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Aquatic birds are ideal monitors of pollutants over wide
geographical areas because of their long life span and trophic
status (Furness and Camphuysen, 1997). Studies concerning
the occurrence of trace metals in vertebrates from Altata-
Ensenada del Pabellén lagoon (an impacted system with
agricultural, urban, and shrimp-farming effluents) are scarce
(Rendon-Von Osten et al., 2001; Ruelas-Inzunza and Paez-
Osuna, 2004, 2005); in the particular case of mercury con-
centrations in marine birds, the studies are nonexistent. In the
present study, mercury distribution in muscle, heart, liver,
viscera, and feathers of resident and migratory avifauna from
Altata-Ensenada del Pabellon lagoon was investigated.

Materials and Methods

Birds were collected in inner lagoons surrounding Altata-
Ensenada del Pabellon lagoon; the system is located in the
central part of Sinaloa state (24° 20’ and 24° 40’ N; 107°
30’ and 107 58” W) (Fig. 1). The major source of pollution
is waste effluents from the intensive agriculture (140,000
ha) around the lagoon system; the main crops are vegeta-
bles, grains, and sugar cane. Agricultural effluents drain
directly via small channels (esteros) and inner lagoons into
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the principal lagoon system. Another source of pollution is
the urban sewage from the towns (pop. 100,000) and the
cities of Culiacan (pop. 750,000) and Navolato (pop.
50,000). Both of these cities are located on the margin of
the Culiacan River, 40 and 20 km away from the main
lagoon, respectively (Pdez-Osuna et al. 1998). In addition,
from December to June, effluents from a sugar-cane
industry called Ingenio La Primavera are discharged di-
rectly into the Ensenada del Pabellon lagoon portion.
Glassware and other utensils, used for the manipulation and
preparation of the samples, were previously washed with
nitric (2 M) and hydrochlorc acid (2 M) (Moody and
Lindstrom, 1977). Birds were collected between February
and March 2000; twenty resident specimens (five species)
and nine migratory specimens (four species) were gun shot
by hunters using lead-free ammunitions. Though birds
were collected within the hunting season, a special permit
from SEMARNAT was given (DOO.02.-3324).
Identification of specimens was made according to field
guides (Peterson and Chalif, 1989). After identification,
specimens were measured and weighed; relevant biological
data are provided in Table 1. Dissection of organisms was
made in order to separate heart, liver, muscle, viscera, and
primary feathers. Pectoral muscle and primary fathers were
used for the analysis. With the exception of feathers, sam-
ples were freeze-dried for 72 hours (—49°C and 133 x 107
mBar) and then were ground in an automatic agate mortar
(Retsch) for 10 min. Powdered samples (and finely cut
feathers) were acid digested (5 mL of quartz- distilled
concentrated nitric acid) using a microwave digestion unit
(CEM 2000) under the following conditions (MESL, 1997):
step 1, 20 psi for 10 min; step 2, 40 psi for 10 min; step 3, 90
psi for 30 min. Digested samples were stored in polyeth-
ylene containers for further analysis. Analyses were per-
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Table 1 Biological features of resident (R) and migratory
California between February and March 2000

(M) birds collected in Altata-Ensenada del Pabellon lagoon, Southeast Gulf of

Average weight (g) Average length (cm) Feed items

Species Common name Residence

Pelecanus occidentalis ~ Brown pelican R (n=2) 3700 + 200
Phalacrocorax olivaceus Olivaceous cormorant R (n = 6) 973 + 84
Casmerodius albus Great egret Rmn=3) 1125%15
Bubulcus ibis Cattle egret R(n=2) 336
Plegadis chihi white-faced ibis R(n=7) 574 £58
Recurvirostra americana American avocet Mmn=2) 370 £ 16
Dendrocygna autumnalis Black-bellied duck Mm=2) 793 £17
Anas cyanoptera Cinnamon teal M (n=2) 763 + 347
Fulica americana American coot M (n=3) 657 £ 126

88 +3 Fish, crustaceans

51+4 Fish, crustacean, molluscs

78 +2 Fish, amphibians, reptiles, insects

38 Insects, amphibians, reptiles

43 + 5 Invertebrates, seeds, fruits, mammals
45+ 1 Grasshoppers, snails, crustaceans
39+1 Corn and insects

45 = 8 Aquatic plants, seeds, insects

36 +3 Leaves, seeds, fish, insects

n, number of specimens

formed by reducing mercury compounds in solution sam-
ples using SnCl, (Loring and Rantala, 1995); measurements
were made with a mercury analyzer (Buck Scientific400A,
East Noewalk, CT, USA). Mercury concentrations are ex-
pressed as pg g~' on a dry weight basis; precision and
accuracy of the analytical method were assessed by using
certified reference material MA-B-3/TM (IAEA, 1987). A

@ Springer

satisfactory agreement between the analytical results (0.60
+0.05 pg g dry weight) and the certified values (0.54 +
0.07 pg g™' dry weight) was obtained. To check for con-
tamination, blanks were run with every batch of 8 samples.
Normality of data was assessed by a Kolmogorov-Smirnoff
test; average concentrations of mercury for the different
tissues were compared by a one-way ANOVA (p < 0.05);
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Fig. 2 Mercury levels in the
analyzed tissues of migratory
and resident birds from Altata-
Ensenada del Pabellon lagoon,
Southeast Gulf of California

statistical analyses were performed using GraphPad Prism
2.1 (Graph Pad Software, San Diego, CA).

Results and Discussion

According to published data concerning morphometric
features of aquatic birds (Peterson and Chalif, 1989), and
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based on the time of the year when birds were collected, all
of the birds should have been adults. Migratory specimens

were grouped in 3 families (Anatidae, Rallidae, and Re-
curvirostridae), resident birds belonged to 4 families (Ar-

deidae,

Pelecanidae,
Threskiornithidae). Sex of the specimens was not deter-
mined. Mercury was detected in all samples (Fig. 2); in

Phalacrocoracidae, and
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migratory birds, the highest levels of mercury were de-
tected in feathers. In resident birds, the tissue with the
highest concentration was the liver (with the exception of
P. chihi). Liver accumulation is the consequence of a
demethylation process that takes place in the liver, so the
element is stored in an inorganic form (Kim et al., 1996). If
the residence of birds is known during the growing of
feathers, monitoring of heavy metal pollution in marine
food webs through feathers has been useful since the food
webs provide nondestructive sampling and allow retro-
spective studies (Monteiro and Furness, 1995). In the case
of mercury, chemical speciation plays a key role in the
accumulation of the element in feathers. Organic mercury,
in the form of methylmercury (MeHg), is almost all
assimilated by organisms from ingested foods and is
accumulated in feathers, whereas most inorganic mercury
passes through the alimentary system to be voided in feces.

Specimens with the highest mercury levels (Fig. 2) be-
longed to piscivorous species; such is the case of the brown
pelican (P. occidentalis) and the olivaceous cormorant (P.
olivaceus). In this context, diet is known to play a key role
in mercury accumulation (Monteiro and Furness, 1995). In
diverse studies, feeding habits are considered an important
factor to elucidate mercury variation among waterfowl (De
Luca-Abbott et al., 2001; Uryu et al., 2001). Levels of
mercury in fish and seabirds that are high on the food chain
can be sufficiently high to cause deleterious effects both to
themselves and to organisms that consume them, including
humans (Burger and Gochfeld, 1997). Because of the
sample size of studied specimens, statistical analysis to
compare mercury levels was not practiced for all the spe-
cies. Average mercury concentrations in resident birds that
were compared for statistical differences were only the
white-faced ibis P. chihi (omnivorous) and the cormorant
P. olivaceus (piscivorous); with the exception of feathers,
all the tissues had significantly higher concentrations (p <
0.05) in P. olivaceus. The only case where the sample size
allowed a significant correlation (p < 0.05) was P. chihi.
Tissues that were highly correlated were muscle—heart and
feathers—liver (Fig. 3). Though significant relationships
among mercury levels in diverse tissues of aquatic birds
exist, no generalizations can be made. Augspurger et al.
(1998) reported a positive correlation of mercury levels in
liver and feathers of the loon Gavia immer.

Among migratory birds, R. americana (feathers) was the
species with the highest levels of mercury; in the resident
component P. olivaceus (liver) showed the highest con-
centration (Fig. 2). In general, the sequence of average
mercury concentrations in migratory birds was feathers >
liver > muscle > heart > viscera; this sequence might
suggest that these birds had more exposure to mercury in
their original place than in the sites of collection. In the
case of resident organisms the order was liver > feathers >
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Fig. 3 Significant correlations among mercury levels in tissues of the
white-faced ibis and among size and weight of P. chihi from Altata-
Ensenada del Pabellon lagoon, Southeast Gulf of California

heart > muscle > viscera. After averaging mercury levels in
every tissue of migratory and resident birds, results showed
higher levels in the resident organisms. Perhaps these dif-
ferences occur because of contrast in the metabolism
among the distinct species and the fact that most species of
resident birds were piscivorous whereas migratory avifauna
consisted of omnivorous species. Concentrations of mer-
cury in the different tissues of analyzed species were
comparable to those of other aquatic birds. Levels of
mercury in the compared specimens from different sites of
the world varied by two orders of magnitude. Species with
the highest levels were the Bonin petrel Pterodroma hyp-
oleuca and the black-footed albatross Diomedea nigripes
(19.7 and 19.6 pg g d.w., respectively) from the Midway
atoll in the USA (Burger and Gochfeld, 2000); the lowest
levels of mercury (0.97 pg g~' d.w.) occurred in the brown
pelican Pelecanus occidentalis from Los Angeles bay
(Ohlendorf et al., 1985). A direct comparison of mercury
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concentrations in birds of different species is not objective
since intraspecific variation is well recognized. In this
context, values are a measure of the degree of mercury
bioavailability in a given place. Mercury levels of 5 ug g~
d.w. in feathers (Eisler, 1987) are known to cause sublethal
and reproductive effects, so some of the compared species
might show some sort of damage. In the case of liver, it has
been documented (Hui et al., 2001) that shorebird popu-
lations with levels greater than 3.0 g g' d.w. may be
vulnerable to sublethal effects; in the present study, P.
olivaceus and P. occidentalis showed levels greater than
3.0 pg g d.w.

Acknowledgments The authors wish to thank B. Mejia-Sarmiento
for his help in the identification of specimens, X. Angulo-Garcia and
H. Bojorquez for their assistance in the laboratory, C. Ramirez-
Jauregui for the compilation of information, and G. Ramirez-Resén-
diz for the computing work.

References

Augspurger T, Franson JC, Converse KA, Spitzer PR, Miller EA
(1998) An epizootic of common loons in coastal waters of North
Carolina: concentrations of elemental contaminants and results
of necropsies. Environ Toxicol Chem 17: 205-209

Burger J, Gochfeld M (1997) Lead and neurobehavioral development
in gulls: a model for understanding effects in the laboratory and
the field. Neurotoxicology 18:495-506

Burger J, Gochfeld M (2000) Metal levels in feathers of 12 species of
seabirds from Midway Atoll in the northern Pacific Ocean.
Science Total Environ 257:37-52

De Luca-Abbott SB, Wong BSF, Peakall DB, Lam PKS, Young L,
Lam MHW, Richardson BJ (2001) Review of effects of water
pollution on the breeding success of water birds, with particular
reference to ardeids in Hong Kong. Ecotoxicology 10:327-349

Eisler R (1987) Mercury hazards to fish, wildlife, and invertebrates: a
synoptic review. U.S. Fish and Wildlife Service, Biological
Report (No. 1.1), pp 1-85

Furness RW, Camphuysen K (1997). Seabirds as monitors of the
marine environment. ICES J Mar Science 54:726-737

Hui CA, Takekawa JY, Warnock SE (2001) Contaminant profiles of
two species of shorebirds foraging together at two neighboring

sites in south San Francisco Bay, California. Environ Monitor
Assess 71:107-121

International Atomic Energy Agency (IAEA) (1987) Intercalibration
of analytical methods on marine environmental samples. Trace
element measurements on fish homogenate. Results of the
worldwide intercomparison run MA-B-3/TM. Report No. 36.
Monaco

Kim EY, Murakami T, Saeki K, Tatsukawa R (1996) Mercury levels
and its chemical form in tissues and organs of seabirds. Arch
Environ Contam Toxicol 30:259-266

Loring DH, Rantala RT (1995) Manual for the geochemical analyses
of marine sediments and suspended particulate matter. Reference
methods for marine pollution studies No. 63

Marine Environmental Studies Laboratory MESL (1997) Standard
Operating Procedures. Marine Environmental Studies Labora-
tory, International Atomic Energy Agency Monaco, 66 pp

Monteiro LR, Furness RW (1995) Seabirds as monitors of mercury in
the marine environment. Water Air Soil Pollut 80:851-870

Moody JR, Lindstrom RN (1977) Selection and cleaning of plastic
containers for storage of trace element samples. Anal Chem
49:2264-2267

Ohlendorf HM, Anderson DW, Boellstorf DE, Mulhern BM (1985)
Tissue distribution of trace elements and DDE in brown pelicans.
Bull Environ Contam Toxicol 35:183-192

Paez-Osuna F, Bojorquez-Leyva H, Green-Ruiz C (1998). Total
carbohydrates: organic carbon in lagoon sediments as an
indicator of organic effluents from agriculture and sugar-cane
industry. Environ Pollut 102:321-326

Peterson RT, Chalif EL (1989) Aves de México: guia de campo para
la identificacion de todas las especies encontradas en México,
Guatemala, Belice y El Salvador. Editorial Diana México

Renddn-Von Osten J, Galan FE, Tejeda C (2001) Survey of lead in
feathers of Anatidaes from the Pabellon inlet, Sinaloa, Mexico.
Bull Environ Contam Toxicol 67:276-281

Ruelas-Inzunza J, Pdez-Osuna F (2005) Mercury in fish and shark
tissues from two coastal lagoons in the Gulf of California,
Mexico. Bull Environ Contam Toxicol 74:294-300

Ruelas-Inzunza J, Paez-Osuna F (2004) Trace metals in tissues of
resident and migratory birds from a lagoon associated to an
agricultural drainage basin (SE, Gulf of California). Arch
Environ Contam Toxicol 47:117-125

Uryu Y, Malm O, Thornton I, Payne I, Leary D (2001) Mercury
contamination of fish and its implications for other wildlife of
the Tapajos basin, Brazilian Amazon. Conserv Biol 15:438-446

@ Springer



	Mercury Distribution in Selected Tissues of Migratory and Resident Avifauna from Altata-Ensenada del Pabellón Lagoon, Southeast Gulf of California
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


