaihteluiden kanssa
Suomenlahdella. On ilmeistä, että yhä suurempi
osuus selkälokin sulkasadon aikaisesta eloho-
peakuormituksesta on peräisin sen pääravinnosta
pesimäalueilla .

Sulkien elohopeapitoisuuksista lasketut rin-
talihaksen ja rasvan elohopeapitoisuudet olivat
vajaa puolet niistä pitoisuuksista, joissa eloho-
pealla otaksutaan olevan vaikutusta kalaravintoa
käyttävien merilintujen lisääntymiseen . Pitoi-
suuksien kasvu läpi 1980-luvun on kuitenkin
huomionarvoinen asia .

Anon . 1992 : Report on the monitoring of threatened ani-
mals and plants in Finland. - Committee report
1991 :30. Ministry of the Environment, Helsinki .

Appelquist, H., Asbirk, S. & Drabaek, 1 . 1984 : Mercury
monitoring : mercury stability in bird feathers . -Mar.
Pollut. Bull . 15 :22-24 .



Hario & Uuksulainen: Mercury load in primaries ofthe Lesser Black-backed Gull

Braune, B . M . & Gaskin, D. E. 1987a : Mercury levels in
Bonaparte's Gulls (Larus philadelphia) during autumn
molt in the Quoddy region, New Brunswick, Canada .
- Arch . Environ . Contain . Toxicol . 16:539-549 .

- 1987b : A mercury budget for the Bonaparte's Gull
during autumn moult . - Ornis Scand . 18 :244-250 .

Bähler, U . & Norheim, G . 1982: The mercury content in
feathers of the Sparrowhawk Accipiter nisus in Norway .
- Fauna norv . Ser . C . 16 Cinclus 5 :43-46 .

Dale, I . M ., Baxter, M . S ., Bogan, J. A . & Bourne, W. R .
B . 1973 : Mercury in seabirds . - Mar . Pollut . Bull .
4:77-79 .

Furness, R. W. 1987 : The Skuas . - Poyser, Calton. 368 pp .
Furness, R . W., Muirhead, S . J . & Woodburn, M . 1986 :

Using bird feathers to measure mercury in the envi-
ronment : relationships between mercury content and
moult . - Mar. Pollut . Bull . 17:27-30.

Glutz von Blotzheim, U . N . & Bauer, K . M . 1982 :
Handbuch der Vögel Mitteleuropas 8/I, Charadrii-
formes (3 . Teil) . - Akad . Verlagsges ., Wiesbaden .
699 pp.

Gochfeld, M . 1980 : Mercury levels in some seabirds of the
Humboldt Current, Peru . -Environ . Pollut. (Ser . A)
22:197-205 .

Goede, A . A. & de Bruin, M . 1986 : The use of bird
feathers for indicating heavy metal pollution . -
Environ . Monit . Assess . 7 :249-256 .

Haahti, H . 1991 : Concentrations of harmful substances in
fish in the northern Baltic . - Memoranda Sue . Fauna
Flora Fennica 67:15-20 .

Hahn, E ., Hahn, K. & Stoeppler, M . 1989 : Schwermetalle
in Federn von Habichten (Accipiter gentilis) aus
unterschiedlich belasteten Gebieten . - J. Orn .
130:303-309.

Hahn, E ., Hahn, K ., Mohl, C . & Stoeppler, M . 1990 :
Zeeman SS-GFAAS - An ideal method for the
evaluation of lead and cadmium profiles in bird's
feathers . - Fresenius J . Anal . Chem . (1990) 337:306-
309 .

Hario, M . 1984 : Onset and pattern ofprimary moult in the
Lesser Black-backed Gull Larus f. fuscus - a com-
parison with the Herring Gull L. argentatus . - Ornis
Fennica 61 :19-23 .

-

	

1990 : Breeding failure and feeding conditions ofLesser
Black-backed Gulls Larus f. fuscus in the Gulf of
Finland . - Ornis Fennica 67:113-129 .

Jensen, S ., Johnels, A . G ., Olsson, M . & Westermark, T.
1972 : The avifauna of Sweden as indicators of envi-
ronmental contamination with mercury and chlorinated
hydrocarbons . - In : Voous, K. H (ed .), Proc . XV Int.
Ornithol . Congr . : 455-465 . E . J . Brill, Leiden .

39

Johnels, A . G ., Olsson, M . & Westermark, T . 1968 : Esox
lucius and some other organisms as indicators ofmer-
cury contamination in Swedish lakes and rivers . -
Bull . Off. Int . Epizoot . 69:1439-1452 .

Johnels, A . G. & Westermark, T. 1969 : Mercury contami-
nation of the environment in Sweden . - In : Miller,
M. W. & Berg, G . G. (eds), Chemical fallout: 221-
239. Thomas, Springfield .

Kilpi, M . & Saurola, P . 1984 : Migration and wintering
strategies of juvenile and adult Larus marinus, L.
argentatus and L. fuscus from Finland . -Ornis Fennica
61:1-8 .

Lewis, S . A . & Furness, R . W . 1991 : Mercury accumula-
tion and excretion in laboratory reared Black-headed
Gull Larus ridibundus chicks . - Arch . Environ .
Contain . Toxicol . 21:316-320 .

Lindberg, P. & Odsjö, T . 1983 : Mercury levels in feathers
of Peregrine Falcon Falco peregńnus compared with
total mercury content in some of its prey species in
Sweden. - Environ . Pollut. Ser . B . 5 :297-318 .

Lindberg, P ., Odsjö, T. & Wikman, M. 1983 : Mercury in
feathers of the Peregrine Falcon Falco peregńnus in
Finland . - Omis Fennica 60:28-30 .

Mukherjee, A. B . 1989 : The release of cadmium and mer-
cury into the Finnish environment . - Ministry of the
Environment, Environmental Protection Dept . ; report
63/1989. 93 pp .

Ohlendorf, H . M., Risebrough, R. W . & Vermeer, K . 1978 :
Exposure of marine birds to environmental pollutants .
- US Fish Wildl . Serv . Wildl . Res . Rep . 9 .

Schäz, E . 1971 : Grundriss der Vogelzugskunde. - Paul
Parey . Berlin and Hamburg . 390 pp .

Solonen, T. & Lodenius, M . 1984 : Mercury in Finnish
Sparrowhawks Accipiter nisus. - Ornis Fennica
61 :58-63 .

-

	

1990 : Feathers of birds of prey as indicators of mer-
cury contamination in southern Finland . - Holarct .
Ecol. 13:229-237 .

Stresemann, E . & Stresemann, V . 1966 : Die Mauser der
Vögel . - J . Orn . 107, Sonderheft .

Tejning, S . 1967 : Biological effects of methyl mercury
diacyandiamide-treated grain in the domestic fowl
Gallus gallus L. - Oikos, Suppl . 8 :1-116.

Uuksulainen, J . 1992 : Selkälokin (Larus f. fuscus) elohopea-
altistuminen pesimä- ja talvehtimisalueillaan . -M. Sc .
Thesis, Dept . ofZoology, Univ . of Helsinki . 74 pp .

Westermark, T ., Odsjö, T . & Johnels, A . G . 1975 : Mercury
content of bird feathers before and after Swedish ban
on alkyl mercury in agriculture . - Ambio 4:87-92 .

Voitkevich, A . A . 1966 : The feathers and plumage of
birds . - October House Inc . New York. 335 pp.


