N
N

N

HAL

open science

Preliminary results on trace element levels in three
species of seabirds from the western Indian Ocean

Jessica Kojadinovic, Matthieu Le Corre, Richard P. Cosson, Marc Salamolard,

Paco Bustamante

» To cite this version:

Jessica Kojadinovic, Matthieu Le Corre, Richard P. Cosson, Marc Salamolard, Paco Bustamante. Pre-
liminary results on trace element levels in three species of seabirds from the western Indian Ocean. Os-
trich: Journal of African Ornithology, 2007, 78 (2), pp.435-441. 10.2989/OSTRICH.2007.78.2.50.130 .
hal-00474025

HAL Id: hal-00474025
https://hal.science/hal-00474025
Submitted on 18 Apr 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00474025
https://hal.archives-ouvertes.fr

Preliminary results on trace element levels in thre species of seabirds from the western
Indian Ocean

Jessica Kojadinovi¢'**, Matthieu Le Corre*, Richard P Cossof, Marc Salamolard® and Paco
Bustamante'

' ECOMAR, Université de La Réunion, 15 avenue Rassi, 97 715 Saint-Denis de La Réunion, France
2 LBM, Université de Nantes, 2 chemin Houssinié4e3@0 Nantes, France

3 SEOR, 377 rue Dumesnil d’Engente, 97 440 Saintérie de La Réunion, France

* LBEM, Université de La Rochelle, 22, Avenue Mi@répeau, 17 042 La Rochelle, France

* Corresponding author, e-maijessica.kojadinovic@isomer.univ-nantes.fr

ABSTRACT: As top predators of pelagic food webs rima birds naturally bioaccumulate essential and-no
essential elements. Levels of arsenic (As), cadmiGua), copper (Cu), iron (Fe), mercury (Hg), maregmn
(Mn), selenium (Se) and zinc (Zn) were determinethe liver, kidneys and muscles of three specienarine
birds found on Réunion Island: Barau’'s Petréltefodroma baragi Audubon’s ShearwaterP(ffinus
Iherminieri bailloni) and the White-tailed TropicbirdPbhaethon lepturgs The study of the 89 birds sampled put
forth variations of the elemental levels betweegaos, age groups (juveniles versus adults) andespesdult
Barau's Petrels showed the highest values of Hg @ad This study offers a first glimpse of the levelf
impregnation of eight trace elements in top predatd the western Indian Ocean and brings answecsrtain
guestions related to the processes of bioaccuraalatimarine top predators of the tropical Indiazeén.

RESUME: Situés au sommet des réseaux trophiquagipéks, les oiseaux marins bioaccumulent natonefh
des éléments essentiels et non-essentiels toubray de leur vie. La mesure des teneurs en arsévsg (
cadmium (Cd), cuivre (Cu), fer (Fe), mercure (Hganganése (Mn), sélénium (Se) et zinc (Zn) a éecteke
dans le foie, les reins et les muscl es de trgeess d'oiseaux de I'lle de La Réunion, le péteslBarau
(Pterodroma barayi le puffin de baillon Ruffinus lherminieri bailloni et le paille-en-queue a brin blanc
(Phaethon lepturys L'étude des 89 oiseaux échantillonnés fait aipar des variations des teneurs métalliques
entre les organes, les classes d'age (juvéndesiultes), ainsi qu’entre les especes, les péteeBatlau adultes
ayant les plus fortes teneurs en Hg et Cd. Cetiigeédffre ainsi, un premier apercu des niveaux jgfégnation

de 8 éléments traces chez des prédateurs supédeuf®©céan Indien occidental tropical et proposs d
éléments de réponses quant aux processus de mealetion chez ces espéces endémiques des Maseaeign

Introduction

Marine birds are known to be an efficient ‘tool’rfanvestigating the marine environment (Cherel and
Weimerskirch 1995, Barrett and Krasnov 1996, Fuisnasd Camphuysen 1997). They are widely used as
bioindicators of contaminants such as metals (Rgeeal. 1993, Monteiro and Furness 1995, Gray 2002). In
spite of the large variety and number of seabimésgnt in the southern hemisphere, most studiésisrfield
have been carried out on species inhabiting théhaor hemisphere. The few studies that have beeducted

on metals in the southern hemisphere have focuséthde (Ochoa-Acunat al 2002), New Zealand (Stewart

et al 1999a), Gough Island (Muirhead and Furness 1988)Kerguelen Islands (Bochet al 2003) and the
Antarctic area (Szefegt al. 1993, Ancoraet al. 2002, Gonzalez-Solist al 2002). The tropical zone of the
Indian Ocean has, up to the present day, receiesy httle attention from researchers with referero
biocenoses metal contamination. Only one studytaelto living organisms was found in publishedrétere
(Kureishyet al 1979). This may be due to the fact that the satloceans are often considered as less polluted
than the northern ones (Stewattal 1999a). However, the study of unpolluted sites ba of great interest
since it allows an estimation of the ‘backgroureléls of contaminants to be made and can thus dx as a
reference in space and time.

This paper presents a baseline study of the lefetsetal contamination in three marine birds tlegtroduce on
Réunion Island and thus gives a first estimateheflévels of metal contamination in the seabirghio chains
of the western part of the tropical Indian Oceanc@ise of its limited industrialisation and its giephical
isolation, Réunion Island is considered as relftivapolluted by human activities and could comsét in this
manner, a valuablie situ laboratory for the follow up of possible future iaions of contaminant levels in the
environment. Moreover, this study brings elementsinformation on bioaccumulation of metals in three
protected seabirds chosen for their contrastintadieecology. Barau’s Petrel is a pelagic bird fleads almost
exclusively on cephalopods. Although the Whitee@ilTropicbird is not quite as pelagic as Barau'sdbeits
diet is also mostly composed of cephalopods. Aublsh&hearwater is a coastal foraging bird that seasl
much on cephalopods as it does on fish.



Accordingly, the distribution of three non-esselngii@ments (mercury, cadmium and arsenic) and dssential
elements (copper, iron, manganese, selenium am wias examined in the liver, kidney and musclehaf
sampled birds. The variations of the contaminatexels were explained by various factors, thus knglihe
comparison of individuals characterised by simiiétures.

Materials and methods

Study site and species

The seabirds used in this study originated fronomiels established on Réunion Island (21°7'S, 55R3a
French territory (2 512km?) located 700km east afdslgascar in the western Indian Ocean.

Barau’'s PetrelRterodroma barayi described in 1963, is endemic to Réunion Islamgere its population is
estimated at 4 000-6 500 pairs (Profisal 2000). This pelagic bird is present on the islénodn September
(courtship and mating) through to May (fledglingjsst flight) (Bretagnolle and Attié 1991). The egare laid in
November. During its reproduction season Barautsef®escatter to feed in the tropical and subtralpicaters as
far as several hundred kilometres south of Réutstand. Its diet consists of 98%1 cephalopd8ieifoteuthis
oualaniensisandTaoniussp.) and 2% fish (Gigan and Lebon, pers. commgmAkarch to September, Barau’s
Petrel leaves Réunion waters and migrates towaelsdrth and the east of the Indian Ocean (StahBatle
1991, Barréet al. 1996).

The pantropical and non-migratory Aububon’s Shetaw@uffinus lherminieri bailloni is found only on the
islands of Réunion and Europa2 (Baetéal. 1996, Le Corre 2000). Three thousand to 5 006 fmeed in 235
colonies located in the interior of Réunion Islgfad altitudes ranging from 50 to 1 500m) as welloasthe
coastal cliffs (Bretagnollet al. 2000). This species reproduces all year arourtd am increase of activity
during the austral spring and summer (Baté@l 1996). During the breeding season, Aububon’s SVvetar
does not seem to drift away more than 50km fromcthest. It is therefore considered as a coastaffog bird
(Bailey 1968, Jaquemeit al 2004). During that time, its diet consists of 5@¥noteuthis oualaniensid
50% fish (Gigan and Lebon, pers. comm.).

Two thousand to 5 000 White-tailed Tropicbirddhéethon lepturgsnest in ravines or on coastal cliffs of
Réunion Island. They do not form true colonies Qaare, pers. comm.). This indigenous species breadbe
island all year long. During this period its diensists of 80%5tenoteuthis oualanienssid 20% fish, mainly of
the Mollidae and Dactylopteridae families (Gigard drebon, pers. comm.). Outside their reproductieriqu
individuals scatter in the pantropical waters af thdian Ocean (Barrét al 1996). During that time, dietary
habits of these three birds remain unknown.

Sample preparation

A total of 89 seabirds (36 Barau's Petrels, 38 Aahis Shearwaters and 15 White-tailed Tropicbindsje
collected and stored in plastic bags at —20°C byR&union Ornithological Society’ (SEOR) betwed&®@ and
2004. Most Procellariiformes (Barau’s Petrels andldbon’s Shearwaters) are 2—3 month old fledglingese
young birds are attracted to artificial lights chgitheir first flight out to sea and often die frawllisions with
light sources such as street lamps. Of the hundr&fledgling petrels and shearwaters found strdratenually,
90% are rescued successfully (Le Coeteal 2001). The remaining 10% are usually found deadatally
injured. Poaching was one of the main causes otigah of White-tailed Tropicbirds. Since thesal®iwere
found before or shortly after their death, we shall consider that the conditions in which the fidied had an
influence on their metal levels (Wenzel and Adel@8§6).

Maturity (juvenile or adult) was determined by dcoaeristic features of the beak and the feathénseShese
birds do not show any sexual dimorphism, their s@&s determined during dissection. Samples of ther,li
kidneys and pectoral muscles were removed andzefrprior to analysis. During the dissection, thesoular
condition was estimated on a scale from 1 to 3lation to the shape of the pectoral muscles,éfénring to
well-developed muscles and ‘3’ to atrophied mus(Bedtonet al 1991).

To prepare for metal analysis, the liver, kidnegd anuscles were blended, dried in an oven at 56€hstant
mass for 72h and ground to a fine powder.

Metal analysis



Accuracy and reproducibility of the preparation evéested by preparing 11 replicates of dogfishrl{@olt-2)
and muscle (DORM-2) reference standards (NatioealeBRrch Council, Canada) and 11 blanks along with e
set of samples. The sample preparation was donmetal-free’ conditions. Glass and plastic utensisre
washed with detergent, plunged in a bath of mixgicr(35) and chlorhydric (50) acids for a minimwh24h,
rinsed three times in deionised (Milli-Q qualityater and dried in an oven at 50°C before use.

For arsenic (As), cadmium (Cd), copper (Cu), iréte)( manganese (Mn), selenium (Se) and zinc (Zn)
determination, two aliquots of approximately 20B00mg of each dried sample were digested in 3d6rhbN
supra-pure nitric acid at 60°C for 48h on a hotgplbefore being diluted to 10ml with deionised (M@
quality) water. They were then analysed by Indect@oupled Plasma Atomic Emission Spectrometry
(ICP/AES). Total mercury (Hg) analyses were caroetl with an Advanced Mercury Analyser (ALTEC AMA
254), which does not require acid digestion of $henples. Aliquots ranging from 5 to 20mg of drieanple
were directly analysed by the AMA 254. In the appas, the samples were dried, heated under oxygen
atmosphere for 3min and amalgamated on a goldTihetn the net was heated to liberate the amalgantéged
which was measured by absorption spectrophotomEtgment levels are expresseduigig—1 of dry weight
(d.w.).

Statistical analysis

The combined influence of species and age on theldeof the eight metals in the three tissues (patt
muscles, liver and kidneys) was studied by meansvofway ANOVAs and Bonferroni tests. To study the
influence of the ‘tissue’ factor on the metalliwéés, one-way repeated measures ANOVAs and Friedesia
were used for each metal in order to compare Wedeof each metal in each tissue. Consistently nirmality

of the data was tested and the results of the pppte test considered. Besides, correlation t@ste used to
put forth the correlations between various metai@lls in each tissue and correlations betweeneteld of a
metal in the three tissues.

Results

The levels of As, Cd, Cu, Fe, Hg, Mn, Se and Zthandifferent tissues of the three species are sliowable
1.

Inter-tissue comparisons

The inter-tissue comparisons were done on juverateels, juvenile shearwaters and adult tropichirelsause of
a lack of data for the other subgroups. The readdeuld keep this in mind while observing the resplesented
in Table 1. The ‘tissue’ factor seemed to have pmafluence on the metal levels which, in mosses varied
significantly between the liver, kidneys and musclehe general trend, in all three species, shahatcthe liver
was a privileged destination for As, Cu, Fe, Hg, & Zn. Cadmium and Se accumulated mostly in ideel.

In spite of the metal-burden variations betweesugs, the existence of correlations between vanoetls
levels in a given tissue and correlations betwaerlgvels of a metal in the three tissues werdath. Copper,
Mn, Se and Zn were correlated in juvenile sheamgatédneys (r2 ranging from 0.766 to 0.936). Ctations
were also established in adult tropicbirds betwsen Fe, Cu, and Zn in the liver (r2 ranging fron4@8 to
0.909) and Mn, Se, Cu and Zn in the muscles (giranfrom 0.621 to 0.913).

Combined influence of phylogeny and age on metalvel variations

The comparison of adults and juveniles of differspécies was made possible by the study of the io@ahb
influence of phylogeny and age on elemental comagahs. Significant differences in elemental lesvalere
found among species (p-values are presented ireTigblSelenium and Cd burdens were significantijhér in
adult petrels than in adult tropichirds in liverdamuscle (p= 0.0001). The levels of these elements in
Audubon’s Shearwaters were intermediate. The jleropicbirds accumulated significantly more hépand
muscular Zn, Mn and Fe than the juvenile Procéitarnes. There were globally no notable differenbetveen
species for Cu and As. Mercury appeared to be yigifluenced by both the species and the age factaith
particularly high levels in adult petrels.

There were other significant differences in me&Vels between adult and juvenile birds (Table ). |
Procellariiformes, Cd levels were significantly lhég in adults (p= 0.0001). Arsenic, Cu, hepatic and muscular
Zn as well as muscular Fe levels were higher inukenile tropicbirds than in the adults. The iefhce of age



on Mn in the tropicbirds was inconsistent sinceels\seemed to increase with age in the muscle aocase in
the liver. No significant differences were foundtlie tropicbirds.

Discussion
Metallic levels: comparison with other studies

Published results of metal levels in free-livingsied tissues vary considerably with a large nundiefactors
including species, age and location (Garcia-Fereaetl al 1996, Stewaret al 1997, Stewaret al 1999a).
Most ecotoxicological works are based on the stadlyadults, as they are better ‘integrators’ of the
environmental contamination over a longer periodiwfe. A thorough comparison between our resultd an
published data is thus difficult due to a very tiedi number of publications concerning juveniles.rétwer, the
Phaethongenus has received very limited attention regaréiegnental bioaccumulation. Nevertheless, the data
obtained in this study is of the same order of nitage, or, in most cases, lower than that foundpfetrels and
shearwaters studied on other islands such as GolglAzores or New Zealand (Muirhead and Furne$8,19
Stewartet al 1994, Stewartet al. 1997a, Stewaret al 1999b). Metal burdens in juvenile Audubon’s
Shearwaters are similar to those found in juve@itgy’'s Shearwaters from the Azores islands (Stewesl.
1997a). Mercury levels in adult Barau’s Petrels.%28nd 19.8:1g g d.w. in the liver and kidney, respectively)
resemble those found in the Great-winged Peltdrodroma macropte)adrom New Zealand (21.3 and 28.8

g d.w. in the liver and

kidney, respectively), and are intermediate betwespatica levels (158 g~ d.w.) in the Kerguelen Petre® (
brevirostris incertd, and the Soft-Plumag® ( mollig and Atlantic P. incertg petrels from Gough Island (69.9
and 93.2ug g d.w., respectively). It can be suspected thain asher species of tHeterodromagenus, Barau’s
Petrel might also have a tendency of bioaccumugdtig.

Influencing factors of metal level variations

The results of this preliminary study seem to iathcthat tissue, taxonomy and age have major iremactnetal
levels. Other sources of variation also commonlgoreed are: (a) geographical location, (b) seagoh,
interspecific sources such as size, life span aigtatory habits and (d) intraspecific sources sashsex,
reproductive status and nutritional status (K&tral. 1998, Stewaret al 1997, Stewarét al. 1999a).Variations
between tissuels it has often been demonstrated, trace elemeatsi@ all identically distributed in birds’
bodies (Furness and Rainbow 1990, Furm¢ss 1993, Thompsoet al 1996). In Table 2 various tissues are
classified according to their ‘ability’ to conceate trace elements. The allocation of Hg, Zn, e @d burdens
in the three studied tissues of the Réunion bieflects the usual trends (Table 2). Liver and kjdgnere
considered long-term storage tissues for Cd andWajsh 1990) implicating that large birds with andplife
span accumulate high burdens of these elements/dBtet al. 1999a). This is true in Procellariiformes, for
which the albatrosses are the best example (Hietdell 1999), and seems to apply to this study wheraBsr
Petrel is the largest and most contaminated oftwleeprocellariiforme species. The distribution ofi @ the
shearwaters and the tropichirds’ tissues does oltdw the expected trend. In this study, Cu burdans
equivalent in the liver and in the muscles. Thisdation pattern has, however, already been obdeaftough
not explained, in the Common Diving Petré&elecanoides urinatr)x the South Georgian Diving Petrel
(Pelecanoides georgicuand the Antarctic PriorP@chyptila desolafafrom the Kerguelen archipelago (Bocher
et al 2003). Selenium also differs from the usual dsittion pattern since it is mostly accumulated fie t
kidneys of the studied birds. There are few datdhendistribution of Mn among seabird tissues. dsviound
mainly in liver and kidney of Procellariiformes dtad by Kimet al (1998) and mainly in the liver of the
Réunion birds from this study.

Very often the metal burden in its target tissu@asitively correlated with its level in the othi#ssues. This
trend was verified for As, Cd, Hg, Mn and Se in &8s Petrel, As, Cd and Hg in Audubon’s Shearwatet

Hg, Mn and Zn in the White-tailed Tropicbird. Thardet tissue can, in these cases, be considered as
representative of the body burden of the metal (i&iom and Furness 1995).

Variations due to age

High degrees of variation have been observed figetimon-essential elements (Cd, Hg, and As) andrier
essential one (Mn), especially in the muscles (@db! Various studies indicate that Cd is genenallych more
concentrated in adults than it is in juveniles #mat this element’s burden can vary up to fourfdlding the
different phases of the reproduction season (Thomesal 1996, Locket al 1997). Within age categories, Fe,
Zn, Cu and Se have low coefficients of variatish@%). These essential elements appear to be reduigtthe
organism (Thompsoat al 1996, Kimet al 1998). High levels of essential metals in juvesilas it is the case
here for Fe and Zn in the juvenile tropicbirds, édeen cited in other studies (Kigh al 1998, Stewaret al



1999a). Indeed, during growth, juveniles accumulassential elements in their liver to meet incrdase
nutritional needs (Thompsaat al 1996) and to survive the fast caused by the afrandnt of the fledglings by
their parents several days before the young’sffiggit.

Variations between species

The three studied species differ mainly by theedédhtial ‘behaviour’ of essential elements in ielatto age
between the tropicbird, on one side, and the petmdl shearwater on the other, and by the largeidesf Hg
and Cd in Barau’s Petrel.

Tropicbirds belong to the Phaethontidae family, ngas the two other species are Procellariiformdse T
different trends in essential metal accumulatiottgpas observed between juvenile White-tailed Tebjpids and
juvenile Procellariiformes may be explained by plggnic differences, or indirectly through theirfeient
dietary habits, although this hypothesis is to éefied on larger samples.

Although Procellariiformes clearly concentrate &@tements, resulting in much higher metal burtian many
other seabirds (Walsh 1990), phylogeny explairatiraly little of the interspecific variations withthe order
(Stewartet al 1999a). The high Hg level found in adult BaraR&trel may be explained by the specificity of its
diet. Of the three birds, only Barau’s Petrel feedsheTaoniusgenus. These are mesopelagic cephalopods that
live at depths of 500—700m (Clarke 1986, Nesis J987s thought that Barau’s Petrel feeds on flogt
carcasses of these squids. The deep, poorly oxiggematers house the process of Hg methylationchwhi
consists of the transformation of Hg from an inmigdao an organic form more easily absorbed bytivi
organisms (Furness and Camphuysen 1997, Thongisdn1998, Neff 2002). This explains the higher Hg
levels found in pelagic marine birds with respecterrestrial birds (Monteiret al 1996, Thompsoet al 1998)
and could explain the higher Hg levels found ind&es Petrel. Procellariiformes are also known favihg high
Cd levels due to their diet being composed esdpntibcephalopods, which have a high capacity df C
bioaccumulation (Koli and Whitmore 1986, Bustamagital 1998a,b). This seems to be the case in Réunion
Procellariiformes and especially in Barau’s Petiete 98% of its diet is composed of cephalopodgaiGand
Lebon, pers. comm.). It would be interesting talgtthe Hg and Cd burdens of the various prey spatithe
three birds in order to confirm these hypotheses.

Conclusion

The three species analysed in this study had réihelevels of trace elements. As commonly obselinduirds,
it seems that the elemental levels of these Réusgaibirds vary between tissues, age groups (juenérsus
adults), species and diet. Nevertheless, all equksented here must be confirmed by the study lafger
number of adults. Possible correlations betweemeteal burdens in the internal tissues and in ¢la¢hers will
be studied in view of using the feathers as a mani tissue. Further studies will also include #malysis of
trace element burdens in more species of top presjahcluding other marine birds and pelagic fishwell as
their prey.

Notes

! The diet compositions are given in percentagé@total number of prey.
2 Europa is the most southern French territory efNtozambique Channel. It is located at 22°20’S 40fR1E,
1 650km from Réunion island, and comprises an af@8km2.
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Table 1: Levels {1ig g~ d.w.) of eight trace elements in three seabirdsavvalues are presented by tissue and by agepsssents the standard deviation and CV the
coefficient of variation. Species/age subgroupsisgahe same letter do not differ significantlyhél corresponding p-value is given in the last colum

Species Phaethon lepturus Pterodroma baraui Puffinus Iheemi
Age Juveniles Adults Juveniles Adults Juveniles uled p-value
n 4 11 31 5 35 3
Mean + sd Mean + sd Mean + sd Mean * sd Mean £sd Mean £sd (Fisher’s for
X2)
CV% CV% CV% CV% CV% CV%
Liver 37.6 +51.6 ab 28.0+18.3ab 15.7+85a 0.54288b 16.7 8.9 ab 34.0+6.8ab < 0.0@071)
137 65 54 71 53 20
As Kidney 26.7 +30.0 ab 31.2+255b 116 +39%9a 23.1+7.8ab 96+34a 12.1+8.3ab 0.0002148
89 82 34 34 35 69
Muscle 8.1+5.3ab 59+25a 10.5+3.7b #6637 b 95+3.8ab 121+7.7b <0.0001 (5.21)
62 42 35 41 40 64
Liver 3.40+248a 34.9+19.99b 6.29+434a 6.7632.7cC 2.86+1.58a 55.5+31.1 bc 0.00@148)
73 57 69 49 55 56
Cd Kidney 8.71+6.75a 106 +35b 28.0+1397a 271953b 121+116a 949+178Db 0.000103p6.
77 33 50 75 96 19
Muscle 0.07 £ 0.05 2.37+1.88 bc 0.11+0.03ab .39%8.08d 0.04+£0.02 a 6.04 +5.10 cd 0.00@12Q@)
140 79 27 86 50 84
Liver 23.3+13.6 16.2+6.7 29.4+49.3 11.0% 2. 11.2+35 17.7+4.6 0.25 (1.34)
69 41 166 25 31 26
Cu Kidney 151+4.1b 15+2.4b 12.7+3.2ab 8154.7 b 10.0+5.7a 11.5+0.6 ab 0.002 (4.05
27 16 25 30 57 5
Muscle 18.9+11.1 abc 20.1+9.34 bc 153+bk9a 26.0+85¢c 13.0+14a 20.3+4.9bc 0.000%4p
59 46 20 33 11 24
Liver 4168 + 3758 b 1420+ 855 a 1242 + 576 a 20858 a 1378 £+ 554 a 1158 £+ 914 a 0.0001 (7.29)
90 60 46 43 40 79
Fe Kidney 515 * 220 513 £151 319 £ 68 525 + 108 7 B4TT7 296 £ 171 0.083 (2.03)
43 29 21 21 87 58
Muscle 386 +149b 297 £108 b 202 +37a 343 H91 206 + 28 a 335+181b 0.0001 (13.51)
39 36 18 27 14 54
Liver 0.58+0.41a 1.29+0.73 a 1.08+0.31a 5B* 17 b 0.26 +0.07 a 2.22+0.50a 0.0001 ®5.9
71 57 29 58 27 23
Hg Kidney 0.44+0.26 a 1.34+061la 0.55+0.28a19.84+1292b 0.16 £0.04 a 1.31£042a 0.0@3172)
59 46 51 65 25 32
Muscle 0.25+0.17 a 0.60+0.19 a 0.13+0.06 432.81b 0.06 +0.01 a 0.47+0.14a  0.0001(32.08
68 32 46 75 17 30
Liver 334+146¢C 17.0+8.60 b 74+26a 1038 ab 11.2+24Db 184+50Db 0.0001 (26.08)



Mn

Se

Zn

Kidney
Muscle
Liver
Kidney
Muscle
Liver
Kidney

Muscle

44
6722
33
1.4+03a
21
43.0 £ 20.7 ab
48
109 + 76 ab
70
15.5+ 6.6 a
43
490 +130 ¢
27
166 + 34 ab
24
125+42 ¢
34

51
6.0£1.6
27
24+0.7b
29
63.3£23.2Db
37
165+57D
35
27.0x95a
35
244 +99 b
41
193+£41b
21
63 + 24 ab
38

35
6.3+3.1
49
1.4+0.3
21
36.2+78a
22
51.1+194a
38
16.0£3.2a
20
118 +46 a
39
138+30a
22
73+x12Db
16

27
7.00+25
36
1.7 +8.2
12

.59820.4 c

21

34 ab
26

5119.2 b
37

267 +95b
36

2046b5
27
81+28b
35

21
6.4+5.2
81
1.4+0.2a
14
499+13.2b
26
92.9+823a
89
16.7+45a
27
210+78Db
37
112 +58 a
52
5+B a
15

27
9.1+1.1 0.89 (0.34)
12
2.00+0.30ab  0.0001 (20.51)
15
68.3+27.1bc  0.0001§ZP
40
114 +37.6ab  0.0001 (6.68)
33
258+9.8a  0.0001 (29.63)
38
283+103b  0.0001 (21.14)
36
161+31ab  0.0001 (7.91)
19
70+25ab  0.0001 (15.25)

36




Table 2: Ranking of bird tissues according to their ‘ability concentrate various trace elements

Liver Kidneys Muscles Feathers Eggs References
Copper 1 2 3 Thompson et al., 1996
Zinc 1 2 3 Furness et al., 1993
Selenium 1 2 3 Scheuhammer 1979
Mercury 1 2 3 3 Furness and Rainbow, 1990
Cadmium 2 1 3 4 4 Furness and Rainbow, 1990




